








Here's another bright idea from HI? 
LED's with added features that save you money. 
HP's lamps help you 
do more fi>r less. 

I-IP ~ves you more 
features per lamp at 
less cost than if you had 
to buy each additional 
feature separately. We 
applied this simple, 
useful, concept of 
added value to five 
families of our popular 
lamps. You'll find they 
have more to offer than 
illumination, and you 
can order free samples 
right now. 
HP added features 
that meet real-world 
design needs. 

Here's what HP1s 
lamps now offer: 

•Tape and reel 
solid state lamps - l-IP1s 
solid state lamps are now avail­
able on tape and reel, and are 
compatible with radial lead auto­
matic insertion equipment. You 
save on insertion costs and 
damaged leads. 

• Low current lamps - These 
tinted diffused LED lamps were 
designed and optimized for low DC 
current operation. Our new low 
current lamps operate from 2-7 
mA and give off as much light 

Reel not shown. 

CG0840B 

as most lamps at 10-20 mA. 
And since these lamps are CMOS 
compatible, you save on power. 

• Right angle lamps - The 
HL1\1P-5000 series of Right Angle 
Indicators are industry standard 
status indicators with pre-bent 
leads and housing so there's no need 
to bend leads after wave soldering. 

• Integrated resistor lamps -
Our 5 volt and 12 volt series 
lamps contain an integral current 
limiting resistor in series with 
the LED. This allows the lamp to 
be driven from a 5 volt/12 volt 
source without an external current 
limiter. You save on board space 
and the cost of external resistors. 

•Ultra-bright lamps­
These clear, non-diffused lamps 
out-perform conventional LED 
lamps. They use new higher 
intensity material to achieve 
superior product performance 
making them ideal for replacing 

F//;'I HEWLETT 
.:~PACKARD 

CIRCLE 2 

current-hogging 
miniature incandes­
cents. They're bright 
and reliable. 
Send for your free 
samples to~ 

For free samples 
of HP's new value­
added lamps, circle 
the reader service 
number, or complete 
and mail the coupon. 
For pricing and 
delivery information, 
contact your local 
Hewlett-Packard 
components distribu­
tor. In the U.S., 
call Hall-Mark, 
Hamilton/ Avnet or 
Schweber. In Canada, 
call Hamilton/ Avnet 
or Zentronics, Ltd. 

r o ~s!iet~ ;;PL;~;-, 
: HP's lamps do more for less! : 

Name~--------

1 Company I 
I Address I 
I City State__ I 
I I Zip Phone ___ _ 
I Jn the U.S., mail coupon to: I 
I Hewlett-Packard, 1820 Embarcadero I 
I 

Rd., Palo Alto, CA 94303. In Europe: I 
Hewlett-Packard, Nederland BV, 

I Central Mailing Dept., P.O. Box 529, I 
1180 AM Amstelveen, The Netherlands. 

l!D- - - - - - - - ~1~8!.J 
HP: The right choices 
for more value in 
LED lamps. 
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one-piece design defies rough handling 
Check these features: 

./ Each unit undergoes high-impact shock test 

./ Available from 1 to 40 dB 

./ DC to 1500 MHz 

./ Unexcelled temperature stability, .002 dB/°C 

./ 2W max. input power (SMA is 0 .5W) 

./ BNC, SMA, N and TNC models 

./ Immediate delivery, 1-yr. guarantee 

NEW! 
Precision 50-ohm terminations ... only $6. 95 (1 -24) 
DC to 2 GHz, 0 .25W power rating, VSWR less than 1 .1 
BNC (model BTRM-50), TNC (model TTRM-50) 
SMA (model STRM-50), N (model NTRM-50) 

finding new ways 
setting higher standards 

0 Mini-Circuits 
A Division of Scientific Components Corporallon 

World 's largest manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn , New York 11235 (71 8) 934-4500 

Domestic and International Telex 125460 International Telex 620156 

CIRCLE 3 C92REV. A 

•freq . 
(MHz) 

Atten . Toi. Atten . Change, (Typ.) 
(Typ.) over Freq. Range VSWR (Max.) 

DC-1000 1000-1500 DC-1000 MHz 1000-1500 MHz 
DC· 1500 MHz ±0.3 0.6 0.8 1.3 1.5 

•oc- 1000 MHz (all 75 ohm or 30 dB models) DC·500 MHz (all 40 dB models) 

MODEL AVAILABILITY 
Model no. =a series suffix and dash number of attenuation . 
Example: CAT·3 is CAT series , 3 dB attenuation. 

ATTEN 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
12 
15 
20 
30 
40 

• denotes 75 ohms; add -75 to model no . 
e denotes 50 ohms 

SAT(SMA) CAT(BNC) 

• • • • •• • • • •• • • • • •• • • • •• • • • • 

NAT(N) 

• 
• 
• 

• 
• • • 

PRICING (1·49 qty.): CAT (BNC) .. $11 .95, SAT (SMA) .. $1 4.95 
TAT (TNC) .. $12.95, NAT (N) .. $15.95 

TAT(TNC) 

• 
• 
• 

• 
• • • 
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BEHIND THE COVER 

C
hips, boards, and boxes-the cover motifs­
naturally suggest hardware, yet most of the 
articles in this issue's editorial package on 

computer-aided engineering are about software 
(p. 126). This apparent contradiction emphasizes 
the growing importance of software tools for 
hardware design-the almost universal reliance 
onCAE. 

It was not always so. Mainframes, 
minicomputers, and even microcomputers were 
first designed by hand, much like bridges and 
airplanes. But while CAD for most mechanical 
devices is merely an efficiency tool, CAE has 
become a necessity for today's digital systems. In a 
way, it epitomizes the so-called second computer 
revolution, in which software dominates hardware. 

A microcomputer pioneer once said: "We used to 
think that making as powerful a machine as the 
desktop computer would automatically generate 
endless applications in the home, the office, and the 
factory. Now we know better. The software must be 
in place first." 

Right now, IC design is benefiting the most from 
CAE. Ultimately, chip designers may be able to feed 
the appropriate application software to a CAE 
system and have the best hardware for the job 
emerge from the foundry some days later. Before 
that vision becomes a reality, a major obstacle must 
be overcome-the lack of a uniform system of CAE 
languages. 

Coming up with a uniform means of software 
communication is not likely to happen by itself. The 
Electronic Design Interchange Format (EDIF), a 
standard being proposed by a consortium of CAE 
manufacturers, is now ready for a vote, but it is not 
well-known. To wit, when a speaker at the 
International Conference on Computer Design was 
asked whether his hardware description 
language-the fifth introduced at that conference 
alone-would be compatible with EDIF, he replied, 
"What's EDIF?" 

Obviously, communication among different CAE 
software systems is a necessity before IC design can 
be completely automated. Fortunately, suppliers of 
CAE software and hardware are laying the 
groundwork. 
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DEPARTMENTS 

3 Behind the Cover 
8 Content• Spotlight 

11 On Reflection 
15 Reeder Feedback 
29 U.S. Meetlng1 
33 Pereonally Speaking 

105 lnternetlonel Meeting• 
441 Index of AdvertlHre 
442 Reeder Service Card 

COMPUTER-AIDED ENGINEERING 
128 Introduction 

Technology Report 
128 Advances in software let system engineers take 

charge of IC design 
Application-specific !Cs are proving extremely attractive, since they 
could conceivably replace an entire circuit board with one chip. 

Design Entries 
149 Silicon compiler teams with VLSI workstation to 

customize CMOS ICs 
A silicon compiler strengthens the muscle of a VLSI design station, 
letting system builders pack more punch into their chips. 

189 CAE workstation sets up direct connection to 
board design system 
Two workstations, sharing a data base, simulate the pc board and 
its circuitry. A change to one file updates the rest automatically. 

187 Silicon compiler demands no hardware expertise 
to fashion custom chips 
A functional language makes fast work of describing a custom 
processor. The compiler also simulates the IC's performance. 

TECHNOLOGY NEWS 
37 Newapulae 

Newafront 
47 Graphical Kernel System enters third dimension 

with 110 new subroutines 
50 Electron microscope takes a peek Inside 

working IC 
50 Streaming tape drive crosses hardware and OS 

barriers 
52 Burled lsolatlon region speeds up slllcon 

photodlode 
News Analyala 

85 Sputtering, plating vie for high bit densities on 
Winchester disks 
Viewpoints 

83 Better speech recognit ion means that 
computers must mimic the human brain 
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84 Standard languages wlll give way to their 
adaptive kin 

98 International New1front 



207 Software unites test program development with 
circuit design 
With tools that find simulator and tester limitations and suggest 
remedies, engineers can simultaneously design a VLSI circuit and 
generate test programs for it. 

DESIGN ENTRIES 
229 Microprogrammable chips blend top performance 

with 32-bit structures 
Broken down into 32-bit functional blocks instead of being sliced 
into multiple-bit sections,. five VLSI bipolar chips match a 
superminicomputer's speed. 

271 Highest-capacity 8-in. drive presents choice of 
interfaces 
A Winchester drive that stores 660 Mbytes is one of the first in its 
class to give designers the ability to work with both the SCSI and 
the SMD interface. 

289 Handling real-time images comes naturally to 
systolic array chip 
The internal memory and specialized algorithms of a systolic array 
IC cut the amount of hardware and boost the speed associated with 
image processing. 

307 Testing in-circuit ECL is just routine for digital 
oscilloscope 
Not only does a 1-GHz scope break the barriers to testing the 
timing margins of ECL chips, it predicts out-of-specification 
performance as well. 

325 Design Solutions: 
Software converts shaft encoder output from Gray code into binary. 
V-f converter doubles as clock and input of stable sine-wave source. 
Pseudo-sine-wave circuit creates FSK tones without discontinuities. 

NEW PRODUCTS 

IN THE NEXT ISSUE 

Technology Report: Testing VLSI 
circuits .. . Personal Computer 
Series: Part 1 of a two-part 
survey ... Product Report: Focus 
on advanced logic ... Details on a 
high-density EPROM . .. 
Conference Preview: IEDM. 

Cover photograph by Ken Schroers 
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Digital 
347 Systolic array chip achieves unparalleled speed 
348 Dense bipolar gate arrays are fast , testable, and 

radiation-hardened 

394 Multiplexer expands IEEE-488 systems 

Communications 

350 FIFOs boost system performance 
352 64k CMOS static RAMs deliver 4 bits at a time 

Computer Peripherals 
356 Continuous-speech unit recognizes 200 words, 

costs just $4000 

358 Video terminals withstand harsh environments 

Software 
383 CAE software designs boards on IBM PCs 

Instruments 
392 System slashes the cost of computer-based 

calibration to $11,495 

399 Network interface chip works at 160 kbits/s for 
twisted-pair links 

Analog 
403 Clocked v-f converter chip delivers 0.5% 

accuracy, 0.1% nonlinearity at 1 MHz 

Power 
405 P-channel MOSFET drops threshold voltage to 2.4 V 

Computer Boards 
408 S-100 computer board doubles as file server 

370 Packaging & Materials 418 Product News 

412 Factory Automation 

417 Components 

422 New Literature 
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2-way90° 

splitters 

1.4 to 450 MHz 
from $1295 

(5-49) 

IN STOCK . .. IMMEDIATE DELIVERY 

• over 50 models available 

• octave and narrow-band designs 

• quadrature performance 
tightly controlled 

• hermetically sealed 

• MIL-P-23971 performance* 

• one-year guarantee 
·units are not OPL listed 

2-WAY 90° SPECIFICATIONS 

• isolation 22 dB typ. 

• avg . insertion loss 04 dB typ. 

• 90° phase deviation <2 deg. typ. 

• amplitude unbalance < 1.2 dB typ. 

Freq. Range 
MODEL MHz 

PSCQ-2-1.5 14 - 1.7 
PSCQ-2-3.4 3.0-3.8 
PSC0-2·6 .4 5.8 - 7.0 
PSCQ-2-7.5 70-80 
PSCQ-2-105 9 0 - 11.0 
PSCQ-2-13 12-14 
PSCQ-2-14 12-16 
PSCQ-2-21 .4 20-23 
PSCQ-2-50 25-50 
PSCQ-2-70 40- 70 
PSCQ-2-90 55 - 90 
PSCQ-2-120 80-120 
PSCQ-2-180 120- 180 
PSCQ-2-250 150 - 250 
PSCQ-2-400 250 - 400 
PSCQ-2-450 350 - 450 

Call or write for 64·page 
RF Designers Guide or refer to EEM, 
EBG, Gold Book , Microwaves & RF Directories. 

finding new ways .. 
setting higher standards 

Price 
$Ea. 

12.95 
16.95 
12.95 
12.95 
12.95 
12.95 
16.95 
12.95 
19.95 
19.95 
19.95 
19.95 
19.95 
19.95 
19.95 
19.95 

r;;;1 Mini-Circuits 
A D1v1s1on of Sc1ent1!1c Components Corpora11on 

Worf d 's largest manufacturer of Double Balanced Mixers 

P.O. Box 166, B'klyn , N.Y. 11235 (718) 934-4500 
C99·3 REV ORIG 

CIRCLE 4 

CONTENTS SPOTLIGHT 

Cover: Computer-aided engineering 126 
the methods and equipment for designing ICs be­
come more sophisticated, engineers are naturally 
turning their sights toward application-specific ICs, 

single chips that can conceivably replace an entire circuit 
board. The Technology Report in this issue (p. 128) details 
the ways in which manufacturers of CAE software and 
turnkey systems are transforming digital system designers 
into IC specialists. The second part of the Technology Re­
port, scheduled for the Dec. 13 issue, will cover the physical 
realization of application-specific ICs. 

One of the most important CAE tools is the silicon com­
piler. One such package produces CMOS chips that typical­
ly reach 90% the density and 100% the performance of 
their handcrafted counterparts (p. 149). A second silicon 
compiler, this one designed for engineers with no hardware 
experience, works directly from a functional description of 
the chip (p. 187). Another setup directly links a CAE 
workstation to a pc board CAD system, yielding a cost­
effective merger that follows a chip virtually from start to 
finish (p. 169). Finally, a testing software package bridges 
the gap between designing a circuit and writing the test 
programs for it (p. 207). 

Microprogrammable chip family 229 

Taking a new approach, five VLSI chips extend the bit­
slice concept to 32 bits while satisfying system de­
signs that require cycle times of less than 100 ns. In 

fact, designers of microcoded systems can count on cycle 
times of 70 to 80 ns, using merely a handful of components. 
Following the introduction, two articles present an over­
view of the family (p. 230) and details on how to apply the 
math chips to jobs like fast Fourier transforms (p. 246). 

News Analysis 65 

W ith Winchester disk drives expected to tip the bit­
density scales at about 40,000 bpi by 1990, the in­
dustry is busily developing new materials for coat­

ing the disks themselves. Sputtered and plated thin films 
are emerging as the chief candidates, with sputtering hold­
ing an early lead. 
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With 156,563 standard models ... 

® 

why would you need a 
customi~ed solenoid? 

Because your application calls for it. Even though 
we make solenoids in just about any size and shape ... 
pull or push. AC or DC. Tubular in traditional or long 
life. Box frame, laminated and U-frame. Even though 
our standard models meet just about every electro­
mechanical application, Y.OU could be designing the 
exceQtion. In that case, we'll customize a solenoid to fit 
your need. Whether we modify an existing model or de­
velop a new one, it will fit your specification. Precisely. 

NOTE: Even customized solenoids do not come 
equipped with the Guardian Angel. She stays with us 
to perform more and more miracles. 

FREEi From your Guardian Angel<!> .. '~ Complete 
Guide 10 Solenoid Selection" with a solenoid order­
ing check list and "Design Data Sheet" 

GUARDIAN® 
GUARDIAN ELECTRIC MANUFACTURING CO. 1550 W. Carroll Ave., Chicago, IL 60607 • 312/243-1100 
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ISYOURCHIP 

PAL is a registered trademark of and is used under license from Monolithic Memories, Inc., 
© Advanced Micro Devices 1984. 
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AS BRIGHT AS YOU ARE! 
You're doing everything you can to stay 

ahead of the competition. Shouldn't your IC 
company do the same? 

We think so. 
In 1983 we spent a record-breaking 

18. 7% of sales on research and development. 
That's more than any other major IC 
company. 

And that's why 40% of our total sales 
come from products that were invented here. 

Our Am8052 CRT controller lets you 
squeeze every last drop of performance out 
of a video tube. 

And our Am7910 is the only modem 
you can program for any major telephone 
system anywhere in the world. 

We make the first perfectly matched 
VLSI Ethernet chip set and the only 
complete kit solution to super high speed 
digital signal processing. 

We make the world's first 512K EPROM 
and the world's fastest microprocessor. 

We're even an innovator when it 
comes to quality. 

While other guarantees run on and on, 
ours is short 
and sweet. 1be International Standard of 

Quality guarantees a 0.1% AQL on all 
electrical parameters, AC and DC, 

over the entire ope-ange. 

lN'fSl'D 

So, if you've 
got a product 
you want to 

really shine, call us. We can put you as far 
ahead of the competition as we are. 

Advanced Micro Devices ~ 
901 Thompson Place, P. 0. Box 3453, Sunnyvale, CA 94088 

(408) 749-5000, outside California, call toll free (800) 538-8450, ext. 5000. 
CIRCLE 6 



e New 172 Relay 
we put Centigrid® 

• • • 1n civvies to 
save you money 

Now you can have your cake and 
eat it too! The quality and 
performance-in fact, the same 
mechanism as a military T0-5/ 
Centigrid relay at prices you can 
afford for your commercial designs. 

The secret is automation. It 
permits us to cut costs without 
cheapening the design. We've 
designed and built our unique 
equipment which not only speeds 
production, but insures quality. 
For example, our microproces­
sor-controlled header assembly 
system automatically tests the 

subassemblies while they are being 
produced, cutting down on 
human error and insuring built-in 
reliability. 

The 172 gives you all the 
popular Centigrid physical 
advantages: the rugged uniframe 
construction; the miniscule .14 
sq. in. footprint; the .100 grid 
lead spacing for direct pc board 
plug-in without spreader pad, 
which retains the low .375 in. 
total profile. 

But perhaps even more impor­
tant, you get all the technical 

advantages of twenty years of 
T0-5 leadership: a dependable, 
low power DPDT relay that has 
excellent RF characteristics up 
through UHF, and the proven 
performance and reliability of 
T0-5 technology. 

If you'd like to know more 
about how to get military type 
performance without paying for 
the uniform, call or write today. 

~ TELEDYNE RELAYS 
Innovations In Switching Technology 
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12525 Daphne Ave., Hawthorne, Ca li fornia 90250 • (2 13) 777-0077 
U . K. Sa les Office: Heathrow House , Bath Rd., Cranford , Hounslow, Middlesex, England TW5 9QQ • 01-897-2501 

European Hqtrs.: Ahraham Lincoln Strasse, 38-42 • 6200 Wieshaden, W. Germany 06121-7680 
Japan Sales Office: Nihon, Seimei Akasaka Building • 8-1-19 Akasaka, Minato-Ku , Tokyo, 107 Japan (03) 403-8140 

France Sales Office: 85-87 Rue Anatole-France • 92300 Leva ll ,iis-Perret , France • 758-7 1-60 



ON REFLECTION 

For the record: 
Wiener on the invention 
of the loading coil 

The human mind is a funny thing, at least 
mine is. I had completely forgotten 
about Norbert Wiener, Oliver Heaviside, 

and the great loading-coil scam until the name 
of Michael Pu pin came up at a press confer­
ence. Then the long-buried images returned: 
Wiener, dripping wet, coming into the meeting 
room; the wet paper bag containing the sole ex­
isting copy of the manuscript; and Wiener, 
speaking without notes, casually giving us the 
keys to his roman a clef. 

In the interest of completing the historical 
record, the facts are these. About 25 years ago, 
on a wet winter's night, Professor Norbert 
Wiener told a group of no more than 10or15 
students at MIT the real story behind his just­
completed novel, The Tempter. 

In the early days of long-distance telegra­
phy, signaling speed was limited by the distrib­
uted capacitance between the transmission 
line and ground. According to Wiener, English 
physicist Oliver Heaviside was the first person 
to recognize that and propose a workable 
solution-the placement of lumped series in­
ductances at regular intervals along the line. 

Since that technique could ultimately pro­
duce long-distance cables (including undersea 
cables) with vastly greater capacities for car­
rying information, it would save communica­
tions companies a great deal of money by 
reducing the number of cables necessary. The 
companies wanted permission to use Heav­
iside's idea, and one of them approached-or 
rather, tried to approach-Heaviside to make 
some sort of arrangement. But, as Wiener told 
us, Heaviside was such an eccentric that you 
couldn't make a deal with him. Not because he 
wanted too much money, but simply because he 
refused to negotiate at all. 

Well that just wouldn't do. The spurned 
company desperately wanted the right to use 
the loading-coil idea. So it conceived the strat­
agem of publicly buying the rights to the in­
vention from a plausible inventor for a very 
large fee. Thus, it reasoned, no one would think 
it was trying to steal anything from anyone. If 
a dispute should ever arise over whose rights 
they were to sell, at least the company's good 
faith would be beyond question. 

The man chosen for the honor of selling 
Heaviside's invention to the company was Mi­
chael Pu pin. He went along with the idea, ac­
cepted the money, and is credited by history as 
the inventor of the loading coil. 

In writing his novel, Wiener changed Pu pin 
from a Hungarian immigrant to a Mexican and 
changed the technology from communications 
to control systems, with which he was much 
more comfortable. But as far as I know, he nev­
er gave the key to his book to anyone outside 
the room that night. As I may well be the only 
person in the audience who became a journal­
ist, it seems a not-unworthy idea to relate what 
he said, as well as I can remember it, for the re­
cord. Even if Wiener's facts or my recollections 
are less than perfect, doing so ensures that the 
subject is not irretrievably committed to the 
storehouse of history as incontrovertible fact. 

Mike Riezenman 
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Everybody talks 
CMOS telecom circuits. 

But only National goes 
beyond talk with telecom products 

that deliver the industry's 
highest performance. 

When it comes to telecom 
circuits, everyone is making 
a lot of noise. 

Except National. 
Because National is applying 

its microCMOS technology 
to produce an array of telecom 
products that offer important 
design benefits. 

Specifically, National's 
codec/filter COMBOTMcircuits, 
using microCMOS technology 
provide the lowest idle channel 
noise. The lowest power 
requirements and automatic 
power-down. All leading to 
higher performance, lower sys­
tem cost and a major improve­
ment in reliability. 

Our range of codec/filter 
COMBO devices is a perfect 
example of what microCMOS 
can do for you. 

Imagine a whole array of 
COMBO circuits that typically 
operate at a low 60 mW Or 
an even lower 3 mW in the 
power-down mode. 

And these devices feature 

CIRCLE 8 

a full range of codec and filtering 
capabilities. And, µ-law or 
A-law compatible COder and 
DECoder. Active RC noise 
filters for ultra-low out-band 
noise. High-pass and low-pass 
filtering. Plus serial and 
parallel interface options. 

On top of that, we're apply­
ing microCMOS technology 
to ISDN. Including digital 
subscriber loops. 

Small wonder the industry 
giants consider National's 
codec/filter COMBO products 
the industry standard. 

They're one more reason to 
take advantage of National's 
microCMOS technology. 

We'd like to show you 
more. For a copy of our 
new microCMOS brochure, 
contact us at 2900 Semi­
conductor Drive, ms23200, 
Santa Clara, CA 95051. 

~National 
D Semiconductor 

We're doing it. 



One style: fully loaded 

If putting 
a big dent in 

your instrumenta· 
tion budget is not 

for you, the HP 3478A 
should prove ideal for 

your bench or system automatic 
measurements. For only $995• 

you get a fully loaded six function 
DMM with HP-IB - not just a starter 
unit you have to pay later to upgrade. 

Cos~ less to own. 
When it comes to reliability, the HP 3478A is one of the 

best. Our field-proven reliability figures indicate over 50,000 hr 
MTBF (equal to 25 operational years)~· So intensive is our 
attention to quality, from design right through production, that 
once you install your HP 34 78A chances are you won't have 
to repair it or worry about it fi:lr the life of your system. 

Call HP today. 

All the riaht features 
plus HP-111 

You can measure de volts, RMS ac 
volts, de current, RMS ac current, and 2· 
and 4-wire ohms. Plus, the HP 3478A 
is a fully programmable HP-IB system 
instrument. You have the convenience 
of switchable front/rear terminals, scanner 
advance, and external trigger input. You 
can even automate the HP 34 78A's built· 
in electronic "no pots" calibration. 

For full details on the cost-cutting reliability leader 
HP 34 78A DMM, call your local HP sales office listed in 
the telephone directory white pages. Ask for the electronic 
instruments department. •U.S.A. 1111 price only. 

• • For 2,000-hour year1, bued on Wll'l'lnty data 
111<1 other 111tlatlcal projecdona. 

System DMM1 ... HP'1 the right decision 

-·----~~~ 



READER FEEDBACK 

Futurebus: 
The opposite is true 

I was surprised to see so 
many unlikely comments 

made about the Futurebus in 
aViewpoint in your Sept. 20 
issue ["Standard Buses May 
Yield to Proprietary Brethren 
and Self-Contained Boxes," 
p.82]. 

The statement implying 
that the P896 Future bus 
Working Group considers 
high performance and pro­
cessor independence mutual­
ly exclusive is untrue. In fact, 
it considers the opposite to be 
true: Tie the bus to the proto­
col of a processor and you will 
limit the performance of the 
bus. Recent work on bench­
marking the performance of 
the P896 protocol shows that, 
when specifying real parts, 
the bus has a maximum 
throughput of between 68.9 
and 117.6 Mbytes/s (J. Theus 
and Paul Borrill, "An Ad­
vanced Communication Pro­
tocol for the Proposed IEEE 
896 Future bus," IEEE Micro, 
vol. 4, no. 4 [August 1984], 
pp. 42-56). I see no propri­
etary bus capable of even ap­
proaching these performance 
levels. Also, because the P896 
protocol is completely pro­
cessor-independent, further 
increases in performance will 
occur as technology improves. 

But perhaps I am being a 
little unfair. P896 does, after 
all, have an elegant trans­
ceiver technology which 
solves the bus-driving prob­
lem (R. V. Balakrishnan, "The 
Proposed IEEE 896 Future-

bus: A Solution to the Bus 
Driving Problem," IEEE Mi­
cro, vol. 4, no. 4[August1984], 
pp. 23-27). In addition, it has 
been designed more recently 
and with more consideration 
of diverse applications, more 
care for manufacturer inde­
pendence, more prototyping, 
and more thought by more 
people than most proprietary 
bus designs. 

More importantly, as every 
knowledgeable computer ar­
chitect knows, the key is not 
the maximum performance of 
the bus, but rather capital­
izing on the available per­
formance in a real system. 
Multibus II employs an archi­
tectural method to preserve 
as much bandwidth as possi­
ble in a real system: It uses a 
message-passing protocol be­
tween processors, imple­
mented in hardware to max­
imize system concurrency. 
P896 is also equipped with 
such facilities; it supports re­
plicated shared memories, 
caches, and hooks to extend 
the protocol to higher-level 
messagelike protocols suit­
able for specialized systems. 

Paul L. Borrill 
Chairman, IEEE P896 and 

IEEE Multibus II Working 
Groups 

University College-London 
Darking, England 

Corrections 

The New Products feature 
on Motorola~ color video pro­
cessors (Sept. 6, p. 306) con­
tained two incorrect sen­
tences and one misleading 
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THE 

LEO 
CONNECTION 

SIMPLE TWO-STEP INSTALLATION 

• OPERATES TO 28V WITH INTERNAL RESISTOR 

• VIBRATION TESTED TO 6g's at 2000 HERTZ 

• STRAIN RELIEVES FRAGILE LED LEADS 

• PUSH/ PULL FOR EASY ASSEMBLY & REMOVAL 

• USE WITH CIL.~PIL.rV"IE ' OR CLIP & RING MOUNT 

Special Pricing for Trial Order Only ED 11 a4 

PLEASE SHIP: D 25 CONXRITE $10.00 Specify: _ Volts _ Amps D Literature 
NAME _________ ____ TITLE ____ _ 

COMPANY --------- ----------ADDRESS ___________________ _ 

CITY ---------- STATE __ ZIP ____ _ 

':/ !J !J VISUAL COMMUNICATIONS COMPANY 
P.O. BOX 986 EL SEGUNDO. CALIFORNIA 90245 (213) 822-4727 

CIRCLE 11 

READER FEEDBACK 

one. In the second paragraph, 
discussing the TDA-3333, the 
second and third sentences 
should have read: 

"It targets video systems 
that can supply their own 
RG B matrix but that need a 
separate circuit to generate 
the R- Y (red minus lumi­
nance) and B - Y (blue minus 
luminance) signals. The chip 
also provides the color and 
tint controls." 

The statement at the end of 
the description of the 
TDA3330 (the fourth para­
graph) about a separate 
driver is true for all three 
chips. It should have said: 
"With this chip, all that is re­
quired are three video-output 
transistors to interface with 
the '[Jicture tube." 

In addition, there were 
some mistakes in the block di­
agram: The block labeled 
"logic" is instead an input 
network; it should have pro­
duced the input to the color i-f 
filter; and the final outputs go 
on to the color video outputs. 

The prices of Integrated De­
vice Technology's CMOS 
FIFO chips were reversed in 
our Oct. 31 New Product story 
(p. 427). The price for the 
IDT7202 is $86 a'[Jiece and that 
of the IDT7201 $48in100-unit 
quantities. 

Electronic Design welcomes the opin­
ions of Its readers on the Issues raised 
In the magazine's editorial columns. 
Address letters to Editor-In-Chief, 
Electronic Design, 10 Mulholland Drive, 
Hasbrouck Heights, N.J. 07604. Try to 
keep letters under 200 words. Letters 
must be signed. Names will be withheld 
upon request. 

16 Electronic DHlgn • November 15, 1964 





TI-£ CORPORATE PRlNCIPIE 

GIVE CUSIDMERS MORE 
FOR 11-EIRMONEY 

THE CAE BUSINESS 
WELCOMES A WHOPPER. 

On June 18, 1984, two 
companies joined forces in a 
way that will dramatically alter 
the business of computer-aided 
engineering. For good. 

Corporation will specialize in 
high resolution graphics con­
trollers and UNIX™worksta­
tions. Interaction between the 
two original companies will give 
our CAE customers the best of 
both. With MCV, you can move 

"Among the big CAD/CAM companies entering 
the ( CAE) fray ... Computervision is a major 
threat .... The Little Three are competing so 
strenuously among themselves ... they aren't 
focusing on the shadows in the hills." 

-Forlune Magazine, June 11, 1984 
Metheus and Computer­

vision formed a joint venture 
called, appropriately enough, 
Metheus-Computervision. 

It combines the experi­
ence of Metheus, one of the 
original CAE pioneers, with the 
assets of Computervision, the 
worldwide leader in the giant 
CAD/CAM industry. 

Metheus-Computervision 
now becomes the first CAE sup­
plier with a mature product line 
backed by major resources. And 
we do mean major. Other CAE 
competitors are literally dwarfed 
by Computervision's financial 
strength, and by its worldwide 
service support. All of which are 
now behind MCV design tools. 

Meanwhile, both com­
panies will maintain operations 
separate from the joint venture. 
Computervision, of course, will 
continue its perennial leadership 
in the automated design and en­
gineering industry. Metheus 

smoothly across the spectrum 
into Computervision's CAD/ 
CAM products, and still make 
just one phone call for service 
support. 

BYE-BYE, SMALL FRY? 
A recent article in 

Fortune magazine described 
computer-aided engineering as 
an industry dominated by "The 
Little Three": Daisy, Mentor and 
Valid. Three good, but rela­
tively small companies. 

The article went on 
to note that the business is 
about to enter a new era­
one in which a few giant 
companies could take the 
market away from the start­
ups who pioneered it. 

True to the Fortune 
prediction, the first giant has 
arrived. And not a moment 
too soon. Electronics compan­
ies have been hungry for the pro­
ductivity that CAE can put on an 

engineer's desk. But lurking in 
the back of everyone's mind is a 
fear of getting locked into a sup­
plier backed by relatively modest 
resources. A company that, gulp, 
might not be around in three 
years. So the strength of Compu­
tervision is a welcome addition. 

Does that mean "The 
Little Three" are about to be­
come extinct? Not necessarily. 
As Fortune pointed out, one or 
more could survive, and even 
thrive. But the ground rules 
are changing. 

For the first time, there 
are CAE design tools with a big 
league company behind them. 
And there's now a combined re­
source that will be able to sup­
ply every CAE!CADICAM! 
CAT application your company 
could ever grow into. 

Other big companies 
will undoubtedly follow. But it's 
not likely they'll have the kind 
of specialized expertise, and the 
proven experience, that's just be­
come available from a company 
destined to be known as MCV. 

1WJ1-:EUS-CQ\1\PUTERVISlON 

We use the sn111e, 
beefy UNfXTMcomputerforeven; MCVwork­
stntion. Competitive hardware is inconsistent, 
and often, downright incompntible. 







1l--E FlEXIBIIIIY PRINCIPLE 

TI-E PRODUCT 
WILYUPGAADEABIE. 

TASK OR PERFORMANCE 
UPGRADES: AS EASY AS 
ADDING CHEESE. 

From the beginning, 
our workstations have been 
designed around a kind of 
"universal open box" con­
cept. No matter which MCV 
workstation you start with, 
you can easily add task or 
performance upgrades as 
they come along. 

By contrast, competi­
tive workstations use what is 
known as the "closed box" ap­
proach. They do just fine with 
a single application area, like 
gate array or logic design. But 
if you hope to use those boxes 
for something other than the 
original task, good luck. The 
same is true for performance 
upgrades. You're pretty much 
stuck with whatever power 
your workstation started 
with. Since horsepower im­
provements have become a 
regular occurrence in the com­
puter industry, a closed box 
can quickly become a white 
elephant. 

For example, 
suppose a higher per­
formance microproces­
sor comes along. With 
competitors, you either 
buy their latest worksta­
tion, or watch the world 
pass you by. 

But if your 
workstation is from 
Metheus-Computervision, 
the situation is much more 
palatable. Instead of buying a 

whole new system, you make 
a simple board change, add 
the latest applicable software, 
and you're right up with the 
state of the art. 

You can start as basic 
as you want. For example, let's 
say you begin with a Metheus­
Computervision Schematic 
Entry system, for $39, 900. 
Want to add complete full­
custom design capability? Just 
buy our full-custom layout 
software and hardware up­
grade package. 

You now have the 
fastest, friendliest , most capa­
ble full-custom workstation 
you can get from anybody. In 
fact , it's just as good as buy­
ing a brand new MCV full­
custom system. 

And the added price? 
About $54,400. Considerably 
less than the roughly $145,000 

extra you'd have to pay if 
you'd started with a 

t · Brand X schematic 
'-....A ..;: capture system 

-~~ and then had to 
~h ~ l)l buy a whole 
~~() ~le::: ne""'. work-

\. ,{)-,. ' station. 
l.Ylt.MOR c;::t Want 

--....-;.;:=Y the same 
basic en­
gine to do 
complete 
logic de­
sign? Just 
addMCV 

software and 

Even; MCVworkstation 
starts with the same, p<rUJer­

fu l UNIX1"'computer. just add 
software and performance options. 

the hardware upgrade pack­
age for about $32, 700. Some­
what better than spending 
$85,000 or more for a whole 
new logic design system. 
PRETTY SOON, EVERY­
BODY WILL BE TRYING IT. 

The idea of an open, 
upwardly compatible work­
station seems to have struck 
our competitors as a good 
idea. At least, it has recently. 

"Fully upgradeable," 
they' re starting to say. 

Unfortunately, say­
ing it is quite a bit easier than 
actually doing it. We suggest 
you ask a few, potentially 
embarrassing questions: 

1) "If I buy this sys­
tem from you today and want 
it to do (you name it) tomor­
row, what exactly do I add? 
What will it cost? Will it 
work exactly as well as a new 
workstation?" 

2) "Does all of your 
software run on all of your 
hardware? Easily? How 
about a demonstration?" 

3) "What about per­
formance upgrades? What 
are my options right now, 
and what do they cost? What 
kinds of upgrades will be 
available for this workstation 
in the future?" 

These questions may 
cause your friendly worksta­
tion representative some mo­
mentary discomfort. But 
they'll help you avoid severe 
indigestion later on. 

iV\ITl:-fUS-CO\l\PlfffRVlSION 



ADD THE LETTUCE AND 
TOMATO: MCV WGIC 
DESIGN SYSTEMS. 
Complete logic design and sim­
ulation capabilities for PCB or 
semi-custom and full-custom 
IC designs. 
•All the Schematic Entry software 
listed above, plus: • HIID-2rnsimula­
tion. •Timing analysis. •Functional 
and gate level simulation. •Fault simu­
lation. • Simulation waveform grapher. 
• Basic HIID symbol library. • TTL 
libraries (optional). • Auto-
matic test genera­
tion (optional). 
•Symbol and 
simulation li­
braries for gate 
array and 
standard cell 
design (op­
tional). • 8 bit 
planes. •2MB 

ADD THE BACON AND 
ONION: MCV SEMI-CUSTOM 
IC DESIGN SYSTEM. 
Complete design , simulation 
and interface for gate array and 
standard cell IC design. 
•The Logic Design System, plus: • Sym­
bol and simulation libraries for gate ar­
ray and standard cell design. •Soon to 
be available: interfaces to Automated 
Place and Route Packages. 

ADD EXTRA PATTIES AND 
CHEESE: MCV FULL­

CUSTOM 
DESIGN 
SYSTEM. 
Complete 
full-custom 
design, sim­
ulation and 
layout system. 
• The Logic De­

sign System, 
of memory.• 66 
MB of disk stor­
age.• RS-232, 
GPIB, RS-422 
ports. • Support 
of Versa tee and M CV has I he largest i nstal/ed base of prod 11ction-
HP plotters. tested, full-custom desig11 workstatio11s. 

plus: • 16 bit 
planes of graph­
ics. •Technology 
independent lay-

out editor. • Interactive design rule 
checker. • Physical layout to schematic 
netlist verification.• Functional gate level 
simulation with HIID-2. •Switch level 
simulation. • Circuit level simulation 
with SPICE. • 90° and45 ° design sup­
ported. •Circuit extraction from physical 
layout. • Interfaces to GOS II Stream, 
CADDS 2/VLSI, Apple 860 and CIF. 

FOR THE REALLY BIG 
APPETITE: MCV CADDS 
2/VLSI MULTI-USER 
LAYOUT SYSTEM. 
A powerful IC layout system 
with multi-user capability and 
technology independence. 
•Multi-user workstation system (four 
maximum). • Technology independent: 
Supports bipolar, MOS, Analog, Digi­
tal, Hybrid, GaAs, Microwave. • Sche­
matic capture.• All angle layout. •Cir­
cles and arcs. • Interactive design rule 
checking. • Electrical rules checking. 
• Interfaces to GOS I, GOS II Stream, 
Apple 860. • Broad plotter support. • In­
tegrated circuit programming language. 

,\1El1-:ELJS-CO\!\PUfERVIS10N 



11-E PRODUCT l1NE PRINCIPIE 

OFFER. OMETHING FOR 

THE BASIC BURGER: 
MCVGRAPHIC 
DEVEWPMENT SYSTEM. 
A powerful 32 bit dual proces­
sor computational engine with 
high resolution color graphics. 
• High resolution color graphics: 
1024 x 768 pixel resolutions, 33hz inter­
laced, with 8 bit planes of graphics 
memory, upgradeable to 24 bit planes. 
• Dual 32 bit CPU with additional 32 bit 
Graphics Processor. • UNIX1 Moperating 
system with Berkeley extensions. • Bat­
tery backup for data protection. •True 
virtual memory. • 1 MB memory, up-

IDNE. 
gradeable to 4 MB. • 33 MB disk stor­
age, upgradeable to 66 MB. • 1 MB 
floppy disk. • 6 RS-232C ports for addi­
tional terminals. • 1 Versatec Printer/ 
Plotter port. •Autodial 300 baud 
diagnostic modem. • Multibus. • Float­
ing Point processor. • Programming lan­
guages include "C', with Fortran 77, 
Pascal and Lisp optional. • Ethernet:1'1 

• Full stpport for all Metheus-Computer­
vision CAE software packages. • Op­
tional mass storage up to 840 MB. 

ADD CHEESE: MCV 
SCHEMATIC ENTRY SYSTEM. 
Low cost basic design system for 

PCB and IC design applications. 
• 4 bit planes standard. • Multi-window. 
• Multi-page support. • Busses and bun­
dles. • Off page connectors. • Drag or 
pre-position symbol entry. • Rubber 
band entry with automatic routing of 
signals. • User definable menus. • Versa­
tile property attributes. • Supports func­
tional, logic and circuit level designs. 
• Supports digital and analog design. 
• Adjustable text height and orientation. 
• User definable grid and snap. • Borders, 
titles and revision block support for A 
through D size drawings. • Industry 
standard netlist interface support . 



il-E INTERFACE PRlNCIPIE 

AVOIDTI-E 
!NCO 

THE UNIQUE PROBLEMS OF 
BEING mo UNIQUE. 

A lot of engineering 
workstations have been de­
signed as islands unto them­
selves. They do a fine job in iso­
lation. But can they communi­
cate with your mainframe? 

The answer is usually 
no . The reason is that these 
workstations were designed 
around some rather unique 
standards: unique operating 
systems, unique networking, 
unique languages. 

So they simply can't 
communicate well with the rest 
of the computer world. Which 
means, for example, you can't 

ship off a big number-crunching 
operation to the VAX~then get 
it back and continue on the 
workstation. 

To solve the problem, 
one vendor offers you what they 
call a hardware accelerator. The 
price? They can get you into one 
for a mere $100,000 or so. In 
other words, they're asking you 
to pay the price for their work­
station's inability to be compati­
ble with the mainframe you've 
already paid for. 

A lot to ask, we think. 
THE COMFORT OF WIDELY 
ACCEPTED STANDARDS. 

From the beginning, 
we've built our workstations 

around the standards that are 
squarely in the center of the 
mainstream: UNIX;MTCP/ IP 
Ethernet;MMC 68000's, HIID­
z;MSPICE, Multibus, Fortran, 
Pascal and C languages, and 
IEEE Floating Point, for exam­
ple. A familiar bunch. 

The benefits to you? 
We could go on and on. 

For example: Ethernet 
allows you to use the power of 
your mainframe to do things 
like simulation. Just send the de­
sign to your VAX then back to 
the workstation. They all speak 
the same basic language. 

Or take operating sys­
tems. Right now there are over 



400,000 engineers who earned 
their spurs on UNIX. 

Which suggests it will 
be very easy to recruit and train 
engineers on a UNIX-based sys­
tem. It also means that a wealth 
of UNIX software will run easily 
on your workstations. 

Apollo-based market­
ers have tried to rectify the 
useability problems inherent in 
their AEGIS operating system 
by putting "UNIX-like" com­
mands on top of the original 
system. A commendable step. 
But when it comes to custom­
tweaking your system after it's 
installed, a true UNIX operat­
ing system will be a lot easier to 
deal with than one that's really 
an AEGIS system in disguise. 

For any company that 
prefers the security of the main­
stream, true UNIX is a pretty 
safe place to be. After all, how 
many AEGIS trade shows have 
you ever heard of? 

RINGAROUNDTHE BUILDING? 
Another interesting is­

sue is networking. Apollo-based 
workstations use the Cambridge 
ring network. It allows a circle 
of Apollo-based workstations to 
talk to each other. 

What it doesn't do is 
communicate well with host 
computers like VAX or IBM. 
That will mean companies with 
Apollo-based workstations will 
have to eventually manage two 
networks: Ethernet and the ring 

network. 
What will life 

be like under those 
conditions? You'll 
have two cables going 
around the building. 

A few simple keystrokes 
cn11 send your design fro111 

mz MCV workstation to your 
mai11frame. Tlln11ks to Et/1emet. 

You'll have the exciting chal­
lenge of cabling and managing 
two different sets of I/O lines. 

Every time you buy a 
new computer, you'll have to de­
cide which interface to use. 
Then you'll have the ongoing 
problem of managing two dif­
ferent interfaces for all your 
computers. When you try to go 
from one network to another, 
you're likely to face bandwidth 
discrepancies, which will cause 
a significant slowdown as you 
go through gateways, from one 
network to another. 

But with an MCV 
workstation, you can take 
Ethernet to any of our other 
workstations, or to a VAX. As 
Ethernet becomes further 
enhanced, a Metheus-Com­
putervision workstation will 
be able to take advantage of 
the refinements. So instead of 
your communications slowing 
down over the years, they'll 
keep getting faster. 

,\ ~El1£US-CO\ \PLTER\'ISK. )~ 



11-E PRINCIPAIS B_..._ 
OUR PRlNCIPIES. 

For the foresee­
able future, virtually all 
CAE competitors will be 
lacking at least one of 
the essential elements 
most customers are look­
ing for: proven financial 
stability; proven, world­
wide service backup; 
and a proven product. 

you is faster total pro­
ductivity, not just blind­
ing speed on a few, 
isolated functions. 

But there is now 
a reassuring alternative 
to those companies: Jim Towne, President and CEO, Jim Berrett, President and CEO, 

Of course, 
everybody promises 
you that. But the best 
way to judge promises is 
to see how well these 
companies have deliv­
ered in the past. Are 
they good long-term 
thinkers or just hard­
charging marketers? Metheus-Computervision. 

Metl1eus-Computervisio11 . Computervision Corpomtion. 

Jim Towne, MCV Presi­
dent (and former President of 
Microsoft) puts it succinctly: 
"We can now beat the other 
CAE pioneers with our financial 
and service strength. And our 
experience beats the other big 
companies who are just getting 
into the market." 

With this rather pow­
erful combination, Metheus­
Computervision will not be 

timid: "We have aggressive in­
tentions for the electrical CAE 
marketplace," says Jim Berrett, 
Computervision President and 
CEO. "Our joint venture with 
Metheus makes an ideal fit." 

But MCV represents 
more than just strong fundamen­
tals and an aggressive marketing 
plan. We're a company that, 
from the beginning, has planned 
for the long haul. What we give 

We suggest there's only 
one company that's been com­
mitted to a fully integrated, 
compatible, upgradeable line of 
design tools ever since the first 
news release. So maybe the 
company that's done the best 
job preparing for the future is 
the best company to spend the 
future with. 

MITl-EUS-COMPUIERVISION 

CA DDS isa Yl!>{islercd lmdcwmi t1{Compulrn11sum Corpomtiou. UNIX 1~a tmdemnrkof Bdl Lnl10ml1mc!s. M11ftd111s isa lrudrmarkof fold Cvrpomtion. HIL08 2 isa tr1ldi!marko{GeuRi1d, Inc. 
Ethemct 1sa tmdcmark of Xcmx Corporation. VAX is a trademark of Digital Et7ui1m1t111f G1rpamtion AEGIS is n trad~mark of Apollo Gm1p1lft:r, luc. Aµplt' isa trarltmnrk of APPLICON, J11c. 

APPL/CON is 11 tmdemark of APPL/CON, Inc. Daisy is n trademark of Daisy Systt!ms Corpvratm11. Mentor 1s a tmdemark of Mentor Gmpllics Corpomtion. 
Valid is a trodrmarkof Valirl Wgic S11Slems, Inc. Cal ma and GDSfl mr tmdc>mark; of Cnlma Compauy, a subsidiary of Ge1wml Electric. 

Metheus-CV, Inc. , P. 0. Box 959, Hillsboro, Oregon 97124. (503) 640-3311. 







U.S. MEETINGS 

Globecom '84, Nov. 26-29. Atlanta 
Hilton Hotel, Atlanta, Ga. John 
Freight, Globecom '84, Scientific­
Atlanta Inc., PO Box 105600, Atlanta, 
Ga. 30348; (404) 441-4800. 

30th Annual Conference on Magnet­
ism and Magnetic Materials, Nov. 
27-30. Town and Country Hotel, San 
Diego, Calif. Ms. Diane Suiters, Courte­
sy Associates, 655 15th St. NW, 
Washington, D.C. 20005; (202) 347-5900. 

The Power Sources Conference, 
Nov. 27-29. Sheraton-Boston Hotel 
and Hynes Auditorium, Boston, Mass. 
The Power Sources Conference Inc. , 
3970 Atlantic Ave., Suite 204, Long 
Beach, Calif. 90807; (213) 414-4412. 

Robots West, Nov. 27-30. Anaheim 
Convention Center, Anaheim, Calif. 
Robot Institute of America, PO Box 
1366, Dearborn, Mich. 48121; (313) 
271-7800. 

Digital Avionics Systems Conference 
(6th DASC), Dec. 3-6. Baltimore Con­
vention Center, Baltimore, Md. AIAA, 
1633 Broadway, N.Y. 10019; (212) 
581-4300. 

Real-Time Systems Symposium, Dec. 
4-6. Hyatt Regency Hotel, Austin, 
Texas. Miroslaw Malek, Department of 
Electrical Engineering, University of 
Texas, Austin, Te xas 78712; (5 12) 
471-5704. 

Western Design Engineering Show, 
Dec. 4-6. Moscone Center, San Fran­
cisco, Calif. Western Design Engineer­
ing Show, 999 Summer St., Stamford, 
Conn. 06905; (203) 964-8287. 

The First Conference on Artificial 
Intelligence Applications, Dec. 5- 7. 
Sheraton, Denver Tech Center, Denver, 
Colo. Conference on Aritificial Intel­
ligence Applications, PO Box 639, 
Silver Spring, Md . 20901; (301) 
389-8142. 

1984 IEEE International Electron 
Devices Society (IEDM), Dec. 9- 12. 
San Francisco Hilton and Towers, San 
Francisco, Calif. Melissa Widerkehr, 
Courtesy Associates Inc., 655 15th St. 
NW, Suite 300, Washington, D.C. 20005; 
(202) 347-5900. 

Computer Networking Symposium, 
Dec. 10- 11. Gaithersburg, Md. Robert 
Rosenthal, NBS, B226 Tec hnology 
Building, Gaithersburg, Md. 20899; 
(301) 921-3516. 

Dexpo West '84, Dec. 11-14. Dis­
neyland Hotel, Anaheim, Calif. Expo­
consul International Inc., 55 Princeton­
Hightstown Road, Princeton Junction, 
N.J. 08550; (609) 799-1661. 

IEEE First International Confer­
ence on Office Automation, Dec. 
17-19. New Orleans Hilton, New Or­
leans, La. IEEE First International 
Conference on Office Automation, c/o 
Dr. Donald Kraft, Department of Com­
puter Science, Louisiana State Univer­
sity, Baton Rouge, La. 70803; (504) 
388-1495. 

1985 International Winter Consumer 
Electronics Show, Jan. 5-8. Las 
Vegas, Nev. Dennis Corcoran, CES, 
2001 Eye St. NW, Washington, D.C. 
20006; (202) 457-8700. 

PC Fab Expo '85, Jan. 8-10. Sheraton 
Twin Towers Hotel, Orlando, Fla. Julia 
Wilson, PMS Industries, 1790 Hembree 
Road, Alpharetta, Ga. 30201: (404) 
475-1818. 

Automated Test Equipment West 
Conference (ATE), Jan. 14- 17. Ana­
heim Convention Center, Anaheim, 
Calif. Morgan-Grampian Expositions 
Group, 2 Park Ave., New York, N.Y. 
10016; (212) 340-9780. 

1985 Measurement Science Confer­
ence, Jan. 17-18. Marriott Hotel, 
Santa Clara, Calif. Dar lene Diven, 
Lockheed Missiles and Space Co., PO 
Box 3504, Sunnyvale, Calif. 94088; (408) 
756-0270. 

Uniform, Jan. 21 - 25. Infomart, Dal­
las, Texas. Pemco, Inc., 2400 E. Devon 
Ave., Suite 205, Des Plaines, Ill. 60018; 
(800) 323-5155. 

1985 Society for Computer Simula­
tion (SCS) Multiconference, Jan. 
24-26. Bahia Hotel, San Diego, Calif. 
SCS, PO Box 2228, La Jolla , Ca lif. 
94038; (619) 459-3888. 

Communication Networks Confer­
ence and Exposition, Jan. 28-31. 
Washington Convention Cente r , 
Washington, D.C. Louise Myerow, 
CW / Conference Management Group, 
375 Cochituate Road, PO Box 880, 
Farmingham, Mass. 01701 ; (617) 
879-0700 or (800) 225-4698. 

(continued on p. 31) 
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We put a lot of ourselves into Pascal-2. Pascal-2istheonly language 

Put us to 'Ir.ork on ViQUf ' T" "V compiler that provides a uniform development 
TT' J V 1"'l.A.. environment across the full line of Digital systems 

Everything we know about software development from the Professional 350 to the VAX. All versions 
is built.into Pascal-2. We created a straight-for- of the compiler provide identical language features, 
ward, robust compiler with rugged predictability with the same interface for the operating system 
that has already become a legend. Pascal-2 has and hardware, and the same n rtabiJi" tv 
proven its performance and its reliability in more set of language extensions. rO -~] 
than 2,000 installations in 36 countries. As a result, your application can be moved easily 
n cal 2 'TA v Now Pascal-2 from one environment to another. ras - Oll V .l"l.A can give you that The Pascal-2 System Development Package for 
same performance on the Digital Equipment Cor- the Digital VAX and MicroVAX includes an 
poration's VAX, the premier software develop- optimizing Pascal com_piler; an interactive, source-
ment computer system. level Debugger; a Profiler that pinpoints execution 

Pascal-2 provides the strength and flexibility bottlenecks; and other utilities to aid program 
essential for real utility in scientific, engineering, development. 

0 business, and industrial applications. If you would like r:egon 
Using the advanced capabilities of this opti- to put Pascal-2 to 11 

The Pascal-2 
system is available 
on Digital's VAX, 
MicroVAX; 
PDP-11/RSX, 
RSTS, RT-11, 
UNIX, TSX-Plus; 
and Professional 
Computer running 
PIOS, RT-11 . 

mizing compiler, your development cycle will be work on your s ftW 
shorter and your applications more efficient. VAX, call us at 0 a r:e 

1-800-874-8501. 1 1 

Digital, PDP, VAX, VMS, RSTS, RT-11 , RSX, Professional 350 
and PIOS are trademarks of Digital Equipment Corporation. UNIX 
is a trademark of AT&T Bell LAboratories. TSX-Plus is a trademark 
of S & H Computing, Inc. Pasca/-2 is a trademark of Oregon 
Software. 
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U.S. MEETINGS 

(continued from p. 29) 

Mini/ Micro West, Feb. 5-7. Anaheim 
Hilton Exposition Center, Anaheim, 
Calif. Electronics Conventions Manage­
ment, 8110 Airport Blvd., Los Angeles, 
Calif. 90045; (213) 772-2965. 

Conference on Opt ical Fiber Com­
munication ( OFC '85), Feb. 11-13. 
Town and Country Hotel, San Diego, 
Calif. Optical Society of America, 1816 
Jefferson Place NW, Washington, D.C. 
20036; (202) 223-8130. 

IEEE International Solid-State Cir­
cuits Conference, Feb. 13-15. New 
Yo rk Hilton Hotel, New York, N.Y. 
Lewis Winner, ISSCC, 301 Almeria, 
Coral Gables, Fla. 33134; (305) 446-8393. 

Integrated Machine Loading/Mate­
rial Handling Systems Seminar, Feb. 
19- 21. Holiday Inn Livonia-West, De­
troit, Mich. John R. McEachran, SME, 1 
SME Drive, PO Box 930, Dearborn, 
Mich. 48121; (313) 271-1500, Ext. 382. 

Automated Design and Engineering 
for Electronics Conference and Ex­
hibition (ADEE), Feb 26-28. Anaheim 
Hilton and Towers, Anaheim, Calif. 
Cahners Exposition Group, Cahners 
Plaza, 1350 E. Touhy Ave., PO Box 5060, 
Des Plaines, Ill. 60018; (312) 299-9311. 

American Institute for Design and 
Drafting (AIDD) Exposition, Mar ch 
3-8. Albert Thomas Convention Center, 
Houston, Texas. Philip Nowers, AIDD 
National Headquarters, 901 N. Wash­
ington St., Suite 509, Alexandria, Va. 
22314; (703) 548-1263. 

Interface '85, March 4-7. Georgia 
World Congress Center, Atlanta, Ga. 
The Interface Group Inc., 300 First 
Ave., Needham, Mass. 02194; (617) 
449-6600. 

Integ r ated Services Digital Net­
works Exposit ion (ISDN '85), March 
6-8. Baily's Park Place Casino Hotel, 
Atlantic City, N.J. Joan Barry, Infor­
mation Gatekeepers Inc., 214 Harvard 
Ave., Boston, Mass . 02134; (617) 
232-3111. 

Southcon '85 and Mini/Micro South­
east, March 5-7. Georgia World Con­
gress Center, Atlanta, Ga. Electronic 
Conventions Management, 8110 Airport 
Blvd., Los Angeles, Calif. 90045; (213) 
772-2965. 

Winter '85, March 13-15. Hyatt Lake 
Tahoe, Incline Village, Nev . Optical 
Society of America, Picosecond Elec­
tronics and Optoelectronics Meeting, 
1816 Jefferson Place NW, Washington, 
D.C. 20036; (202) 223-8130. 
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You can too, and discover a new level of measurement performance, flexibility, and 
accuracy. 

NASA Lewis Research Center has four Dataq DM-100 precision analog interface boards 
installed in four computers. Now their Apples aren 't just computers, they're high perfor­
mance, high precision analog measurement systems. 

NASA is using the Dataq DM-100 for sophisticated applications such as surface analysis of 
exotic new alloys. But the DM-100 can just as easily handle your down-to-earth instrumen­
tation requirements in spectrophotometry, gas chromatography, calibration, testing, data 
logging, and many other laboratory automation and production applications .. 

That's because we designed and built the DM-100 with a complete package of powerful 
features. For example, you get: 

• Measurement ranges of ± 0.3, ± 3, ± 30, 
and ± 300 volts full scale. 

• Three programmable resolution modes of 
12, 16, and over 19 bits allowing 1 µv , 
10·5 Hz, and a.om measurements 
-Eliminates the need for transducer 
signal conditioning. 

• A unique integrating A-D converter that 
yields the highest noise immunity and 
lowest non-linearity of any other method 
-including dual slope. 

• Floating inputs to 300v (1500v optional) 
for off-ground or differential 
measurements. 

• Programmable sample intervals from 
zero seconds to 2.7 hours in 0.01 second 
increments for those measurements that 
require precise timing. 

• Greatly simplified operation: a few 
BASIC commands will program the 
DM-100 to perform even the most 
complex routines. 

• Programmable moving average filter that 
lets you adjust for noisy input signals. 

• Four input channels for the simultaneous 
acquisition of trms ACV, DCV, frequency, 
and resistance. Program any channel for 
any function and measurement range 
you need. 
1 kb internal data buffer to allow data 
acquisition independent of the host 
computer so you don't lose precious data 
when writing to disk. 
No pot adjustments required. Calibration 
is achieved through software and 
constants are supplied on floppy disk. 
Independent mx + b scaling for conversion 
of frequency to volts, volts to pounds, 
resistance to temperature, etc.-during 
acquisition. 

• An on board real time clock. 

So Much Instrument for So Little Money 
For all this capability . the DM-100 is priced at just $550 ($575 for the IBM PC ™ version). That 
includes the DM-100 board . software , and complete documentation with programming aids and 
examples that let you plug in and run within minutes of opening the box . 

All the features described above. plus several more . are included in the price except true rms . 
frequency. and resistance measurement functions (available for an additional $175) and the 
extended 1500v common mode voltage option (available for $50) . 

That's only one-third to one-half the price of competitive instruments that can ·t offer the power. 
flex1b11ity . simplicity. and performance of the DM-100. 

We Guarantee Performance 
The best way to experience the full potential and exceptional performance of the DM-100 1s 
to use 11 in your laboratory. 

You can do so at no risk under our unique performance guarantee. 

Send us your order and we"ll send you the DM-100. software . and documentation . Plug 11 1n 
and use it for 30 days then decide. If you don "t agree that the DM-100 is superior to either a 
stand-alone tabletop converter costing two to three times as much, or any other plug-in con­
verter you 've ever used. simply put it back in the box and return it to us. We"ll promptly refund 
your full purchase price. including the shipping charges. 

The Dataq DM-100 precision analog interface is available for direct and immediate shipment . 
Call or write us today for complete product and ordering information . 

DAT AQ INSTRUMENTS, INC. 
100 Lincoln Street 
Akron, Ohio 44308 

(21 6)434-4284 
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....................... coet..._ 
In....,. prodactlon with the 
New CTS Serles 207 AUTO-DIP-Switch. 
Because they are the same size as your 
IC's-these new Series 207 AUTO-DIP™ 
switches can be used in your automatic 
insertion equipment right along with 
IC's ... without machine adjustment. You 
get economical high speed board pro­
duction. You'll save significant board 
space as well! This new switch takes 
only 37% of the volume of a standard 
DIP switch allowing for closer board 
stacking and space savings. 

wave solderable! Board washable! 
The AUTO-DIP™ design eliminates bot­
tom sealing. And. a lead frame housing 
construction with time-proven tape top 
seal keeps contaminants out of the 
switch through wave soldering and sol­
vent or aqueous cleaning. 

Reliability you can count on. During 
the fully automated assembly process. 
each Series 207 DIP Switch is 100% ma­
chine tested for continuity and contact 
resistance. In addition. statistical process 
control used in every step during manu­
facturing assures unvarying part quality 
and final reliability. Available in 2-posi­
tion to 12-position switches. 

WRITE TODAY for full technical data 
on these new Series 207 
AUTO-DIP™ switches. 
Contact: CTS Corporation.• 
Paso Robles Division. 
Electromechanical Group . 
500 Linne Road. 
Paso Robles. CA 93446. 
Phone: (805) 239-0427 

.,.,. 

'In Calif dba CTS Electronics Corporation 
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Switch reliability that 
is the best ever! 

O Redundant gold inlaid contacts dramatically 
enhance contact reliability. 

8 Positive wiping contacts assure low and con-
sistent contact resistance. 1.050" travel) 

• 
Detent function separated from contacts to 
optimize both designs. 

• 
Gold contacts never abraded or contaminated 
by sliding over polymer surfaces. Contacts 
never touch a no~old surface 

• 
No contactor deflection for the life of the 
switch . Constant contact force eliminates 
overstressing of contacts for greater reliability. 

Series 206RA & 197 Right 
angle and 4 PDT slide actu­
ated DIP switches. 

PC Boards Complex double­
sided and multilayer. 
Phone: ( 415) 964-5000 

Series 750 & 760 Solid 
ceramic SIP and DIP resistor 
networks. 

Series MX05 5 Low profile 
hybrid clock osci I la tors. 
Phone: (815) 786-8411 
CIRCLE 21 Phone: (805 1238-03 50 
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PERSONALLY SPEAKING 

Now is the time 
for cutting back the length 
of the design cycle 

The increasing complexity of circuits in 
silicon and the move toward application­
specific VLSI chips deliver a message 

that is both loud and clear: Design times must 
be shortened. In some instances, the design cy­
cle can stretch out as long as three years. And 
even though the latest engineering worksta­
tions often considerably curtail that cycle, 
there is still an urgent need for a unified data 
base that reaches from conception to the fully 
realized IC. What's more, today's techniques 
must be extensively revised to make the most 
of reusable circuit blocks that already exist as 
standard cells. 

At present, the various phases of design­
layout, simulation, and test pattern 
generation-work with separate data bases. 
Moving from one data base to another involves 
a time-consuming transition that is very error 
prone. In fact, translating the output of one 
program into another's input takes more time 
than running the entire program. Translation 
thus consumes a major portion of the design 
cycle, and the errors it introduces end up caus­
ing serious problems. 

Data bases do exist that can be employed for 
design, but in most cases they are difficult to 
use, have low throughputs, and do not handle 
all of the attributes a designer must enter into 
a system. 

A potential solution lies in using Lisp-the 
programming language of artificial intelli­
gence-in conjunction with an advanced 
workstation. The language could define a set of 
specifications for, say, gate-level structures, 
timing behavior, and logic synthesis and possi­
bly for laying out gate arrays and standard 
cells. Representations of the different aspects 
of the design process could be built into main 

memory as a single hierarchical data base, and 
all representations would check themselves 
against one another to ensure consistency. 

Taking greater advantage of reusable circuit 
blocks in chip design also will truncate the 
overall design cycle. For years now, creating 
MOS devices with blocks of memory has been 
standard operating procedure. The time has 
come to turn to this approach when designing 
intrinsically more complex systems on a chip. 
Using standard cells over and over again will 
certainly simplify design and play a major role 
in boosting engineering productivity. 

Further, reusable registers, AL Us, multi­
plexers, and core microprocessors- to name a 
few possibilities-make generating a test pro­
gram far easier. The test vectors will already 
have been identified for a given block. From 
the test vectors for that or any other block, de­
signers can extrapolate the test programs for 
the entire chip. 

The handwriting is on the wall. Unless the 
design cycle is pruned back, engineering pro­
ductivity will decline-a situation that is likely 
to get worse as devices grow more complex. 

Martin Gold 
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Our $2,000 CAD softwa 
Task Force TIPS of Indiana 
needed to design an Automatic 
50-350 GPM fire hose nozzle. 
They might have used a quar­
ter million dollar computer­
aided design system, but they 
used AutoCAD"' instead. 
Mainframe CAD capability 

at 5% of the price. 
If you have an IBM PC, 

NEC, NCR, DEC, TI, WANG, or 
one of over 17 desktop com­
puters AutoCAD supports, you 
already own the most expen­
sive part of a CAD system. 
AutoCAD, combined with a 
pointing device and plotter 
(the choice is yours, we support 
over 40 peripherals), puts the 
power of CAD on your desktop 
at a price you can afford. 
A complete system can cost 

Zoom in on a part 
to focus on the details 

AutoCAD automatically 
dimensions distances and angles 

less than $10,000. 
AutoCAD's 

editing facilities 
let you DRAW an 
object, ROTATE or 
SCALE it, PRAG it 
on the screen to 
any position, 
STORE it away in 
a parts library 
for recall in other 
drawings, FILL 
an area with any 
of our 38 define 
patterns or your 
own, use an un­
limited number 
of LAYERS like 
overlays in 
drafting, and 
automatically 
DIMENSION 
distances, angles 
radii, and diam­
eters with full 
ANSI standard 
dimensioning. 
Quick to learn, easy to use. 

The beauty of AutoCAD 
is that you need no prior 
knowledge of computers. 
Even if you've never seen a 
CAD system, you'll pick it up 
in a matter of days, and feel 
comfortable within a week. 

Sound too good to be true? 
A simple one-touch menu 
structure points you in the 
right direction. On-line HELP 
keeps you on track. 
Schematics, skyscrapers, 
and everything else. 

Since AutoCAD is general­
purpose and user-customizable, 

Would the Pantry be better where the 
stove is? Use the MOVE command 

site documentation, wheel­
chair design, chemical plant 
piping diagrams, and stained 
glass layout have all been 
done with AutoCAD. 

Architectural layout courtesy of Lansing Pugh, Architect Solar Panel Assembly plot courtesy of Future Technology, Inc. 



re ends budget burnout. 

The heart of 
yourCAE 

system. 
Drawings are only part 

of the story. Predefined 
VIEW 'A' 

Circles, arrays and area 
fills are easy with AutoCAD 

ndard 
symbols, trans­
lators to allow 
AutoCADto 
exchange draw­
ings with main­
frame CAD 
systems, data-

base analysis programs for 
bill of materials lists and job 
costing, and drawing distri­
bution by telephone are only 
some of the capabilities 
available with AutoCAD. 
These capabilities make 
AutoCAD the central compo­
nent in your desktop 
computer-aided engineering 
(CAE) system. 

Whether you're in a two­
person shop or a two-billion 
dollar company, you'll find 
that AutoCAD pays for itself 
in just a few months. 

In the future, AutoCAD 
will run on newer, more 
powerful computers as they 
become available-so that you 
can be sure your investment 
in creating drawings· and 

Fire nozzle and nozzle designs provided 
courtesy of TASK FORCE TIPS, Inc. 

training staff wi n 
obsolete. 

See for yourself. 
Let us show you why 

AutoCAD is rapidly becoming 
the worldwide standard for 
computer-aided drawing. Call 
or write us today for the name 
of your local dealer who will 
show you hands-on how 
AutoCAD can save you time 
and money. 

AutoCAD: for designers, 
it's why the personal computer 
was invented. 
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AUTOCAD 
AUTODESK, INC. 

2658 BRIDGEWAY 

SAUSALITO, CA 94965 
(415) 331-0356 

TELEX 756521 AurnCAD UD 
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How the TI-55-II s 
shortwotkof long problems. 

Whenever you can solve 
complex problems quickly and 
accurately, you're ahead of the 
game. And that's exactly what 
the TI-55-II does for you. By 
giving you 112 pre-programmed 
functions (like definite integrals), 
it allows you to take short cuts 
without losing accuracy. You'll 
accomplish a lot more in less 
time which means increased 
efficiency. 

With our TI-55-II you can 
tackle problems you thought 
could only be solved with higher­
priced programmables. You're not 
only getting the standard slide 
rule functions but also statistical 

Copyright © 1983 Texas Instruments 

capabilities. This way you can 
work out linear regressions, per­
mutations and combinations, just 
to name a few. 

The TI-55-II also gives you 
enough programmability to 
eliminate a lot of repetitive key 
punching. Our Constant Mem­
ory TM keeps programs and data 
on tap, even when the calculator 
is turned off. So once you've 
entered a formula, you can simply 
put in the variables to get your 
solution. The Liquid Crystal Dis­
play shows your answers in stan­
dard, scientific or engineering 
notations - clearly and precisely. 

We also help you get the most 

out of your calculator with the 
Calculator Decision-Making 
Sourcebook. It gives you step­
by-step examples of the best 
techniques used for solving math­
ematical, scientific and statistical 
problems. And we've included a 
special section on how to pro­
gram your TI-55-11. 

So next time you're facing 
another time-consuming 
problem, cut it down to .Jj~ 
size with the Tl-55-Il. "V 

TEXAS 
INSTRUMENTS 

Creating useful products 
and services for you. 



TECHNOLOGY NEWS 

NEWSPULSE 

Big ideas translate into high performance for VAX mini 

S everal design concepts usually reserved for large computer systems have been 
integrated in the VAX 8600 minicomputer, giving it more than four times the 
performance of the VAX-11/780. For instance, custom ECL gate arrays are 

partially responsible for a processor cycle time of 80 ns-2.5 times faster than the 
VAX-11/780. Second, four-stage pipelined processing reduces the number of cycles 
per instruction, and a 16-kbyte write-back cache cuts down on the time spent by the 
CPU accessing main memory. A floating-point accelerator and a dedicated memory 
bus further boost overall performance. According to Digital Equipment Corp. 
(Maynard, Mass.), a cluster of eight VAX 8600s equals the power of an IBM 3084 
mainframe. 

Software halves test program development time 

T he link between designers and test engineers gets a lift from a software interface 
that translates the information gathered during circuit design into a test program, 
slashing the program development time by up to 50%. Engineers then use 

those programs for production tests or for debugging VLSI-based boards with guided 
probes. Jointly developed by Daisy Systems Corp. (Sunnyvale, Calif.) and Factron/ 
Schlumberger (Billerica, Mass.), formerly Fairchild Subassembly Test Systems 
Division, the software enables Daisy workstation users to generate accurate simulation 
data-information that is critica) to the test development process-and transfer it 
directly to Factron test equipment. The software interface package will be available 
next month. 

Processing scheme drops on-resistance for power MOSFETs 

F abricating power MOSFETs with the lowest drain-to-source on-resistance for 
a given unit area is the chief strength of a processing technique that has just 
come on the scene. Chips built with TMOS III, devised by Motorola 

Semiconductor Products Inc. (Phoenix, Ariz.), demonstrate an Rns (on) ranging from 
0.08 to 0.10 fl-roughly 20% better than industry standards. Further, the process 
packs 1 million cells/in. 2

; typically, MOSFETs come in at about 400,000 cells/in. 2
• 

Supercomputer's Cray-like architecture pays off in speed 

B ased on standard LSI circuits and semicustom CMOS gate arrays, a 64-bit 
supercomputer tackles about 60 million operations/s-about 25% the speed of 
a Cray 1 but at a tenth the cost. Much of that power is attributed to a vector-

generating compiler and to the highly pipelined architecture, which itself is similar to 
the Cray l's structure. The C-1 computer, which comes in at $500, 000 or so, runs two 
compilers that optimize code for vector processing: a proprietary Fortran compiler 
running under Unix4.2BSD andaFortran-77 compiler that works with VAX Fortran. 
The former one cuts run time significantly. The extensive CMOS circuitry permits an 
air-cooling scheme and allows the computer to take up only 7 ft2 of floor space and 
dissipate only 3200 W. 
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TECHNOLOGY NEWS 

NEWSPULSE 

Modeling language tackles four-state logic simulation 

F or the first time a behavioral modeling language will be able to work with four 
logic states-0,1,X, and three-state. Because the language, called Adlib, can 
propagate X or unknown states, it comes in handy for analyzing timing hazards 

and accurately simulating faults-two operations previously restricted to structural 
simulation models. Designed by Teradyne Inc. (Boston), the language creates a 
behavioral circuit that the company's Lasar-6 simulator can evaluate 30 to 50 times 
faster than it can the equivalent structural representation. 

The modeling language b 0ased on C, with hardware constructs added for parallel 
operations. From the behavioral circuit description, a compiler produces intermediate 
code that is then stored in the Lasar modeling library. During simulation and fault 
simulations, a special interpreter evaluates all behavioral segments of the simulation 
model. 

The language, compiler, and interpreter all will be standard features of Lasar-6 by 
next spring. Adlib will also be accessible to Lasar-6 users who subscribe to Teradyne's 
software update service. 

CMOS successive-approximation register rivals bipolar speed 

C MOS makes its impact in yet another chip, this time a successive-approximation 
register that carries all the storage and control circuitry needed for 12-bit 
successive-approximation analog-to-digital converters. The first CMOS 

equivalent of the bipolar 2504 register, it proves as fast as that chip but draws only 
10 mA at 15 MHz and 8 µA on standby. Zytrex Inc. (Sunnyvale, Calif.) builds the 
CMOS chip with two metal interconnection layers and with metal gates. Besides its 
appropriateness for a-d converters, the chip can be put to work as a serial-to-parallel 
counter or as a ring counter for recursive algorithms. 

Surface-mounted packages continue to diversify 

Driven by the considerable savings in board space, chip manufacturers of all types 
are increasingly turning their sights toward surface-mounted packages, both 
leaded and leadless. To wit, TRW Inc. 's Optoelectronics Division (El Segundo, 

Calif.) has developed some of the first surface-mounted optical couplers, each housed 
in a custom molded package 0.09 in. square and 0.07 in. high. Each component 
comprises a gallium arsenide LED and a silicon phototransistor, both coupled to a 
thick-film ceramic substrate. 

Surface mounting is also moving into memories, primarily with the goal of trimming 
the board space of arrays. Mostek Corp. (Carrollton, Texas) is soon coming out with 
a 64-kbit dynamic RAM in a plastic leaded chip carrier that matches the footprint of 
a leadless ceramic carrier. As a result, it can substitute for ceramic packages. The 
plastic carrier conforms to the 18-lead JEDEC-approved outline-290 by 425 mils. 
Built with copper leadframes, it has excellent thermal properties. 
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ONE LOGIC PROGRAMMER. 
When it comes to choosing the right 

programmable logic device for the 
right job, you should be the one to 
choose. Not your logic programmer. 

That's why Data I/O's Programma­
ble Logic Development System now 
supports more than 150 different logic 
devices from more than seven differ­
ent semiconductor manufacturers­
including the new CMOS logic and 
32R16 Mega PALs®. 

That's what we call choice. 
And you call freedom. 

Logic design made easy. 

Taking advantage of pro­
grammable logic has never 
been easier, especially with 
ABEL™, Data I/O's high-level 
design language. 

ABEL turns your IBM® PC or VAX™ 
into a powerful logic design center, 
letting you express your designs in 
Boolean equations, truth tables, state 
diagrams or any combination . . 
whatever works for you. 

Full-support options. 
Data 1/0 PLDS programming/ 
test adapters give you many 

-~ device support choices. 
~"'~ Bipolar, CMOS, newtech-

....i: nologies and packages, 
PAL or I FL- you 

choose what you 
need today and ex­

pand support tomorrow. 

Functional testing. 

Three-step testing ensures 

your programmed devices are func­
tioning correctly. An automatic fuse 
verify confirms all fuses have been pro­
grammed as specified. A structured 
vectors test compares actual device 
output with expected results. And 
Data I/O's unique Logic Fingerprint'" 
test compares signatures of newly pro­
grammed logic devices with those of 
known-good masters. 

Call toll-free 1-800-426-1045 
for a demo or details. 

If you 're an engineer who likes to 
make choices, make your fi rst choice 
aDatal/O. CIRCLE 24 

ABEL'" and Logic Fingerprint'" are trademarks of Data 1/0 
Corporation, and VAX of Digi tal Equipment Corporation IBM 
1s a registered trademark of International Business Machmes 
and PAL of Monolithic Memories. Inc . 

Data 1/0 Corporation. 10 525 Willows Road N.E .. P. 0 . Box 97046, Redmond . WA 9B073·9746. For 1mmed1ate action. contact us DATA I ~o 
directly. CALL TOLL FREE: 1-B00-426-104 5. In Washington. Alaska and Hawa11. call 206-881-6444 . Europe : Vondels traa t 50-52. 

1054 GE. Amsterdam . The Nether lands. Tel: (20) 1 B6B55. Germany GmbH · Bahnhofstrasse 3. D-6453 Sehgenstadt, 
West Germany, Tel : (6 182) 3088. Japan : G1nza Orient Building 6-F. B-9-13. Ginza Chuo-ku. Tokyo 104. Japan. Tel (03) 574-0211 . 



Gould ... Innovation and Quality in Logic Analyzers 

The K105-D analyzer with 
Trace Control™ helps you find 
faults quickly and easily. 
For most engineers, the frustra­
tion is not in solving the problem. 
But in finding it. 

Not anymore. Take the Gould 
K105-D logic analyzer. It can 
help you isolate errors and their 
causes quickly and easily. Be­
cause now you can capture and 
examine several possible cause 
areas with a single pass. 

Advanced program tracking 
and data capture. 
Flexibility is the key. 

With 8 levels of Trace Control , you 
can follow every bend and turn 
in your program flow. No matter 
how complex. And capture widely­
separated slices of code better 
than any other triggering method. 

Although faults and their causes 
may be separated by thousands 
of lines of code, the K105-D 
records only what you want to see. 

Once captured , the K105-D 
brings these windows of informa­
tion directly to the screen for your 
analysis. 

This selective recording con­
serves memory. While it helps you 
get at the problem -and solve it 
-in less time than ever before. 

An analyzer that speaks your 
language. 
The K105-D speaks simple 
assembly language, not complex 
object code. Quite fluently, we 
might add . 

With our disassembly modules for 
the 68000, 8086, 8080, 8085A 
and Z80® B microprocessors, you 
need only one analyzer for debug­
ging most popular processors. 

Clear, concise pattern 
definitions. 
With the K105-D, you can define 
all your event patterns with sym­
bolic labels. These labels can 
represent address locations, data 
values, fetched instructions or any 
control signal you 're monitoring . 

And since you create them, 
they're easier to understand and 
remember. 

What's more, Trace Control uses 
English -like commands which 
make for shorter set-ups. Quicker 
comprehension . And a more 
productive engineer. 

To make debugging even easier, 
add the optional dual floppy disk 
drive. With it, you can store up to 
35 set-ups and associated record­
ings on a single diskette for instant 
recall . 



You won't get caught in a loop. 
By using the K105-D's loop 
counter, you can follow a 
sequence of events for a specific 
number of iterations. Then stop 
at will. 

It's a quick way for you to test the 
repeatability of a program func­
tion. And verify that your code is 
having the predicted effect. 

Integration made easy. 
For the hard part (hardware/soft­
ware integration), now there's a 
simpler solution. The K105-D's 
100 MHz high speed link. 

It's an extremely precise way to 
see how timing affects software 
execution. And vice-versa. 

Again , for this task, Trace Control 
can help you track down hard-to­
find faults. So you end up with a 
program that flows smoothly. 
Error free. In a fraction of the time 
it used to take. 

Performance above all the rest. 
At Gould, we engineer every 
instrument to be clearly the best 
in its class. 

So now with your insight and the 
K105-D analyzer, you can capture 
the problem. And solve it. Fast. 

For the name and number of your 
nearest Gould sales representative 
or for a detailed brochure and 
application notes, call us toll-free at 
(800) 538-9320. In California, call 
(800) 662-9231 or (408) 988-6800. 
Or write Gould Inc., Design & Test 
Systems Division , 4600 Old Ironsides 
Drive, Santa Clara, CA 95054-1279. 

United Kingdom : Gould Inc., Design 
& Test Systems Division , Hainault 
Operation , Roebuck Road , Hainault, 
Essex 1G6 3UE , United Kingdom . 
Phone: (44) (1) 500-1000. 

West Germany: Gould Inc., Design & 
Test Systems Division , Dieselstrasse 
5-7, D-6453 Seligenstadt 3, West 
Germany. Phone: 06182/801 -1. 

™Trace Control is a trademark of Gould, Inc. 
e ZSO is a registered trademark of Zilog , Inc. 

The K105-D gives you two levels of HELP 
at the touch of a button. First, step-by-step 
operating instructions that appear along 
the bottom of the analyzer screen. Second, 
a menu that allows you to select more 
detailed "help" should you need it. 

c 1984. Gould . Inc. CIRCLE 25 



The HP 1630G Logic Analyzer for today's 16-bit designs. 

Hardware and software solutions 
design and test cycle. 

With up to 65 channels of state analysis, the HP 1630G 
is the new standard for system design engineers working 
on complex new 16-bit microprocessor-based products. 
Plus, you can configure 8 of those lines for 100 MHz 
timing analysis to get a logic analyzer with investigative 
power and versatility for virtually all your needs. 

Three new software overview modes let 
you nonintrusively monitor software and 
hardware performance and interact 
in real time. 

The HP 1630G significantly expands on the hardware 
and software performance capabilities already introduced 
in the HP 1630A/D family members. In addition to time 
histograms that show execution-time distribution , and 

a ~OESIGNEOFOR~ :1;m1: 
SYSTEMS 

HP·IB: Not just IEEE-488, but the 
hudware, documentation and 
support that dehers the shortest 
1»th to a musurement system. 

label histograms that show address activity, the HP 1630G 
gives you three new modes: program flow, time positional, 
and linkage measurements. Program flOVJ measurement 
lets you monitor program activity based strictly on opcode 
accesses. Time positional measurement lets you measure 
the number of occurrences of an event per unit time. 
Linkage measurement measures the relative frequency of 
the activity between specific modules. 

Time tagging gives you added insights 
into system functions. 

In the state analysis mode, time tagging measures the 
time elapsed between each stored state. Make detailed 
absolute time measurements between states and known 
physical events. Or, use it to measure the total time from 
the trigger point to a particular state. Because time tag­
ging is a single-pass activity, it is well-suited to helping you 
identify inline sections of code that take longer to execute 
than anticipated. 



throughout your 16-bit 

Floppy disc interface and popular 16-bit 
microprocessor support. 

On-board non-volatile memory keeps one instrument 
setup and your current disassembler instantly available at 
power-up. For even greater storage, the HP 1630G features 
direct compatibility with a number of HP disc drives such 
as the HP 9121S/D (the HP 9121D is illustrated). In one 
convenient 31/z'' floppy you can now store data, state list­
ings, timing diagrams, alternate disassemblers, and instru­
ment setup configurations. For added flexibility, the 
HP 1630G supports all popular 8-bit, as well as the follow­
ing 16-bit microprocessors: 68008, 68000/68010, 8086, 
8088, 80186/80188, 80286/80288, Z8001 and Z8002. 

Our HP 1630G upgrade kit protects your 
previous HP investment. 

If you've already invested in an HP 1630A or HP 1630D, 
but you feel you need the added capabilities of the 
HP 1630G, an upgrade kit is available. 

Compare the HP 1630G. At $12,100* it 's even HP-IB 
programmable for fully automated measurements. To 
find out more about the HP 1630G or its companions, the 
HP 1630A/D, call your local HP sales office listed in the 
telephone directory white pages. Ask for the electronic 
instruments department. 

*U.S. A. list price only. 
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NOW TEK BRINGS 
YOU HIGH PRECISION 3-D 

FOR THE 41158. 

Local control, real-life perspective 
and superb resolution bring high 
3-D performance to the 4115 B. 
Known world-wide as the graphics 
standard , the 4115 B is now even 
better- more powerful , more flexi­
ble, more productive because Tek 
has developed a complete 3-D 
wireframe enhancement package 

Segment subroutines, segment ed1t-
1ng, and friendly window management 
are all part of the new flexibility 

for the only terminal with patented 
AutoConvergence. And you can 
order it now for your new or existing 
41158. 

No matter how complex your 
wireframe designs become, max­
imum resolution and true color will 
always be realized . Low eye fatigue 
and error minimization are benefits 
of the 4115B's superior Clarity. 

High resolution is matched 

by high interactivity. The 
4115F58 enhancement is a 
user friendly 3-D tool that 
helps you build a productivity 
pathway to shaded surface 
modeling and the most 
advanced CAD applications. 

New processors, new 
firmware, new microcode, 
new keyboard with numeric 
pad provide powerful, yet 
well-known user methods 
that let you fully utilize all your 
existing 2-D commands. And 
that means your current software 
and hardware investment is fully 
protected. 

Users can actually mix 2-D and 
3-D information on the screen at the 
same time . . . all with local zoom 
and pan. And while building 3-D 
data you 'll maintain all standard 
41158 functions for 2-D operation . 
Thus engineers working on one 
project can easily migrate to 
another or share terminals as 
needed for optimum productivity. 

Output from tasks such as struc­
tural analysis and design, finite ele­
ment modeling or thermal vibration 
analysis can all be displayed on the 
terminal. The firmware has local 
storage for 3-D vectors , triangles 
and quadrilaterals. Thus user inter­
action is further increased and 
prior processing by the host com­
puter is reduced or eliminated . 
When host communications are 
called for, they can proceed at 
a rapid 38.4K baud. 

Real-life perspective and true 
zoom and pan maximize 
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Tek's 
proprietary 
AutoConvergence 
feature for the Tek 4115 
achieves unmatched resolution 

engineering precision achievable 
with previewing, intermediate 
views, and final part development. 

Whatever your application a few 
keystrokes are all that are required 
to fully manipulate viewing position . 
With 4115 F 58 you can rotate an 
object on horizontal , vertical or 
depth axes. Then with true zoom, 
pan and perspective you can view 
the displayed part, vehicle or sys­
tem to see it just as you would in 
real life. 

So if you want to start with the 
highest precision 3-D and work at 
your highest performance every 
day, call yourTek Sales Engineer. 
For literature or the location of your 
local Tek sales office, call toll-free 
1-800-547-1512. lnOregon, 
1-800-452-1877. 

~ronix0 
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THE SUCCESS OF YOUR MEMBRANE 
SWITCH DEPENDS ON ELECTRONIC 

RELIABILITY AND GRAPHICS EXCELLENCE. 
Ever wish you could get both from one supplier? 

Now you can. 
Switch to EECO. Your membrane switch panel is 
an electronic component. For over two decades, EECO 
has been an innovative leader in component techno­
logy, providing you with top performance thumbwheel 
and PCB mounted switches. We added the EECOflex® 
line to meet your demand for membrane switch panels 
from a true electronics manufacturer. Since 1977, we 
have been specified into rigorous medical and process 
control applications. Today our membranes are built 
entirely in-house for optimum control over processes 
and materials. Which guarantees the kind of quality 

-cre~atEra"a quality image for your product. And 
our company. 

•MiltfiMr circuitry. EECOflex two-layer fully 
lll~l~it1ch circuits are screen printed on heat 

ster. Conductors are always fully cured . 
g is available to block out EMI and 
e. State-of-the-art CAD equipment 
otype design with precision and speed 
4 weeks after we receive your drawing. 
o final assembly, your EECOflex 
uitry is built to work for you. Every 
e working. All switch elements are 

rated for an average lifetime of 5 million actuations. 
Look into our graphics. You'll see bold , sharp, 
accurately registered overlays. Brilliant colors matched 
to individual lighting conditions. Take a closer look. At 
some of the most sophisticated graphics features in the 
membrane industry. Features like selective texturing 
for smooth integration of readout windows. Embossed 
key surround for definitive tactile location. A snap­
dome contact system for tactile feedback to your 
operator. These and many more custom features add up 
to the visual appeal that sells your system. Up front. 
Give us your membrane design. We'll 
implement it your way. EECO applications engineers 
work with you from Day One to make sure our membrane 
meets your toughest design criteria. A dependable, 
professional service organization assures on-time 
delivery and follow-up assistance. Design questions? No 
problem. We' re only a phone call away with designer's 
guides, test results and specifications. Call us at 
(602) 272-5645, TWX 910-950-0196. Or write EECO 
Incorporated, Membrane Switch Operations, 2949 
North 31st Avenue, Phoenix, Arizona 85017 for a 
product catalog. 
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NEWSFRONT 

Graphical Kernel System 
enters third dimension 
with 110 new subroutines 
The first 30 extensions add solids modeling 
to repertoire of Graphical Kernel System 
while retaining 20 compatibility. 

P
rogrammers who must 
specify graphics calls 
for solids modeling, 

mechanical designs, and oth­
er types of three-dimensional 
imaging will soon be aided by 
the first 3D extensions to the 
Graphical Kernel System 
(GKS), which covers only two 
dimensions. 

To create the third dimen­
sion, expressed as a "Z" coor-

. din ate, Saber Technology 
Corp. (San Jose, Calif.) adds 
approximately 110 subrou­
tines to the 2D G KS structure 
(Fig. 1). As a result, pro­
grammers can build 3D im­
ages in software while still us­
ing most of the conventional 
2D GKS rules. GKS has a 
leading position as a graphics 
standard and has even gar­
nered the support of ANSI's 
X3H3.5 committee. 

However, it has been lim­
ited to 2D drawing-virtually 
prohibiting any modeling of 
solids . Traditionally, pro­
grammers feared that adding 
a third dimension to GKS 

Stephan Ohr 

would create unnecessary 
complexity in the command 
structure. 

In working with 2D GKS, a 
programmer describes a 
graphic object in terms of 
global (real world) coordi­
nates, which constitute the 
borders of the graphics dis­
play. The programmer can 
also specify hardware-inde­
pendent logical input devices, 
which are not related to the 
coordinate structure of the 
display. GKS maps the logical 
inputs to actual physical lo­
cations and translates the 
global coordinates into hard­
ware-dependent, normalized 
coordinates (those with a 
physical relationship to the 
CRT display). 

Step by step 

The programmer then 
defines the graphic charac­
teristics of the object by at­
taching specific X and Y co­
ordinates to calls to GKS 
primitives, which describe 
lines; segments, markers, text 
strings, and move operations. 
Primitives are further de-

fined by a number of attri­
butes including color, in­
tensity, line style, line width, 
and character font and size. 
The programmer uses these 
GKS calls in sequence to draw 
lines between coordinates on 
the screen, to connect lines to 
form objects, and to fill and 
color those objects. 

The viewing operation of 
the GKS system specifies how 
much of the space delineated 
by the global coordinates is to 
be visible on the display. It 
calls up mathematical trans­
formations between the glob­
al coordinate system and the 
physical display area. Gener­
ally 2D systems can move the 
window only up, down, left, 
and right over the global coor­
dinate space, but the extra 
routines added to Saber's col­
or graphics workstation 
project the image into the 
third dimension. 

Entering a new dimension 

The system allows the pro­
grammer to choose either 
parallel or perspective projec­
tion. Parallel assumes all 
parts of the object are the 
same distance from the 
viewer, and perspective as­
sumes that all parallel lines 
meet at a single point. 

The image is then clipped, 
or manipulated, to appear in a 
viewing area designated by 
the programmer. The inter­
nal subroutines translate 
that conceptualized 3D image 
into specific physical coordi­
nates. Then the software re­
casts the image into the two­
dimensional equivalents of 
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program 
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transformation 

Clipping 
rectangle 

stored 
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Modeling 
transformation 

Segment 
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segment 
processing 

-------, 

Clipping 

Oevice­
dependent 
segment 
storage 

Workstation 
transformation 

Workstation 
output 

I 
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Oevice­
dependent 
segment 
storage 

Segment 
transformation 

Insert 
transformation 

Insert 

Clipping 
rectang le 

stored 

Refer 
transformation 

1. The 30 graphic's system created by Saber Technology provides ex­
tensions to the existing 20 system calls of the Graphical Kernel 
System. To implement a 30 coordinate system (X, Y, and Z) within a 
coordinate conversion structure geared for 20 operations, display-file 
segments are nested within display-file segments. 

Global 
coordinates 

Viewing 
coordinates 

Normalized 
device 

Normalized 
device 

coordinates coor 1na e 
(20) 

d" t s (30) 

Clip Transform Transform 
Apply against view 30 image 

Orthographic into 
.....I.+ normalizing 1-41 canonical ......... volume ~ transformation ~ projection 4 physical 

transformation view into 30 into 20 device 
volume view port coordinates coordinates 
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the three-dimensional space, 
since the CRT is a two-dimen­
sional medium (Fig. 2). 

In addition, after a picture 
is drawn, GKS commands can 
pan, zoom, rotate, and per­
form other on-screen manip­
ulations of the object. Includ­
ed in Saber's 3D GKS system 
are routines which allow the 
drawn object to be rotated on 
any axis selected within the 
three-coordinate (X, Y and Z) 
system. The command struc­
ture acts, in effect, like a high­
level language interpreter, of­
fering the user a shorthand 
method of con trolling on­
screen displays without re­
quiring that pixel addresses 
be entered bit by bit. 
Hardware makes it faster 

While the routines for clip­
ping and transformation are 
essentially software, Saber 
also offers a hardware accel­
erator whose internal matrix 
transformation processor can 
generate images as much as 
100 times faster than straight 
software approaches. 

The Saber approach draws 
from both the IDIGS docu­
ment (developed in Europe as 
one approach to 3D drawing) 
and the American PHIGS 
(Programmer's Hierarchical 
Interactive Graphics Stan­
dard) specification, a pro­
posal from the ANSI X3H3.1 
committee. 

2. To view a 30 image (either on 
a parallel plane or in perspec­
tive) on the 20 CRT screen, co­
ordinates of an object must be 
converted into normalized coor­
dinates. The object is otherwise 
treated in software as having 30 
properties. 



Introducing a high-quality 
RF source at a radically low price. 

The Fluke 6060A general-purpose 
lGHz signal generator. 

This is Fluke's greatest price/perform­
ance breakthrough yet, created from 20 
years of proven RF design experience. The 
6060A is our newest lowest cost general­
purpose generator. 

General purpose because its broad 
frequency and amplitude ranges and modu­
lation versatility offer the performance you 
need for virtually all RF design, develop­
ment and testing applications. 

General purpose because the 6060A 
meets these application needs with 

-60 dBc non-harmonic spurious through­
out its broad range. Fluke's years of design­
ing and building RF instruments gives the 
6060A the reliability you demand. 

But the real breakthrough on our new 
6060A is its price: $4500: 

Because it is so much less than you 
might expect to pay for a comparable unit 
the 6060A is the lowest-cost generator in 
its class. 

Clearly, the 6060A signals a new era in 
generator price/ performance for the RF 
industry. 

For more information about the in nova-

'U .S. Price Only , Patent Pending 

tive 6060A, call 1-800-426-0361 or 
contact your local Fluke Sales Engineer or 
Representative. 

Fluke6060A 
Frequency range 100 KHz - 1050MHz 
Amplitude range +13dBmto-137dBm 
Accuracy ± 1.5dB 
Harmonics <-30dBc 
Spurious <-60dBc 
Modulation AM/FM 
Radiated RFI <tµVat carrier lrequency 
IEEE-488 lntertace, opt. 488 switch speed < 100 ms, typ. 

IN THE U.S. AND NON· 
EUROPEAN COUNTRIES 
John Fluke Mfg. Co., Inc. 
P. 0. C9090, M/S 250C 
Everett. WA 98206 
(206) 356·5400; Tix : 152662 

IN EUROPE: 
Fluke (Holland) B.V. 
P. 0. Box 5053, 5004 EB 
Ti Iburg, The Netherlands 
(013) 673973, Tix : 52237 

IFLUKEI ====® 
Copyright © 1984 , John Fluke Mfg . Co ., Inc . All rights reserved . Ad No . 4401 -6060 

For technical data circle number 29 



TECHNOLOGY NEWS 

NEWSFRONT 

Electron microscope takes a peek 
at logic levels inside working IC 

A
new method for test­
ing and verifying cus­
tom circuit designs 

puts the beam of a scanning 
electron microscope to work 
tracking and viewing elec­
trical signals as they travel 
through an IC. The process, 
known as voltage contrast, 
was developed by scientists at 
Bell-Northern Research Ltd. 
(Ottawa, Ont., Canada). It 
employs the microscope's 
electron beam almost like a 
strobe light to photograph a 
circuit while it is operating. 

In the past, engineers have 
depended on mechanical cir­
cuit probes to examine chips 
for flaws. Such tools, how­
ever, can only test one or two 
points at a time. Voltage con­
t r ast, in comparison, allows 
large portions of a circuit to 

be checked all at once. Also, 
today's high-speed circuits 
sometimes use line widths as 
fine as 1 µm, which mechani­
cal probes cannot handle. 

On the right track 

Specifically, the chip is 
placed in a scanning electron 
microscope whose beam is 
pulsed through the circuit 
-tracking the conductivity 
path of an electrical signal. 
As areas of the chip with dif­
ferent voltage levels are 
viewed, the device is photo­
graphed (see the figure). 

If a particular part of the 
circuit under test is at a log­
ical 1, it shows up as a bright 
area on the film. Differing 
voltages also appear as varia­
tions in intensity. The photos 
are then analyzed to check the 

Pulsing the beam from an electron microscope through an operat-
ing IC makes it possible to photograph the circuit as it cycles through 
four different logic states. 
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conductivity path across t he 
circ11it, allowing designers to 
detect minute fabrication 
flaws. 

The company is currently 
using the scheme to check cus­
tom IC designs for in-house 
use. Carole Patton 

Streaming tape drive 
crosses OS and 
hardware barriers 

A
1/4 -in. streaming tape 
drive uses a proprie­
tary operating system 

that lets personal computer 
users transfer files between 
incompatible machines run­
ning under different oper­
ating systems without refor­
matting or rerecording the 
data. The drive's extensive er­
ror correction coding ensures 
integrity of data when tapes 
are used on different ma­
chines. 

The key to the 4060 drive, 
developed by Tallgrass Tech­
nologies Corp. (Overland 
Park, Kans .) , is the tape's 
operating system, called the 
tape management system, 
which is treated much like 
any other application pro­
gram. It translates across 
many operating systems, cur­
rently MS-DOS, Unix, 
CP/ M-86, and Macintosh. 

Data from any of these 
operating systems is sent to 
the drive, where it is altered 
from the specific system 's 
format to a proprietary for­
mat that remains constant 
for all of them. A controller 
board, based on a gate array, 
translates the proprietary 



MicroVAX 
DEVELOPMENT 
SVSTEMtromZAX 

ZAX Corporation is proud to intro­
duce the first, true 32-bit Universal 
Microprocessor System, featuring 
ZAX in-circuit emulators and DIG­
ITAL'S newest super-microcom­
puter; the MicroVAX™ 1. This com­
bination along with our powerful 
development software gives you 
the most powerful development 
system available. 

• HIGH LEVEL 
LANGUAGES 
'C' 
PASCAL 
PL/M 86 

• MANUFACTURER COM­
PATIBLE ASSEMBLERS 

• FULL SYMBOLIC DEBUG­
GING CAPABILITY 

• BATCH FILE CONTROL OF 
EMULATOR 

• AUTOMATIC JOURNALING 
OF EMULATOR 
COMMANDS 

• EXTENSIVE HELP 
FEATURES 

For your complete development 
needs contact 

Zax Corporation 
your leader in 

MICROPROCESSOR 
DEVELOPMENT SYSTEM 

800/421-0982 • 714/474-1170 
·vAX, MicroVAX are trademarks of Dig ital Equipment 
Corporat ion . 
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i8086 
i8087 
i8088 

Co-emulation of 8086 and 8087 or 8088 and 
8087 processors to 5 MHz. Realtime emulation 
to 8 MHz for 8086/ 88 processors. Features; 
128K bytes static RAM - expandable to 1 
Mbyte. 4K deep x 40 bits deep realtime trace 
buffer. 30 different debugger commands. 

---- - -- - ----------------------- - ----
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68000 
68010 
68008 

Emulates68000. 68008 and 68010 in one unitto 
10 MHz. Features; 128K of emulation memory­
expandable to 256K, 4K deep x 48 bits wide 
realtime trace buffer, 30 different debugger 
commands. 

- - -- ·- .- . - --------------------------------------
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Z80 
Z80B 
Z80H 

Emulates Z80B microprocessors to 6 MHz 
and Z80H to 8 MHz. Features; 64K byte user 
emu lation memory. 2K deep x 32 bits wide 
realtime trace buffer. 29 different debugger 
commands. 
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i8085A 
i8085A-1 
i8085A-2 

Emulates 8085 processors up to 6 MHz. Fea­
tures; 64K byte user emulation memory, 2K 
deep x 32 bits wide realtime trace buffer. 29 
different debugger commands. 

-- -- ·- -- ·- ---- - ----------------------------------;;:== 
ol ~!$l --·-

... M :U§l:M 
i8048 - - -
i8049 
i8050 
i8748 
i8749 
i8039 
i8035 
i8040 

Emulates entire 8048 family in one unit to 11 
MHz. Features; 4K emulation memory, 2K 
deep x 32 bits wide realtime trace buffer, 29 
different debugger commands. 8748 and 
8749 units feature a built-in EPROM 
programmer. 
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coding into the format of the 
target machine when data is 
read. 

Half-way splits 

To ensure data integrity, 
the drive incorporates a 50% 
redundancy recording meth­
od. It splits data chunks into 
two blocks, then merges half 
of each block into a third. 
These blocks are separated on 
the tape by other data, which 
is similarly recorded. Using 
error correction algorithms, 
the operating system can re­
construct complete records 
even if two of the three blocks 
are erased or damaged. 

The drive can transfer pro­
grams up to 60 Mbytes long 
-20 Mbytes longer than is 
possible with the QIC-24 stan­
dard-on 3M's popular 1/4-in. 
cartridge. With that capacity 
it can carry Unix in its entire­
ty, as well as large data bases. 

The tape management 
system, written in C, has been 
recompiled for target ma­
chines to increase speed. 
OEMs incorporating the 
drive must add some call rou­
tines to begin backup se­
quences and other tasks that 
normally would not be includ­
ed in a disk operating system. 

Terry Costlow 

Buried isolation 
region speeds up 
silicon photodiode 

n unusual structure that 
focuses on a buried iso­
lation region has elim­

inated the slowness that 
plagues most p-i-n photo­
diodes. The process has pro-
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duced a component that re­
sponds faster, reduces dark 
current (leakage), and oper­
ates at supply voltages as low 
as 4V - all in a fiber-optic 
communication s ystems 
operating at wavelengths of 
800 to 900 nm. 

Researchers at Bell Com­
munication Research (Mur­
ray Hill, N.J. ) incorporate a 
heavily doped p ++ buried 
layer-about 5 µm thick­
with a standard moderately 
doped p + substrate, a p epi ­
taxial layer, and a shallow 
n +junction (Fig.1). The struc­
ture traps minority photo­
electrons in the substrate , 
contributing to the speedy 
transient response. 

Slow going 

In photodiodes that use a 
thin epitaxial coating, the 
radiation gen erates photo­
carriers in the undepleted 
substrate. Those minority 
carriers slowly diffuse back to 
the depleted junction, thereby 
slowing the transient photo­
response . Though a thicker 
epitaxial layer could hasten 
the response of high-bit-rate 
systems, it causes the oper­
ating voltage to climb above 5 
V, the standard level for TTL 
and CMOS circuitry. 

In Bell's process, the doping 
gradient of the p + + -p + inter­
face creates a built-in electric 
field that reflects the minor­
ity carriers back to the sub­
strate and away from the 
depletion region of the j unc­
tion. The interface of the p + + 
and the epitaxial layer also 
improves speed, since it af­
fords a built-in polarity that 
causes photoelectrons to drift 
into the depletion region and 

WHERE CAN I FIND 
PERFORMANCE? 

PMI North American 
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(617) 655-8900 
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PERFORMANCE Precision Monolithics is one of 
those rare companies that would 
rather help you than sell you. We 
know if our analog ICs do what 
we say they'll do, you'll be sold. 

So we offer sales engineers­
technical problem solvers-who 
take the time to understand your 

application. And we support 
them with people who care. 

Why? Because your success 
is our success. 

Precision Monolithics Inc. 
1500 Space Park Drive, Santa 
Clara, California 9 5 o 5 o, USA. 

A Bourns Company. 
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SOLID STATE 
RESETTABLE 

FUSES 
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The resistance of a PTC Ther­
mistor increases dramatically 
at its switching temperature, 
as depicted above. To reset 
the device, allow the PTC to 
cool and fall below its switch­
ing temperature. 

Standard Keystone 
Resettable Fuses are 
rated at 12V, 50V and 
120V with no-load 
resistances at 25° C 
from 1 to 100 ohms. 
These PTCs provide 
protection for tele­
phone line faults, in­
termittent solenoids, 
transformers and 
FHP motors. 
Send for data bulletin 
RF-1282. 

\Kefl!!'?!!.~ 
Thermistor Division • St. Marys, PA 15857 

Phone 814-781-1591 • Telex No. 91-4517 
Keystone Thermistors are d1stnbuted by 

Allied Electronics Phone: 817/336-5401 
Newark Electronics Phone: 312/638-4411 
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be collected. 
Dark currents fall as much 

as sixtyfold, since diffusion 
current generation occurs in 
the thin isolation layer (the 
buried p ++ region) rather 
than in the substrate. Devices 

fabricated in this process 
have demonstrated a 3-ns 
transient response at 4 V 
(Fig. 2). In contrast, the re­
sponse of a conventional p-i-n 
photodiode trails off dra­
matically. WarrenAndrews 

400 
,um 

,,. epi , p > 300 Q-cm 

p + + buried layer "' 5 ,um 

p + substrate 

Anode 

p+ guard 
ring 

1. A Bell Communications process characterized largely by a 
heavily doped p + + buried layer produces a faster photo­
diode with significantly lower dark current than conventional 
components. 

90 

~ 
:; 
a. 
3 
0 30 v 
:; 
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(a) 2 10 20 30 
Response time (ns) 

2 10 20 30 
(b) 

Response time (ns) 

2. A comparison between a conventional p-i-n photodiode 
(a) and Bell 's experimental photodiode (b) reveals that the 
response time of the p-i-n diode falls off sharply, particularly 
at low supply voltages. In addition, it fails to reach 90% of 
full output even when operating at 4 V. 
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AFTER15 YEARS, 
(:ALMA IS MAKING IT BIG. 





For 15 years, Calma's been the 
big fish in a microscopic pond -
the intricate world of computer 
aided IC layout. 

Now we're going into business 
on a much larger scale - PCB 
layout. 

INTRODUCING T-BOARDS 
-A BIGGER HELP. 

Our newT-BOARDS™ soft­
ware can give you more help than 
any other PCB layout software. 

What other system, for instance, 
can give you fast automatic inter­
active routing of up to eight layers 
simultaneously. 

And automatic interactive 
placement. 

And on-line connectivity and 
clearance checking. 

And a full color view of multiple 
layers. 

And correct-by-construction 
methodology. 

All in one package. 
T-BOARDS is capable of han­

dling 32"x 32;'32-layer boards, and 
features pop-up menus, real-time 
checks to make sure layout mirrors 
design, and 1 mil precision. 

BIGGER AND BIGGER HELP. 

T-BOARDS alone can cut 
your workload down to a manage­
able size. 

But it doesn't stop there. 
Whe~ brought into Calma's full 

TEGAStation environment, 
you'll have a complete front-end 
workstation system for schematic 
capture, advanced simulation 
and testability analysis - all using 
just one database. 

SERVICE AND SUPPORT­
MAYBE THE BIGGEST HELP. 

For 15 years, Calma's been put­
ting a comprehensive service and 
support organization in place. 

In 60 places, for that matter. 
All over the world. 
We offer a variety of service 

plans, hardware and software sup­
port, education programs - even 
a hotline. 

Error lockout and dynamic checking. 

Red rectangle shows clearance violation. 

BIG COMPANIES HAVE 
BIG ADVANTAGES. ONE OF 

OURS IS GE. 

PCB layout systems are a long 
range commitment. 

No way do you want the 
company you're buying them from 
to fold in the short run. 

Calma's been here for 15 years -
an institution in this mercurial 
business. 

General Electric, our parent 
company, has been here over 100 
years. And firmly believes elec­
tronics is the foundation for the 
next 100 years. 

Giving Calma the resources 
and commitment to be here much 
longer. 

Which, if you plan on future 
growth in total automation, makes 
a big difference. 

Call (800) 626-2001 extension 
801 for specifics. 

Calma Company is a whoUy·owned subsidiary of General El ectric Company, U.S.A. fj is a registered tudemark of General Electric Company, U.S.A. 
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''Standard-cell 
but I don't know 



how to design them. 
W ith Texas Instruments, you do. 
The TTL design techniques you are 
thoroughly familiar with are the basis for 
Tl's Standard Cell Integration System. 
Put simply, designing with Tl's standard 
cells is much like arranging standard TTL 
logic packages on a printed-wiring board. 
And you not only have the standard 
digital functions to design with but also 
RAM, ROM, PLA, ALU, and linear 
functions. 

Using Tl's 3-µm CMOS technology 
requires only minimum effort on your part 
to achieve an affordable semicustom chip. 

Getting started is easy 
You can get your design started by 
bringing us your hand-drawn schematic 
or, better yet, a schematic generated by 
an engineering work station. When you 
use a work station, TI will supply the cell 
library and translation software for 
automatic generation of the TI design­
description language. Tl's standard-cell 
library is supported on many industry­
standard work stations, including Daisy, 
Mentor, and Valid, as well as on several 
PC systems. 

We deliver to specs 
Tl's Standard Cell lntegration System, 
with its systematic step-by-step 
procedure, gives your design its best 
assurance of first-pass success. TI 
commits to deliver chips that perform to 
your specifications. 

After your logic design is complete, 
simulation, testability analysis, test 
generation, and test-pattern grading are 
performed either by you or by Tl. And 
then double-checked by Tl. 

Next, Tl will develop a computer­
aided layout of your design which is 
thoroughly verified for accuracy. Or you 
can do the chip layout, and Tl will 
supply the specifications you need. 

A final simulation becomes, upon your 
approval, the conformance specification 
against which prototypes are produced 
27-4778 
© 1984 Tl 

and measured. Prototypes are then 
shipped to you for in-system evaluation 
and a "go" decision. 

Your Regional Technology 
Center is nearby to help 
All of the IC design resources and 
expertise of Texas Instruments are 
available to you through your nearest 
Regional Technology Center. 

Each Center is staffed with a team of 
standard-cell specialists who will work 
closely with you to meet your design 
goals and product schedule. 

Your Regional Technology Center can 
provide quick answers to technical 
questions as well as provide training in 
standard-cell design procedures. Here you 
will receive assistance in design 
optimization and test development as 
well as in creating the data-base 
description of your chip design. Here are 
engineering work stations for your use 
and the software tools and the computers 
needed to complete the logic design and 
perform simulation and verification. 

State-of-the-art design tools speed 
Tl standard-cell design process, help 
minimize development costs. 

Tl's standard cells 
are cost-effective 
Texas Instruments offers a full spectrum 
of logic alternatives-semicustom, 
including standard cells and gate arrays, 
advanced bipolar logic, and HCMOS 
logic. Thus, we at TI are in a unique 
position to help you weigh all the factors 
concerning each to determine which 
alternative is best for your application. 

In the case of standard-cell lCs, we'll 
analyze how you intend to use them and 
how they will impact your overall system, 
including performance and cost. 

One standard-cell IC can contain the 
equivalent of hundreds of individually 
packaged chips. It can dramatically 
reduce the number of individual parts 
needed to implement a system. It can 
significantly cut weight, size, and power 
consumption while increasing system 
quality, reliability, and capability. 

Then, too, Tl standard-cell chips are 
the lowest cost alternative when 
produced in mid to high volumes. 

Call 1-800-232-3200, Ext. 111 
You already know the TTL design rules, 
so you're well on your way to tailoring 
logic more precisely to your performance 
requirements using TI standard-cell 
technology. For our brochure, pocket 
selection guide, sample data sheets, and a 
more detailed description of the design 
flow, call the telephone number above or 
circle the Reader Service Card number. 
Or write Texas Instruments Incorporated, 
Dept. SRS013El , P.O. Box 809066, 
Dallas, Texas 75380-9066. 

TEXAS . 
INSTRUMENTS 

Creating useful products 
and services for you. 
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He who finishes first, wins. 
A lot of PCB CAD/CAM systems may be able to get your PCB's 

to market. But only one can get you there before all the rest. Our MAXI DESIGN 
STATION. Partly because you won't have to struggle with start-up bugs. (MAXI has 
already designed millions of PCB's.) Partly because MAXI already has all the 
functionality others are promising. But mostly because MAXI will run 2-3 times 
faster than the others. Soi~ c~n't help but finish first. R

1 
AC~ A 1 •R'rD~AC 

If you d hke to get ahead of . ~ H&.i 5J M 
your competition: get MAXI. And don't look back. L1nk1ng Concept to Product 

4 Lyberty Way, Westford , MA 01886 (617) 692-4900 
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NOTHING IN THE 
WORLD SUPPORTS OEMS 

LIKEQ·BUS. 
Few companies could 

legitimately promise you either 
the experience or the insight 
into the OEM market that has 
helped make Digital the num­
ber one choice and world 's 
leader in systems and 16-bit 
components. ~ 

; 1.~ .... ~ •!t\\ 
;, 

With well over 25 years ' 
experience behind us, we've 
learned quite a bit about what 
it takes to be a good OEM 
and how we can help. 

We're aware of your con-
cern for reliability and depend-
ability. With your name on the 
product, you 're naturally the 
first one to get any cal ls. 

We appreciate the dead-
lines you 're forced to deal with . 
And your need for the thorough 
documentation and manufac-
lurer's support that can help 
you beat your competition 
to market. 

We also understand the 
commitment you make when 
you select an architecture. And 
your need for support of that 
architecture. Not just from the 
manufacturer, but from th ird 
party sources as well. 

These are precisely the rea-
sons to choose Digital 's Q-Bus* 
architecture. Because only 

© D1g1tal Equipment Corpora!lon 1984 The ft>low1ng are 
trademarks 01D1gital Equipment Corporation: D1g1ta. the 
D1g1tal logo, Q-Bus, Jll , Micro PDP-11 , Micro PDP-11173, 
MicroVAX, VAX, LSl -11173, KXT11-C, PDP-11 , Falcon-PLUS, 
VMS. RSX. LSl-11, LSl-11123, M1cr0Power/Pascal. 
MC680001s a trademark of Motorola, Inc NS16032 
1s a trademark of National Semiconductor 

Q-Bus gives you the proven 
products and technologies, 
the flexibility, the commitment 
and support to help you reach 
your market. On time. And on 
target. With a minimum of risk. 

CHOOSE THE 
INTEGRATION LEVEL 
THAT'S MOST 
PRAalCAL FOR YOU. 

Q-Bus is nothing if not flexi­
ble. And that flexibility begins 
with the level of integration you 
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choose. From chips to boards 
to boxes to complete systems. 

You may, for instance, 
have the time and resources 
to develop your own system 
around one of our J11 *micro­
processors, thus helping to 
reduce your hardware costs. 

On the other hand, if dead­
lines are tight, you might opt for 
one of our complete supermicro 
systems like the Micro PDP-11 ,* 
the Micro PDP-11 /73 * or the 
powerful 32-bit MicroVAX I.* By 
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radically reducing development 
time, perhaps almost eliminating 
it altogether, you increase your 
chances of beating your compe­
tition to market, thus permitting 
you to earn the higher margins 
available at the beginning of a 
product life cycle. 

If your needs fall some­
where in between, we recently 
introduced three board level 
CPU products to work with. 
Our LSl-11 /73* microproces­
sor, a new CMOS microcompu­
ter that benchmark studies 
show exceeds the perfor­
mance of a similarly config­
ured MC68000* or NS16032* 
in most applications. 

Our KXT11-C* peripheral 
processor, which for the first 
time allows you to place 
multiple PDP-11 *processors 
on the 0-Bus, assigning sepa­
rate tasks to each . 

And our Falcon-PLUS* 
single-board computer, one 
of the smallest 16-bit single­
board computers forded i­
cated or limited RAM applica -
lions. In addition, you have 
two versions of Micropower/ 
Pascal* system software 
available to you for use in 
VMS* or RSX* development 
environments. 

Digital 's new board-level 
products also take full advan­
tage of the Q-Bus' block mode 
tran mission, which effectively 

es previous throughput 
y 3 megabytes per 

hat means Q-Bus-
a o these new products 
and future generations - will be 
running strong we ll into the 
future with the full commitment 
of Digital behind them. 



And since all are based on 
the industry standard PDP-11 , 
you get the best of both worlds. 
Advanced capabilities. With 
proven technologies. So you 
become more competitive with 
less risk. 

COMPAT/Bll.ITY MEANS 
MORI Fl.IXIBll.ITY, 
l.ISS RIDIVll.OPMINT. 

From the beginning, Digital 
has been dedicated to a single 
philosophy with its product 
families. Compatibility. Not just 
from product to product. But 
from generation to generation. 

To the OEM, that's particu­
larly important because it 
means you can upgrade your 
product at any time you like, 
with an absolute minimum of 
development. 

Suppose, for instance, you 
designed around the world 's 
first 16-bit microcomputer, our 
LSl-11 *microprocessor. And 
now you find that new demands 
on your product require a more 
powerful system. Upgrading 
your processor to our LSl-11 /23* 
microprocessor or LSl-11 /73 
microprocessor is a simple mat­
ter. You don't need to learn a 
new operating system. And the 
changes to your software are 
absolutely minimal. With 0-Bus, 
instead of going back to the 
boards and starting over, you 
move your product to market. 
Faster. With far less expense. 

MORI THIRD PARTY 
SUPPORT THAN ANY 
OTHER ARCHITIO'URI 
IN THI WORl.D. 

Your advantages continue 
with the brog9_c.bQice of 
peripheral i'6vailabl ~ou . 

-.._ 

0-Bus is not only supported by 
Digital 's own line of processors 
and peripherals, but by those 
of any number of third party 
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sources as wel l. From memo­
ries to mass storage to a com­
plete range of 1/0 interfaces. 

So chances are, you can 
design your custom system 
around existing hardware, 
rather than developing your 
own or working around some­
one else's limited product 
offering . And you may modify 
your product later with little 
concern over development 
costs or delays. 

BEST ENGINEERED 
MEANS ENGINEERED 
TOA Pl.AN. 

Digital 's 0-Bus products, 
like all Digital hardware and 
software products, are engi­
neered to conform to an overall 
computing strategy. This 
means that our systems are 
engineered to work together 
easily and expand economi­
cally. Only Dig ital provides you 
with a single, integrated com­
puting strategy, from chips to 
32-bit VAX systems, and direct 
from desktop to data center. 

For more information 
about Digital 's OEM products, 
simply fill out and return the 
coupon below. Or contact one 
of Digital 's Authorized Indus­
trial Distributors. Or call 1-800-
848-4400, ext.139. In Canada, 
call 617-542-6283. 

D Please send detailed product 
specifications. 

D I'm in a hurry. Have your repre­
sentative call today. 

Name 

Title 

Company 

Address 

Ext 

Equipment Corporation, 
7 dRoad,HL02-1 /E10, 
Hudson, MA01749. 

THI BEST ENGINEERED 
COMPUTERS 
IN THI WORl.D ED 11 115184 



RECEPTIVITY. 

4SS-2164R1 

SPD A ~GUE New Sprague ULN-3783M, ULN-3705M and ULN-2283B Low-Power Audio 
~ Amplifiers are cost-effective alternatives to discrete transistor amplifiers. Available 

LISTENS 
as monophonic or stereo amplifiers, they're well-suited for use as headphone drivers in 
portable radios, in tape players , and in other sound system applications. They function with 
supply voltages as low as 3 volts (at reduced volume). Write for Engineering Bulletins TO NEEDS 27117.21, 27117.22, and 27117.23 to Sprague Electric Co. , Technical Literature 

• ' Service, 347 Marshall St., North Adams, Mass. 01247. For _ 
• applications assistance, phone Linear Marketing at 617/853-5000. f.»})~e.9~.~Y,~ 
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Sputtering, plating vie 
for high bit densities 
on Winchester disks 
Sputter-deposited magnetic coatings compete 
with plated media to replace today's 
gamma-ferric oxide in high-density disk drives. 

The evolution of high­
densi ty Winchester 

. drives-complete with 
thin-film heads, encoding 
techniques, and servo track­
ing mechanisms-is fostering 
some dramatic changes in the 
way that magnetic disks are 
manufactured . Thin-film 
plating and sputtering tech­
niques are now being devel­
oped to accommodate the 
higher bit and track densities 
anticipated before 1990-as 
much as 40,000 to 50,000 bpi 
and 2000 tpi. 

sensitive thin films, made 
from cobalt alloys, onto the 
surface of a hard disk sub­
strate. The disks perform well 
at extremely high densities 
(Fig. 1), and several compa-
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nies have already produced 
some impressive figures. For 
instance, Applied Informa­
tion Memories (Milpitas, Cal­
if.) has applied its own sput­
tering technique to a 250-
Mbyte 51/4 -in. drive. Five 
disks together handle 18,534 
flux changes/in. With 2,7 run­
length-limited (RLL) code, 
that density effectively trans­
lates into 28,000 bpi. 

Using plated thin film, 
Maxtor Corp. (San Jose, Cal­
if.) has topped that with a 
380-Mbyte, eight-platter 
drive that handles 22,000 flux 
changes/in. It, too, uses 2, 7 
RLL encoding to bring its ef­
fective bit density to over 

Special thin film 
(900 Oe, 1.1 µin.) 

In contrast to today's disk 
coatings, primarily gamma­
ferric oxide, the new thin-film 
coatings will yield disks with 
higher bit densities, in­
creased signal-to-noise ra­
tios, and smoother surfaces 
(and thus lower flying 
heights). At the present time, 
particulate-oxide layers can­
not handle recording densi­
ties greater than 18,000 to 
20,000 flux changes/in. at 800 
to 1000 tpi. 

Maximum density for regular "Y-Fe,O> 
and production metallic Maximum density for 

special metallic 

Sputtering and plating pro­
cesses deposit magnetically 

Stephan Ohr 

Flux changes/In. ( 1000s) 

1. Even without reducing head-flying heights, solid metallic media 
(with 400 to 900 Oe coercivities and coating thicknesses of 4 to 1 µin.) 
will outperform iron oxide layers (with 300-0e, 30-µin. coatings) at re­
cording densities in excess of 18,000 or 20,000 flux changes/in. These 
projections assume a 1-mil t rack width (i.e., 1000 tpi). 
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30,000 bpi. In contrast, the 
packing density of a one-time 
record holder, the IBM 3380 
14-in. Winchester drive, is 
only about 11,000 flux 
changes/in., for an areal den­
sity of 11 Mbits/in.2 (Fig. 2). 

Limitations of oxide 

The recording technology 
for current commercial drives 
handles track densities of 
1000 tpi and bit densities of 
12,000 to 13,000 flux changes/ 

4 

c: 
~ 
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in . With embedded servo 
tracking mechanisms, those 
figures jump to between 
22,000 and 24,000 flux 
changes/ in., and wit h ad­
vanced coding techniques, 
drives could possibly exceed 
40,000 bpi (see the table, p. 68). 

Currently, even with "en­
hanced" cobalt-doped oxide 
formulations, the particulate 
structure of the oxide coating 
rules against much higher bit 
densities. One of t he major 

~ 10+----::~::..._t--~~--+~~-,,,oJl-~~~'*-/-~--JL-f~~~-+~ 
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"" 

Computer Memories (with plated disks) 

1980 1981 1982 1983 1984 1985 

Source: Seagate Technology Inc. Drive announcement 

2. High-performance disk drives have not followed the density pro­
jections of IBM, which for a long time set the standards for Winchester 
technology. The extremely steep development paths are a result of 
thin-film plating and sputtering, sophisticated interfaces, and fre­
quently both. 
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stumbling blocks is the sig­
nal-to-noise ratio, which falls 
rapidly as the disk surface 
area per recorded flux change 
decreases. 

Sputtering vs plating 

The question emerging now 
is which of the two newer 
thin-film deposition tech­
niques-sputtering or plating 
-will have more to offer. 

In the plating process, thin 
films are plated onto a disk's 
surface in an electrically or 
chemically active liquid solu­
tion. The film is typically a co­
balt-phosphorus alloy that is 
deposited in a 3-µin.-thick 
layer. The alloy provides a 
coercivity on the order of 800 
Oe and in some cases up to 
lOOOOe. 

The sputtering process, on 
the other hand, deposits mag­
netic layers and protective 
coatings molecule by mole­
cule onto the surface of a disk 
in a vacuum chamber. Be­
cause it is a "dry" process, it 
offers better control over the 
material contamination that 
could cause defects than 
"wet" plating processes. It can 
alloy cobalt on a molecular 
level with a variety of other 
metals such as nickel, chro­
mium, potassium, and even 
iron and its oxides. In theory, 
it can offer a wide selection of 
magnetic properties, includ­
ing coercivities up to and 
above 1000 Oe. In its present 
state of infancy, the sputter­
ing process can deposit uni­
form layers 3 µin. thick. How­
ever, experts predict that the 
process will soon be depos­
iting layers a mere 1 µin. thick 
-estimated to be the ideal 
thickness for high-density 



If you thought the DAS 9100 was 
a powerful logic analyzer before, 
wait til you see what it can do 
now: VLSI prototype testing! 

Tek's new 91 DVV DesignLink ™ 

VLSI Verification Software Package 
ties the DAS to a VAX computer 
to let you do interactive functional 
testing right at your benchtop. 

Only the DAS, with its unique 
channel width and stimulus 
capability, could develop into this 
kind of personal test station . 

'VAX is a registered trademark of Digital Equipment. Inc . 

91 DVV software converts test 
vectors used by your simulator 
into a compressed DAS pattern 
generator program, then down­
loads to the DAS for stimulation of 
the prototype. Resultant outputs 
are automatically acquired and 
uploaded to the host, where 
91 DVV compares actual to simu­
lator-predicted responses and 
displays the differences. 

When it comes to VLSI 
prototype testing, Designlink 
software now lets you bring the 
test to your bench. Call us today 
for all the facts on the first 

. Copyright© 1984. Tektronix. Inc. All rights reserved. LAA-134 
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VLSI personal test station: 
1-800-547-1512. 
In Oregon, 1-800-452-1877. 

Tektronix® 
COMMITTED TO EXCELLENCE 
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longitudinal recording. 
Sputtering processes vary 

from manufacturer to manu­
facturer, magnetic material 
to magnetic material, and 
substrate to substrate. Essen­
tially, a molecularly active 
target material is bombarded 
by a high-energy source that 
strips away molecules. They 
are attracted to and come to 
rest on the charged surface of 
the disk substrate (Fig. 3). 
One variant of the sputtering 
process is bias sputtering, 
where the target and the disk 
substrate become highly 
charged cathode and anode 
elements in a chamber filled 
with argon or some other in­
ert gas. 

Another variant, rf sput­
tering bombards the target 
with microwave energy, 
stripping away molecules and 
directing them toward the 
disk. This process is particu­
larly effective for sputter-

TECHNOLOGY NEWS 

coating plastic and other non­
cond ucti ve substrates and 
suggests the possibility of 
both lower cost and poten­
tially smoother surfaces. In 
addition, the lighter (lower 
density) materials may have 
less rotational inertia, mak­
ing stopping and starting 
faster and perhaps reducing 
the demands placed on the 
drive motor. 

Better control 

Compared with plating, 
sputter-deposited thin-films 
afford greater control over 
defect levels in the magnetic 
material itself. This becomes 
increasingly significant as bit 
densities rise, calling for an 
ultrapure media. 

According to Domain Tech­
nology Inc. (Milpitas, Calif.), 
which is active in both plating 
and sputtering, the industry 
will typically tolerate only 6 
to 12 noncatastrophic disk de-

Projected 51/4-in. disk drive capacities 
Present interlaces 

Density Capacity Year of 
(bpi) (Mbytea) Required technologies implementation 

10,000 75 Ferrite heads and gamma ferric oxide medium 1983 

Interlace changes 

15,000 112 Advanced codes and enhanced oxide; thin-film Late 1984- 85 
heads and enhanced oxide; or thin-film medium 

20,000 150 Advanced codes, thin-film heads, and enhanced 1985- 86 
oxide; advanced codes and thin-film medium; or 
thin-film heads and thin-film medium 

40 ,000 300 Perpendicular recording 1987-88 

Note: A five-disk configuration and eight data surfaces at 980 tpi are assumed. 
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fects. The company expects 
that figure can be reduced to 
4 or 5. The trick is that the 
number must remain con­
stant as recording densities 
increase by a full order of 
magnitude. 

Advocates believe that 
sputtering also gives more 
flexibility to the disk's mag­
netic properties. Thus manu­
facturers can better tailor 
disks to particular heads, 
thereby varying coercivity, 
flying heights, and data en­
coding schemes. In addition, 
they can use lightweight, non.: 
metallic substrates such as 
glass or plastic in place of the 
aluminum and aluminum al­
loys now being used. 

Smooth flying 

Yet another key to increas­
ing density is the flying 
height of the recording head, 
which is integrally related to 
the smoothness of the media 
surface. Backers of sputtering 
believe the surface smooth­
ness required to move flying 
heights from their present 12 
or 13 µin. down to 6 or 7 µin. 
can best be achieved with 
sputtering deposition. Fur­
ther, to provide the even 
greater density advances an­
ticipated toward the end of 
this decade-possibly as high 
as 300 Mbits/in. 2 -flying 
heights will have to be re­
duced to about 4 µin. (Fig. 4). 
Current plating techniques 
chemically etch the sub­
strate's nickel undercoat, pro­
ducing a more adhesive 
surface that might not be 
smooth enough for 4-µin. fly­
ing heights. 

Finally, the followers of 
sputtered disks believe it will 



NEW PRODUCT NEWS 
FROM TELETEK 

Systemaster 11. Responding to 
market demand for speed and in­
creased versatility, Teletek is proud 
to announce the availability of the 
next generation in 8-bit technology 
- the new Systemaster II! The 
Systemaster II will offer two CPU 
options, either a Z80B running 
at 6 MHz or a Z80H running at 
8 MHz, 128K of parity checked 
RAM, two RS232 serial ports with 
on-board drivers (no paddle 
boards required) , two parallel 
ports, or optional SCSI or IEEE-488 
port. The WO floppy disk control­
ler will simultaneously handle 
811 and 5114'' drives. A Zilog Z-80 
OMA controller will provide in-
stant communications over the bus 
between master 
and slave. Add 

SBC 86/87. As the name indi­
cates, Teletek's new 16-bit slave 
board has an Intel 8086 CPU with 
an 8087 math co-processor op­
tion. This new board will provide 
either 128K or 512K of parity 
checked RAM. Two serial ports 
are provided with individually 
programmable baud rates. One 
Centronics-compatible parallel 
port is provided . When teamed up 
with Systemaster II under TurboDOS 
1.3, this 5MHz or 8MHz multi­
user, multi-processing, combina­
tion cannot be beat in speed or 
feature flexibility! 

to the OMA II TEL 
capabi lity a true ----- . ETEK TIMES 1111/ 

~~i:~~~e~~~~r- NEW! s·Dtt 81!! 10z I 
for both on- Dll U/ 0, 
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suit is un- ANf' Z. .'l~lt U 
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Systemaster II will run under 
CP/M 3.0 or TurboDOS 1.3, and 
fully utilize the bank switching 
features of these operating systems. 

TELETEK 
4600 Pel I Drive 
Sacramento, CA 95838 
(916) 920-4600 
Telex #4991834 
Answer back - Teletek CIRCLE 37 

In Europe: 
Kode Limited 
Station Road 
Caine, Wiltshire 
SN11 OJR England 
tel: 0249-813771 
telex : 449335 
In Canada: 
MAE Microsystems 
8255 Mountain Sights,Ste.150 
Montreal , Quebec 
H4P1 W1 Canada 
tel : 514-341-1210 

Teletek Z-150 MB. Teletek is 
the first to offer a RAM expansion 
board designed specifically for the 
Z-150/Z-160 from Zenith . The 
Teletek Z-150 MB is expandable 
from 64K to 384K. Bring your 
Z-150 up to its full potential by 
adding 320K of parity checked 
RAM (or your IBM PC, Columbia, 
Compaq, Corona, Eagle, or Seequa 
to their full potential) . The Teletek 
Z-150 MB optionally provides 
a game port for use when your 
portable goes home or a clock/ 
calendar with battery backup! 

Evaluate the Systemaster 11, SBC 
86/87 or Teletek Z-150 MB for 

30 days under Teletek's Eval ­
uation Program. A 

money-back guarantee 
is provided if not com­

pletely satisfied! Al I 
Teletek products carry 
a 3-year warranty. 
(Specifications subject to 

change wi thout 
not ice .) 

Yes, 
I'm interested 

in information 
regarding: 

0 Systemaster II 
0 SBC 86/87 0 Z-150 MB 

0 Evaluation Program 
0 Teletek's S-100 Board Line 

Name~~~~~~~~ 
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be the technology of choice for 
emerging vertical recording 
techniques and may even be­
come the dominant manu­
facturing method for depos­
iting light-sensitive coatings 
on optical disks. 

Too long? 

Critics, on the other hand, 
believe that sputtering tech­
niques will require years of 
development before they will 
be available at reasonable 
cost in large production 
quantities. Furthermore, 
manufacturers still must 
cope with the same problems 
faced by plated disk makers: 
variations in delivered raw 
materials (substrates and 
magnetic materials) . Claims 
of greater purity in the 
sputter deposition process 
simply may not be warranted. 

In addition, critics question 
whether what they character-

Planar magnetron 
sputtering source 

Target 

3. In the disk sputtering process, 
a target containing magnetic ma­
terials is bombarded by high­
energy ions in a vacuum cham­
ber containing an inert plasma 
gas. The magnetic material 
breaks off the target and is 
deposited-molecule by 
molecule- on the surface of a 
disk substrate. 
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ize as marginal benefits will 
justify the costs of developing 
the process for volume manu­
facturing. For example, Max­
tor feels that the full bit­
packing potential of thin-film 
plating has not been reached. 
It says that parallel devel­
opments in sputtering and 
plating technology will con­
tinue to make plated disks 
look relatively attractive. 

Others within the industry 
speculate that the sputtered 
disk facilities now emerging 
are the first buds of seeds 
planted more than two years 
ago, when the then immature 
disk drive industry believed 
that only sputtered coatings 
could achieve high density. 
Developments have demon­
strated otherwise. In all like­
lihood, those new sources of 
sputtered disks will simply 
complement the supply of 
thin-film plated disks. 
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However, not everyone 
agrees. Currently a handful 
of small companies are rush­
ing to get their sputtering 
equipment up and running 
and to get disks characterized 
well enough to get in to the 
hands of drive makers. 

Already a reality 

Lin Data Corp. (Santa 
Clara, Calif.) and Applied In­
formation Memories began 
shipping sample units earlier 
this year. Hot on their heels 
are Cyberdisk Inc. (Anaheim, 
Calif.), which hopes to pro­
duce the first prototypes later 
this year, and Domain Tech­
nology, which is aiming at 
early 1985. Cyberdisk and Do­
main agree that it may be 
years before the process is 
fine-tuned enough for volume 
production. With a lower pro­
file, Nashua Corp. (Nashua, 
N.H.) declares its sputtering 

t 
Maximum density 

production metallic 

-......... 
Maximum density for 

special metallic 
(112,000 flux changes/in .) 

80 

Source: Ampex Corp. 

4. With head-flying heights lowered to 4 µin., oxide layers have a lim­
it of about 34,000 flux changes/in. with a 1-mil track width. Plated 
disks (400 to 600 Oe) will offer up to 55,000 flux changes/in. A 900-0e 
special thin film might allow densities up to 112,000 flux changes/in. 



Fast drivers. 
There are thirty-three at the Indy 500. 
Teledyne Semiconductor has its own high-speed driver-the TS€426/427f42f 
You get high speed along with high load driving capacity. 
The TTL/CMOS input voltage level is translated into an output voltage level swing equalling the 

supply, and the low impedance, high-current driver outputs will swing· a 1000 pf load to 18 V in only 
30 ns. The extremely low power dissipation of the CMOS TSC426/427/428 will make virtually any 
system more reliable than before. 

For your complete power control requirements: the TSC426 inverts; the TSC427 is non-inverting; 
and the TSC428 has a driver for each . It drives a high-capacity load ... and fast. 

Whatever your application ... robotics .. . switch-mode power supplies . .. DC-to-DC converters 
.. . alarm drivers ... incandescent lamp drivers .. . high-speed clock distribution .. . give yourself 
the Teledyne advantage ... with the TSC426/427 /428 Dual Power MOSFET Driver. 

Please send me more 
information on the 
TSC426/427/428 Dual 

Name ___________ Title ____ Company ------ -

Address _ _________ City ______ State __ Zip _ _ _ 

Power MOSFET Drivers. Telephone _ _ ____ Application----------------
BEDTSC426 
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facility is strictly for internal 
experimentation. 

Ampex Corp.'s Disk Media 
Group (San Jose, Calif.)-one 
of the leaders in plated disk 
technology-is hedging its 
bet and has quietly acquired 
and put into operation a West 
German-made (Laybold­
Heraeus) sputtering machine 
for experimental use. Though 
Ampex maintains that the 
high-density potential of its 
own Alar plated media may 
not be reached for man y 
years, it is mastering the 
sputtering process both as a 
technique for despositing the 
magnetic layer and as a 
means of coating the disks 
with carbon to protect them 
and to serve as a lubricant. 

TECHNOLOGY NEWS 

This carbon overcoat, some 
experts predict, may render 
the apparent argument be­
tween sputtering and plating 
academic. In addition to 
preventing "stickion" (a phe­
nomenon in which two ultra­
smooth surfaces inadver­
tently adhere to each other), 
the coat protects the disk 
from signal-level losses due to 
oxidation and from dropouts 
caused by glancing head 
abrasions. 

The process has proved so 
successful in protecting disk 
surfaces that at least one 
drive manufacturer, Vertex 
Peripherals Inc. (San Jose, 
Calif. ), has begun to store 
data in the disk space tradi­
tionally reserved as a landing 

zone for the head (during in­
activity), assuming that the 
carbon will protect the data 
surface even when the head 
physically rests on it. 

Although this overcoat ap­
proach calls for the heads to 
fl y somewhat higher-cur­
rently precluding the possi­
bility of 4-µin. flying heights 
-the benefits appear to out­
weigh the disadvantages. 
And, claim the stauncher sup­
porters of sputter deposition, 
once disk manufacturers have 
mastered the carbon over­
coat, it is <mly a matter of time 
before they master the sput­
tering of magnetic layers and 
thus gain the advantages of 
lower defect levels and 
smoother surfaces. o 

PRESSURE 
TRANSDUCERS 

Simulator/Debugger for IBM-PC 
for 8048 - 8051 - 7000 uCs 

SUPERIOR QUALITY 
AT OEM PRICES 
Model EA Pressure Transducers feature a unique 
design that puts corrosion-resistant stainless steel in 
contact with your pressure media. Our EA transduc­
ers have high overload capabilities and proven long­
term zero and span stability. You get pressure trans­
ducers that are interchangeable and fully cal ibrated 
and temperature compensated. 
• Ranges: 0-6 to 0-5,000 PSIG 
• Voltage output: 5V span 
• Non linearity: 0.5% 
• Internal voltage regulator 
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THE BIRTH OF THE 
PROCESSOR AGE 

U ntil now, array processors have filled an important, 
but restricted , niche in the computing 
world. Analogic 's AP500 

has changed that. Because of its 
unique combination of flexibility , per­
formance , and reasonable cost, the 
AP500 opens a vast number of com­
putationally-intensive problems to 
array-processing power. 

THE ORIGIN OF THE 
SPECIES 

As array processors have evolved, 
they have proven their worth in spe­
cialized, dedicated operations. 
In fact, Analogic 's involvement 
with these devices started with 
such an application-a key sub­
system in our invention of the 
first CAT-scan instant-image pro­
cessor. 

Building on this foundation , our 
engineers then developed the 
AP400 Array Processor, whose 
patented architecture set new stan­
dards for cost-efficient computing 
performance. The enthusiastic ac­
ceptance of the AP400 has resulted 
in one of the largest installed bases 
of any array processor-and con­
tinues today. 

Now, the AP500 is here. It does not 
replace the AP400, rather it offers the user 
a new range of performance options for tack­
ling increasingly complex problems in com­
puter modelling, imaging, and design. With 
the AP500 , state-of-the-art means more than 
computing speed. In continuing the tradition of 
cost-effective computing performance and innovative design , our 
engineers have even given the AP500 standalone capability. 

THE NATURAL SELECTION 
The AP500 meets or exceeds the performance 

characteristics of comparable array processors at 
25% to 50% of their cost. It performs a 1024 pt. 
complex FFT in 4.68 ms, and a 50 X 50 matrix in­
version in only 72 ms. Its other performance specs 
are equally impressive. 

With 4 Mbyte of data memory, 384 kbyte of pro­
gram memory, and high-speed 

bidirectional 1/0 capability , the 
AP500 can form the heart of 
a high-power computing 
work station. Its on-board 
co-processor means that it 
can even operate indepen­
dently of a host computer for 
remote operations or applica-
tions which demand complex 
communication procedures, 
such as adding data block iden­
tifiers or handling packet pro­
tocols with incoming data. 

We want to tell you more 
about using the AP500 to solve 
your problems. Just call 
Analogic's Computing Systems 

Group at 
1-800-237-1011 

Find out why the AP500 is .. . 

THE 
NATURAL 
SELECTION 

ANALCJGIC®• 
COMPUTING SYSTEMS PRODUCTS GROUP 

Analogic Corporation , Audubon Rd ., Wakefield, MA 01880, (617) 246-0300 
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SOLVING THE MYSTERY OF 
THE BLUE SKY PHENOMENON. 

In the microprocessor world. the "Blue Sky 
Phenomenon" refers to microprocessor develop­
ment code crashes. The code simply and quite 
mysteriously disappears. The most common culprits 
are bugs. And the fact is. simple program bugs 
will crash most microcomputers. 

The hosts for some of these bugs have famous 
names. What they all have in common is an 
absence of mechanism to protect against crashes. 
There is one exception. 

The 2ilog 28000® family provides comprehen­
sive hardware protection to help create systems 
that are resistant to system crashes so common in 
primitive architectures. The 28000 CPU is not only 
more reliable in this sense, but it's easier to learn 
how to use. Especially if you already know how to 
use the ubiquitous 280® CPU. 

LOST IN THE WILD BLUE YONDER. 
There is a technological reason why some 

microprocessors are so prone to corruption. It stems 
from the direct connection of the memory to the 

This is the 2nd in a sertes of technical papers from Zilog. designed 
to give engineers new insights into Zilog microprocessors - what 
advantages they provide for particular products and why they are 
the choice among engineers who need optimum pertormance. 

processor. Without any checking hardware between 
the processor and memory; the processor can 
change any area in its memory at will -without 
regard to the consequences. Such a lack of restric­
tions allows illegal operations such as changing 
program memory stack underflow (running the 
stack into the data area), and even modifying the 
code of the operating system. This lack of appro­
priate technology has two glaring results: 

• Illegal operations cannot be detected 
before damage has occurred. 

• Any damage to the program and data 
cannot be undone. 

There are fur-reaching implications for a 
lack of memory protection. Systems designed 
without it do not support multiple users. nor even 
UNIX™ very well. The simplest bug will crash the 
system. There is no protection and no recovery 
mechanism against even minor problems of access 
violations. The ability to handle more than one user 
is usually not allowed, or is strongly discouraged. 



A typical Intel 8086-to-8088 configuration, the lack of memory 
checking hardware-the memory to the processor. The processor 
can change any area in its memory at will, without regard to 
the consequences. The result: illegal operations cannot be detec­
ted before damage has occurred: and any damage to the 
program and data cannot be undone. 

THE zaooo CPU- THE 
FULL-PROTECTION MICROPROCESSOR. 

Zilog's Z8000 CPU solves these problems by 
inserting a chip called the Z8010 MMU (memory 
management unit; available in paged or seg­
mented versions) between the processor and 
memory This chip normally passes addresses from 
the processor to the memories-checking each 
memory access for its address and type of operation 
as it occurs. If the MMU chip detects an illegal 
op eration, or the use of an unauthorized address, 
it suppresses the illegal operation and interrupts 
the program. It passes control to the operating 
system. Once the program is stopped, the operating 
system can inspect. correct. or abort the program 
that caused the error. All with no wait states. 

A system constructed with the Zilog MMU 
can allow many different programs to run without 
the fear that one program could entirely stop 
the rest or even corrupt the rest. But the memory 
management hardware goes beyond providing 
protection. It also simplifies system implementation. 

Zilog's configuration system prevents the Blue Sky Phenomenon 
by inserting a chip called the Z8010 Memory Management unit 
between the processor and memory 

HIGH LEVEL LANGUAGES 
REQUIRE MEMORY MANAGEMENT. 

One of the strengths of 16-bit microprocessors 
-and the Z8000 CPU in particular- is that they 
support high level languages such as C. PASCAL 
and FORTH. A goal of most users is to allow more 
than one of these high-level language programs 
to execute in the processor at the same time 
(multi-user / multi-tasking )-gaining more effective 
utilization of the computer. The challenge is to 
provide an architecture that allows a language 
compiler to produce code targeted to run at 
one address. but allows the actual placement at 

a different physical address. This mapping is 
known as logical to physical translation -a feature 
of the Z8010 MMU. 

LOGICAL 
MEMORY 

MMU PHYSICAL 
MEMORY 

Zilog satisfies the common requirement for systems to share 
information with our MMU. The logical-to-physical translation 
capability allows more than one logical area to access a 
common physical area. 

SHARED MEMORY 
IN THE zaooo CPU. 

Another common requirement for systems is 
the need to share information. With Zilog's Z8010 
MMU, the logical-to-physical translation capability 
allows more than one logical area to access a 
common physical area. When combined with the 
protection capabilities of the Zilog MMU, you can 
set up areas that can be common read-only while 
the same physical area could be read AND write 
when accessed under different conditions 
(operating system access). 

For example. you could construct a process 
control system that posts status information into a 
common area. The central core of the system is 
allowed to read and write this common area.Appli­
cation programs that need access to this information 
can read it through a totally different segment 
that is translated into the proper physical address­
but with the provision that all access must be reads, 
not writes. If an application program were to run 
wild and attempt to corrupt the common area by 
writing into the read-only space, it would be 
intercepted before any write could occur. 

The key benefit to using Zilog's MMU to 
implement shared memory is its flexibility to make 
multiple logical segments access a common 
physical area with all of the protection -or lack 
of protection -desired. All with no overhead 
per access. What's more. Zilog's MMU and other 
Z8000 devices are available from a host of reliable 
second sources. 

Solving the problem of the "Blue Sky 
Phenomenon" is only one of the technological hall­
marks of the Z8000 CPU. Others will be discussed 
in this continuing series of technical papers from 
Zilog, Pioneers of the Microworld. For details on the 
Z8000 CPU. call our Literature Hot Line at 800-
272-6560~ Or write: Zilog, Inc., Technical Publications, 
1315 Dell Avenue, MS C2-6, Campbell. CA 95008. 
*For seminar dates and trainbg information from 
Zilog, call 408-370-8091. 
Unix is a trademark of AT&T Bell Laboratories 
Zilog is licensed by AT&T Technologies. Inc. 
All Zilog products named are either trademarks or registered 
trademarks of Zilog, Inc. 

ZilOg Pioneering the Microworld 
an affiliate of 
E'f{ON Corporation 
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Everyone is talking about quality. 
But at National,we give you 

quality you can rely on 
year after year. 

That's reliability. 
In the last two years, National 
has twice redefined the industry's 
standards for quality. 

By 1983, after only four years, 
we dropped from 8,000 ppm to a 
mere 174 ppm.Then we went even 
further. Tu 119 ppm. 

And now we're doing the same 
in a different, but no less critical 
area. Reliability. 

Quality is important because 
it measures how well a product 
will perform. But you also need to 
know how long it will perform. 
Because the more reliable our com­
ponents, the more reliable your 
product. And, of course, the less 
you spend on warranty claims. 

The chart on the left illustrates 
what we've done. It measures 
reliability as a Linear IC failure rate 
tested under severe conditions. 
The 1,000-hour test is equivalent 
to 20 years of operation under 
normal usage. Ours has plummeted 
from 2.0% to just 0.15%. That's an 
exceptional 92.5% reduction in 
our failure rate. 

Results like these don't happen 
overnight.They happen over time. 
And at National it started with 
our people. 
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They're responsible for the 
quality and reliability of our prod­
ucts at every stage of development 
-from the very start to final 
shipment. 

We've developed a Fast Reac­
tion Program that catches latent 
defects before they ever leave a 
National plant. More importantly, 
feedback for corrective action 
solves the problem once and for all. 

We've developed corrosion pre­
vention techniques. Automated 
manufacturing lines to all but stop 
unit defects. Statistical quality 
control. The list goes on. 

And so does our commitment 
to the most important service 
we can provide: delivering you 
exceptionally superior products, 
time after time. 

Remember, National gives you 
the quality you've come to expect. 
And the reliability you'll come 
to depend on. 

~National 
~ Semiconductor 

We're doing it. 





Your Mentor now makes 
design engineering 

four steps faster. 

The concept of Computer-Aided 
Engineering has now reached its 
logical and highly productive 
conclusion: 

A non-stop path from schematic 
entry to debugged prototype hardware. 
One that anticipates all your engineer­
ing needs and has the right tools 
waiting every step of the way. 

The Mentor Graphics IDEA 1000. 

Capture schematics and 
creativity as well. 

With Mentor's powerful graphics­
driven interface, the transition from 
concept to symbolic circuitry has 
never been faster. 

And in addition to "flat" 
schematics, the IDEA 1000 lets you 
create an entire hierarchy of design 
data. From function diagrams down 
to transistors, you have a better 
conceptual grasp of your design. 

Save time and money 
through simulation. 
Mentor's digital and analog circuit 
simulators let you bypass much of 

the expense and labor associated 
with breadboard prototype circuitry. 

These simulator tools simply access 
the software version of your design 
which resides in the IDEA 1000 
system database. You head off most 
hardware problems before they're 
even physically realized. 

Automate physical 
layout tasks. 

When you're ready to take your 
design to physical layout, Mentor's 
integrated tool set tracks right along 
with you. 

Our CADISYS gate array layout 
tools deliver true state-of-the-art 
performance. The entire gate array 
layout process can be completely 
automated from start to finish . 

Use integrated 
logic analysis. 

Mentor Graphics completes the hard­
ware design cycle through MIDAS 7000, 
a fully integrated logic analysis system. 

The same Mentor workstation that 
helped you produce your hardware 

will now help you verify its function­
ality. You can even compare real-time 
data acquisitions with earlier 
simulation runs. 

Your Mentor puts 
it all together. 

The IDEA lOOO's computerized and 
integrated design environment is the 
key to faster, better electronic 
engineering. Contact us and we'll 
show you why. 
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Menli>r 
Mentor Graphics Corporation 
8500 SW. Creekside Place 
Beaverton, OR 97005 
(503) 626-7000 

Mentor Graphics (U.K.) Ltd. 
Phone: 0734-884888 

Mentor Graphics (Deutschland) GmbH 
Phone: 089/319-1003 

Mentor Graphics Japan Co. , Ltd. 
Phone: (03) 989-7950 



A 
NON 

TRIVIAL from 

ELECTRICAL 
PERFORMANCE 

CONOMICAL 

QUICK 
~~ELIVERY 



A packaging engineers dream come true. 
Unilayer II is a new discrete wiring technology 
from Augat that allows packaging engineers to 
convert logic designs directly into production 
hardware, eliminating the time and cost associ­
ated with conventional prototyping . 

With Unilayer II , you get a new circuit design 
into production in two weeks , without sacrific­
ing packaging density or system performance. 

Unilayer II has exceptional electrical character­
istics, high component and connection densities, 
computerized tooling for quick changes, zero 
profile component pluggability, and fast 
deliveries. 

And it's backed by 100% electrical testing for 
guaranteed reliability . 

There·s so much to say about Unilayer II. We 
can·t say it all here. So we·ve put together an 
il)formation package that includes a 36-page 
product and de­
sign guide con­
taining specifi­
cations and 
prices . . . 
plus a 20-page 
electrical 
performance 
report. 

Send for 
yours today. 
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Lundy graphics terminals 
are setting standards because we set 

high standards for Lundy. 
Standards: no other 30 graphics vector work-station delivers more speed or a higher IQ than 

the UltraGrat,™only our color raster scan display products offer resolution as high as 1,536x1,024 pixels. 
But there's still another standard you should investigate--the one we set for our company. 

Be careful. The fast-paced world of high 
tech breeds a lot of companies that 
don't survive; five years from now, many 
graphic terminal manufacturers won't be 
around anymore. Which means you 
could be left without service, support 
or enhancements. 

Lundy: a company 
as good as its products. 

Thats why we think its important you 
know as much about our company as 
our products. We're a high tech com­
pany thats been able to balance stan­
dard-setting technology with solid 
business sense-no small achievement. 

Now, don't take our word for that, 
take Forbes magazines instead. Lundy 
was on Forbes' Up&Coming List for 1982, 
a select roster of companies that look 
good for the long term because they've 
paid attention to basics: low debt load, 
consistently good profit picture, sound 
management, investment in service, 
support and R&D. 

T5680 color raster; J D UltraGraf'"and T5470. 

Lundy maintains the largest service 
infrastructure-52 locations. 

Our graphics terminals feature the 
best price/performance ratios available 
today. 

We have developed a new software 
subroutine package with exceptional 
compatibility. Its 300 functions deliver a 

new high in high powered productivity. 
Lundy continues to invest in ex­

panded R&D each and every year. Be­
cause R&D is the name of this highly 
competitive game-and we intend to 
keep setting standards. 

We'll help you 
see more in graphics. 

When you take a close look at our 
graphics terminals, service, support, 
software, systems capability, enhance­
ments-and our company-you'll 
understand why Lundy can help you 
see more in graphics now and in the 
long term. 

For more information, write: 
Lundy Electronics & Systems, Inc. , 
Glen Head, New York 11545, 
or call: (516) 671-9000. 

Mt. Everest, symbolic of aiming high, was generated on the Lundy T5680 raster: fl offers 16 colors and 136 shades from a palette of 4,096 colors. 
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TECHNOLOGY NEWS 

VIEWPOINT 

Better speech recognition 
means that computers 

must mimic the human brain 

Raymond Kurzweil 
President 
Kurzweil Applied Intelligence 
Waltham, Mass. 

A
year or so from now, 
Raymond Kurzweil 's 
vision may well come 

true. A workstation subsys­
tem will emerge that will en­
able users to run a word-pro­
cessing program (or virtually 
any other software package) 
completely by voice-issuing 
commands and entering text. 
The system, which will recog­
nize discrete words separated 
only by a slight pause, could 
tie into a PBX, letting several 
people log on and verbally en­
ter their text. 

The technology will draw 
on a number of artificial in­
telligence techniques that 
expressly mimic the human 
thought process. Though the 
system will be no more com­
plex than other kinds of com­
puters, its designer will have 
to know many subjects nor­
mally outside the area of com­
puter science. 

For example, building a 
natural-language processor 
-essential for this level of 
speech recognition-would 
require a basic understanding 

Carole Patton 

of how the human brain 
recognizes words. "But con­
s tru cti ng a system that 
recognizes 10,000 words en­
tails more than just under­
standing speech patterns," 
explains Kurzweil. "The ma­
chine would have to under­
stand word sequence and 
linguistics." 

"Some studies on auditory 
perception demonstrate how 
well or how poorly human be­
ings understand speech ,when 

At 36, Raymond Kurzweil has an 
astonishing record in artifical in­
telligence. He has developed an 
optical scanner for the blind that 
can read any printed text aloud 
and is now working on a speech 
recognition system that will "un­
derstand" 10,000 words. Kurzweil 
is a graduate of the Massachu­
setts Institute of Technology. 

words are given to them in a 
sensible and a nonsensical or­
der. In the latter case, audi­
tory perception falls way 
down." 

In other words, Kurzweil 
continues, people expect 
words to be presented in a 
certain order. Although the 
linguistical constraints of 
English are quite complex, he 
anticipates that computer 
systems will soon be able to 
"guess" the next word in a 
sentence. But to do that, the 
natural-language system 
must be parsing a sentence in 
real time as the text is verbal­
ly entered. Parsing looks at 
sentences in terms of syntac­
tical structures, which spec­
ify, for instance, the noun and 
its modifier. 

"That's how natural-lan­
guage understanding works. 
You take a sentence, break it 
down into an internal repre­
sen ta ti on, and extract the 
next level of meaning from 
it." 

Even if a system can accu­
rately predict the next word 
only from 300 or 400 possi­
bilities out of a domain of 
10,000 words, it still eases the 
burden of acoustic recogni­
tion," he says. "The fact is, we 
already have most of the nec­
essary technology both soft-
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VIEWPOINT 

ware and hardware , under 
our belt." 

In the past the development 
of such intelligent speech rec­
ognizers has been hindered by 
a lack of appropriate parallel 
hardware and software. Both 
are vital , Kurzweil insists, 
since computational brute 
force is the major ingredient 
in many AI functions. 

The traditional AI ap­
proach models systems and 
software after the human 
brain, a feat that has invited 
collaboration from research­
ers in other specialties (psy-

TECHNOLOGY NEWS 

chology, epistomology, ·and so 
forth). "The brain is highly 
parallel," Kurzweil says. "In 
human beings that parallel­
ism makes up for the inherent 
slowness of nerve cells. We 
must replicate that parallel 
architecture in silicon." 

To meet that demand, 
Kurzweil foresees "arrays of 
specialized su bprocessors 
placed on a single chip, with 
each subprocessor tackling a 
particular computational ac­
tion-like the steps involved 
in a fast Fourier transform or 
a logical inference." 

In a short time, Kurzweil is 
confident that such systems 
will be integrated into data 
bases. "You'll be able to ver­
bally ask your computer a 
complex question and get an 
immediate verbal answer. 

"Looking a bit f-qrther 
ahead, these technologies 
might be applied to ~xpert 
systems," he says. "But the 
fifth-generation computers 
will not be wide-ranging in­
tellectuals. Rather, they will 
be 'idiot savants' -systems 
with extremely well-defined 
areas of expertise." 

Standard languages 
will give way 

to their adaptive kin 

Elizabeth Rather 
President 
Forth Inc. 
Hermosa Beach, Calif. 

T he secor:d- and third­
generat1on program­
ming languages­

Fortran, Cobol, Pascal, C, and 
Algol-are coming under at­
tack from newer and more 
flexible languages like Lisp 
and Forth." So declares 
Elizabeth Rather. She gets 
right to the heart of the mat­
ter, emphasizing that "en­
gineering software demands 
an adaptability to hardware 

Ray Weiss 
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and to special applications 
that is sadly lacking in the 
earlier, more structured 
languages." 

The trends are quite clear. 
As more processors emerge, 
engendering greater numbers 
of applications, software 
systems must be rapidly de­
veloped for them. "What is 
obviously needed is a system 
that can shift easily among 
hosts, in turn allowing for ef­
fective interactive develop­
ment." Older languages are 
too tightly defined and have 
led to a building-block ap­
proach to software devel­
opment that depends on un­
wieldy discrete programs. 

Counted among their ranks 

are operating systems, edi­
tors, compilers, link loaders, 
and debuggers-all large and 
complex programs that eat up 
a great deal of a computer's 
resources and overhead . 
"They are stand .alone en ti ties 
designed to handle all possi­
ble combinations of Data, In­
put and software processor 
state. But their complexity 
alone hampers software de­
velopment and limits their 
transportability." 

In contrast, Forth inte­
grates a high-level language 
with development tools, utili­
ties, and an operating system. 
Such integration allows soft­
ware to be tailored to system 
needs. As an example, instead 



3 KHz-800 MHz 
over 50 off-the-shelf models 
from $2 95 

Choose impedance ratios from 1: 1 up to 36: 1, 
connector or pin versions {plastic or metal case built 
to meet MIL-T-21038 and MIL-T-55831 requirements*). 
Fast risetime and low droop for pulse applications; 
up to 1000 M ohms (insulation resistance) and up to lOOOV 
(dielectric withstanding voltage). Available for 
immediate delivery with one-year guarantee. 

Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 
·units are not OPL listed 

finding new ways 
setting higher standards 

O MiniA~~~,~~,~!~ 
World 's largest manufacturer of Double Balanced Mixers 

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telex 125460 International Telex 620156 
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TECHNOLOGY NEWS 

VIEWPOINT 

of considering the operating 
system as a fixed and static 
entity that can be moved to 
other hosts only with great 
expense and difficulty, an OS 
constructed in a language like 
Forth can be designed incor­
porating only those functions 
required by the target sys­
tem, thus minimizing over­
head. 

operating system-complete 
with an interpreter-compiler 
and an assembler-can fit in­
to only 8 kbytes of memory. 
Moreover, such software code 
can easily be moved from a de­
velopment system with many 
resources to a target system. 

"Forth will come into its 
own as 32-bit microproces­
sors become more common," 
Rather predicts. Already, 
Forth is available for the NCR 
32-bit chip set as well as for 
Motorola's 68000 family. 

"Adaptive languages," she 
explains, "start out with what 
we call a 'naked' computer. 
The language and particular 
software features are added 
as needed." That minimizes 
memory requirements, in­
creases speed, and simplifies 
programming. For instance, a 
Forth system comprising a 
multitasking, multi-user 

Elizabeth Rather is the cofound­
er of Forth Inc. Before starting 
the company, she worked as a 
senior programmer for the Na­
tional Radio Astronomy Obser­
vatory and the Kitt Peak National 
Observatory. 

"For applications like 
remote control, instrumen­
tation, and data acquisition," 
she says, "the portability, 
compactness, and speed of 
adaptive languages will make 
them king of the hill."o 

The Little Board™ ••• $349* 
The world's simplest and least expensive CP / M computer 

CP/M 2.2 
INCLUDED 

• 4 MHt no.t. CPU, 64K RAM, no.t. CTC, 117311 loot ROM 

•UNDER $200 IN 
OEM QUAHTITIES 

•Mini/Miao~ conlrOllcr (1·4 Dr!Ya, Single/Double DcMlty, 1·11 sldcd, 40/ 80 track) 

•Only S.7S x 7.75 lncha, mounts directly to 1S1/4" ftoppy drive 

• 11 RSl13!1C ScNt ,_ (75-9600 baud & 75·38,400 baud), 1 Ccntronla Printer Port 

• -Raqulmncnt: +5VDC at .75"; +l!M>C at .OSA/On-bc>Md -1l!V converter 

• a /M 11.11 IDOS • ZCPR3 ca • Enhlnccd AMPRO BIOS 

• AMPRO Utlllllcs lndudcd: 
•rad/- to.-.: lhon 11 do&en other formats (Koypro, Telcvldco, IBM CP/ MM. •••• ) 
• fonMt dilkl for more tNn • doHn other computers 
• mcnu-bllcd sy1tcm customlutlon 

• llOS lfld Utillllu Source Code Av1llM>lt 

.• SCSl/""'5.Adlptcr: 
• Mounts directly to Uttlc - • Slovc 1/ 0 bolrd control • Full AHSC X3T9.~ 
• 16 bldnctlonll l/O llnu • $99/Qulntlty 1 

D1str1butor / Dea"1 / Reps 
Inquiries lrMted 

ZBOA IS " rt91stered tr5de:m11rk c:J Z1log. Inc 
COMPUTERS. INCORPORAT ED rP/ M 1s o registered tr~errark of Otgi~I Rtst.Ych 

67 EastEvelynAve . • MountalnVlew,CA94041 • (415)962-0230 · TELEX4940302 
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SIGNAL ATTENUATION 
WITH A GRAYHILL 

DIP SWITCH! 

Grayhill has integrated a resistor network and a DIP switch 
package to achieve adjustable, 16-step attenuation of an 
input signal. Consisting of a resistor substrate soldered 
directly to a DIP switch , this space-saving , labor-saving 
package is ideally suited for a variety of telecommunications 
and other applications . 

•Stocked in three popular ranges: • 0.1 to 1.5 dB in 0.1 dB steps 
• 1.0 to 15 dB in 1.0 dB steps• 1.5 to 22.5 dB in 1.5 dB steps 

•Modifications in attenuation and impedance available 
• 600 ohm input impedance, unbalanced network 

Available off-the-shelf from Grayhill or authorized distributors. 
Call for availability of special configurations. For your FREE 
catalog on the entire Grayhill DIP switch line, including 
specifications and prices, contact 



HOWCOMPUTERV1SION 
BEGINS AND ENDS 

ELECTRONIC DESIGN 
Designing sophisticated And with our flexible system will be as advanced 

electronic products today product line, you'll be able to tomorrow as it is today. Just 
takes more than a great begin- select a Computervision another example of how our 
ning. It takes a tool that will system to meet your specific commitment to customers 
see you through to the end needs. Which is the best way and to quality is helping you 
product. That's why Computer- to improve your productivity stay out in front of the com-
vision developed multiapplica- and cut your time to market. petition-from beginning 
tion CAD/CAM systems that 

From concept to reality, our 
to end. 

integrate and support all For more information about elements of electronic design. user-friendly systems auto-
Computervision products write From logic schematic capture mate the full electronic design 

through IC/PCB design, and process. Saving you money Dept. 425H, 100 Crosby 

electromechanical design. each step of the way. Drive, Bedford, MA 01730. 

Our system allows you to And our 
design from engineering con- ongoing 

~ cept to finished product. Which research and 
saves you time while also in- development 
creasing your design quality. ensures your OMPUTERVISIO 

•Electronics/Electrical Machinery • Fabricated Materials• Architecture, Engineering and Construction • Aerospace • Mechanical Machinery • Automotive • 
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TEK WAVEFORM 
DIGITIZERS 

At Tektronix, part of the job of 
making the best waveform 
digitizers in the world is mak­
ing the world of waveform 
digitizing less formidable. 

Digital technology may sim­
plify many kinds of measure­
ments. But it does nothing to 
help you evaluate your own 
needs or to compare one 
waveform digitizer to another. 

If you feel you're in unfamiliar 
territory, you'll find Tek a wel­
come landmark. For years, 
we've been building on our 
expertise in analog technology 
and microprocessor design to 
develop an extraordinarily 
diverse line of waveform digi­
tizers . .. from manual operation 
to fully programmable, with fre­
quency response from de to 
14 GHz for repetitive data, or 
de to 500 MHz for single-shot 
measurements. 

At the same time, we've 
developed the experience to 
get the right instrument into 
your hands. 

Of this you can be sure: a 
digitizer is no better than its 
interface with the analog 
world. Tek digitizing instru­
ments incorporate signal 
acquisition and conditioning 
capabilities that define the 
state of the art. No one offers 
greater accuracy and ver-

satility for capturing such a 
wide range of signals. 

We'll show you features 
unique to digitizers-many 
unique to Tektronix-that are 
particularly suited to your 
signal capture and analysis 
needs. Features like pre­
trigger viewing. Envelope 
mode for recording signal vari­
ations. Signal averaging, to 
minimize the effect of noise. 
Roll mode, for a continual view 
of incoming signals. Powerful 
storage, comparison and 
manipulation of signals. Signal 
processing, with digital readout 
of results. Up to 10-bit vertical 
resolution and many other high­
performance characteristics. 

Of course, waveform digi­
tizers let you interface, via 
GPIB, to external data pro­
cessing and output devices. 
Tek Standard Codes and For­
mats vastly simplifies the inter­
facing task, and assures 
consistent and compatible 
operation among all your GPIB 
instruments. 

Count on Tek to keep the 
digital world as familiar and 
friendly as you want it to be. 
Whether you choose an evolu­
tion as simple as adding a digi­
tal plug-in to your existing Tek 
7000 Series or 5000 Series 
mainframe, or as sophisticated 
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THE ANSWER 
BY ANY MEASURE 

as a complete Tek Signal Pro­
cessing System, you'll find the 
waveform digitizing world well 
within Tek's domain. 

For a copy of Tek's Digital 
Storage Selection Guide, 
contact Tek or your local Tek 
sales representative. 

U.S.A., Asia, Australia, 
Central & South 
America, Japan 
Tektronix, Inc. 
PO. Box 1700 
Beaverton, OR 97075 
Phone: 800/547-1512 
Oregon only: 800/452-1877 
Europe, Africa, 
Middle East 
Tektronix Europe B.V. 
Post Box 827 
1180 AV Amstelveen 
The Netherlands 
Telex: 18312 
Canada 
Tektronix Canada Inc. 
PO. Box6500 
Barrie, Ontario L4M 4V3 
Phone: 705/737-2700 



"Who else could squeere 512 analog input channels on 2 MULTIBUS' boards? 
Or even 128 channels on one? We've done both!' 

Try this on for size. 
Data Translation's new DT712 has 128 analog 

input channels. More than any other AID board on 
the market. Add the DT713 to get 512 inputs. 

Engineers faced with a lot of analog sensor 
inputs no longer have to add on a ton of extra boards 
for industrial process control applications. 

Now all they need is one. Ours. 
The DT712 is also extremely economical. With 

more channels, the cost per channel is at least a third 
less than anything the competition can offer. 

Besides greater cost efficiency, the DT712 also 
DT712 SERIES AID in~lude.s multiple 

BOARD DESCRIPTION tnggenng and scan-
f------~--~-----1 ning schemes, and 

MAX NUMBER b d 
MODEL TYPE OF CHANNELS an on- oar pro-

t------+-----+------1 grammable clock. 
DT712 High Level AID 128SE/64DI Plus, a unique 
DT712 + DT713 High Level AID 512SE/256DI screw terminal 

Expanded 
DT714 Low Level AID 

DT714 + DT715 Low Level AID 
Expanded 

64DI 

256DI 

panel lets you enjoy 
easy installation of 
analog signals, and 
a very clean, noise-
free cabling connection. Fred Molinari, President 

And the DT712 is compatible with the latest 
MULTIBUS interface ... including 24-bit addressing and 
16-bit data transfers. 

So before you get 
into a tight spot, call Data 
Translation. 

We've loosened up the 
input problem 512 ways. 

Call ( 617) 481-3700. 
The DT712 provides 
for up to 128 AID 
channe ls on a single 
MULTIBUS board. 

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 Tix 951-646. 
European Headquarters: Data Translation. Ltd, 430 Bath Rd ., Slough, Berkshire SU 6BB England (06286) 3412 Tix 849-862. 
MULTIBUS 1s a registered trademark of Intel Corp. 
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See our 192 pg. new product 
supplement m Gold Book 
1984, Vol. III, and our 336 pg. 
catalog/handbook in Gold 
Bookl983. 





Intro ucing the 

We're first with 
the most and latest 
with the greatest. 
And we've got a 

Jukebox full of new selections to speed 
and simplify your system design. 

WD2010 WD277X 

WD1003·SCS WDI036·SHD 

fll :t~ • • ~~-~~ ·" · : •. 
., '.' l:i2 : ', 

.. ['! 

; - . ..... ~ 
I • ":; 

Introducing WD2010, a 
new VLSI Winchester 
controller with ECC, 
auto correction and 2048-

wn1002s.sttn cylinder addressability. 
Introducing WD1003-SCS, first of a new 

generation of high-performance board­
level controllers. Based on the WD2010. 
And featuring a full SCSI interface for 
your multi-user systems. 

Introducing WD1002S-SHD. VLSI, surface 
mount technology and special gate 
arrays have enabled us to pack a 
SASI:ST506 controller into a 3Yz" 
form factor. 

tape 
Introducing WD10C20, a VLSI 

self-adjusting data separator in CMOS. 
Introducing WD1036-SHD, a new 

SASI:QIC-36 tape controller. Based on 
our new WD2400 chip set. Sure to 
help make ~" streaming tape a chart­
buster. 

Introducing 
WD277X, the 

/(j~ 

Select one of our off-the-shelf controllers. 
newest genera- Or have us customize one for you. 

tion floppy 
disk VLSI controller, with on-board 
analog data separation. 

Hits on silicon. 
We've been at the top of the charts 

since we introduced the 
world's first floppy 
disk controller on 
a chip in 1976. 



#l hit para e of 
controllers. 

Proprietary VLSI is still our most 
powerful advantage. It gives us 
the edge by enabling us to 
control the technology, 
cost and future of our 
products. 

With a menu of options to match 
your system's personality. Plus 

room on board to add 
extra memory, data 

privacy or other unique 
features. 

Today we' re developing 
new VLSI at a rapid rate, 
achieving higher levels 

Floppy, Winchester and )4" tape- we've 
got controllers for all your storage needs. 

Or we can design and 
build a board just for you. 
Our CAD capability 

enables us to quickly adapt of integration, migrating into CMOS 
and shrinking into SMT packaging. 

Were playing your song. 
If our new product introductions 

don't give you precisely the host:drive 
combination you need, check our other 

selections. 
Take our WD1002-WX2 

board for example. 
PC compatible. 

standard products to your custom 
needs. Our automated manufacturing 
capability gets you product in a hurry. 
Our worldwide Technology Centers 
and field engineer­
ing team speed 
system integration. 
And make you 
feel like dancing. 

Punch 
our number. 

Call our Hit We deliver cost-effective, 
Parade Hotline, applications-driven solutions 
714 /863-782 7' and with just the right set of features. 

we'll rush you details on all of our new 
floppy, Winchester and tape controllers. 
Better yet, drop by our booth #658 

at COMDEX and see each of these 
important new products. 

WESTERN DIGITAL 
CORPORATION 



A FEW OF OUR STORAGE MANAGEMENT PRODUCTS 

Part Technical 
Number Information 

FLOPPY DISK WD177X Single chip 
CONTROLLER 
DEVICES FD179X Single chip 

WD277X Improved data 
separation 

WD279X Integrated data 
separator 

WINCHESTER WDIOlO SM Hz 
DISK WDlOSO Single chip 
CONTROLLER 

WD2010 SM Hz 
DEVICES 

WINCHESTER WD10C20 CMOS 
DISK 
SUPPORT 
DEVICES WDl OlS Single chip 

WDllC00-13 Single chip 

WINCHESTER WD 1002-0S/HDO Board 
BOARD 
PRODUCTS WD1002-SAS Board 

WD1002-SHD Board 
WDl002S-SHD Board 
WDl002-WX2 Board 

WDl003-SCS Board 

TAPE DRIVE WD2401 Single chip 
CONTROLLER WD24C02 Single chip 
PRODUCTS 

WD J036-SHD Board 
WDI036-WX2 Board 

SALES OFFICES 

Northeastern 
United States/ 
Eastern Canada 

70 Atlantic Avenue 
Marblehead, MA 0194S 
(617) 631-6466 
TWX 710 347 1060 

72 Summit Avenue 
Montvale, NJ 0764S 
(201) 930-0700 
TWX 710 991 8360 

Southern United States 

101S Semoran Blvd. 
Summit Plaza II , Suite D 
Casselberry, FL 32707 
(30S) 331-4434 
TWX 810 8S3 0297 

49SO Westgrove Drive 
Suite llS 
Dallas, TX 7S248 
(214) 248-678S 
TWX 910 997 OS09 

Wrightsville Building 
2300 W Meadowview Road 
Suite 209 
Greensboro, NC 27407 
(919) 299-6733 
TWX SIO 922 7309 

Northcentra l 
United States 

3600 West 80rh Street 
Suite 620 
Bloomington, MN SS43l 
(612) 83S-1003 
TWX 910 S76 2417 

1827 Walden Office Square 
Suite 308 
Schaumburg, IL 6019S 
(3 12) 397-3111 
TWX 910 997 0902 

Western United States/ 
Western Canada 

11Sl Dove Street 
Suite 170 
Newport Beach , CA 92660 
(714) BS l-1221 
TWX 910 S9S 2430 

Power Package 
Requirements Size 

+sv 28 pins 

+SY,+ 12V 40 pins 

+sv 40 pins 

+sv 40 pins 

+ SY 40 pins 
+SV 68 pins 
+sv 40 pins 

+sv 28 pins 

+sv 40 pins 

+sv 20 pins 

+sv S 7S"X8' 

+SV S 7S"X8" 

+sv S.7 S"X8" 
+sv S.7S"X4" 
+ SV, - 12V, 3.8S"X l3" 
+l2V 
+ SV S.7S"X8" 

+sv 40 pins 
+ sv 40 pins 
+SV,+ l2V S.S"XB" 
+ SY, + 12V 3.8S"X13" 

S743 Corsa Avenue 
Suite 201 
Westlake Village , CA 91361 
(818) 991-2SS6 
TWX 910 336 1441 

201 San Antonio Circle 
Building E, Suite 172 
Mountain View, CA 94040 
(41S) 941-0216 
TWX 910 379 S038 

Europe 

12 Rue Auber 
7S009 Paris 
France 

International Sales 
Subsidiaries 

Western Digital (UK) LTD 
SS East Street 
Epsom, Surrey KTl7 IBP 
United Kingdom 
3727 429SS 
TELEX : 85192S796 

Product Description 

FD! 79X functionality with built-in digital 
data separator and write precompensation. 
Single/double density, IBM compatible. 
WD279X with improved data separator. 

FD 179X with built-in analog data separator 
and write precompensation, single/double 
density, and internal clock divide. 

S.2S" and 8" Winchester controller chip. 
SMD controller. 
WD1010 with ECC. 

Data separator, and write precompensation 
device compatible with the WDIOlO and 
WD2010. 
Winchester buffer manager control 
processor. 
ECC support device compatible with the 
WDlOJO. 

S.25" Winchester/floppy controller board 
with ECC. HOO Winchester only. 
WD 1002 Winchester/floppy with SAS! 
interface. 
WD 1002-SASI interface - Winchester only. 
3.S' fo rm factor of 1002A-SHD. 
WD 1002 with IBM PC compatible interface 
- Winchester only. 
S.2S" Winchester controller board with 
SCSI interface. 

Morion control & buffer manager 
Read/write formatter 
W tape controller (SASl:QIC-36) 
W tape controller (IBM PC/XT:QIC-36) 

Western Digital Japan LTD 
8th Floor, Dai 44, Kowa Bldg. 
1-2-7 Higashiyama, Meguro-Ku 
Tokyo 1S3, Japan 
(81) 03 791 2001 
TELEX : 781-3434S 

Western Digital Deutschland 
GmbH 
Prinzregentenstrasse 120 
D-8000 Muenchen 80 
Federal Republic of Germany 
011-49-89-4 70-7021 
TELEX:841S214S68 

The hits just keep on coming! 

WESTERN DIGITAi. 
C D R P D R A T D N 



"Fine Line" Circuitry: 
When You Need Conductors 
Finer Than A Human Hair. 

Miniaturization marches on. When round wire 
became too heavy and bulkv, flat cable and flex 
circuitry were developed. Now, density requirements 
can be too tough even for conventional flex cir­
cuitry So that's where " Fine Line" takes over. 

What it is. Circuitrv, as shown above, with lines 
and spaces of less than .010. Our current production 
capabilities range down to .003. That's "Fine Line'. ' 

Where it's used. Satellite circuits, high-speed 
computer interconnects, cryogenic infra-red detec­
tors, thermal imaging sights, mother board/daughter 

board interconnects, test equipment, and much more. 
We're ready to work with you. Call your nearest 

Hughes rep, or phone us in Irvine. Our R & D people 
are at your service. Our circuitry is as fine as it comes. 
Today The future? How about invisible conductors? 

For more information phone Tony Piraino, 714-
660-5788. Or write Hughes Aircraft Companv, 
Connecting Devices Division, 17150 Von Karman 
Avenue, Irvine, CA 92714. In Europe, Hughes 
Microelectronics, Ltd., Clive House, 12-18 Queens 
Road, Weybridge, Surrey KT13 9XD, England. 

HUGHES 
AIRCRAFT COMPANY 

CIRCLE 54 
CONNECTING DEVICES DIVISION 
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Gould AMI ... Innovation and Quality in Semiconductors 

The wrong CAD software 
can really burn you up. 



)o your best designers' best efforts sometimes go 
1p in smoke? 

Your trouble could be CAD software-too 
:omplex, too piecemeal, or too poorly integrated 
J do the job. But there's no problem with Gould 
\Ml software-the industry's most comprehensive 
Jr gate array, standard cell and full custom designs. 

:AD software for the real world. 
:lould AMI CAD software was developed in a 

demanding design engineering environment-our 
own. It's fast and easy to help designers meet 
tough deadlines. And it provides a smooth flow of 
vital information into our silicon foundry. 

It cuts error-causing tedium, too. Your logic 
description is entered only once, then retrieved as 
needed-even for converting from a gate array or 
standard cell to a full custom design. Displayed 
commands make schematic editing easy. And 
logic simulation, design verification, placement 
and routing are all automated. 

It's actually hard to make a mistake. 
Hierarchical layout tools let you work on the circuit 
design in small, easy-to-manage blocks. "Correct­
by-construction" software ensures that you detect 
and correct design rule errors as they occur. And 
you can generate test programs and functional 
test patterns in no time. 

All you need is a DEC VAX'" or Prime® com­
puter. You can even use Gould AMI CAD software 
to correct the lack of power you often find in 
popular workstations. 

For details on bundled packages or individual 
programs, please call 408-554-2311. Or mail the 
coupon. Because if the job is having the right CAD 
software, Gould AMI is right for the job. 
VAX'" is a trademark of Digital Equipment Corporation. Prime"' is a registered 
trademark of Prime Computer, Inc. 

r-----------------------------
Now, you're cooking! 
Tell me about your CAD: 
D Software and macros for gate arrays. 

D Software and cells for standard cell designs. 

D Software for full custom designs. 

D Training programs. 

D Have a field engineer contact me. 

Name 

Title 

Company 

Address M/S 

City/State/Zip 

Phone 

Mail to: Gould AMI Semiconductors 
CAD Marketing 
3800 Homestead Road 
Santa Clara, CA 95051 

ED 11 /15 

•} GOULD 
AIM ii Semiconductors 

I 
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Tree-structured network 
realized in hardware 
sets 50,000 'talking' 

Among the first hardware-based networks 
to employ a tree structure is one that 
clips along at more than 160 Mbitsls. 

Though tree structures 
are deeply rooted in the 
software community, 

until recently they have not 
taken a firm hold in hard­
ware. One of the first tree­
structured networks imple­
mented in hardware employs 
serial fiber-optic links to con­
nect nodes and handles 50,000 
users. Centrenet works with 
parallel packet-switched 
nodes to give an overall data 
throughput of better than 160 
Mbit/s. At that speed, it 
clocks in as one of the fastest 
existing networks. 

The system, from Man­
chester University (Eng­
land), is organized into com­
puting clusters, called 
starpoints, that may be lo­
cated several kilometers 
apart. It uses non-return to 
zero inverted (NRZI) en­
coding. End-to-end hand­
shaking on all links allows 
them to operate at different 
speeds, and the tree structure 
distributes the total band­
width throughout the links 
and clusters so that every 

Mitch Beedie 
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user is guaranteed a 10-
Mbit/s link. 

Each starpoint is a 16-port 
parallel switch with 15 down­
links and one uplink. The 
ports are housed on single 
boards (at the moment, a 
triple-height Eurocard, but 
this could be reduced fairly 
easily to a double-height 
card). Other boards act as in­
terfaces to processors, to 
groups of terminals, or to 
interconnecting links. The 
cluster fits readily into a sin­
gle standard rack. 

Directing traffic 

A cluster routes a packet 
from its source to destination 
according to a 4-bit address in 
the destination address field. 
At a node on the lowest 
(third) level of the hierarchy, 
packets are routed from port 
to port according to the values 
of the 4 least significant desti­
nation address bits. The 12 
most significant address bits 
must correspond to the ad­
dress of the node. If the MSBs 
do not match up, the packet is 
sent over an uplink to the next 
highest node. 

At that point, bits 4 
through 7 of the destination 
field are used to route the 
packet (again, as long as the 
remaining MSBs agree with 
the node's address). This con­
figuration ensures that there 
is only one route between any 
two linked devices. It also 
makes certain that a packet 
travels the shortest distance 
possible-only as far up or 
down the hierarchy as is 
needed to reach its desti­
nation. 

The brains of the outfit 

Routing between clusters is 
via a 72-bit parallel bus, and 
packets can be put into slots 
every 200 ns. Each starpoint is 
fitted out with a Z80-based 
network intelligence module. 
Among other duties, it takes 
care of initialization, error 
recovery, and polling. The 
uplink, downlinks, and intel­
ligence module are polled 
round-robin style, using a 
17-sta te counter. Each card 
receives a unique polling 
signal. The actual polling or­
der is established by and can 
be changed by the intelligence 
module to yield adaptive poll­
mg. 

A single port may transmit 
a packet every 2.5 µs, and 
transmissions may be over­
lapped, in turn establishing a 
data rate above the specified 
160 Mbits/s. Most transmis­
sions will connect two down­
links. If a downlink tries to ac­
cess an uplink that is already 
in service, the transmitting 
link will continue in its at­
tempt a specified number of 



The IZM6 Subrack System 
will never be complete ... 

The KM6 Subrack System has always been years ahead of its time 

1981 

Security PCB 
Retainer 
Ensures PCB's stay 
electrically mated to 
connectors within sub 
rack. Easily assembled. 
Prevents PCB's 
becoming disengaged 
even in vibrative . ,,;~ 

1982 
Front Panels 
An increased variety 
of front panels for PCB 
mounting. Just look 
around .. . you'll notice 
them everywhere, 
good looks and ~ 
quality where 
it counts. . 1 

• ! , rfl r 

!l ll I 
fj ;1 ' 
~ ~ :q 

~ 
' 

Horizontal 
Mounting Kit 
Horizontal Mounting 
Kit accommodates any 
size of PCB within width 
of card 
frame. 

1983 
PCB Ejector/ 
Injector 
Unique saddle 
operated Injector/ 
Ejector means 
increase in number of 
connector contacts 
without difficulty of 
inserting and 
retracting PCB's from 
subrack. 
Unit operates within 
confines of subrack, 
utilising normal front 
panels, hinged or 
otherwise. 

CIRCLE 56 

1984 
9U KM6. Flexibility in Packaging 
Triple High Eurocards 
Anticipating packaging needs has always been 
our strong point. 
KM6 is now available in 9U heights for those who 
need the extra 'real estate' a triple high Eurocard 
offers. 
Needless to say you can also mix single and 
double Eurocards along with triples . 

Mixing different depths? 
r1'~~~~~~~ No problem. 

It will never be complete because our 
programme of improvement and 

innovation will never cease ... 
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times. If it does not succeed, 
within a specified number of 
tries, an error is reported to 
the intelligence module, and 
the packet is discarded. 

Packing the packets 

Computers are hooked into 
the clusters by a so-called 
superport, which makes it 
possible for a processor to 
have 16 network addresses 
with just a single network 
connection. Further, a burst 
mode allows up to 64 kbytes to 
be transferred between 
superports-using DMA 
techniques-without individ­
ual end-to-end acknowledg­
ments. 

Every packet that passes 
through the system carries 

TECHNOLOGY NEWS 

two 16-bit address fields­
one for the transmitting, the 
other for the receiving sta­
tion. They are followed by a 
32-bit data field and an 8-bit 
control field. The last is main­
ly used for handshaking the 
packets across the network. A 
packet's overhead is thus 40 
bits, giving the system an 
overall efficiency of 44.4 % , 
which is comparable to that of 
the Cam bridge Ring and 
other popular networks. 

The protocols used in the 
system are hierarchical: 
There are two distinct bands 
separated by a transport ser­
vice interface. Above the in­
terface are the high-level, 
network-independent proto­
cols, and below it are the 

network-dependent proto­
cols. Such strict division per­
mits the higher-level proto­
cols (equivalent to layers 5 
through 7 of the ISO's Open 
Systems Interconnection 
model) to be based on a single, 
well-defined interface and to 
be isolated from low-level 
changes in software and 
hardware. 

Thus far a V AX-11/750 and 
a pair of PDP-Us have been 
joined to the network, and 
data as well as voice commu­
nications have been passed 
over it. Work currently is 
under way to build an Ether­
net and an IEEE-488 inter­
face, and, future capabilities 
call for the network to trans­
mit video signals. 

MAGNETIC SHIELDING 
MATERIAL ID·RI B. & W. MONITORS 

1.6 Million Pixels Non-Interlaced 
CO-NETIC AA ALLOY 

High Permeability 
.002" to .100" thk. 
(0,051-2,540 mm) 

NETIC S3-6 ALLOY 
High Saturation 
.004" to .095" thk. 
(0,102-2,413 mm) 

Send for Metric and 
English Catalog MG-5. 
Includes Specification, 
Fabrication and 
Ordering Information. 

MAGNETIC SHIELD DIVISION 
PERFECTION MICA CO. 
740 North Thomas Drive 

Bensenville, Ill. 60106, USA 
Phone 312 I 766·7800 

TWX 910·256·4815 

CIRCLE 57 

• 100MHz 3 Bit Video Amp-Drive 
3 Bit Planes direct (no D-A required) 

• 1 OOMHz Composite/Linear Video 

• 140MHz E L Video Amplifier 

K I 

• Ca vailabl 

Shouldn't You be looking at US? 

!, =-~ = • ;' ~. - - - -· -- ' . - - - ·- - ' ·- . - ' - . -- - - . - - ·- . ~==~--~--=- - - - - -:- 7 
CORPORATION 

59 Fountain Street Framingham, MA 01701 
(617) 875-6958 
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Win ·a Fiero with TMOS™ 
The chance of a lifetime in the 

powerFET design contest of the year 

Imagine a brilliant new 1985 Fiero 
SE by Pontiac in your garage. 

Or carport. Or driveway. 
Whatever you park it in, or on, it'll 

be yours if you win first prize in our 
TMOS power MOSFET design contest. 

The stylish, sporty Fiero is the 
first mid-engine car in the world to 
use a space-frame chassis-a bold 
benchmark in automotive engineering. 
Its unique design concepts, gleaned 
from race-car designs, have caught on 
with everyone interested in advanced, 
mass-produced American cars. 

If you've seen one and admired its 
innovative styling, performance and 
handling, you've already started your 
TMOS design. 

The excitement begins 
withTMOS. 

TMOS powerFETs are today's ver­
sion of the ideal switch. 

Voltage-driven, low-loss, majority 
carrier devices, they are comprehen­
sive, state-of-the-art solutions to 
high-frequency power applications 
requiring fast , efficient performance. 

Independent of operating tempera­
tures and fully biased with only 10 V 
to the gate, TMOS powerFETs sim­
plify drive circuits and can be driven 
directly from CMOS and T2L to control 
high-power loads. Secondary­
breakdown-free, they're virtually 
immune from thermal runaway and 
represent an almost unlimited evolu­
tionary progression towards the per­
fect power switch. 

Look how complete the line is. 
Over 400 TMOS types comprise the 

broadest offering available . 
Performance extends to 200 A, 1,000 

V and leaves the also-rans behind. No 
one can touch our 0 .009 0 rDs(onl specs 

for leading-edge TMOS III products. 
We even have P-channel for ultra­
simple drive circuits. 

And there are eleven different pack­
age styles to choose from, including 
small-signal TMOS. 

Guaranteed lowest cost. 
There's a direct TMOS replacement 

for more than 700 industry-available 
powerFETs. Spec for spec, package 
for package. 

During October, November and 
December, we're guaranteeing you 
10% off any other source's equivalent 
device quote or invoice. 

Take any bona fide supplier's 
invoice or_ quote up to 30-days old to a 
Motorola factory representative and if 
it's for any of the 727 types we second­
source, he'll duplicate the order and/or 
quote at 10% less. Guaranteed. 

Win a car or a computer. 
All it takes to qualify is your imagin­

ation and a circuit design using one or 
more TMOS power MOSFETs in an 
unusual, or cost-effective, or efficient 
way. We'll send you details. 
1st Prize: Fully-equipped, 1985 Pontiac 
Fiero, 4-or 6-cylinder engine, auto­
matic or manual transmission. 

2nd Prize: Lisa Professional Computer 
plus up to $1,000 of software and 
accessories. 
Five 3rd Prizes: Macintosh Personal 
Computers plus up to $500 of software 
and accessories. 
Five Additional Prizes: 
Macintosh Personal Computer plus 
up to $250 of software and accessories. 

All entrants will receive the official 
TMOS Design Contest entry package 
of free TMOS Data Book, contest 
rules, free sample offer, brochure, 
price list, and a handy new TMOS 
slide-chart Selector Guide. 

Send coupon or facsimile to 
Motorola 
Semiconductor 
Products, Inc. We're 
r.o. s~x 20912, ~ ~our Phoemx, • • 
Az 85036. es n-1n 

Let the b 
excitement build. e . m 
LISA AND MACINTOSH ARE TRADEMARKS 
OF APPLE COMPUTER, INC. 

®MOTOROLA 

To: Motorola Semiconductor Products, Inc., P.O. Box 20912, Phoenix, AZ 85036 
Please send me your Official TMOS Design Contest Entry Kit. 211ED111584 

Name 

Title 

Company 

Address 

City State Zip 

Call me ( 



One look at a Canon floppy disk drive - and hearing its 
silence while seeking - tells you it's made by masters in the 
art of designing and manufacturing ultraprecise miniature 
mechanisms. 

A second look would reveal some unique features: 
Pushbutton clamping .. . disk is clamped - and ejected 10 to 
20 mm - by pushing the same button, which is locked while 
the heads are loaded. Steel belt head positioning, for 
outstanding accuracy. Soft landing mechanism in the head 
loading system, and thin R/W heads (tested beyond 10 million 
taps), to minimize head and media wear. 

Canon drives. More flexible up front. 
Our drives are available with the bezels shown - or with no bezel 
at all , so that you can determine your own packaging design. 

33.5 mm bezel Standard half-height bezel 

Canon's 3.5 inch 
micro floppies 

are here! 
Comdex 

Booth 
3724 

Canon drives were designed originally for 96 TPI; the 48 TPI 
versions therefore have that added reliability. 

Single Drives· MOD 221 : 96 TPI , double sided/density, 1 Mbyte:* 
· MOD 211 : 48 TPI , double sided/density, .5 Mbyte.* 

Dual Drives· MOD 423: 96 TPI , double sided/density, 2 Mbyte. 
· MOD 413: 48 TPI , double sided/density, 1 Mbyte. 

Let Lee Heller tell you more. Call him at (516) 488-6700, Ext. 4958. 
Or write to him at Canon U.S.A., Inc. , Disk Drive Division, 
One Canon Plaza, Lake Success, NY 11042. 

Dual drive: Dual drive: 
Standard 2/3 height (57.5 mm) bezel Standard full height bezel 

CIRCLE 59 Canon • Recognized under the Component Program of Underwriters Laboratories Inc. 



INTERNATIONAL MEETINGS 

11th International Conference on 
Microelectronics, Nov. 13-15. Con­
gress Center, Munich, West Germany. 
Miinchener Messe- und Ausstellungs 
GmbH, Knogressburo Mikroelektronik 
'84, Postfach 1210 09, D-8000 Munich, 12 
West Germany; (089) 51 07-371. 

China International Microelec­
tronics/Computer Exhibition and 
Conference, Nov. 21-26. Shanghai, 
People's Republic of China. Harry C. 
Lepinske, China International Micro­
electronics/Computer Exhibition and 
Conference, American Exhibition Serv­
ices International Inc., PO Box 66373, 
O'Hare International Airport, Chicago, 
Ill. 60666; (312) 593-2462. 

International Spectrum Pacific, Nov. 
21- 23. Centrepoint Exhibition and Con­
ference Center, Sydney, Australia, Vic 
Sergie, IDEMA, PO Box 77, Gymea, 
NSW 2227, Australia; (02) 570-5505. 

The Northern Computer Fair, Nov. 
22-24. Belle Vue, Manchester, England. 
Reed Exhibitions, Surrey House, 
1 Throwley Way, Sutton, Surrey, 
England; (01) 643-8040. 

Systemotronica '84, Nov. 22-30. Mos­
cow, USSR. Harry C. Lepinske, Sys­
temotronica '84, American Exhibition 
Services International Airport, Chica­
go, Ill. 60666; (312) 593-2462. 

Computer China, Nov. 25-Dec. l. Xia­
men Special Economic Zone, People's 
Republic of China. Kallman Associates, 
5 Maple Court, Ridgewood, N.J. 07450; 
(201) 652-7070. 

International Spectrum Europe, 
Nov. 26-27. Penta Heathrow Hotel, 
London, England. Chris Holman, 
IDEMA, PO Box 32, Northwood, Middx. 
HA6 1HZ, England. 

Transducer Tempcon '84, Nov. 27-29. 
Harrogate Exhibition Centre, Yorks., 
England. Trident International Ex­
hibitions Ltd ., 21 Plymouth Road, 
Tavistock, Devon PL19 SAU; 0822 4671. 

Electronic Displays '84, Nov. 28-30. 
Kensington Exhibition Centre, London, 
England. Networks Events Ltd., Printer 
Mews, Market Hill, Buckingham MK18 
1JX, England; (0280) 815226. 

Conference on Computer-Aided 
Engineering, Dec. 10-12. Univeristy of 
Warwick, Coventry, England. IEEE 
Conference Services Department, 
Savoy Place, London WC2R OBL; (01) 
240 1871. 

Fifth Generation and Supercom­
puters, Dec. 11-13. Rotterdam, the 
Netherlands. Prof. R. P. van de Riet, 
Free Univeristy, Amsterdam, the 
Netherlands. 

Micro-Computer '85, Jan. 29- Feb. 3. 
Frankfurt, West Germany. Philippe 
Hans, German American Chamber of 
Commerce, 666 5th Ave., New York, 
N.Y. 10103; (212) 974-8856. 

Middle East Electricity and Elec­
tronics Exhibition, Feb. 2-6. Jeddah 
Expo Center, Kingdom of Saudi Arabia. 
Len Bennett, Logistics, 237 Park Ave., 
21st floor, New York, N.Y. 10017; (212) 
551-3530. 

AFIPS-Asia '84, Feb. 14-March. 2. 
m.v. World Wide Expo, Tokyo, Osaka, 
Kitakyushu, Taipai, Hong Kong and 
Singapore. AFIPS, 1899 Preston White 
Drive, Reston, Va. 22091; (703) 620-8926. 

Autotech Hong Kong '85, March 7-8. 
Hong Kong. Autotech Hong Kong '85, 
Hong Kong Productivity Center, 12th 
floor, World Commerce Center, 11 Can­
ton Road, Tsimshatsui, Hong Kong; 
3-7235656. 

Com ponen tes Electronicos '85, 
March 12-15. Mexico City, Mexico, 
March 19-22, Guadalajara, Jal., Mexico. 
Raquel Polo, United States Trade Cen­
ter, Liverpool 31 Col., Juarez 06600, 
Mexico, D.F.; or PO Box 3087, Laredo, 
Texas 73044. 

The Scottish Computer Show and 
Conference, March 12-14. Anderston 
Exhibition Centre, Albany Hotel and 
Holiday Inn Hotel, Glasgow, Scotland. 
Cahners Exhibitions Ltd., Chatsworth 
House, 59 London Road, Twickenham, 
London TWI 3SZ, England; (01) 
891-5051. 
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low 
• distortion 

mixers 
hi level ( + 17 dBm LO) 

5to 1000 MHz 
only $31 95 

(5-24) 

IN STOCK ... IMMEDIATE DELIVERY 

• micro-miniature, pc area only 
0.5 x 0.23 inches 

•RF input up to +14dBm 

•guaranteed 2 tone, 3rd order 
intermod 55 dB down 
at each RF tone OdBm 

•flat-pack or plug-in mounting 

•low conversion loss, 6.2dB 

•hi isolation, 40 dB 

• MIL-M-28837/1 A performance* 

• one year guarantee 
"Units are not QPL listed 

TFM-2H SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
LO. RF 5-1000 
IF DC-1000 
CONVERSION LOSS, dB TYP. MAX. 
One octave from band edge 6.2 7.0 
Total range 7.0 10.0 

ISOLATION, dB TYP. MIN. 
low range LO-RF 50 45 

LO-IF 45 40 

mid range LO-RF 40 30 
LO-IF 35 25 

upper range LO-RF 30 20 
LO-IF 25 17 

SIGNAL 1 dB Compression level +14 dBm min 

finding new ways . 
setting higher standards 

t:JMini-Circuits 
A D1v1 s1 on of Sc1ent1 f1c Componen ts Corporation 

World's largest manufacturer of Double Balanced Mixers 

2625 E. 14th St. B'klyn , N.Y. 11235 (718) 769-0200 
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The Hitachi CMOS 6300 Family-
8-Bit Single-Chip Microcomputers 

The Real Performance Leader 
The 63B01 offers you a powerful 
CPU and high-speed operation for 
systems requiring complex and fast 
data processing. Here's how it 
compares with the 80C51. 

Benchmark Study 
Execution Code 
Time (µa) Ettlclency 

8051/ 8051/ 
63801 80C51 63801 80C51 

XTAL(MHz) 8 12 8 12 
Instruction 0.5 0.5 Cycle Time (µ.s) 
TASK 
Binary Multiply 39 42 37 43 
Bit Manipulation 6.5 6 8 8 
Logical Operations 7 3 11 6 (AND/OR) 
Nibble Comparison 11 12 29 29 
Interrupt Processing 11.5 21 1 19 
TOTALS 75 84 86 105 

Execution time for the 6301 ranges 
from 0.5 µs (2 MHz) to 1 µs (1 MHz) 
depending on the model, at a 
wide range of operation: Vee = 
3Vto 6V. And an error-detecting 
function prevents illegal op-code 
and illegal addresses. 

Other enhancements of the 6300 
Family include upward source and 
object code compatibility with the 
HD6800 and bus compatibility with 
the MC6800 Family. 

All the Support You Need 
Hitachi's comprehensive develop­
ment support includes evaluation 
kits, emulators, prototyping 
devices, and cross-software 
packages running under 

CP/M on personal computers 
and under ISIS-11 on Intel 
development systems. 

The 63P01 offers piggyback 
flexibility, which lets you "fine tune" 
programming before committing 
to a final ROM code. All this 
development support is available 
now for you to start your design. 

Enviable Track Record 
The 6301 has been in mass pro­
duction for more than two years. 
Five million units are now the brains 
behind hand-held terminals, brief­
case computers, printers, digital 
switches, phones, modems, and 
automotive spark control 
computers. 

Available in Quantity 
If you need them now ... in pro­
duction quantities ... you're in luck. 
The Hitachi 6300 Family offers 
immediate availability of the finest 
selection of single-chip micro­
computers on the market today. 

Why wait when you can have 
the finest 8-bit, single-chip 
microcomputers immediately. For 
complete design solutions, you 
can combine Hitachi's 6301 with 
our CMOS peripheral LSls, CMOS 
ROMs, and CMOS RAMs for a 
total CMOS system. 

So when you want deliveries, not 
just promises, call Hitachi. Ask your 
local Hitachi Representative or 
Distributor Sales Office about the 
CMOS Family of 8-bit, single-chip 
microcomputers. 

HD63801 
4K Bytes of ROM, 128 Bytes of RAM 
29 Parallel Input/Output Lines 
Stop-Start Serial Communication Interface 
16-Bit Timer 
8 x 8 Multiply Instruction 
Low Power Consumption Mode (60mW) 
Sleep Mode (10mW), Standby Mode (10µW) 
Instruction Cycle Time: 0.5µ.s 
40-Pin Package 

Part No. Architecture 
HD6301. 63A01. 63B01 Mask Programmable 

ROM On-Chip 
HD6303 External ROM 
HD63P01 Piggyback EPROM 

FAST ACTION 
To obtain product literature 
immediately, 

CALL TOLL FREE 
1-800-842-9000, Ext. 6809. 
Ask for literature 
number705. 

Hitachi America, Ltd. 
Semiconductor and IC Sales 

and Service Division 
2210 O'Toole Avenue 
San Jose, CA 95131 
1-408/942-1500 





Industrial automation systems are a 

Designing complex industrial automa­
tion systems can drive you to great lengths 
in finding all the appropriate components. 
Call us now at 1-800-521-6274 and find 
out how one call to one source can help 
put all your semiconductor, board and 
box solutions within easy reach. 

Whether you're working on robotics, 
pressure sensors, programmable controllers, 
computer numerical controls, data acqui­
sition units, motor controls or industrial 
networks, Motorola is the broadest-line 
semiconductor supplier with the most 
advanced technologies and products for 
your industrial automation system needs. 

Start your design with silicon. 
Start with our complete line of 8-bit 

single-chip microcomputers road tested 
for hostile industrial environments by our 
long track record in automotive applications. 
Being bolted to the side of an automotive 
engine subject to heat, dirt and motion 
leaves no room for the weak of part. 

With this history, you can match any 
speed or power requirement in your 

toughest industrial application by choosing 
from either our familiar HMOS or high­
density HCMOS technologies. Our diverse 
M6800, M6804 and M6805 processor 
families include the MC1468705G2: the 
only CMOS MCU with on-board EPROM 
for additional user configurability. 

The latest in our factory-proven line of 
8-bit MCUs is the MC68HCU, which 
includes on-chip EEPROM. Its enhanced 
6801 core provides the highest integra­
tion and fastest speeds in our entire line. 
And total bit manipulation gives com­
plete control. 

With bus speeds in the 2 MHz range 
and operating temperatures of -40 to 
+125° C the MC68HCU will meet and 
withstand harsh factory applications. 

Its powerful software control capability 
includes a comprehensive set of two serial 
ports, three timer functions, AI D conver­
sion and parallel ports with full handshake 
capabilities that ease system integration. 
Integrated systems within your 
system. 

Many large industrial companies-with 

a number of plants and a variety of 
applications-have reduced the long term 
cost of support logistics and initial system 
development time by deciding on one 
standard board-level system. You can too. 

Motorola's VMEsystem is designed 
especially for industrial applications. 

It's the system designer's leading choice 
in providing high-performance modules 
and support products for 8/16132-bit 
applications. For industrial automation 
needs, VMEsystem offers a wide line of 
VMEmodules from M68000 family-based 
processor, memory, controller and 1/0 
channel modules to industrial 1/0 modules 
including A/D, DIA, sensing and switching. 

These modules can be incorporated into 
a VMEmodule system chassis or the 
VME/10 OEM microcomputer to meet a 
variety of demanding industrial applications 
and increase your flexibility. 

You're not locked into product-specific 
manufacturing. 

To better manage resources through 
data transfer and work station communi­
cation, the VME/10 OEM microcomputer 
can also be used as a data acquisition 



snap. Call now for design-in support. 

station or a level two controller. 
Isolate power in your systems. 

To isolate power and control devices in 
an industrial setting, spcify gallium arse­
nide infrared emitting diodes optically coupled 
to a detector/output device. Or, design 
your own slot configurations with our 
slotted optocouplers. Both provide the 
needed protection between power and 
control circuits. 

When your design calls for isolating 
even up to 7500 volts between input and 
output, Motorola optoelectronic devices 
can meet the spec. 

Surge hazards can also be controlled, 
by Motorola's MOSORB™ line of high­
current surge protectors best suited for the 
precise protection of sensitive equipment 
even in the low voltage range. 
One-chip logic and power, 
together. 

Our TMOS™ power MOSFET family 
is emerging as a design-in winner in 
power control, brushless DC motors and 
robotics due to its exceptional abilities to 

VME/10, TMOS, SMART power .. nd MOSORB .irl" trJidem•rk.s of Moco rola Inc 

minimize switching losses and required 
heat sinking. Drive circuits become simpler. 
Size and weight of componentry shrinks. 
And your industrial automation system 
design becomes more energy efficient at a 
cost approaching that of bipolar devices. 

Our SMART power™ power MOSFET 
family integrates both TMOS power and 
CMOS logic functions on a single chip. Our 
MPClOO and MPC2005 cost far less than 
equivalent discrete components, reduce 
layout space and have all the protection 
you need to virtually eliminate voltage 
faults and temperature excursions. 
Talk engineer to engineer. 

Motorola has tripled the number of 
application engineers it has throughout 
the U.S. and Canada. 

Each has the expertise in emerging 
semiconductor technologies that can 
electrify your new industrial automation 
ideas. Call 1-800-521-6274 and discuss 
your applications. Any time between 9 
A.M. East Coast and 5 P. M. West Coast 
time, weekdays. Toll free. Talk to our 
specialists. They'll discuss your applications 

and get you in touch with a field appli-· 
cation engineer who'll in person describe 
in depth how Motorola products can cut 
your design time. 

1-800-521-6274 
Wait'll you hear what we have in store 

for your new design. Be it in industrial or 
office automation, voice/data communi­
cation, entertainment equipment or any 
other electronics-driven industry, we'll work 
with you at any level of chip, board or 
box integration through the industry's 
premier technical field organization. 

Call us on it. One call. One source. 
For all your \!\€ 
semiconductor '"re 
~::i~~~~~~~;a pn~our 
Products Inc., desi n-in 
P.O. Box 20912, b 
Phoenix, AZ 85036. e ffi. 

®MOTOROLA 



The Missing Link 
Isn't Missing Any Longer. 

Never has a simulation system linked the functions of design and test. That is, 
until the discovery of CADAT, the only simulator that supports MOS design 
verification and concurrent functional fault simulation. 

CADAT succeeds where other systems 
have yet to venture . 

Penetrating beyond existing simulation 
systems that barely scrape the surface in the 
problem area of linking design and test, 
CADAT unearths the complete solution: An 
expedient, accurate and cost-effective com­
bination of MOS design simulation and con­
current fault simulation for test program 
applications . This link provides highest 

CADAT is a Trademark of HHB-SOFTRON 

accuracy, while guaranteeing maximum 
speed during fault simulation. 

To connect and streamline the design 
and test functions, CADAT applies the 
entire data base developed during the 
design phase toward test program genera­
tion. There's no longer any need to con­
vert data, learn two systems or match 
simulation results. 

CADAT also has an abundant graphics 

capability that greatly facilitates the 
design and test functions and ensures the 
design engineer optimum performance. 

These are just some of the many rea­
sons why CADAT, the most cost-com­
petitive system available, is so widely 
distributed. 

Now that we've shed some light on 
CADAT, compare it to other simulation 
systems. The results will be illuminating. 

l#l#i=ISOF I RONI 
1000 Wyckoff Avenue · Mahwah New Jersey 07430 • 201 -848-8000 
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International Next Flight Out~ It gets small packages overseas, overnight. 
If you have small packages that have to be over- TWP?.s Nationwide Next Flight Out offers same-

seas by tomorrow, TWP?.s International Next Flight day delivery of packages up to 70 lbs. to any of more 
Out® will make you an overnight success. Simply call than 60 cities in the U.S. 
1-800-638-7380* and TWA will place your "little For letters, documents or anything else up to 2.2 
emergency" on the very next flight to your city of des- lbs., TWP?.s 13"x17" Next Flight Out Pak is the most 
tination. Guaranteed. efficient way to go. Either domestic or abroad. 

We offer customs-cleared, overnight , door-to- f 0 
door delivery to any one of 16 cities in Europe or the Call today for your ree Next Flight ut 
Middle East. For packages up to SO lbs. Kit-e.verything you need to succeed 

Of course TWA offers this same kind of outstand- overmght. 
ing service fo~ deliveries right here in the States. CALL 1-800-638-7380 ~ 
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Discover the riches of Fujitsu Bipolar PROMs. 

Many rewards come to those who explore the mysteries 
of the DEAP. 

Fujitsu's Diffused Eutectic Aluminum Process. Our exclu· 
sive programming technology that produces bipolar PROMs 
of outstanding reliability, access times and programming yields. 

The secret of the DEAP lies beneath the surface. The die 
surface.There below is where we program a Fujitsu PROM cell. 

First, by applying a reverse current to the cell and heating the 
appropriate junction to form an aluminum-silicon eutectic. Which, in 
tum, diffuses through the surface and shorts the junction. 

It's simple. And much cleaner than blowing fuses on the die 
surface like ordinary PROMs. Which not only contaminates the 
passivation layer, but leads to "grow-back:' Where blown fuses actually 
reconnect and scuttle the entire circuit. 

That's a danger you'll never encounter with Fujitsu PROMs. 
They're reliable. With an average 97% programming yield. 

And because DEAP lets us produce PROMs of greater density, 
you enjoy the fastest access times around. For example, our 64K 
PROM at 55 nanoseconds is the fastest in the industry 

But one of the nicest discoveries about our bipolar PROMs is that 
they're available in quantity. In densities from 2K to 64K. And in a 
variety of packages. 

So don't wait. Call the nearest FMI sales office listed below. 
And say you're ready to take the plunge. 
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FUJITSU 
MICROELECTRONICS. INC. 
Technology that works. 
3320 Scott Boulevard, Santa Clara, CA 95051 · 408/727-1700 

FMI Sales Offices . Atlanta 404/449-8539.Austin 512/ 343-0320. Boston 617/964-7080. 
Chicago 312/885-1500. Dallas 214/669-1616. Houston 713/ 784-7111 . Minneapolis 
612/454-0323. New York 516/ 361-6565. No. Calif. 408/866-5600. S. Cali f. 714/ 720-9688. 
©1984 Fujitsu Microelectronics, Inc. DEAP is a trademark of Fujitsu . 
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With our LDS 'software. 
Programs that let you describe, simu­

late, verify and test 2- and 3-micron 
HCMOS logic arrays on your VM/CMS, 
VAX-VMS or UNIX-based system'." So you 
can answer all the "what ifs" right at your 
desk, right away. 

And right on the money. Our programs 
have guided hundreds of designs from 
scratch to silicon. More, in fact, than any 
other fully integrated semi-custom IC 
design software. 

LDS designs transfer perfectly to our 
layout, testing and prototyping. 

Where they've scored at least a 953 hit 
rate, first time out. 

And because you work in your office 
instead of a design center, there's less pressure 
and more time to think. Time to play with 
ideas, without a meter running. 

If you're ready to start accumulating 
winners instead of prototypes, our software 
will show you how.Just call (408) 263-9494. 

And get in touch with reality, fast. 

LSI LOGIC 
CORPORATION 

LOS is a tradema rk of LSI Logic Corporation. *VAX-VMS is a trademark of 
Digital Equipment Corporation. UN IX is a trademark of Bell Laboratories . 
VWCMS is a tradema rk of International Business Machines. 
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Tear along 
the plotted Irne. 

And rip through deadlines in 
record time. With PertPlotter,"' the 
new network logic plotting program 
designed to complement Westminster's 
Pertmaster"' project management 
software. 

Pertmaster is the profes­
sionals choice. Its the critical 
path management program 
capable of handling up to 2500 
activities using industry standard 
notations. And 
Pertplotter is 
its logical 
extension 
and perfect companion. 

Thats because PertPlotter can plot 
and print logic diagrams of up to 500 

activities in Arrow or Precedence 
notation. Using a variety of easy-to­
follow colors that help monitor the 
progress of your projects from con­
cepts to completion. 

It also reduces plot 
times by giving you highly 
compressed logic diagrams. 
Time windowing. A "fast­
plot" option for quick 
views of nodes and con-

nectors. And full 
control of Title 

Block, activity 
data content, 

line styles, and much more. 
And at $495.00, we don't think 

you can afford to wait.Just call us or 

your local Pertmaster dealer for more 
information: (415) 424-8300. 

PERT#ASTER™ 
by We5tJ.!1jnster 

~ottware 
Westminster Software, Inc. 
660 Hansen Way, Suite 2 
Palo Alto, California 94304 

*Pt:rtPlotter U compotible with the IBM • PC iraPhics printer; most Epson• and HP .. dot matrix printers and H PS 747 X uries pageplotten, with many mqn to folio• 
Pertmastrr and Pert Plotter are trademarlts of Westminster 5-0/tware, Inc. 
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NONVOLATILE CMOS 
RAM BOARDS 

For MULTIBUS·, Q-bus
0

, and VMEbus Systems 
From Diversified Technology 

MULTI Bus· 
CBC 512/24 Serles 

VMEbus 
VM 256 Serles 

Q-bus·· 
LM 1164 Serles 

High Speed Battery~Backed Static RAM Functions as Nonvolatile 
Primary Memory for Your System Without Special Software Interfaces 

All of DTl's CMOS RAM boards 
feature low power CMOS design, 
5 year (Lithium) or 3 month 
(NiCad) data retention, automatic 
memory protect, and full compati­
bility with bus specifications: 

MULTIBus·. CBC 512/24 Serles 

• 16K up to 512K-byte versions 
• 16, 20, or 24-bit addressing 
• On board bank-switching 

option gives lM byte RAM 
access for 16-bit address bus ; 
16, 32, or 64K bank sizes 

• All-CMOS single board com­
puters with nonvolatile CMOS 
RAM also available 

Q·bus·· • LM 1164 Serles 

• 16K up to 64K-word versions 
• 22-bit addressing 
• 4K-word base address 

boundaries 
• Selectable write protects on 

8K-word boundaries 
• 0 .5" card spacing 

VMEbus • VM 256 Serles 

• 16K up to 256K-byte versions 
• 24-bit addressing 
• 8, 16, 32-bit data transfers 
• Switch selectable write protects 

at front panel 
•'Variable access timing 

"MULTIBUS and MULTIMODULE are trademarks of Intel Corp. ""Q.bus is o trademark of Digital Equipment Corp. 

Custom Design/Manufacturing 

• Advanced CMOS design 
methods 

• Fast prototype turnaround 
• Competitive volume pricing 

For more information on DTl's RAM 
products, CMOS CPU boards for 
the MULTIBUS*, CMOS MULTIMOD­
ULES*, and custom designs, 
contact Bill Long, CBC Product 
Manager at 
(601) 856·4121 CIRCLE 67 

• 
Diversified 
Technology 
An Ergon Co. 

P. 0 . Box 7 48, Ridgeland, MS 39157 
Telex 585326 



THE CHALLENGE: 
Develop a self-converging color yoke 
capable of 0.3 mm convergence in 
extreme environmental conditions. 

Tektronix 
design engineers 
were looking for a partner 
to participate in an R & D contract 
to develop a color CRT package for 
cockpit instrumen­
tation. Conver­
gence of better 
than 0.3 mm over 
the five- and 
six-inch flat screens 
would be difficult to 
achieve. And the 
temperature and vibra-
tion extremes of an aircraft 
cockpit would make it even 
more of a challenge. 

So they turned to Discom. Tektronix 
knew Discom's thirteen-plus years 
of developing components that 

have continually raised the state-of­
the-art in display technology would 
help them realize their objectives. 

Discom's patented non-
--~-- uniform conductor 

distribution process 
will enable Discom's 
engineers to de­
velop a specially 
designed deflection 
yoke for these 

tough performance 
and environmental 

requirements. Then 
Discom's full-capability 

prototype lab can build 
prototypes for testing and 

evaluation . 

And. because Discom's precision 
smooth-core construction assures 
that design specs can be main­
tained throughout production. the 
yoke design will be suitable for 
high volume production. 

In avionics, as well as V DT's and 
large screen graphics. D iscom is 
helping the world's largest elec­
tronics manufacturers meet their 
design challenges. And often sav­
ing them time and money in the 
process. Circle the number below 
on the reader response card. or ca ll 
(61 7) 692-6000 and cha llenge 
Discom. 

Display Components, Incorporated 
334 Littleton Road 
Westford, MA 0 I 886 

... challenging the limits of technology. 
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enter Mini-Circuits' 

IBM'"' PC Personal Computer, 
dual disk-drives, printer, software 
(word processing, spreadsheet and planner) . 
A complete system . . . a $4,000 VALUE!· 
IBM 1s a registered trademark of International Business Machines Corporation . 

'Value at time of press. All applicable taxes and duties are the sole respons1bil1ty of the winner. 

F 9'.l A REV ORIG 

2-4-6 hr. VHS Videocassette Recorder 
3 speed, remote control, timer, 
electronic tuning .. . including 6 tapes 
.. . a $500 VALUE! . 



Design Contest 
It's Easy to Enter 
Do you have a clever design idea or applica­
tion involving IF / RF / microwave signal-pro­
cessing components- mixers , power splitter/ 
combiners , attenuators, RF transformers, 
directional couplers, amplifiers or RF 
switches? Or pe rhaps a versatile setup for 
testing them or a novel approach to enhance 
their performance. 

If you have a n original idea, e nter Mini­
Circuits Design Contest now. Type or legibly 
print your submissions. Start with a brief ab­
stract describing the key point of your idea 
(cost saving, improved performance, simpli­
fi ed testing, etc .). List RF signal processing 
components used. Then proceed with the de­
ta iled expla nation . Make schematics and block 
diagrams clear; include values of circuit com­
ponents . Be sure to include performance data 
and curves ; judges' scores will be based on 
content, multiplicity of products involved and 
thoroughness. 

Free 64-page RF / IF Signal 
Processing Components Guide 

For an up-to-date review 
of Mini-Circuits ' IF / RF / Microwave 
product line, refer to EEM, EBG, 
Gold Book or Microwaves Directory. 
Or call / write our factory or any 
of our 45 worldwide sales offices 
for our 64-page RF Signal-Processing 
Components Guide. 

F 93 B REV ORIG 

Contest Rules 
1. Submit as many entries as you 

wish . 

2 . Ideas should be original and 
non-proprietary.t 

3. Entries will be judged by the 
editorial staff of Microwave 
Journal and their decisions 
will be final. The top 25 win­
ning entries will be published in 
Microwave Journal. 

4. All entries become the prop­
erty of Mini-Circuits Laboratory 
and must be received by 
December31, 1984. 
tWinners may be asked to sign an 
affidavit of eligibility & release. 

5 . Employees of Mini-Circuits 
Laboratory, Microwave Journal 
and their sales representatives, 
are not eligible. 

6 . Contest void where prohibited 
bylaw. 

7 . Make sure to include your 
business address and phone 
number. In addition, for non­
U.S. entries, indicate AC power 
line voltage and frequency. 

8 . Send your entries to : 
Mini-Circuits ' Design Contest 
P.O. Box 137 
Brooklyn, NY 11235 

Good Luck, and Thanks. 
The Mini -C ircuits Design Contest, w ith its competitive excitement 
and fabu lous pr izes , is our way of thank ing all of the designers 
worldwide whose staunch customer support has been responsible 
for our continuing growth. 

Free fact-filled Question/ Answer Series 
on RF Signal-Processing Components 

Since Mini-Circuits is the world 's largest manufacturer 
of mixers and RF signal-processing components , 
it's natural for us to receive hundreds of 
questions from engineers on these products. How 
to test them, how to make the right selection, 
how to optimize a circuit design ... questions with 
answers not found in textbooks or reference manuals. 

So we 've put together a series of Q & A 
(question / answer) booklets on most-frequently 
asked questions on mixers , phase detectors 
and power splitter/ combiners. They are l~aded 
with application-oriented tips , ready to solve 
a problem you may be facing . The set is free ... 
just call or write us or any of our 45 
worldwide sales representatives. 



EXAMPLE 1: 
send your entries to: 

Mini-Circuits' Design Contest 
P.O. Box 137, 
Brooklyn, New York 11235 

Low-cost, high performance lmage-Re;ection Mixer. 

KEY COMPONENTSi mixers, power splitters. 

Mar:y telec.ornmunicatlons systems regu ire a rnixer arrangement 11"'1at delivers the 
desired IF and sharply rejects the other 1rnage frequericy. 

An eFFective,low-cost solution makes use of Mini-Circuits' TFM-2 mixers and 
it's 2-way, 0° PSC-2 and 2-way, 90° PSC.Q-2-90 power splitter/ combiners .as 
Shown in the diagram. 

The key to an efficient image-rejection, such as shown in the block diagram, is the 
use of double-balanced mixers with well -matched amplitude an.cl phase 
characteristics and high isolatioh. Howe~r, l_)COr hybrid phase characteristics, 
differences in the output amplitvdes of the hybrids and non-symmetrical external 
c\rc.uits will also reduce irnage-r-C'jection performance. The effects onsidebat'ld 
suppression caused by unequal mixer amplitu~ ard phase.shift areo shown 1n Tables 1 and 2. 

RF 
Input 

Table 1 
Arnplttude Unbalance 

vs. A,clB 

Unb31,dB 
0.3 
0.9 
t. 5 
2 
3 

90°Hybrld 
M.CL. 

PSCG-2-90 

A,dB 
35 
27 
22 
13 
15 

IVIC.L 
TFM·2 
Mixer 

MCL 

Table 2 
Phase unbalance 

A. dB 

Phase Unool,degree 
3 

A,dB 
33 
22 9 

15 
20 
30 

MCL 
PSC-2.-1 

In-phase 
divider 

LO 
Input 

18 
15 
12 

qo0 Hybrld 
MCL 

PSCQ-2.-qQ 

Real 
If output 

50 TFM-l 

J\, Mixer 

> ~---\ 
Image 

50 
~ 

JOSEPH CANTORE, 
Engineering Dept., 
Al phaornega corp., 
11 Madison street 
Key Biscayne.., Florida 33149 

F 93-C REV. ORIG. 

finding new ways ... 
setting higher standards 

O Mini-Circuits 
A D1v1s1on of Sc1en11hc Components Corporation 

World 's largest manufacturer of Double Ba lanced Mixers 
P.O. Box 166, Brooklyn , New York 11235 (718) 934-4500 

Domestic and International Telex 125460 International Telex 620156 



EXAMPLE 2: 

send your entries to: 

Mini-Circuits' Design Contest 
P.O. Box 137, 
Brooklyn, New York 11235 

Improving two-tone, third-order IM measurements. 

KEY COMPONENTS; power splitters, attenuators, amplifiers 

Two-tone ,third-order interrnoclulation (IM) exprt?sses the degree or non-linearity of an c:implifier 
or mi,x,er. This parameter is generally not included on cla"ta sheerts because it is dependent upon 
operating frequencies, terminating im~ance and input le-vels i it rnust be measured under 
specific design performance conditions. 

Two common errors in these measurementsat-e (1) failure to provide adequate isolqtion between 
input Signal generators and proper impedance metching and (2) insufficient filtering of the two 
1npot test signals . 
A proper test setup for measuring two-tone, third ord~r IM distortion is shown. Note the use of 

two amplifiers and "dB pad5 for input generator isolation and pro~r 50ohm mutching · A 
practice oF simply using a Tee-connector between generators developes tn_ismatch~, producing 
undesired harmaf'lics which dramatically affect accuracy. 

Two-tone, third-order JM distortion is only meaningful when the input levels to the 
devic~-under-test are defined. 

E.xarnine -the spectrum analyz.er display fora ZAYi double-balanced mixer. Notice the SigniFicant 
difference intwo-tone,third-orcler componentwithaninp.itfe\/el of -todBrn For~ach tone (b) 
compared with OdBm ;nputlevel for eadl tone Ca). 

Also, the amoont of two~tone, third-order must l:>e specified relative to either the RF input 
or desired If output; the desired IFOt1tput is more meaningFul. 

Rf 
GEN.#2 

....-----. CA1"-~ 

I--

W!OE..eANO 
AN\PLlflER. 

2.FL-2000 

\NIDEBANO 
AN'lPUFlEll 
:zfl-2.000 

IO<JB 

GE.NEPAL NOTES 
I) All Mini-Circuits praduets have n--a:Jel numberS showri . 
2) Ocl13nl inpci.rl-1 A-B connecte:I as showri 

--fodl.?tn input, insert CAT-101 IOd1' be-tween A~s 

JOSEPH CANTOR~, 
f:n9ineering Dept., 
Alphaomega. Corp., 
11 Ma~i.son Street 
Key Biscayne, Florida 33140 

F 93 D REV. ORIG. 

SPEaR.Uf\.1 ct'J(?,6 L.P 
ANALYleR. i--------1 FILTER 

OdBm input power - IOdBm input power 

finding new ways ... 
setting higher standards 

0 ~i,~n~f:~,~c~~Y!l! 
World ·s largest manufacturer of Double Balanced Mixers 

P.O. Box 166, Brooklyn , New York 11 235 (718) 934-4500 
Domest ic and In ternational Telex 125460 International Telex 620156 
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ADVERTISEMENT 

Price breakthrough - switching power supplies 

I n the fiercely competitive switching power supply market, many companies have 
trouble meeting prevailing cost per watt pricing levels. Not so at POWER 
GENERAL, a Canton, MA. power systems manufacturer. 

Quantity prices for a quad output, 100 watt, switching power supply, for example, have 
been cut to less than 50¢/watt. A wide variety of popular switching supplies, including 
40, 50, and 70 watt, triple and quad output supplies, have been given similar price cuts. 

This significant price reduction has been accomplished through new cost-effective 
designs and increased manufacturing efficiencies at no sacrifice in product quality, 
reliability or performance. All new open frame switching power supplies are designed 
to meet the most stringent international safety standards. 

for more information circle 69 

Industry standard DC-DC converters offered 

A 
full line of industry standard, 1 to 50 watt DC-DC converters is being offered by 
POWER GENERAL. These popular converter types are form-fit and function­
ally compatible with similar products available from manufacturers such as 

Power Products, Stevens Arnold, Datel, Reliability and Semiconductor Circuits. 
Features such as wide input voltage ranges, remote on/off control, low output noise, 

electrostatic shielding, low profile cases, and input PI filters are offered. In some cases, 
the POWER GENERAL units will actually offer the user improved performance and 
availability at competitive prices. 

for more information circle 70 

New AC-DC modules replace encapsulated versions 

A new series of linear AC/DC modules features a unique, mechanical design. 
Offered by POWER GENERAL, a leading U.S. manufacturer of power 
conversion products, the 140/240 series convection cooled, metal cased supplies 

have an MTBF of 120,000 hours. These units are plug-in compatible with industry 
standard models available from Semiconductor Circuits, Power Products, Acopian and 
Datel. 

Units are available with single outputs of 5, 12, 15 or 24 VDC and dual outputs of± 12 
or ± 15 VDC. All models are available for either P.C. board or chassis mount and are 
capable of series or parallel operation. The use of toroidal power transformers reduces 
radiated magnetic fields to a minimum. The 140/240 series is plug-in compatible with 
competing encapsulted units. 

for more information circle 71 

Free handbooks offered on DC-DC's & SWITCHERS 

A 
vailable free upon request, these new product handbooks include comprehensive 
data on Power General's full line of switching power supplies and DC-DC con­
verters, including over 75 new products. 

Power supply characteristics are presented in quick selection tables followed by 
complete engineering data on all models. Also included in each handbook is a glossary of 
terminology and tutorial information on DC-DC converters or switching power supply 
operation. 

for more information circle 72 
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PC-Board­
Type Relays 

CIRCLE 73 

Electronic Design examines 
current and developing 
Communications Technology 
areas in our December 13 issue 
INCLUDING : 

- Communications ICs 
- Microcomputer System Design 
- Power Supplies 

Plus a Special Report on Modems 

· Palltsu: World-Class 
Components 

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
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Coming December 2 7 ... 
Our Designer's Reference Special 
Issue ... The industry's only 
complete reference guide 
IN ADDITION, REPORTS COVERING: 

- CAE Software 
- Data Communications 

D 
NEXT IN OUR PERSONAL COMPUTER SERIES: 

Personal Computer Report Card: 
A Reader Survey (Part 2) 

---------------------

World-Class Components Update: 
' 

@LITT~1f®ffi1 rnrnrnrn11~ LUJ~ffiJ®IBTI~~ 
has so much memory offered 

mMIY advantages In so many ways. 

fultsu's custom bubble memories offer 
maintenance-free operation, card 
eicpandabiUty to 4 megabits, access 
lme 4 times faster than compe­
titive bubbles and 10 times faster 
than floppy discs, ambient temper­
atures from o•c to + 5D°C (case 
temperatures from o•c to + 7D°C) 
and a non-volatile memory that 
generates without a.seed bubble. 

What's more, tough Fujitsu cassettes go 

Adapter FBM·A003 (left) interfaces w#h 
GPIB; Adapter FBM·A002 wffh RS232C. 

where discs fear 
to tread. Portable, 
detachable and 
magnetically 
shielded, they 
shrug off shock, 
vibration, dirt, oil, 
and chemicals. 

And now, the new 
adapters shown in 

World Class Components 
Part of Tomorrow's 

Technology 

11111111111111111111111111111111111111111111111111111111111111111 

FUJITSU 

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

the inset interface the 1-megablt 
cassette and the 4-megabit card to 

both RS232C and GPIB (IEEE 488). 

Also you can now order a 1-megabit, 
single power source ( +5v) cassette 
system. This new unit has a built-in 

power-fail signal, which prevents 
loss of data in the memory. Its 

internal circuitry also provides for 
+ 12v and - 12v power sources. 

Finally, you can order a new 4" x 4" 
1-megabit bubble memory card and 

card kit. The assembled card plugs into 
a standard card-edge connector. 

Features like these make Fujitsu custom bubble 
memories ideal for test and measurement equip­

ment, communication systems and data processing. 

For years, Fujitsu has produced state-of-the"art 
components at competitive prices-components of 

uncompromised quality and reliability. 

For the best components at the best prices, 
choose Fujitsu. 

CIRCLE 74 

Component Division Fujitsu America, Inc. 
918 Sherwood Drive, Lake Bluff, IL 60044 ' 
(312) 295-2610 Telex: 206196 TWX: 910-651-2559 











link a broad spectrum of soft­
ware tools to create logic and 
lay out chips, the system engi­
neer turned IC designer 
requires an integrated tool 
set that produces correct re­
sults without the need for 
guesswork and for cumber­
some file conversions. 

Getting all the tools to ac­
cept a common data format is 
essential if the trend toward 
integrated CAE is to prevail. 
The efforts to create an Elec­
tronic Design Interchange 
Format (EDIF) could go a 
long way toward simplifying 
this chore. Nevertheless, to be 
truly integrated, tools must 
also conform to a consistent 
design philosophy. That 
characteristic is hard for the 
user to verify, even with a 
trial run. 

Fortunately, the very es­
sence of CAE integration is 
fairly easy to assess. Circuit 
design breaks down into two 
major phases, logic design 
and layout. Thus the user 
must simply make sure that 
the two are intimately con­
nected (see" A Quick Pass 
through Integrated CAE," op­
posite). All too often, what 
passes for integration con­
sists merely of a routine for 
translating between the logic 
and the layout data bases. 

Start at the beginning 

The various approaches to 
integrated CAE can be most 
readily grasped by stepping 
through the process, begin­
ning with logic definition and 
proceeding to chip produc­
tion. Producing application­
specific devices can start at a 
number of levels , ranging 
from capturing designs for 
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A quick pass through integrated CAE 
To appreciate the relationships 

among CAE tools that design appli­
cation-specific ICs, system designers 
need a basic understanding of the de­
sign process. Usually a new system 
must be defined first at its function­
al level, either graphically or with a 
hardware description language (Fig. 
A). In a top-down approach, succes­
sive hierarchical decomposition into 
ever smaller modules follows, down 
to a level where components are ac­
cessible (Fig. B). At level 1 the CPU 
and RAM can be implemented by 
standard chips; at level 2, either a 
separate chip or a standard cell can 
be used for the a-d converter; finally, 
at level 3, the adder and latch are at 
hand as standard cells, but G1 is re­
presented at the gate level, and X3 at 
the transistor level. 

Because two of the "leaf" compo­
nents (those that are not decom­
posed further) must be created from 
scratch, the designer switches to a 
bottom-up approach and lays out 
these functions by schematic cap­
ture. To create models for simulation 
at, say, the monitor level, the CAE 
system's analog simulator may be 
invoked for the selector, because this 
component is time-critical. The 
rather simple gate-level component 
can be modeled with standard de­
lays, supplied by the CAE system's 
technology file. 

If the simulator handles mixed 
logic representation, the whole mon­
itor module can now be checked for 
proper functioning of its logic. If the 
simulator requires uniform (usually 
switch-level) representation, a tool 
that "flattens" the design must first 
be invoked. It converts functional 
descriptions (the a-d converter), 
gate-level descriptions (here, Gi) 
and cell-level descriptions (the adder 
and latch) into a uniform format, 
usually a net list plus logic and tim­
ing information. 

Before committing the whole mon­
itor subsystem to silicon, the com­
plete control system should be 
simulated. If the CPU is a simple 
4-bit controller chip, the CAE sys­
tem's logic simulator should have no 
trouble -handling its functional de­
scription-provided it is a mixed­
mode simulator. 

Before going on to generate a chip 
layout, system designers should plan 
to verify the timing of the whole sys­
tem and analyze it for testability. In 
CAE systems, logic simulation is 
usually performed at the gate or the 
switch level (equivalent to a sim­
plified transis tor level), without 
considering timing. Only after t he 
schematic is logically correct need 
timing verification be performed. 

Because standard cells tend to con­
sume less silicon than gate arrays, 
they work faster. In the example, one 
monitor is needed for every channel. 
Because silicon consumption deter­
mines how many channels can be 
handled by a single chip, a standard­
cell design proves the best choice. 

Although CAE systems differ 
widely in the way a logic circuit is 
converted to a physical layout, all 
need accurate models to avoid rede­
sign. Most CAE systems extract tim­
ing information from the final phys­
ical layout, based on line length and 
capacitive loading. Some even recon­
struct the whole circuit from the 
geometric mask information-a pro­
cess usually called circuit extrac­
tion-and compare it with the circuit 
defined by the design data base. 

If the design passes this last hur­
dle, a pattern-generation tape must 
be produced in one of several stan­
dard formats. All describe geometric 
shapes and can readily be translated 
from one into another. 

Silicon compilation, which is now 
being added to some CAE systems, 
bypasses all steps between system 
definition and tape generation. As a 
result, silicon compilers may even­
tually become the main technique for 
designing application-specific chips. 

While compiled chips may waste 
silicon, this may not matter if they 
can save a great deal of development 
time. However, silicon compile r s 
have mostly been optimized for fair­
ly standard circuits, whereas t he 
prime purpose of application-specif­
ic designs is the replacement of non­
standard glue logic. On the other 
hand, random logic often adapts 
general-purpose microcomputers to 
specific applications, and a compiled 
processor could do away with the 
glue altogether. 
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new logic, to working with li­
braries of existing off-the­
shelf chips and standard cells, 
to converting a board full of 
TTL packages into a single 
chip (Fig. l). 

In the first case, the user 
starts with what boils down to 
little more than an automated 
drafting system. Predefined 
geometric shapes (usually 
gates) are put on the screen 
and linked. The CAE system 
generates a data base, in the 
form of a net list that defines 
which pins are connected, and 
also stores the position of the 
circuit elements on the 
screen. 

The second case closely re­
sembles the first, except that 
here the user can pull prede­
fined components from a li­
brary. For those employing pc 
boards, the components are 
separate packages; for de­
signers of application-specif­
ic ICs, standard cells take the 
packages' place. A good exam­
ple is the library of over 200 
standard 3-µm CMOS cells 
from Texas Instruments Inc. 
(Dallas). It contains RAM, 
ALUs, decoders, adders, and 
analog cells like op amps. 

Just press the button 

In the third case, the user 
starts with an existing board­
level system. Because it is 
thoroughly defined, the ul­
timate CAE package would be 
one that converts the board to 
a chip at the push of one func­
tion key. Indeed, if the board 
has been designed on a CAE 
system equipped with a sili­
con compiler, that scenario 
would no longer be far­
fetched. 

A silicon compiler can be 
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visualized as consisting of a 
front end that handles logic 
synthesis and a back end that 
serves as a silicon assembler. 
Logic synthesis unites a host 
of tools that some would con­
sider silicon compilers; others 
want to restrict that term to 
so-called ideal compilers, 
which perform the entire 
compilation process-from 
design capture through mask 
creation. 

Farewell, ivory towers 

Some of the disagreement 
stems from the distinction be­
tween functional (behavioral) 
and structural (schematic) 
representations (Fig 2) . The 
former describe what a sys­
tem or subsystem does­
usually in the form of a func­
tional description language. 
The latter delineate imple­
mentations, either in schema­
tic form or with hardware de­
scription languages. An ideal 
compiler transforms a func­
tional description into a lay­
out, but such descriptions are 
not widely used by system de­
signers at this time. 

Although they are still nov-

Functional Register-
system transfer- level 

description description 

el ties, silicon compilers are no 
longer academic toys. For ex­
ample, Valid Logic Systems 
Inc. (San Jose, Calif.) has 
seven compilers for different 
analog and digital circuits 
that run on its SCALDsystem 
(see Design Entry, p. 149). 
They were developed jointly 
with Seattle Silicon Technol­
ogy Inc. (Bellevue, Wash.) and 
targeted for 3-µm CMOS. 
Compared with standard 
cells, they can reduce silicon 
area by 25 % to 40 %. Daisy 
Systems Corp. (Sunnyvale, 
Calif.) is expected soon to of­
fer a silicon compiler on its 
Chipmaster workstation, and 
Mentor Graphics Corp. (Bea­
verton, Ore.) is working on a 
compiler as well. 

Though Valid's compiler 
accepts both functional and 
gate-level descriptions of the 
circuit, the MetaSyn compiler 
from Metalogic Inc. (Cam­
bridge, Mass.) uses the lan­
guage of the MacPitts system 
which was developed at Mas­
sachusetts Institute of Tech­
nology's Lincoln Laboratory 
(see Design Entry , p. 187) . 
Lattice Logic Ltd. (Edin-

Symbolic 

burgh, Scotland) also favors a 
description language for its 
Chipsmith compiler. In this 
case, it can be applied to gate 
arrays as well. Silicon Com­
pilers Inc. (Los Gatos, Calif.), 
on the other hand, has settled 
on the menu method of entry 
(ELECTRONIC DESIGN, Oct. 4, 
p.167). Its software is a direct 
descendant of the Bristle 
Blocks compiler, developed at 
the California Institute of 
Technology (Pasadena, Cal­
if. ), which started the whole 
movement towards silicon 
compilers. 

Tough choices 

The attraction of a com­
piler's one-step design of 
application-specific chips is 
still tempered with the fear of 
the unknown. Nevertheless, 
one of Silicon Compilers' de­
signs is in full production. The 
MicroVAX data-path chip 
contains 37,000 transistors (a 
32-bit ALU, 47 resistors, a 
barrel shifter, ROM, and oth­
er circuitry) and was devel­
oped in only six months. The 
chip takes up 63 mm2-yield­
ing a density only 13% lower 

Symbolic Gate-level Circuit- level Geometric 
(Boolean ) (network) representation representation (mask-level) 
descript ion description with without description 

compaction compaction 

Schematic ca lure software s ¥ 1bolic layout softwa e 

L< gic synthesis softwa e Symbolic la out so.ftware 

Silicon assembler 

Intermediate !silicon compiler 

Intl rmediate silicon corr piler 

Ideal silico compiler 

1. CAE software covers a wide range of design activities. Though most packages address only some of these 
tasks, an ideal silicon compiler tackles them all. 
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than that of Intel's 80286. 
Digital Equipment Corp. 
(Maynard, Mass.) is now pur­
suing silicon compilation 
with an in-house effort, as are 
several other companies in­
cluding Intel, Hewlett­
Packard and Fairchild. 

A silicon compiler fulfills 
the American ideal of a verti­
cally integrated tool that 
shepherds a design from con­
cept to chip. But the com­
piler's front end-which syn­
thesizes the logic-may be 
better served by other design 
methods. For example, 
Japanese companies were 
quick to automate the time­
consuming and error-prone 
layout effort. Nippon Tele­
graph and Telephone Corp . 
(Atsugi, Japan), for example, 
slashed the time usually asso­
ciated with this task from 70 
to 0.3 man-months. Typically 
50 man-months are still re­
quired for circuit design. 
Through logic synthesis, this 
effort is expected to dwindle 
dramatically-to as little as 
2 man-months. The function­
al design of the system has al­
ready been reduced from 40 to 
10 man-months with the help 
of a simulator that accepts 
functional-level inputs. 

One key factor in NTT's log­
ic synthesis is circuit opti­
mization, which eliminates 
single-input gates (except for 
inverters), redundant pass 
switches (by ORing equiva­
lent signals), and redundant 
expressions created by pre­
vious synthesis steps. A tech­
nology conversion program, 
finally, optimizes the logic for 
the targeted approach-in­
cludingTTL, ECL, and CMOS. 

Hitachi Ltd. (Kokubunji, 

Japan), in contrast, takes 
technology limitations into 
account much earlier-at the 
register-transfer level. Signal 
polarity is already accounted 
for when a module is de­
signed, thus producing more 
com.pact I Cs. The experiment­
al design software, from Fu­
jitsu Ltd. (Kawasaki, Japan), 
even contains an expert sys­
tem (currently with about 200 
rules) to translate function 
diagrams into logic. 

Reaching out 

The long-standing dispute 
between graphic and textual 
circuit description may have 
found a solution. At AT&T 
Bell Laboratories (Murray 
Hill, N.J.), the Schema design 
capture system prompts the 
user with a menu and then 
puts the selected primitive, 
say, a 4-bit register, on the 
screen (Fig. 3). The system 
then automatically translates 

Structural 
representation 

System 
level 

------+--

Design 
transformations 

the module into a hardware 
description language in 
FPDL (functional primitive­
description language). This 
quality of representation per­
mits both graphical connec­
tion of elements and symbolic 
manipulation. 

For example, the FPDL 
definitions could serve as in­
put to another Bell develop­
ment, the procedural layout 
generator. Standing about 
halfway between a silicon 
compiler and an assembler, 
this software package's CPU 
generator was employed in 
building the Plex microcom­
puter. Other generators can 
be specialized for UAR Ts, 
barrel shifters, or even mem­
ory. Silicon Design Laborato­
ries (Basking Ridge, N.J.) is 
working on a commercial ver­
sion of a similar tool set. 

The layout generators are 
conceptually similar to Sili­
con Compilers' parameter-

systems 

Algorithms 

Lowest 
level I 

/ 

"" Mask geometry 

Cell description 

Chip layout Verification 
(feedback) 

Geometric representation 

2. An IC can be represented in three ways. Functionally described 
systems could be transformed into a register-level network by one 
program and into mask geometry by another. A verification program 
can transform the latter back into circuit-level net lists, furn ishing a 
feedback path. 

Electronic Design · November 15, 1984 133 



[_ 
TECHNOLOGY REPORT; COMPUTER-AIDED E~GINEERING 

ized-cell com pilers, al though 
the latter appear capable of 
yielding more efficient lay­
outs. One step closer to 
standard cells are the param­
eterized cells from VLSI 
Technology Inc. (Santa Clara, 
Calif.) . A counter cell, for ex­
ample, can be instantiated for 
any number of bits . Concep­
tually the two differ sub­
stantially, however. VTI's 
solution is generalized from 
standard cells, while Silicon 
Compilers' represents spe­
cialized silicon compilers. 

r:: a; 

u 0 
Q._ ..J 

I 
1i Pl3 <fl 03 1o 

2i Pl2 02 2o 

3i P11 01 3o 

4i PIO 00 4o 

5i RS 
~ 
u 

UNREG (4) ATT 

'° 
(a) 

CKTNAME: ATT; 
TYPE: UNREG(4); 
INPUTS: CK, RS, Pl [3:0]. SHLD, PC 
OUTPUTS: Q [3:0] 

(b) 

3. In the Schema system, a 
graphic representation of a reg­
ister (a) is transformed auto­
matically into a functional de­
scription language (b). 

Complexity of IC 
description 

Description level Number of items 

System 1 
Modules 10 
Cells 1000 
Gates 10,000 
Transistors 30,000 

Geometries 500,000 
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Whether a silicon compiler, 
conventional design, or any­
thing in between is used-and 
whether the CAE system is or 
is not integrated-one piece 
of software is crucial: the 
simulator. As soon as a logic 
circuit exists on paper-or, 
more accurately, in a data 
base-it must be exercised. A 
logic simulator acts on paper 
logic in much the same way 
that a logic analyzer would 
for actual logic. The one ex­
ception is that the simulator's 
diagnosis depends entirely on 
the quality of the model. 

In the early days of design 
automation, TEGAS was the 
preferred simulator, running 
on a mainframe or supermini­
computer like the V AX-11/ 
780. A VAX-based integrated 
CAE system like TegaSta­
tion, from Calma Inc. (Austin, 
Texas), can afford to use that 
well-proven system . Al­
though many TEGAS dia­
lects are in the public domain, 
CC-TEGAS, from Compre­
hensive Computing Systems 
(also in Austin), is a typical 
example of a commercial ver­
sion. It combines eight-level 
simulation with verification, 
fault simulation, and test 
generation. Like its pro­
genitor, it also runs on a VAX-
11/780. Per haps CC-TEGA S's 
most valuable feature is its 
large library of functional 
elements (from shift register 
to ALU), which greatly speed 
simulation. 

A new generation 

The emergence of design 
automation has spurred the 
creation of several new simu­
lators that try to overcome 
TEG AS's biggest handicap-

its slow speed. One solution is 
mixed - mode simulation, 
which works at the switch, 
gate, and functional level and 
is intrinsically more efficient 
than switch-level simulation 
(see the table). Hilo-2 devised 
by Cirrus Computers (Maid­
enhead, England) is now dis­
tributed in the U.S. by Gen­
Rad Inc. (Santa Clara, Calif.). 
The package has already 
found its way into several 
CAE systems including those 
from Metheus-Computer­
vision (Hillsboro, Ore.) and 
CAE Systems Inc. (Sunny­
vale, Calif.). Based on similar 
concepts, Cadat, from HHB­
Softron (Mahwah, N.J.), is 
also making its way in the 
world, primarily because of 
its fault simulation features. 
It is now available on systems 
from Cadnetix Corp. (Bould­
er, Colo.), Mentor Graphics, 
and Via Systems. 

It's interactive 

Most mixed-level simula­
tors handle about 1000 to 2000 
events (logic changes) every 
second, using a VAX-11/780. 
A new entry, Themis, equals 
this speed on a Prime 730 
computer, for which it was de­
veloped. Functional com­
ponents at the register 
transfer level can be defined 
in the TAD (Themis architec­
tural design) language (Fig. 4, 
top). Themis stands out as a 
fully interactive simulator; 
any run can be stopped and 
restarted, even if changes are 
made to the simulated circuit 
or if it is incomplete. Further­
more, it permits as many as 
six different delays to be as­
signed to any gate output. 
Such flexibility is sorely 



By eliminating 
unnecessary 
components, 
our new 
switchers 
keep costs 
down. 

Today's power supply specifiers 
have become more sophisticated. They 
are no longer willing to pay for com­
ponents and features they don't need. 

That's why we built our new 
7M Series from the ground up. We 
eliminated unneeded components ... 
and their excess costs. 

With output ranges from 45 to 
150 watts, all four new models utilize 
our proprietary Flyback technology 
to boost efficiency ... more watts out 
of a smaller size package ... at less 
than $1 per watt in OEM quantities. 

What we didn't take out. 7M 
Series switchers are certified to 
both domestic and international 
regulatory requirements for safety 
and conducted EMI. For safety, they 
are recognized to UL4 78 and are 
certified to VDE 0806 Class I SELV, 
IEC 380 and CSA C22.2. For con­
ducted EMI, they meet FCC Docket 
#20780 Level Band VDE 0871 Level B. 

If you need bells and whistles, 
keep ordering our old line. If not, 
check out our new, cost-effective 7M 
Series. Available now ... from the 
factory or your local distributor. 

Put the squeeze on costs. Call 
or write today. For on-line application 
information, dial toll-free outside 
California (800) 423-5569. Sierracin/ 
Power Systems, 20500 Plummer Street, 
Chatsworth, CA 91311. Phone 
(818) 998-9873. 

CIRCLE 75 

Sierracin is 
where it's happening 
in power supplies. 

Sierracin/Power Systems 
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lacking in many simulators. 
What's more, the user can de­
fine probes anywhere in the 
circuit to analyze waveforms 
(Fig. 4, bottom). 

Of all the system designers 
who will eventually work with 
application-specific chips, 

only a small fraction have ac­
cess to a VAX. In fact, surveys 
have revealed that only about 
10% are equipped to perform 
any logic or timing simula­
tion at all. The remainder will 
have to make do with modest 
computer resources, such as 

4. For simulation with Themis, a component is described in a hard­
ware language (top). The waveforms at arbitrarily selected nodes 
mimic those obtained with a logic analyzer (bottom). 
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those offered by worksta­
tions. Those tools are strained 
even by fairly small circuits. 
For example, a circuit with an 
8-bit ripple counter, a 2-bit 
shift register, and some ran­
dom logic-about 80 gates 
altogether-requires from 10 
to 40 s to simulate on the ma­
jor CAE workstations. On a 
system built around an IBM 
PC personal computer, the 
same simulation took as long 
as45 min. 

It is no wonder, then, that 
the CAE industry has ex­
pended a great deal of effort 
to speed up simulation. One 
tack that has become almost 
universal separates logic 
simulation from timing veri­
fication. Most of these sys­
tems can trace their ancestry 
back to SCALD, which was 
developed at the Lawrence 
Livermore Laboratory, an 
affiliate of the University 
of California (Livermore, 
Calif.). Some of its principal 
developers went on to en­
hance the original system. 
Valid Logic's version added 
different rise and fall delays, 
correlation between varied 
circuit events, and reconver­
gent fan-out. 

By eliminating timing 
analysis, logic simulators 
have been sped up about 
threefold, assuming a nine­
level logic model. In the be­
ginning, SCALD and its 
counterparts worked with 
four levels: 0, 1, unknown, and 
high impedance. Today, most 
simulators have added from 
two to four signal strengths, 
so that uncertainties can be 
resolved-for example, when 
a line is connected to a 0 and a 
1 at the same time. Most sys-



Before Johann Sebastian Bach developed 
a new method of tuning , you had to 
change instruments practically every time 
you wanted to change keys.Very difficult. 

Before Avocet introduced its family of 
cross-assemblers , developing micro-pro­
cessor software was much the same . You 
needed a separate development system 
for practically every type of processor . 
Very difficult and very expensive . 

But with Avocet's cross-assemblers , a 
single computer can develop software for 
virtually any microprocessor! Does that 
put us in a league with Bach? You decide . 

The Well-Tempered Cross-Assembler 
Development Tools That Work 
Avocet cross-assemblers are fast, reliable 
and user-proven in over 3 years of actual 
use . Ask NASA, IBM, XEROX or the hun­
dreds of other organizations that use them . 
Every time you see a new microprocessor­
based product , there 's a good chance it 
was developed with Avocet cross­
assemblers. 
Avocet cross-assemblers are easy to use. 
They run on any computer with CP/ M• 
and process assembly language for the 
most popular microprocessor families . 
51/4" disk formats available at no extra 
cost include Osborne, Xerox , H-P, IBM 
PC, Kaypro, North Star , Zenith, 
Televideo, Otrona, DEC . 

Turn Your Computer Into A 
Complete Development System 

Of course, there 's more. Avocet has the 
tools you need from start to finish to enter, 
assemble and test your software and finally 
cast it in EPROM : 

Text Editor VEDIT ··full-screen text edi ­
tor by CompuView . Makes source code 
entry a snap . Full-screen text editing , plus 
TECO-like macro facility for repetitive 
iasks . Pre-configured for over 40 terminals 
and personal computers as well as in user­
configurable form . 

CP / M-80 version . . . . . . . .. . . . . . . . . . . . $150 
CP / M-86 or MOOS version ..... .. $195 
(when ordered with any Avocet product) 

EPROM Programmer -- Model 7128 
EPROM Programmer by GTek programs 
most EPROMS without the need for per­
sonality modules . Self-contained power 
supply .. . accepts ASCII commands and 
data from any computer through RS 232 
serial interface. Cross-assembler hex ob­
ject files can be down-loaded directly . 
Commands include verify and read , as 
well as partial programming . 
PROM types supported : 2508 , 2758, 
2516 , 2716, 2532 , 2732 , 2732A , 
27C32 , MCM8766 , 2564 , 2764, 27C64, 
27128 , 8748, 8741, 8749 , 8742 , 8751 , 
8755 , plus Seeq and Xicor EEPROMS. 

Avocet Target 
Cross-assembler Microprocessor 

XASMZ80 Z-80 
XASM85 8085 
XASM05 6805 
XASM09 6809 
XASM18 1802 
XASM48 8048/ 8041 
XASM51 8051 
XASM65 6502 
XASM68 6800/ 01 
XASMZ8 28 
XASMF8 F8/ 3870 
XASM400 COP400 
XASM75 NEC 7500 

New ... XMAC68K. ......... .. ... 68000 

(Upgrade kits will be available for new 
PROM types as they are introduced .) 

Programmer . . . . . . . . . . .. $429 
Options include: 

Software Driver Package -­
enhanced fea tures, no installat ion 
required. 
CP/ M-80 Version. . . ... $ 75 
IBM PC Version . . . . . . . . $ 95 
RS 232 Cable ............ .. $ 30 
8748 family socket adaptor ... $ 98 
8751 family socket adaptor ... $174 
8755 family socket adaptor ... $135 

G7228 Programmer by GTek -- baud 
to 2400 ... superfas t, adaptive program­
ming algorithms ... programs 2764 in one 
minute. 

Programmer .. .. .. . ....... . . $549 

Ask us about Gangand PAL programmers. 

HEXTRAN Universal HEX File Con· 
verter -- Converts to and from Intel, 
Motorola, MOS Technology, Mostek. 
RCA , Fa ir c hild, Te ktroni x, Texas 
Instruments and Binary formats . 

Converter, each version . . $250 

CIRCLE 76 

CP/ M-86 CP/ M-80 
Version IBM PC , MSDOS .. 

Versions 

$250.00 
each 

$200.00 
each 

$300.00 
each 

$500.00 

$595.00 

Call Us 
If you're thinking about development sys­
tems , call us for some straight talk . If we 
don't have what you need , we'll help you 
find out who does . If you like , we'll even 
talk about Bach . 

CALL TOLL FREE 1-800-448-8500 
(In the U.S. except Alaska and Hawaii) 

V1SA and Mastercard accepted . All popular disc for mats now 
available -- please specify. Prices do not include shipping and 
handling -- call for exact quotes. OEM INQUIRIES INVITED. 

·Trademark of Digital Research •"Trademark of Microsoft 

r 

AVOCETY 
SYSTEMS INci 
DEPT. 1184-ED 
804 SOUTH STATE STREET 
DOVER, DELAWARE 19901 
302-734-0151 TELEX 467210 
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terns now offer from 9 to 16 
logic states. Internally a 
larger number can be used, as 
in the Daisy Logician, which 
handles models tailored to 
specific foundries. Valid's 16 
normal states are supple­
mented with 4 special cases, 
bringing the total to 20. Too 
many strengths, however, can 
lead to erroneous results. 

Perfect timing 

Under SCALD, signal tim­
ing is calculated from the 
minimum and maximum 
propagation delays of all com­
ponents and from the trans­
mission line delays obtained 
from the physical config­
uration. SCALD associates a 
number of properties with 
each signal: stable (S) or 
changing (C), rising (R) or 
falling (F), and unknown (U). 
Established tables determine 
which properties apply to the 
outputs of different gates, de­
pending on the properties of 
the inputs (Fig. 5). 

Under SCALD, if a signal 
line were described as 

CK.C0-4&Z 
it would indicate that the 
signal CK.C is high from time 
0 to 4. An instruction, z, tells 

s---.01SCRFU 

A 

+ 
0 01SCRFU 
1 1111111 
s S1SCRFU 
c C1CCCCU 
R R1RCRCU 
F F1FCCFU 
u U1UUUUU 

(a) 

the user that it refers to the 
time at which the output, 
rather than the input, of the 
gate changes. 

In general, SCALD tries to 
verify timing once for every 
signal change; in some cases 
this can lead to overly pessi­
mistic predictions concerning 
an output's stability. If, for 
example, two multiplexers 
with different delays operate 
in series, the timing verifier 
would calculate the worst­
case timing without realizing 
that some combinations are 
impossible. Under these cir­
cumstances, the program's 
CAS E construct can be in­
voked, analyzing the different 
alternatives in successive 
clock cycles . The current 
SCALD verifier samples a 
circuit every picosecond to 
reveal any hazard or in­
stability. 

Step it up! 

In spite of separating logic 
and timing analysis, requir­
ing 100 to 500 ms for a gate (as 
implied by the 80-gate bench­
mark) and calling for about 
500 to 1000 events/ s (as de­
fined by several manufac­
turers) make for agonizing 

B-.. 0 1 SC RFU 

A 

' 0 0000000 
1 01SCRFU 
s OSSCRFU 
c occcccu 
R ORRCRCU 
F OFFCCFU 
u ouuuuuu 

(b) 

5. SCALD derives signai shapes at a gate's output from those at the in­
puts: stable (S), changing (C), rising (R), falling (F), or unknown (U) as 
the truth tables for an OR gate (a) or an AND gate (b) show. 
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delays as the circuit grows. 
Most CAE systems therefore 
are or soon will be equipped 
with hardware accelerators 
-additional processors for 
integer arithmetic. These 
speed the simulation dramat­
ically. Daisy's Megalogician, 
which contains three such 
dedicated processors, runs 
100 times faster than the Log­
ician, which has none. For the 
ultimate in simulation speed, 
special-purpose computers 
like IBM's Logic simulation 
machine are needed. It zips 
through 1000 gates in about 1 
ms, and NEC Corp.'s HAL 
(hardware logic), simulates 
1.5 million gates in a 5-ms 
cycle. 

One other parameter must 
not be overlooked when 
selecting simulation hard­
ware- memory require­
ments. By and large, each gate 
consumes between 40 and 100 
bytes of memory (not count­
ing system overhead) for the 
simulation alone. Systems 
that cannot accommodate 
functional-level components 
must replace them with 
lower-level representations. 
Doing so results in huge stor­
age and speed penalties. A 
modest 1000-gate circuit thus 
can easily consume a mega­
byte of RAM; for larger cir­
cuits, disk swapping may stall 
the simulation altogether. 

Gluing together models 

A number of systems have 
evolved from a particular mi­
croprocessor, accumulating 
more and more glue logic with 
each enhancement. Even 
though application-specific 
I Cs make sense as substitutes 
for the glue, they will rarely 



Our new function generator 
makes frequencies 
30 times easier to hold. 

The typical function 
generator lets you dial in 
frequencies with ± 3 % 
accuracy. Our new Model 21 
doesn't have a dial. Instead, a 
3 1/2-digit display shows you 
settings over the 1 OOµHz to 
11 MHz range. And the 
accuracy equals the display 
resolution- an impressive 
± . 09 % , thanks to a built-in 
counter and a digital memory 
circuit. 

Push the Stabilizer button 
and that accuracy becomes 
long-term stability. 

But that's only the 
beginning, because Model 21 
is the most important new 
function generator design in 
the last 20 years. 

For instance, it has digital 
synthesis of waveforms 
[including haverwaves and 
ramps] below 1.1 kHz, with 
1000 horizontal points and 
250 vertical points per cycle . 
You can stop a wave at any 
point. hold it. then resume. 

Or you can use the generator's 
output as a 1000:1 frequency 
divider for ultra-low frequency 
generation. 

Sine , triangle, and square 
waveforms are available at all 
frequencies. and they can be 
triggered or gated . 

A lot of capability for al'l 
instrument just a little over 
3 inches high- and just a little 
under $1 , 000 * . For details on 
how you can get your hand on 
one, contact : 
Wavetek San Diego, Inc. 
9045 Balboa Ave., P.O. Box 
85265, San Diego CA 
92138. Tel. (619) 
279-2200;TWX 
910-335-2007. 
*U.S. price . 
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be used to replace, say, an 
8086. But to simulate the 
system, a high-level descrip­
tion of the CPU is certainly 
needed. The trouble is, nobody 
offers such a model, and de­
signers certainly have no time 
to create one. Besides, a model 
of such complexity could slow 
the simulator to a crawl. 

CAE manufacturers have 
risen to the challenge: Valid 
with its Realchip and Daisy 
with its PMX (physical mod­
eling extension) . The first 
permits as many as 64 com­
ponents with up to 64 pins 
each to plug into an adapter 
board (A 114-pin 68020 has 
also been used). The simula­
tor then feeds its signals into 
the actual devices and passes 
the outputs on to the simu­
lated part of the circuitry. 

When an application- spec­
ific chip becomes available, it 
too can be plugged into Real­
chip, enabling the designer to 
see how it stacks up against 
his model. 

With all their limitations 
and pitfalls, logic simulators 
present an attractive candi­
date for elimination. A de­
sirable alternative would be 
to prove mathematically that 
a circuit is correct. Research 
toward this end has come a 
long way, especially at Fair­
child Laboratories (Palo Alto, 
Calif.). Verify, a program im­
plemented in Prolog, accepts 
functional and structural de­
scriptions of a component and 
determines whether the 
highest-level description 
agrees with the one derived 
from lower levels, all the way 
down to individual switches 
(i.e., idealized transistors). 

The great advantage to this 
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approach is that a component, 
once proven correct, need nev­
er be tested again. Conse­
quently, the test effort grows 
only proportionally to the 
number of modules rather 
than exponentially or fac­
torially. Individual modules 
are checked numerically and 
exhaustively if the number of 
test combinations is under 40; 
otherwise, algebraic simplifi­
cation prevails. 

One example, consisting of 
three multipliers and two ad­
ders (described with 400 Pro­
log statements), was broken 
down into 49 different types 
of modules. Eventually it was 
reduced to nearly 30,000 
primitive parts, including 
over 18,000 transistors. It was 
proven correct in 10 minutes 
of CPU time on a DECsystem 
2060, and the complete trace 
of the proof took up 4800 lines 
of output. The proof holds for 
all of the 134 million possible 
input patterns. No timing 
verification has yet been im­
plemented, but that should 
not prove difficult. 

Analog- alive and well 

If an application-specific 
IC contains analog compo­
nents, to obtain exact digital 
models for digital circuits the 
system designer may have to 
resort to an analog simulator 
like Spice. Created originally 
at the University of Califor­
nia at Berkeley, Spice has 
evolved into many versions. 
Users of integrated CAE 
systems usually must be con­
tent with the one that the 
system handles, hoping that 
it achieves the requisite bal­
ance between accuracy and 
execution speed. If large cir-

cuits must be modeled, a 
system should be chosen that 
permits a Spice input file to be 
transmitted to a remote 
mainframe. By running Spice 
on a VAX, the Daisy user can 
speed a simulation three to 
six times. Mentor recom­
mends carrying out MSpice 
runs either on a mainframe or 
on the most powerful Apollo 
node the designer has access 
to. But the company also fur­
nishes a bridge for transf err­
ing the net list to QSpice, 
which runs on a floating­
point array processor. 

Naturally, analog simula­
tion is essential for analog 
chips and for hybrid designs. 
For communications hard­
ware, chips with switched­
capacitor circuits, which also 
function like analog com­
ponents, are popular. The 
Starcap system, from Silvar­
Lisco (Menlo Park, Calif.), 
works with analog compo­
nents and contains a special 
simulator for switched capac­
itors, Swap, for frequency­
domain calculations of ampli­
tude, phase, and group delay. 

Analog designers can now 
get a dedicated workstation of 
their own from Analog De­
sign Tools Inc. (also of Menlo 
Park). The 68000-based sys­
tem (ELECTRONI C DESIG ' 
Aug. 9, p. 283) draws on a li­
brary of analog ICs and com­
ponents and displays results 
in the time and frequency do­
main . Another useful tool is 
the Simon Simulator from 
Simon Software (San Jose, 
Calif.). It accepts Spice input 
files that contain as many as 
10,000 transistors but works 
up to 20 times faster than 
Spice.o 
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Let's face it. Your logic diagram is just one big doodle 
if your semicustom vendor can't take it and tum it into 
silicon fas t . 

With Mostek, you won't have time to waste. We have the 
des ign tools, technical assistance, and manufac turing mus­
cle needed to quickly take you from concept to completion. 

For example, our Semicustom Design· Centers give you 
access to ex tensive libraries of gate arrays and standard ce lls. 
And our Highland 25

" des ign automation system is easy to 
learn and use . 

You can se lect gate arrays up to 10,000 gates . Standard 
cell libraries at your disposal will include analog, RAM , 
ROM, and PLA's . All implemented in double level metal 
C MOS with performance down to 1.5 ns per gate. 

Before you know it , you'll be creating system leve l designs 
from our precharacterized macrocells with the confidence 
that comes from guaranteed perfo rmance. And you can 
count on Mostek performance as well. 

During your design phase, our staff is available to answer 
any questions you have regarding Highland 2, the cell 
libraries, testing or packaging. Then Mostek's extensive 
production faciliti es will take you and your design smoothly 
through prototyping and manufacturing. 

We have a comprehensive second source agreement with 
Gould/AMI , so you can be confident of support at every 
stage of the process. 

The final result ? You save time, trouble, and can lower 
the cost of new product development . Stop wasting your 
time. Contact Mostek Corporation , 1215 W. Crosby Road , 
MS2205, Carro ll ton, Texas 75006, or ca ll (214) 466-6000. 
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TE K 2236 PORTABLE 
OSCILLOSCOPE 

It's all within the 
scope of the Tek 2236 ! 

Precision measurements at 
the touch of a button. The 2236 
combines 100 MHz, dual time­
base scope capability with 
counter/timer/DMM functions 
integrated into its vertical, hori­
zontal and trigger systems. 

- ·--

-<!Ii 
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For the same effort previously 
required just to display the wave­
form you can obtain digital read­
out of frequency, period, width, 
totalized events, delay time and 
~-time to accuracies of 0.001 %. 

Practicality is the corner­
stone of the 2236. The 2236's 
intensified on-screen markers 
make gated counter measure­
ments easy, with no mental arith­
metic required. And the 2236 
offers an independent floating 
5000 count auto-ranging multi­
meter with side inputs for DC 
voltage measurements to 0.1%. 
An auto-ranging ohmeter pro-

Left top: Ch 1 true RMS & DC 
volts measurements. Made easily 
at the probe tip. (The 2236 adjusts 
automatically to 1X or 10X probes.) 
The 2236 includes relative refer­
ence capability for subtracting 
offsets. 
Left bottom: Gated frequency 
measurement. Intensified zone 
brackets the period of interest by 
means of the delayed sweep, allow­
ing easy frequency measurement 
on any specified portion of the 
waveform. 

vides resistance measurements 
ranging from 0.010 to GO-as 
wel l as audible continuity. Oper-

JiJ[il 1_I _ [ 
.:.Jt._IU I U 

Gated width measurement. Pulse 
of interest is selected with the inten­
sified zone. Both width and period 
metisurements are made with up to 
10 ps resolution. 

-, -, -, ,-, .-, -, ; 

:_1 I. I U U ._/ - '. 

Delta time measurement. Time 
between two intensified zones on 
the A sweep is measured with 
up to 50 ps accuracy. 

THE ANSWER 
BY ANY MEASURE 

ator prompts, auto-ranging 
and audible, automatic diode/ 
junction detection features 
serve to simplify set-up and 
enhance confidence in your 
measurements. 

You can obtain scope, 
counter and DMM input 
simultaneously through a 
single probe. The same probe 
is used to provide input for the 
2236 CRT display and the digital 
measurement system resulting 
in easy set-up, greater measure­
ment confidence and reduced 
circuit loading. You can make 
direct digital measurement of de 
volts and ac coupled true RMS 
volts through the Ch 1 input 

The 2236: scope, counter, 
timer, DMM plus the industry's 
first three-year warranty- all 
for just $2,650*. You can order, 
or obtain literature, through the 
Tektronix National Marketing 
Center. Direct orders include 
probes, operating manual , 15-
day return policy, full warranty 
and worldwide service back-up. 

Call toll-free: 
1-800-426-2200, 
Ext. 64 
In Oregon call collect: 
(503) 627-9000, Ext. 64 



Gould AMI ... Innovation and Quality in Semiconductors 

We're rolling in one· chip 
analog +digital std. cells. 



When it comes to combining analog circuitry and 
digital circuitry on a single chip, no one's done 
more than Gould AMI. 

Gould AMI analog+digital custom and stan­
dard cell designs are already working in products 
from thermostat controllers to audio multiplexers. 
From tone receivers, echo cancellers and modems 
to single-chip filter-codecs. From programmable 
filters and spectrum analyzers to speech synthe­
sizers and single-chip microcomputers. 

No brakes on design freedom. 
Select from an extensive library of analog and 
digital functions. Op amps, modulators/demodulators, 
comparators, phase-lock loops, voltage references, 
filters, AGCs, as well as linear and companding 
A/D and D/A converters (up to 16 bits!) are but a few. 
Available also in our 3µ double poly 10V process for 
better performance than a standard 5V process. 

Gould AMI designers are moving beyond 
components and subsystems into full-system 
integration. We can produce most analog+digital 
chips in low-cost, low-power CMOS. Ideal for 
battery-operated, portable systems and wherever 
IC-generated heat is a problem. 

You're In high gear with Gould AMI. 
We can work any way you like. And interface any 
time from concept through mask making. Your ride 
is smooth, because we've been down the road to 
complex analog+ digital circuits so many times. 

Why not put our experience to work for 1ou? 
For details, contact us at (408) 554-231l Or 
simply mail the coupon. Because if the job is put­
ting analog and digital on a single chip, Gould 
AMI is right for the job. 

r---------------------~----· 
I 
I 
I 

I need analog+digital circuits fast! 

0 Send me the fact-filled brochure on your 
analog capabilities. 

O Send me your standard cell brochure. 

D Tell me about the following applicatiClh(s).: 

0 Have a field engineer contact me. 

Name 

Title 

Company M/S 

Address 

City/State/Zip 

Phone No. 

Mail to: Gould AMI Semiconductors 
Custom Marketing 
3800 Homestead Road 
Santa Clara, CA 95051 

ED 11-15 

•} GOULD 
AIM ii Semiconductors 



We pack CMOS ROMs so densely 
something gets squeezed: 



... the price. 

Access Operating Standby JED EC SOK 
Part Number Organization Time (ns) Current (mA) Current (µA) Package Price 

CDM53256* 32Kx8 

CDM53128 16Kx8 

CDM5364 8Kx8 

CDM5365 8Kx8 

·Available first quarter 1985. Patterns accepted 12/84. 

Now, CMOS ROMs at NMOS prices. 
RCA has broken the price barrier. For the first time, 

you can buy CMOS RO Ms from RCA for the same price 
as NMOS ROMs. That's a lower price than any other 
CMOS RO Ms on the market. 

Our new space-efficient chip cuts manufac­
turing cost. Using a new and smaller space-efficient 
silicon chip, RCA has made CMOS RO Ms the same 
size as most NMOS ROMs- even smaller than many. 
We shrank geometries down to 3µ and arranged 
memory cells in a NANO-stack configuration that uses 
the small space more efficiently. Our costs go down, so 
your price goes down. 

Faster than NMOS, too. 
At a maximum access time of 250ns, RCA ROMs 

are even faster than many NMOS types. Cheaper and 
faster? Well, you'd expect the breakthrough in CMOS 
RO Ms to come from the inventors of CMOS. 

Pin-for-pin compatibility. 
RCA RO Ms feature the same pinouts as competi ­

tive NMOS and CMOS ROMs or PRO Ms. They are input 
and output compatible with CMOS or TTL logic. So now 
it's easy to give your existing design the advantages of 
CMOS technology ... lower power consumption, wider 
temperature range, etc. 

Pack your pattern to your RCA sales office 
today. Squeeze your RO Ms, before your competition 
squeezes you. To put CMOS advantages in your design, 
call your local RCA sales office for a price quote today. 
For technical brochures and ordering information call 
toll-free 800-526-2177. 

Changing to serve you better. 

250 12 50 
28 pin T o be 
TypeB anno unced 

250 10 50 28 pin $3.00 
TypeB 

250 12 50 24 pin $2.50 

250 12 50 
28 pin $2.50 TypeB 

r------------------- ------, 
I If you would like an RCA salesperson to call on you with I 
I detailed information on pri ce , deli very and techni cal consid - I 
I erations, please send thi s coupon to: RCA Solid State, I 
I Box 2900, Somerville, NJ 08876. I 

I End product application: \ 

I What size ROM required? I 
I I 
I Name I 
I I 
I Titl e: Phone I 
I I 
I Company I 
I I 
I Address I 
' I •------------------ ---------
Call: Hamburg, 49-4106-6130: London. 44 -03-2785511 : Paris. 33-3-946-5656: 
Hong Kong, 8-52-3-723-6339: Sao Paulo. 55- 11 -210-4033. 

ROii 



Our penchant for quality has brought 
uneq ua lled reliabi lity to HEXFETs. And it also 
brings higher yields, thus lower costs. Today, 
IR is the lowest cost manufacturer of power 
MOSFETs. That can mean a lot to you when 
you're buying . 
When you order, ask for " International 
Rectifier HEXFETs." 

Only HEXFETs are forever. 

International 
I r~~R I Rectifier 
WORLD HEADQUARTERS: 233 KANSAS ST . EL SEGU NDO. CA 90245, 

US.A (213) 772-2000. TWX 910-348-6291 , T ELEX 472-0403 

EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RHB 988, 

ENGLAND TELEPHONE (088 33) 3215/4321 . TELEX 952 19 

CIRCLE 81 



DESIGN ENTRY 

Silicon compiler teams 
with VLSI workstation to 

customize CMOS ICs 

A silicon compiler strengthens the muscle of a VLSI 
design station, letting system builders pack 

more punch into their application-specific chips. 

U
sing gate arrays and standard cells, sys­
tem designers have been weaving their 
ideas into application-specific ICs. But 

when circuit density and performance are con­
sidered, those chips fall behind handcrafted cir­
cuits, which have been the sole domain of a few 
experienced designers and manufacturers with 
considerable resources. 

The integration of silicon compilation soft­
ware into an engineering workstation enables 
system designers to translate their projects in-

Benjamin Lee and Donald Ritzman 
Valid Logic Systems Inc. 
Warren Snapp, Seattle Silicon Technology Inc. 
Last April Benjamin Lee joined Valid Logic in Palo 
Alto, Calif, bringing 16 years of IC experience to his po­
sition as CAD manager. Previously he helped invent 
Calma 's Stick, the first dynamic symbolic layout 
software, and he designed the world'sfirst bipolar 
fusible PROM. 

Donald Ritzman joined Valid Logic last March 
as a product marketing manager for applica­
tion-specific IC design tools. Before that he 
worked as the product marketing manager for 
Fairchild 's high-performance ECL gate arrays. 
He holds a patent on a power supply designed 
with custom logic. 

Warren Snapp is vice-president of engineering 
for Seattle Silicon in Bellevue, Wash. Before 
coming on board in February, he developed 
high-performance signal processorsfor Boeing 
and served as a senior architect of VHSIC ac­
tivities for TRW's space and defense group. 

to fully custom chips that approach the effi­
ciency of handcrafted ones-without needing 
the IC expertise. Moreover, the workstation 
setup is an economical one, and the semiconduc­
tor technology to which the results apply is the 
popular CMOS process. 

The chips, produced with a silicon compiler 
from Seattle Silicon Technology that runs on 
Valid Logic's SCALDsystem, typically reach 
90 % of the density and 100% of the per­
formance of their manually customized coun­
terparts. Furthermore, they are 25% to 40% 
smaller than comparable standard-cell designs 
and 50% to 70% smaller than gate arrays (see 
"Trading the Old for the New," p. 150). 

Silicon-compiled designs are also independ­
ent of any one set of design rules. As a result, an 
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IC can easily be configured for numerous man u­
facturing sources. The user need only recompile 
a design once for each source. Such freedom lets 
designers immediately exploit the latest ad­
vances in processing technology. 

Climbing aboard the station 

The silicon compiler software is the latest ad­
dition to a Unix-based VLSI design workstation 
equipped to build and completely validate cir­
cuits. With its built-in utilities, the workstation 
can edit graphics and layouts, verify timing, 
simulate logic, generate a net list, and check de-

sign and electrical rules. 
A unique feature is the workstation's dual 

display: a monochromatic screen for capturing 
schematics, and a color screen for illustrating 
the physical layout of a chip. With two displays 
the designer can simultaneously observe the 
logical and physical aspects of the project. 

Within the system the silicon compiler trans­
forms information generated by the graphics 
editor into a format that resembles-as closely 
as possible-the physical layout of a hand­
crafted IC. And though users need not neces­
sarily have vast design experience, if they do, 

Trading the old for the new 

Designing an application-specific circuit means 
weighing the trade-offs among gate arrays, stan­
dard cells, handcrafted custom chips, and now sili­
con compilation. The pace at which electronics tech­
nology marches on demands a closer look at each. 

Gate arrays for years have been the most popular 
design element because of their modest design time 
(four to six months) and their relatively low devel­
opment cost. But gate arrays are starting to 
encounter problems, since they pack only a small 
number of gates into a given area, typically about 
10,000 gates over 450 square mils. Furthermore, the 
IC world pegs production cost to die size, a fact that 
places practical limits on a gate array's complexity. 
Nevertheless, gate arrays remain the technology of 
choice for designs containing fewer than 10,000 ele­
ments and for production runs of up to 50,000 units. 

In comparison, standard cells are more versatile 
than gate arrays, since their highly optimized func­
tional characteristics and layout ultimately create 
chips that squeeze more gates into less space. Fur­
thermore , unlike preprocess·ed gate arrays, 

Silicon compiler 

Standard cell 

9000 
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1000 

1002 2002 3002 4002 5002 6002 

Die size (mils') 
(A) 
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standard-cell wafers are processed only after the 
design is finalized. 

On the minus side, the design and fabrication 
techniques are more strenuous than for gate arrays 
and silicon-compiled chips, making their devel­
opment time longer and their cost greater. 

As systems grow larger and more complex, de­
signs born of silicon compilers prove more eco­
nomical. The custom nature of the technique results 
in dies that are smaller than those for ·gate arrays 
(Fig. A). Silicon-compiled circuits fall between gate 
arrays and standard cells in both development time 
and cost, even though their circuit densities surpass 
standard cells' by 25% to 40% (Fig. B). 

Full appreciation of silicon compilation comes 
only through comparison with handcrafted chips. 
Research suggests that on the average, the gate 
density of compiled chips comes within 10% of 
handcrafted ones, but at one-fifth to one-tenth the 
overhead. Perhaps more important, silicon com­
pilation requires no substantial design experience, 
a prerequisite for manually customized chips. 

~ 300 

.!! 275 
0 

250 'O Fully custom 
0 225 (handcrafted) .. 
'O 200 c 
~ 175 
"' 0 150 Silicon compiler E 

(, ii 125 
0 100 u 
E 75 GI Standard cell 
E 50 Q. 

I 25 
Gate array 
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Development time (months) 
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they can invoke the system's tools and manu­
ally modify the layout to maximize density. 

To illustrate the interaction of silicon com­
pilation with the other workstation tools, con­
sider a simple microprocessor-based system 
containing a program ROM and a data RAM, as 
well as a bus control decoder, a bidirectional 
data bus buffer, an address latch, an event 
counter, and an 110 interface (Fig. 1). Nor­
mally, a dozen or so MSI devices would make up 
the system, but they would eat up 20 or 30 
square inches of board space. On the other 
hand, a considerable amount of production time 
and repair work could be saved if the system 
was built with a microprocessor and one custom 
chip, the latter developed with the work­
station's compiler software. 

For the first step, the graphics editor creates 
a detailed system block diagram. Some of the 

details should also be defined- the bus and con­
trol structure, for example, and some basic 
characteristics of each functional block, like bit 
width and fan-out. 

Decision time 

After defining those details, the designer 
decides which compiler modules should be used 
to construct each functional block. As with 
standard logic, the modules span a full range of 
digital circuits and architectures (see the table, 
p. 152), all of which are accessed initially 
through a top-level menu. 

There the designer is presented with the ma­
jor compiler module groups-MS! circuits, pro­
grammable logic arrays, memory elements, 
data paths, and so on. Sharing the top-level 
menu is a box, labeled Rule Set, into which the 
designer inserts the design rules for compiling 

Data bus i.-----·~ll!!!llllllllll•lllll'!!'l'i!lll ... 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Microprocessor 

Address and data bus I 

Control bus 

I 
I 
I 
I 

Bus 
control 
decoder 

buffer 

L _________ _ _____ __J 

Event 1/ 0 device 

1. A simple microprocessor-controlled system built with a dozen or so MSI circuits takes up about 20 or 30 
square inches of board area (inside dashed lines). Using a workstation-based CMOS silicon compiler, the 
same system can be reduced to a fully custom VLSI circuit that saves considerable space and power while 
cutting production and repair costs. 
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the subsequent modules. 
Assume that a designer wants to create a 

synchronous counter within the chip (Fig. 2). 
He first invokes the top-level menu by entering 
the compiler software's name (here, "Con­
corde") and then selects the MSI group by mov­
ing the cursor to that box and pressing the 
Return key. The MSI menu appears, offering 
several selections, among them the synchro­
nous counter. When picked, another menu gives 
the designer several options for the counter's 
details. 

Those options, unlike those of standard logic, 
gate arrays, and standard cells, place few con­
straints on a designer's imagination. For in­
stance, a standard-cell counter has fixed fea-

Silicon compiler digital modules 

SSI circuits 

Buffer 
Strip 
D-type flip-flop 
RS-type flip-flop 

Data path 
Pads 
Programmable array logic (PAL) devices 
MSI circuits 

Synchronous counter 
Ripple counter 
Adder 
Shift register 
Multiplexer 
Decoder 

Flair ("folded" PLAs) 
Elmer (glue chips) 
Programmable logic arrays (PLAs) 
Memory elements 

Static RAM 
ROM 
FIFO 
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tures: counting mechanism (up, down, or both), 
number of bits, and fan-out. For a compiled 
counter, the user can customize nearly at will. 
He starts by giving the module's name-either 
a previous design (for modification) or a new 
design with a previously unassigned name . 
Next, he specifies the counter type-up or down 
or up and down-and finally the number of bits, 
any value from 2 to 99. 

Building a better buffer 

Next is the buffer size, which determines the 
counter's fan-out capability by adjusting the 
size of its output transistor. A buffer size of 4 X, 
for instance, produces a transistor that is four 
times larger than the default size and that can 
drive 12 CMOS loads. 

The designer then has the option of adding 
enable, asynchronous preset and clear, and 
synchronous parallel-load inputs. Once se­
lected, those lines complete the counter's de­
sign. 

In the meantime, the compiler is calculating 
and reporting the chip's performance specifica­
tions and incorporating that information into 
the menu. Thus the menu might show that the 
counter's maximum clock frequency is 18 MHz, 
the delay from clock to output is 8 ns, and the 
fan-in and fan-out capacity are 2 and 12 CMOS 
devices, respectively. 

If the designer is satisfied with those details, 
he moves the display cursor to the Create box 
and presses the Return key, telling the compiler 
to lay out the counter. That action does not per­
manently freeze the design; if the counter's per­
formance later proves unsatisfactory, the de­
signer simply returns to the module and makes 
the necessary changes. 

To build the counter module, the compiler 
actually creates four separate representations: 
a symbol for the graphics editor, a model for the 
logic simulator, a footprint (that is, a boundary 
with connector points) for routing the counter's 
I/O connections, and the actual layout geome­
try. All four representations are stored in a 
data base, where they can be accessed by other 
workstation tools (Fig. 3). 

The graphics editor uses the data to draw 
schematic symbols of each module constructed. 
The schematic, in turn, becomes the design data 
base, which along with the simulation model 



BURR - BROWN~ 

I• II •I 
Data Acquisition and Control Systems Division 

3631 E. 44th St. , Tucson, AZ 85713 
(602) 747-0711 

Plug into 
INTEL 
DEC 
MOTOROLA 
ZILDG 
Microcomputers 

Put your microcomputer-based system together faster ... get your 
product to market sooner using low cost analog and digital I/O's 
from Burr-Brown's Data Acquisition and Control Systems Division. 

A full line of µC compatible 1/0 boards, avallable off-the-shelf, offer 
features that save you time/money In design, hardware, software 
and testing! Consider: 

• Simple software requirements-many of our 1/0 boards need 
only one Instruction per conversion. 

• Versatile, memory-mapped designs. 

• lOmV to lOV analog Input operation. 

• I/O's powered from the microcomputer's supply. 

• Up to 64 Input channels per board. 

• Analog Inputs and outputs on the same board. 

• 8- or 12-blt resolution. 

• Software programmable gains from 1 to 1024V IV (on board RAM 
sets gain for each channel addressed). 

• Relay outputs for power switching. 

• Isolated digital Input and output. 

• Input overvoltage protection for your microcomputer. 

Competitive alternatives can't offer this combination of features 
and options-or our low prices. More than 60 1/0 boards-compa­
tible with Intel Multibus'", DEC LSI-11, Motorola Micromodule and 
Zilog MCB are described In an 8-page brochure. Ask for It! 

Compare features-compare prices-compare delivery! 

CIRCLE 82 
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verifies the design's logic and timing. In addi­
tion, each module's geometry and footprint be­
come part of the layout data base, which is 
accessed by the silicon compiler's interconnec­
tion router. 

Three-way routing 

The designer can handle routing in three 
ways. First, it can be done automatically, on the 
basis of the schematic. This method invariably 
proves best for chips composed of only one mod­
ule, since it involves only the pad electronics 
and the bonding pads. When several modules 
are involved, the designer can invoke an inter­
active symbolic router that selectively en­
hances the results of the automatic routing. 
Finally, experienced designers can use the 

workstation's layout editor to route the irtter­
connections manually. 

However achieved, routing clears the way for 
producing the actual chip, starting with the 
pattern-generation tape, which coincidentally 
is also one of the last steps for the workstation. 
The tape is turned over to the silicon foundry, 
which makes the production masks that are 
needed for the chip fabrication process. 

Test for success 

With the newly produced chips in hand, the 
designer ironically faces one of the most diffi­
cult tasks of the entire process: testing the I Cs 
against the original design. Again, the worksta­
tion helps cut through the problem.Using its 
good and faulty circuit simulator (called Lasar 

Rule set : xxxxxxxxxxxx Chip packaging 
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Concorde_ ! module compilers 

(a) MSI Flair PLA Elmer 
PAL 

replacements 

Pad ·- --
~electronics Memory- -P~ta path SSI -
I l uni'X 1_ Return J ~elp l Exit 
I 

--:_,,, 

MSI compilers 

Synchronous 
(b) counter 

Ripple counter Adder Shift register 

--
I Multiplexer Decoder -I 

\ 
I 

(c) 

I 
I 

--
Uni';;° i Retur!:'. Help l Exit 

Synchronous counter compiler 

Module name u35 Enable no 

Type of counter up/ down Preset (asynchronous) no 

Number of bits 13 Clear (asynchronous) yes 

Buffer size 4X Parallel load yes 

Counter performance 

Clock frequency 18.0 MHz Fan-in 2 min device 

Clock to output delay 8.0 ns Fan-out 12 min device 

Existing counters : u30 u31 u32 

Create Remove Unix Return Help Exit 

2. To build a functional module, the silicon compiler starts with a 
top-level menu that the designer uses to select rules and the ap­
propriate modules (a). Picking the MSI group from the first menu 
produces another menu that displays the assortment of MSI com­
piler modules (b). After the designer chooses synchronous 
counters, the compiler brings up yet another menu presenting the 
options and parameters for the counters (c). 



Programmable Controller Newsbrief 

New PC display system 
reduces down-time, increases productivity 
F. A. Amendola 
Cherry Electrical Products Corp. 
Waukegan, IL 

Cherry unit adds diagnos­
tics and operator prompting 
in understandable printed 
messages to any program­
mable controller. Cost: less 
than $300 

If your programmable conttoller is not 
equipped with a serial ASCII output port, 
you may not be realizing all of its poten­
tial productivity. In its present state it is 
unable to output information for operator 
prompting or provide diagnostic infor­
mation in immediately understandable 
messages for your maintenance staff. Of 
course the information is being supplied 
by your PC, but in the form of signals or 
shut-offs or complicated codes. 

Cherry No. W424-1058, 24 character display system complete with all on-board electronics. 

The new Cherry display system liter­
ally adds literacy to any programmable 
controller with TIL output drivers, 5 VDC. 
Instead of using cumbersome look-up 
tables to translate output codes, your 

operator is given any of up to 64 mess­
ages of up to 32 characters each, spelled 
out on a bright, easy-to-read display 
panel. A flashing mode attracts attention 
to potential trouble such as slipping belts, 
stuck valves or overheating. Your oper­
ator is constantly and instantly supplied 
with pertinent, understandable informa­
tion about all critical phases of produc­
tibn under your host system's control. 

At a cost of less than $300 in OEM 
quantities this new unit compares with 
others costing over $1000. It is esti­
mated that the addition of this Cherry ~pical configuration (positive 

logic) with Allen-Bradley Hook Up 
~ display system to your host system will 

pay for itself in just a few months by 
decreasing frequency of down time, in 
improved maintenance and increased 
machine efficiency. 
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Easy to install-
a complete message center 
You just connect two color-coded cables 
(one power and one signal) and the 
Cherry unit is ready to take the PCs out­
put drivers and provide output decoding 
of up to 64 easily programmable mes­
sages ... anything from "BIN 4 EMPTY" 
to " ET PHONE HOME' No hardware 
changes or additions. 

This new Cherry unit is a piece of 
straight-forward engineering consisting of 
complete on-board electronics and a flat 
gas discharge display panel of 24 half­
inch high characters in bright orange 
easily readable in any ambience. (Longer 
messages may be scrolled.) Unit has built 
in capability for longer scrolled mes­
sages and a flashing mode. 

"See us at COMDEX/Las Vegas, November 14-18, CHERRY BOOTH #7716" CIRCLE 83 

Sample Program (menage: 
S L Starting location HEX 000 

HEX CODE DESCRIPTION 

10 Blank Display-all messages must 

start with this 
QA Une Feed-clears display 

OD Carriage Return-puts cursor to far 

left 

12 Display Recall-turns on display 

56 
41 
4C L 

56 
45 

20 . Space 

23 

36 

20 Space 

49 

53 

20 Space 

43 
4C 
4F 0 
53 s 
45 
44 

89 All messages musl end with this 

Complete information 
and specs available 
Cherry will send you an 8-page instruc­
tion booklet that includes typical con­
nections to various PCs plus application 
notes on sample programs and ribbon 
cable connections and Hex Number Ad­
dresses for messages in user's EPROM. 
Send for it today. 

CHERRY ELECTRICAL PRODUCTS CORP. 
3609 Sunset Avenue 
Waukegan, Illinois 60087 
3121578·3500 
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6), t he workstation generates a test pattern 
that, running on a commercial automatic test­
er , can ve r ify t hat the custom ICs work as 
planned. 

The multitude of functional modules is actu­
ally the silicon compiler's greatest resource for 
building dense, complex chips. With its 19 basic 
modules, the software gives designers a rich as-
sortment (see the table again). · 

A modular paradise 

The SSI modules include a buff er, a strip, a D­
type flip -fl op, and an RS-type fl ip-flop . Of 
these, the first lets a designer create a custom­
ized buffer, tailor the number of its stages, and 
adjust the size ratios of its pull-up and pull­
down transistors and of the transistors be-

Function 

Design rules 

Logic 
simulator 

Timing 
verifier 

Graphics 
editor 

tween its stages. The strip module generates 
rows of SSI cells such as two-, three-, or four­
input NAND, NOR, OR, and XOR gates, as well 
as ordinary buffers and ones with three-state 
outputs. The modules for creating D- and RS­
type flip-flops are self-explanatory but vary in 
terms of preset and clear controls, left- or right­
side access, and drive capabilities. 

The data path module is a powerful tool for 
building columns of registers and logic blocks 
and then combining them with data buses. A 
specification language, not a menu, describes 
the data path module. 

The designer can connect the custom chip to 
the outside world with the help of the pad mod­
ule. As the user designs the pad electronics, the 
compiler indicates the module's physical size 

Module 
compilers 

Laser -6 

Router 

Test 
program 

Layout 
editor 

Pattern­
generation 

tape 

1---+1 Production 
test 

Working 
custom chips 

3. Once a module is compiled, it is represented in symbolic graphics, as a 
simulation module, in terms of layout geometry, and by its footprint (hatch­
ed ovals). In this operational summary, processes appear as squares, data 
as ovals, and hardware as rectangles. 
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Finally, hUdt-perfonnance 
network analysis From 5 Hz to 200 MHz 

... for only $23,500*: 

If you're testing components, amplifiers, 
filters, crystals, or communication 
systems, you're probably paying for 
bandwidth you don't need. Or you're 
getting significantly less performance 
than you really want. But not any more. 
Because with the HP 3577 A Network 
Analyzer, you get precision measure­
ments from 5 Hz to 200 MHz at an 
affordable price. 

Swept Frequency Coverage. The 
HP 3577A's internal synthesized source 
lets you sweep as narrow as 10 milliHz 
or as broad as 200 MHz. With accurate 
and stable start, stop, and CW frequency 
selection to 0.001 Hz resolution. 

Magnitude/Phase Accuracy and Res­
olution. With three independent receiver 
inputs, the HP 3577 A can make accurate 
magnitude and phase measurements over 
a 100 dB dynamic range. Sensitivity is 
-115 dBm in a 1 kHz BW. Better than 
-130 dBm in a 1 Hz BW. Plus, you can 
resolve to 0.001 dB magnitude and 0.005 
degree phase. 

Versatile Group Delay Measurements. 
Swept group delay measurements are 
yours to 1 ps resolution. Selectable fre­
quency aperture between 0.5% to 16% of 

OlSIGNCOJOfl HP·IB : NotjustlEf.E~.butttM: 

~ l\wdware, docume.ntlldon"'ld 
~ support thM ddwrs the shorte:st 

SYSTEMS pi9ttl to I musu~ment system. 

Introduc~ 
the HP3577A 

Network Analyzer 
span lets you optimize each measurement 
for the situation at hand. 

But that only scratches the surface. 
You can display measured data in rec­
tangular, polar, Smith, or log (Bode) for­
mats. Perform arithmetic on trace data, 
use the autoscale function for bringing a 
measurement on scale quickly, get hard­
copy output using the direct HP-IB plot­
ter control. Plus true vector averaging, 
electronic line stretch, and selectable in­
put impedances. 

Price, performance, and convenience ... 
they combine to make the HP 3577 A the 
ideal solution. 

Communications. Take advantage of 
the HP 3577A's high resolution, stability 
and wide frequency range for measure­
ments in the audio, baseband, and IF 

Ff/~ HEWLETT 
~~ PACKARD 

CIRCLE 84 

ranges. Add the HP 35677 A/B SO ohm 
or 75 ohm test set for simultaneous 
reflection/transmission measurements. 
Use the group delay feature to check for 
phase distortion at 45 or 70 MHz in IF 
filters. 

Filters. Here's a major advance. For 
the first time, the HP 3577 A lets you 
measure filters with 100 dB of stopband 
attenuation, and 0.001 Hz frequency 
setability. Ideal for crystal filters. 

Disc Manufacture. With data rates 
pushing higher all the time, traditional 
digital logic and read/write amplifiers 
require precision analog-type testing. 
The HP 3577 A is the perfect choice for 
designing, verifying, and optimizing 
such circuits. 

Put the HP 3577 A to work on your 
design problem. The right bandwidth. 
Exceptional accuracy. Superior resolu­
tion. And low price. For complete 
details, contact your local HP sales office 
listed in the telephone directory white 
pages. Ask for the electronic instruments 
department. 

·u.S.A. list price only for the HP 3577A Network Analyzer. 
Add the HP 35677 A/B S-Parameter Test Set (100 kHz to 200 
MHz) for $3,500. 

AIOl ~l 
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and some of its electrical characteristics, such 
as static protection, propagation delay, and 
power consumption. For convenience, the com­
piler works with standard default pads as well. 

Another compiler produces the CMOS equiv­
alent of a programmable array logic (PAL) de­
vice, described in the format of P ALASM, the 
PAL programming language. With this mod­
ule, the user can design a PAL-only chip or add 
PAL circuitry to a larger chip. In addition, a 
standard PLA makes up another of the com­
piler's modules. 

Medium-scale selections 

In the next group are six MSI modules that 
could be used to build a synchronous counter, a 
ripple counter, an adder, a shift register, a mul­
tiplexer, or a decoder. The details of each mod­
ule (except for the decoder) are made through 
menu selections, in a manner similar to that of 
the synchronous counter. The decoder, on the 
other hand, defines its function through a code 
file that resembles a truth table. 

One of the silicon compiler's most powerful 
modules is called "flair," a folded program­
mable logic array whose storage elements en­
able the array to carry out virtually any logic 
function. (The term "folded" refers to the space­
saving layout of the actual chip, which inter­
leaves the two major AND and OR arrays of the 
device. ) Like the decoder module, flair func­
tions are defined by a code file. 

Sticky situation 

As its name suggests, the "elmer" compiler 
consists of the glue logic frequently used be­
tween large, complex elements. Essentially, it 
is both a router and a standard-cell compiler 
that works with SSI and MSI cells. 

Finally, the last module group contains 
RAM, ROM, and FIFO registers. Like the MSI 
circuits, these are menu-driven, but unlike the 
others they can be laid out in a square, rec­
tangular, or oblong floorplan for the final 
memory array. Memory arrays normally domi­
nate the real estate on a custom chip; the com­
piler's ability to specify an array's shape helps 
the user optimize the chip space. 

With the individual compiler modules now 
described in detail, the microprocessor-based 
system that served as the original example de-
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serves a closer look (see Fig. 1 again) . Recall 
that the construction phase starts with a block­
level diagram that shows how a design will be 
partitioned. Here everything, save the 
microprocessor and the I/ O device, is grouped 
into one custom chip. 

Next, each block function is defined, and an 
appropriate module is selected to implement 
the function. For some of the functions-ROM, 
RAM, counter-the module choice is obvious. 
But, when several modules can serve the same 
purpose, the designers must make some deci­
sions. For instance, the data bus buffers can be 
built with the strip, elmer, or PLA modules. 
Similarly, the address latch can be composed of 
D- or RS-type flip-flops or the flair PLA. Hard­
ly a burden, the choice lets the designer make 
the most efficient use of the chip area or get the 
best performance. 

Building the base 

The individual modules now must be defined 
and compiled more or less as explained for the 
synchronous counter. Essentially, the com­
pilation process creates the four representa­
tions of a module. The designer uses the graph­
ics editor to access the module's schematic sym­
bol, and with an Add command and a puck 
(mouselike) positioning device, places the sym­
bol on the monochromatic screen. A Wire com­
mand connects the separate modules to each 
other, as well as to any displayed symbols that 
represent devices retrieved from the work­
station's device library. The resulting diagram 
becomes the design data base, on which subse­
quent steps draw to validate the design, gener­
ate the test program, and test the first parts. 

With the diagram complete, the designer 
must confirm that the circuit, if built as dis­
played, will perform as intended. This step 
relies on the workstation's logic simulator. The 
compiler supplies the models of its modules. In 
addition, devices drawn from the workstation's 
library come with their own software models. 

Extremely complex devices that are not in 
the library-say, a microprocessor-can be 
simulated through the workstation's hard­
ware-based VLSI modeling scheme called Real­
chip (ELECTRONIC DESIGN, March 22, 1984, p. 
167). That technique proves particularly im­
portant when the custom chip being developed 



FAST SILICON IX GATE ARRAYS. 
Now you can design military or industrial CMOS gate 

arrays-with 180- to 2400-gate complexity- using advanced CAE 
workstations from Daisy Systems Corporation . From your facility . 

MILITARY AND INDUSTRIAL EXPERI ENCE. Unli ke other gate array companies, 
Siliconix is applying over 20 years of military processing experience to meet your 
specific application requirements. 

Our advanced three and five-micron gate processes ensure your design is competitive. 
And because we perform all fabrication , the entire production cycle is under our 
control. Which means you get quality devices. At spec. On time . Everytime. 

FLEXIBLE FEATURES. Using powerful TTL-compatible 1/ 0 buffers, easy-to-use cells and 
a vast macrocell library, Siliconix has developed the most flexible system available . 
And our quick-turnaround service makes sure you get your finished designs fast. 

So if you have a design challenge, call the flexible gate array people today. Or send in 
the attached coupon. 

Corporate Headquarters, 2201 Laurelwood Road , MIS 5, Santa Clara , CA 95054; 
Silicon ix Ltd ., 3 London Road , Newbury, Berks, UK; RG13 1 J1 ; 
(0635) 30905; USA (408) 988-8000. 

CIRCLE 85 

I'd like more information . Please: 

( j ) D Send me a gate array design brochure. 
(aa) D Send me a gate array design manual ($70.00). 
(ab) D Send me information on workstations for 

Siliconix gate arrays . 
(b) D Have an Applications Engineer call me. 
Name __________________ _ 

Position _________________ _ 

Company _________________ _ 

Address _________________ _ 

City ___________________ _ 

State __________ Zip _______ _ 

Phone ( 
ED 11 /15/84 Exp irati on date 12/ 31 / 84 
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is part of a much larger and more complex 
system containing standard and custom VLSI 
devices. Moreover, the workstation can com­
bine the hardware- and software-based models 
in the same simulation. 

With all the circuit elements modeled, design 
verification proceeds interactively. The user 
supplies the stimuli, and the logic simulator re­
s ponds by reporting the circuit's reaction. 
Should the circuit not act as expected, the user 
must return to the graphics editor and modify, 
recompile, and resimulate the circuit until it 
works as intended. 

Automatic arrangement 

Once a design is verified, the workstation and 
compiler software perform most of the remain­
ing steps automatically (Fig. 4) . They place the 
modules and other circuit parts beside each 

other as they should appear on the chip, routing 
the interconnections between them, and cre­
ating the pattern-generation tape, with which 
the foundry produces the masks and eventually 
the custom chip. 

As mentioned earlier, automatic routing, 
which draws on the original design data base to 
determine interconnectivity, is perfectly ade­
quate for single-module chips. But for chips 
composed of more than one module, manual in­
tervention is required for optimally placing and 
routing the circuit. Because fully manual rout­
ing demands an expertise in IC layout tech­
niques beyond that of most system designers, 
another alternative lets users direct the place­
ment of modules with the workstation's inter­
active symbolic router. Interconnections are 
left to software, which enforces the process de­
sign rules. In addition, the interactive router 

Module Layout Pattern-
generation compilers editor 

tape 

r - - - - -, 
I Modules: 

I layout 
I or I Mask 

footprint making 
I I 

I I 
Router: I Design automatic 

data base or I Waler 
manual 

I 
fabrication 

I L __ F~~ j 

Laser-6 Production Production test 
generator 

test program test 

Production 
custom chips 

4. After a design has been validated, the workstation and compiler software 
tackle most of the remaining steps automatically. For instance, they place 
and route modules and their interconnections and generate a test program 
and pattern tape (hatched areas). As in Fig. 3, a square represents a pro­
cess; an oval, data; a rectangle, hardware. 

160 Elect ronic Design • November 15, 1984 





Even if 
your components are 

out of this world 
KSM has a speedy 

way to fasten 
them down 

Even when you know you've got the right 
components for tomorrow's automated 
products, you also know it doesn't mean a 
thing if you can't put it all together in a cost­
effective way. 

There's where KSM stud-welding systems 
can help. We can give you the specialized 
fasteners and tools to secure all components 
with speed and dependability. 

Pins, studs, precision welding systems- it's 
all here, ready to zero in on your particular 
fastening requirements. 

In addition, our engineers will work with your 
engineers in solving any fastening problem. 

For more complete information or literature, 
phone or write . . . 

DU 
KSM Fastening Systems, Inc. 

301 New Albany Road Moorestown, NJ 08057 
1-800-257-8181 • In NJ 609-235-6900 
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enables the design to be recompiled without 
further manual intervention. 

When routing is complete, the time comes to 
evaluate the effects of interconnection capaci­
tance and other parameters on the circuit. The 
method, advisable at this point, resimulates the 
circuit to get a more accurate indication of how 
the actual hardware will perform. 

Fine-tuning the timing 

If there is any doubt about performance, like 
timing tolerances that are particularly tight, 
the designer can simulate the timing at a higher 
degree of accuracy. Normally simulation at the 
module level assumes average timing values, 
but the workstation can also calculate delays at 
the switch (transistor) level and thus obtain a 
more precise timing picture. The designer in­
vokes a workstation program that extracts the 
transistor connections from the gate-level lay­
out. 

Finally, for the ultimate timing analysis, the 
designer can turn to the Spice simulator. The 
designer wishing to invoke Spice has the choice 
ofrunning it either on the workstation or exter­
nally. 

Once all timing issues are resolved to the de­
signer's satisfaction, the workstation produces 
a pattern-generation tape. If more than one 
silicon foundry will be fabricating the chip, the 
design is recompiled according to each foun­
dry's design rules and a separate tape is created 
for each silicon maker. 

Finally, with first silicon in hand, the de­
signer tests the circuits again by creating a 
hardware model from the actual chips, using 
Realchip modeling. The stimulus test patterns 
that verified the software model are then ap­
plied to the actual hardware. If the hardware's 
response pattern matches that of the software 
model, the chips are working properly. Fur­
thermore, the test vectors that verify the first 
silicon can be run later on automatic testing 
equipment to check for manufacturing flaws in 
production chips. o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 
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Protean 
is today's Qnly 
source for IBM® compatible 
token passing ring networks. It's called 
proNET® and it's from a leading independent 
manufacturer. 

proNET is a high performance 10 megabit/second 
LAN with unprecedented reliability and fail-safe 
operation. It links many vendors including IBM, 
Digital Equipment, Sun Computer, Texas Instruments 
and in addition operates on the IBM cabling system. 
Plugging directly into Unibus,® Q-Bus,® Multibus® and 
lBM PC Bus it uses a combination of transmission 
media including twisted pair, 
co-axial and fiber optic. 

TheproNET 
system includes 
the hardware, 
software, cabling, 
installation, and 
service support. 
And it's comfort­
ably priced; your 
investment can be 
modified, updated and easily 
expanded. One last point: the proNET 
token ring is available now. 

P-roteon 
CIRCLE 88 

Invest now in your token ring LAN. Call Proteon, Inc., 4 Tech Circle, Natick, MA 01760. (617) 655-3340. 
®proNET is a trademark of Protean , Inc. ®IBM is a registered trademark of International Business Machine. 
®Unibus and Q-Bus are registered trademarks of Digital Equipment CorporatWn . ®Multibus is a registered trademark of Intel , Inc. See us at Comdex/Fall, booth #534. 





Ribbon and cable connectors, or finished 
assemblies , in a wide range of styles to 
your specifications. 

Ribbon connectors, 
cables and tooling. 
From the company that 
keeps you company. 
New advances in AMP-LATCH ribbon cable interconnect systems . Shielded 
connectors . MIL-C-83503 versions , too . Cable styles for all your applications . 

And simplified tooling to make it all pay off. 

Technology is changing rapidly, and keeping up with 
the times can take up a lot of time . Your AMP sales 
engineer can help . 

He'll keep you in touch with interconnect technology. 
Help pinpoint the right price/ performance balances. 

Even call on quick-ship inventory support to meet pro­
duction variances or prototype requirements . 

Your AMP sales engineer makes it his business to know 
your products, your business thoroughly. It's one of the ways 

he's helping to make our company-wide focus on quality 
work for you . 

It's the AMP way. The way to form a long-lasting purchasing 
partnership . 

Have your AMP sales engineer get in touch with you soon. 
Call the AMP-LATCH Connector Information Desk at 
(717) 780-4400. AMP Incorporated, Harrisburg, PA 17105. 

AIVI P means productivity. 

Advanced Computer Aided Design systems 
are an integral part of our company-wide 
quality program. It's working to improve 
everything we make, everything we do. 

Backing up our multiplant production 
capacity is a network of computer-linked 
inventory centers . Here, thousands of 
products are on the shelf, ready for 
shipment. 

AMP and AMP-LATCH are trademarks of AMP Incorporated 



GEORGE EASTMAN DIDNT 
HEJUSTMADE 



INVENT PHOTOGRAPHY 
IT ASNAP. 

A hundred years ago, taking photographs 
meant using a camera the size of a crate, a glass 
plate holder, a tripod, a darkroom tent and a 
silver nitrate bath. 

But in 1888, George Eastman built a small, 
hand-held camera whose instructions read 
simply, "Push the button!' Photography-once 
the province of a few skilled craftsmen -was 
now literally at everybody's fingertips. 

At Priam, we build high-performance disk 
drives with a similar focus: bringing proven, 
large-scale technology down to size for an easy 
fit into today's supermini and supermicro 
systems. It's a commitment that has made us 
the leading U.S. manufacturer of high-quality 
8" voice-coil Winchesters-from 35 to 500MB. 
A commitment we're now making to our new 
86MB 5 l/I" drives as well. It's why we provide 
total, industry-standard interface support, 
including ST412, SMD, ANSI, SCSI, and 
our own Priam interfaces. And it's why we've 
just opened a new, automated U.S. production 
facility, one of the largest and most modern 
in the OEM world. 

Priam. For big performance in small-size 
disk drives, we make it a snap. 
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20 West Montague Expressway, 
San Jose, CA 95134 (408) 946-4600 

Boston (617) 444-3973; U.K. (44) 734-884-788 



When the core you need isn't 
offered by anybody, 

Large or Multi-Part 
Assemblies 

Different Gaps 

MAGNETICS 
delivers the last word in special 
cores for your special designs. 

Have you tried to design around a magnetic 
core, only to find that the core you can get is not 
the core you want? Before frustration and rage 
set in , before you scrap your bright idea, call 
MAGNETICS, the pioneer in magnetic materials 
and core designs. 

We offer the last word in design flexibility. 
Special shapes. Machined ferrites. Slotted cores. 
Composite cores. Different gaps. Special pack­
aging for cooling, protection, mounting , etc. 
Large or multi-part structures. Multi-magnetic 
arrangements . And more. 

Only one house, MAGNETICS, can provide you 
with core designs that cover an endless range of 
applications. For switched mode power supplies. 
Flux collectors in measurement devices. Hall 
effect devices. Rotary transformers. Clamp-on 
probes. Pulse applications. Small motors. 
You name it. 

Let us show you. It will cost you nothing. 
For full information, please write: MAGNETICS, 
P.O. Box 391 , Dept. ED-7, Butler, Pennsylvania 
16003-0391. 

MAGNETICS. The Promise Keepers. 

··-­mRSDETICB 
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CAE workstation sets up 
direct connection 

to board design system 

Two workstations, sharing a data base, simulate the 
pc board as well as the circuitry it carries. Any change 

to one file updates the rest automatically. 

C
omputer-aided design and engineering 
tools have uritil recently been aimed pri­
marily at the VLSI chip design process. 

For the board level of system design, however, 
simulation has not been considered a "must," 
because breadboarding is an economical 
method of debugging hardware design. 

Nevertheless, a new CAE system makes it 
cost-effective for system designers to include pc 
board design in the simulation process. A full­
function CAE workstation, the CDX-9200 de­
velops and simulates a hierarchy of circuit 
schematics and semicustom IC designs. It then 
feeds that data to the CDX-5000 pc board CAD 
system, which in turn may send data back to it. 
Alternatively, all the software may be installed 
on a single workstation. Either way, simulation 

Stephen Gunther and 
Victor E. Schoenberg, Cadnetix Corp. 
Currently an applications engineer at Cad­
netix in Boulder, Colo., Stephen Gunther 
formerly worked as a hardware designer at 
NCR Industrial Systems and as a designer of 
emulator and logic analyzer modules for field 
service testers at GenRad. He holds a BS in 
electrical engineering and in computer sci- · 
ence from the University of Colorado. 

Victor Schoenberg holds a BA in radio and 
television from San Diego State University 
and is now a senior technical writer at 
Cadnetix. 

performed on an integrated electronic design 
system becomes a viable alternative to the 
time-consuming, manual procedure of bread­
boarding. 

Closely coupling systems in this way elimi­
nates the redundant manual entry that is re­
quired by present computerized tools. Design 
information is transferred automatically be­
tween schematic, simulator, and the pc board 
CAD system. Actual design is done inter­
actively with a graphics editor and a mouse (see 
"Inside the CAE System," p.170). 

The CAE and CAD workstations use the 
same powerful relational data base for file 
management and storage. Such a data base 
makes fast work of manipulating large data 
structures. Moreover, the fact that logical and 
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physical data for both CAE and CAD applica­
tions is maintained in a common file structure 
means that the entire hierarchy of schematics 
is automatically updated any time a change is 
made at any one design level-that is, changes 
are tr an sf erred to levels preceding and follow­
ing the current one. This forward and backward 
annotation, of course, improves the accuracy of 
schematics, pc board layouts, and production 
documentation. 

The back-annotation capability allows every 

invocation of a component in a hierarchical de­
sign to be documented accurately. It enables, 
for example, pin- and gate-swapping changes 
occurring during board design to be auto­
matically back-annotated to the schematic hi­
erarchy. To do this, the system generates a 
unique back-annotation set, which lists refer­
ence designators and pin numbers for each in­
vocation of a component in the schematic hi­
erarchy. (A reference designator is a special 
identifier, one that is guaranteed to be unique 

Inside the CAE system 

The CDX-9200 CAE workstation is a stand-alone 
system based on the 68010 processor, 1 Mbyte of 
main memory, a 35-Mbyte Winchester disk drive, 
and an 814-kbyte minifloppy, all in a single table­
top enclosure (see the figure). A 17-in. black and 
white CRT displays 1024 by 800 pixels. A color 
system is available with a 19-in. high-resolution 
monitor. A printer-plotter may be attached to the 
workstation, or an Ethernet hookup may acess a 
remote device, such as a pen plotter or dot-matrix 
printer, through a device and file server. 

The Unix operating system serves as an alterna­
tive to the proprietary operating system, both of 
which have access to system hardware and design 
data bases. Based on the Berkeley 4.2 version, it has 
virtual memory and C and Pascal compilers. 

A special subroutine library gives the user access 
to schematic data for postprocessing. As an alterna­
tive, users may generate an ASCII text file contain­
ing schematic net-list information. 

Asynchronous 
communications 

Ethernet 

The Ethernet package lets every workstation on 
the network share common files and output devices, 
such as plotters, printers, and tape drives. An out­
put device connected to any workstation on the net­
work can be driven by any other workstation, reduc­
ing the average peripheral cost per workstation by 
sharing devices among all users. 

The file and peripheral servers use Winchester 
drives in 120- and 240-Mbyte versions. The file 
server acts as a common storage center for all 
systems on the network and can also service periph­
eral devices as shared resources. A magnetic tape 
drive holds archival data and acts as a backup. 

The Ethernet option can transfer files to VAX 
computers running under VMS or Unix. In that 
way, an ASCII net list or a bill of materials can be 
transferred to the VAX for simulation, post­
processing, or materials management. Ethernet 
also gives users access to net list files, Gerber pho­
toplot files, or simulation data. 

Winchester 
drive 

(18 Mbytes) 

Streaming 
tape 

(optional) 

Asynchronous 
or synchronous 
communications 51/•-in . 

floppy-disk 
drive 

(814 kbytes) 

Optical 
mouse 

Keyboard 

Memory 
(1 Mbyte) 

68010 
CPU 
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Printer­
plotter 

(optional) 



within the hierarchy-for example, U31.) 
Any back-annotation set generated for a par­

ticular invocation of a component is auto­
matically displayed whenever that com­
ponent's schematic is accessed by the user. A 
search function enables the user to locate a 
component by its reference designator. The 
user can modify that set at any point in the de­
sign process and be confident that the changes 
will be reflected in the pc board. When the sche­
ma tic hierarchy is recompiled, the previously 
generated back-annotation sets are searched, 
so that real differences between the current 
schematic and the pc board can be distin­
guished. The fact that only the changes are 
actually recompiled speeds the process. 

In the course of creating a schematic, the hi­
erarchy of schematics below it can also be plot­
ted. In addition, all possible back-annotation 
sets can be listed, permitting the user to select 
the one to be printed with the sheet. An option 
allows the user to plot the local signal names or 
to substitute names of the higher-level signals 
into which they are resolved. Also, the user can 
control the plotting of attribute strings associ­
ated with components and signals. 

The process of design begins with schematic 

l Revision cycles 

Back Schematic design Preparation 
annotation Block diagram, for simulat!on 

creation (Fig. 1). Any approach can be used­
the design may be originated from the top 
down, the bottom up, or at any other point in the 
hierarchy. The system's comprehensive tools 
for graphically defining circuits apply to every 
level in the hierarchy, and the same user inter­
face and editing techniques can create logic 
symbols, block components, schematics, and 
block diagrams. 

In the beginning 

The first screen displayed in a design session 
is the "electronic desktop," the work surface 
from which qll operations are initiated and all 
resources are manipulated. Every file, library, 
device, and component is an object on the desk­
top, with a corresponding icon of intuitively 
obvious shape. Objects of the same type are 
generally kept together in file "folders" and 
"cabinets." 

Most system functions are performed with 
one or two clicks of the mouse and by pressing a 
single key. For example, to view a component 
library, the user selects the file folder in which 
it resides, then presses the View key. This dis­
plays the directory for that folder (Fig. 2). The 
user can then select any object contained in it 

l 
Simulation 

Good circuit , 
schematics , 1-------1 Probe placement , I-- timing verification, ...__ 

clock components, schematic compi lation, and worst-case 
and atomic components and input signal creation fau lt simulation 

Magnetic tape or Ethernet transfer to CAD system 

PC board design Production tooling 
Design rule definition, Schematic, checkplot, 

automatic or manual placement , photoplot, other artwork, 
L...-...+I placement optimization, bil l of materials, 

package and pin swapping, numerical-control tapes, 
automatic or manual routing , and A TE vectors 

and via minimization 

J 
1. Two workstations sharing a relational data base incorporate the pc board design in the pro­
cess of simulating an electronic circuit. The CDX-9000 CAE system handles the first three 
steps, producing input for the fourth step, performed by the CDX-5000 board CAD system. 
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and, pressing View, open the file for editing. 
The design of a simple traffic control system 

illustrates how the two workstations' CAE and 
CAD techniques mesh. A traffic control system 
has obvious analogies to industrial process­
control systems but is simpler to describe. The 
designer begins with the top-level schematic­
that is, a block design-of the basic modules, 
one each for controlling the light signal, the 
traffic signal, the main station, the crosswalk 
sensors, and the autoloop sensors (Fig. 3). These 
modules are created easily on the system by 
drawing lines with the mouse and typing text at 
the keyboard. 

Each block is the symbol portion of a com­
ponent object. A schematic exists for each of 
the five blocks in the top-level diagram. The de­
signer traverses the hierarchy, to a lower level, 
by using the mouse to select the desired block 
symbol in the diagram, then pressing the View 
key. In this way, the schematic for controlling 
the traffic light is accessed (Fig. 4) . Pressing 
the Close key returns the designer to the higher 
level. 

Each component used in the schematic is 
first created in the symbol editor and stored in 
the component library. To create a logic symbol, 
such as a two-input NAND gate, the designer 

2. The CAE workstation's "electronic desktop" displays icons for libraries, files, devices, and components, 
kept in file "folders" and "cabinets." To view, say, a component library, the user clicks the mouse to select 
the library folder and presses the View key to display the folder's directory. 
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copies standard graphic elements (circles, arcs) 
and draws lines with the mouse. Then he calls 
up the component attributes form to enter the 
logical, physical, and cost attributes. 

A graphics library contains user-defined 
board outlines, schematic sheet outlines, and 
other common elements. To draw the schemat­
ic, dedicated buttons on the mouse handle such 
jobs as moving components and creating signal 
connections. Action keys on the keyboard team 
up with t he mouse functions to rotate com­
ponents, automatically display alternative 
component representations, and search for and 
fetch components in the library. 

Manipulation of components is quick and 
easy. For example, to search for a particular 
component, the designer places the cursor at 
the desired spot, then presses the Import key. A 
form appears that allows the designer to spec­
ify the component name. When Close is pressed, 
the workstation inserts the component in the 
schematic at the cursor location. 

Components can be copied instantly from the 
Common Component Area on the right side of 
the screen, which contains representations of 
standard components. With the touch of a func­
tion key, components and their connections can 
be repeated automatically. As components are 

3. A block diagram is the starting point of a CAE design. The user simply draws lines with a mouse and 
enters text through the keyboard to create the five modules of this traffic control system. 
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positioned and signals drawn, signal attributes 
can be set or modified by calling up the attri­
bute form and entering values. No restrictions 
are placed on typing notational text. Here again 
complete backward and forward annotation en­
sures that all designs incorporate the most cur­
rent version of components. 

Preparing for simulation 

Schematics can be simulated either separate­
ly or with others. Starting with the light control 
module, the designer first inserts probes­
through the same graphics editing steps that 
bring parts to the schematic-where signals 
are to be injected or monitored. 

In the traffic control system, probes are in­
serted for light change requests, counters, and 
clock. Requests originate from the main sta-

tion, the automatic loop sensors (placed in the 
pavement), and the crosswalk sensors (button­
controlled). These requests are monitored in 
two directions, north-south and east-west. In 
addition, input probes are installed for 
counters that monitor the duration of yellow 
lights and for the clock. 

Output probes are placed at signal-moni­
toring points (Fig. 5). In the example, probes 
check that the light change requests were gen­
erated, that requests to switch the light were 
generated, that the switching actually oc­
curred, that all lights in both directions were 
the proper color at the appropriate times, and 
that the counters were reset. 

When the probes are placed, the single sche­
ma tic or any portion of the hierarchy can be 
compiled for simulation. This is a simple two-

4. Before creating the schematic of the light signal control block of the traffic control system, the designer 
employs the symbol editor and the mouse to create each component and then accesses the attributes form 
to enter the component's logical, physical, and cost attributes. 
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step operation on the desktop, in which a sche­
matic object is associated with the simulation 
object. The mouse selects first the schematic 
object and then the signal object. 

Schematic compilation may generate warn­
ings or messages indicating errors. Once the er­
rors are corrected, the user can view the signal 
object and begin defining t he unique input 
signals required for the simulation run. 

Easy editing 

Viewing the signal object opens a window in­
to the graphic waveform editor. Along the left 
side appear the names of 1/0 signals to which 
probes are attached in the schematic. The 
waveform display can be adjusted so that the 
schematic can qe accessed concurrently in a sec­
ond editing window. Simply positioning the 

cursor with the mouse makes it possible to edit 
in each window. As many as 20 signals show up 
in the window at once, while more than 2000 
may be scrolled into view. 

The mouse and soft keys greatly simplify the 
chore of defining input signals. Input signal 
names are underlined on the left side of the 
signal editor window; at the beginning of that 
area is a signal stub, which the user can grab 
with the mouse and extend to the right. Wher­
ever a transition to a new signal state is desired, 
the user presses the soft key corresponding to 
the desired state-0, 1, X (unknown), or Z (high 
impedance). The states can be assigned differ­
ent colors to make them easy to distinguish. 

Various editing functions may be invoked to 
change signal definitions. For example, the de­
signer may move a signal edge to the right, 

5. The first step in simulating a schematic is to put probes into those circuit locations at which signals are to 
be injected or monitored. The probe symbols are created by the usual graphics editing techniques. Here they 
monitor such events as the generation of requests to switch a traffic light. 

Electronic Design • November 15, 1984 175 



DESIGN ENTRY 

CAE: Workstation duo 

overwriting any transitions that are present. If 
the edge is moved back tJ the left, the over­
written transitions reappear. Another oper­
ation, dubbed extending, is a different setup in 
which the transitions to the right of the cursor 
advance ahead of it, while new edges can be in­
serted at the cursor location as it moves. 

Quick changes 

Other editing functions operate on entire 
pulses. Pulses and sequences of pulses may be 
moved, repeated, inverted, copied, or deleted. 
TLe repeat function creates periodic pulses. For 
example, to create the clock, a 50-ns pulse se­
quence is drawn and selected with the mouse, 
then the Repeat soft key is pressed, causing a 
window to appear into which the designer en­
ters the number of repetitions. In this way, ar­
bitrarily long periodic sequences can be created 
by drawing just one cycle. 

Inverting a signal is also a snap. The designer 
merely selects the signal name and presses the 
Invert soft key; the system substitutes logic Os 
for all logic ls and vice versa, leaving unknown 
levels unchanged. Other editing functions can 
clear everything to the right of the currently se­
lected pulse or append one signal to the end of 
another signal. 

The simulator also displays signal buses as 
pairs of lines, with vertical bars marking the 
ti ansition points (edges). Between each pair of 
points, the value on the bus during that interval 
is displayed in binary, octal, decimal, hexadeci­
mal, or ASCII code. At the user's option, the bus 
may be expanded into individual signal lines. 

Not all signals need be created manually. 
Output waveforms can be edited and, in turn, 
used as inputs to any portion of the circuit de­
sign. The Search key enables the designer to 
find signals from any signal object in the 
system. If desired, text entry and command 
programming can be eliminated. The system 
provides added flexibility by allowing tradi­
tional methods of signal specification as well. 

Running simulation 

Once the inputs are defined, simulation be­
gins. Functional simulation on the 9200 system 
employs the kernel software of the Cadat simu­
lator, originated by HHB-Softcon Inc. Cadat is 
fully integrated into the object-oriented user 
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interface yielding the benefit of reduced train­
ing time. Yet the software uses the same prim­
itives, and the process of modeling circuits is es­
sentially the same. Circuit modeling draws on a 
library of more than 90 logic primitives, includ­
ing 16 transistor models, ROMs, RAMs, ALUs, 
counters, and multiplexers, as well as standard 
gates and flip-flops. 

The Cadat simulator works with 12 states, 
combining the three logic levels (low, high, and 
unknown) with four signal strengths (active, 
passive, floating, and indeterminate). Thus, it 
can accommodate complex VLSI chips and 
large transistor networks, as well as circuit 
board designs. 

Functional simulation verifies the logical 
correctness of the circuit with typical rise and 
fall delays. In worst-case analysis, the devices 
are simulated with ranges of rise and fall de­
lays. The signals propagate under minimum 
and maximum delays simultaneously, with the 
signal value during the interval of ambiguity 
considered unknown. Thus the simulator can 
determine how various devices would behave 
under worst-case specifications. (Timing veri­
fication will be available shortly, a type of 
simulation that resembles worst-case analysis, 
except that input signals may be specified as 
stable or changing rather than as exact values, 
so that the circuit may be tested for whole class­
es of input vectors.) The separate Cadat fault 
simulator is an optional software item for the 
CAE workstation. It grades a set of input test 
vectors for use with automatic test equipment. 

Viewing the output 

Following simulation, the output signals ap­
pear in the display's logic analyzer window, 
along with the previously defined input signals 
(Fig. 6). The simulator records as many signals 
as the user chooses-all signals in the schemat­
ic, all top-level signals, or only those to which 
output probes were attached in the schematic. 

The postsimulation display incorporates the 
same user interface that creates input signals. 
In addition to zooming and panning within the 
waveform editor window, the designer can use 
triggers to pinpoint particular portions of a 
signal. After defining the signals, the logic lev­
els, and the search time interval, the designer 
presses the Trigger key to initiate a search of 
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ADVERTISEMENT 

L297/L298 drive stepper motor with less space at less cost. 

The L297 and L298 from SGS Semiconductor Corporation are designed to be the total solution to bipolar step­
per motor drive requirements. The combination of the two monolithic I Cs provides all necessary interfacing 
functions between the microprocessor and fractional horsepower motors without the use of additional devices. 
The L297 stepper motor controller generates four-phase drive signals for two-phase bipolar and four-phase 
unipolar step motors. The motor can be driven in half-step, full and wave-drive modes, with 2 steps per clock 
pulse possible in the full step mode. On-chip PWM chopper circuits permit switchmode control of the current in 
the windings. The L297 accepts input commands for clockwise or counter-clockwise operation and requires only 
clock, direction and mode input signals. In addition, a signal is generated to detect when the L297 is in the home 
position. The L298 is a high voltage (46V), high current (4A), dual full-bridge driver in 15-lead Multiwatt"' 
packaging. Designed to deliver up to 110W of power, it will accept TTL logic levels and drive inductive loads 
such as relays, solenoids and DC motors as well as stepper motors. The four phases necessary to drive the device 
can be provided by the microprocessor or the L297. The L298 effectively replaces 8 power transistors (2.5A 
each), inverter stages, resistors and other level-shifting components. The L297 /L298 combination can also be 
used with external sensing resistors to provide constant current drive to the motor. Normally this requires a 
minimum of two additional I Cs (gate and comparator packages). In some cases, replacing discrete devices with 
the L297 and L298 cuts installed circuit costs by as much as 50%. For further information, please call SGS 
Semiconductor Corporation: 602/867-6273. 

New high-density crosspoint switch replaces 6 devices. 

The M093, a high-density 12x8 crosspoint switch designed for telecommunications applications, is now 
available from SGS Semiconductor Corporation. Increased density allows one M093 to replace six industry­
standard 22100 (4x4) switches, thus providing more cost-effective switching. The switch also features a 
crosstalk level of less than - 95 decibels at one kilohertz, and total distortion of less than one percent at zero 
decibels referenced to one milliwatt. The M093 is an N-channel crosspoint switch with control memory. It con­
sists of a 12x8 array of crosspoint switches together with a 7 to 96 line decoder and latch circuits. Any of the 96 
switches can be addressed by selecting the appropriate seven input bits. The selected switch can be turned on or 
off by applying either a logical one or zero to the input data. A reset signal can be used to turn off all the swit­
ches together. The M093 is available in a 40 lead dual in-line plastic or ceramic package. For additional informa­
tion, contact SGS Semiconductor Corporation: 602/867-6264. 

SGS enters the power MOSFET market. 
SGS, a leading supplier of discrete power devices, in its continued expansion, is now becoming a major producer 
of power MOSFETs. A combination of advanced technology, innovative manufacturing techniques and in­
creased production capacity now enables the company to deliver over 200 devices, all with standard industry 
part numbers. The SGS power MOSFET line covers a wide range of current, voltage and power requirements. 
Packages offered include SOT-82, T0-220, T0-218, T0-39 and T0-3. For further information, please call SGS 
Semiconductor Corporation: 602/867-6271. 

SGS introduces high power T-240 package. 
SGS has recently expanded its line of power packages to include the T-240 isolated power module. The package 
is capable of delivering up to 300 amps, 850 volts and 33kVA-300W. For more information, contact SGS 
Semiconductor Corporation: 602/867-6271. 

For more information on any of the above products, call SGS at 602/867-6100 or write: SGS Semiconductor 
Corporation, 1000 East Bell Road, Phoenix, Arizona 85022. 

Created by Martz & Associates 

*Multiwatt is a registered trademark of SGS Semiconductor Corporation. 
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the signal store for the desired condition. If it is 
found, the system displays it in the window. 

The system produces various reports in re­
sponse to user requests, storing each report as a 
separate document accessible through the Re­
ports soft key. The attributes feature is used to 
set report parameters. The reports cover: 
• Minimum pulse width: The system checks for 
a minimum width (which the user defines) of 
pulses on selected signals, at the level and 
strength the user specifies. The report lists the 
signals and times when pulses too short in du­
ration were detected. 
• Setup and hold: The system checks the setup 

and hold characteristics of selected signals 
with respect to a reference signal. Signals that 
do not meet the specification are reported. 
• Signal activity: Selected signal transitions 
are checked within the given time range, with 
the report indicating how many times each 
signal entered each possible state. 
• Spikes: The system logs a spike whenever the 
simulator attempts to schedule two events 
within the propagation delay of a device. 
• Bus contention: The system reports this if 
two devices attempt to drive one line with the 
same strength but different levels. 
• Unknown signals: The system lists signals 

6. After simulation, the logic analyzer window displays both the previously defined input signals and the out­
put signals of the simulated circuit wherever probed. 
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Slip into something comfortably. 
Interconnect up to 400 or more Bendix® 8 3 

contacts with ease. 
Your search for reliable, high density, low insertion 
force printed circuit board connectors is over. 

Our unique Bendix® Bristle Brush Bunch (BJ) 
connectors mate with 1.5 ounce insertion force per 

contact position. That's a 70 to 90% reduction 
versus conventional pin and socket contacts, which 
minimizes the risk of connector or PC board 
damage during mating or unmating. 

BJ contacts are made of multiple strands of high 
tensile strength wire that are bundled together to 

form a brush-like contact. lntermeshing two of 
these multi-strand wire bundles forms a gas tight 
connection with superior electrical characteristics 
including redundant current paths, minimal 
constrictive resistance and uniform current 
densities. BJ contacts maintain their electrical 
stability over 20,000 mating and unmating cycles. 

Bendix BJ connectors are available in 2, 3 and 4 
row contact configurations on .100 inch centers 
with 10 to 100 contacts per row. 

Mother board , daughter board and PC board 
versions feature front removeable contacts with 
straight and 90° PCB stud or solderless wrap 
terminations. 

lnpuVoutput versions, have rear removeable/ 
rear release crimp contacts for 22 to 28 AWG wire. 

Polarization keys offer 256 combinations. 
For more information, technical data and 

prices .. . 

Call 1-800-323-7299. 
Amphenol Products world headquarters: Lisle, IL 60532 

-ALLIED Amphenol 
~ Products 
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with an unknown level or indeterminate 
strength at the end of simulation, which may 
indicate initialization problems or ambiguous 
circuit behavior. 
• Pending events: Signals that have a change of 
state scheduled to follow the end of simulation 
are documented, to indicate possible circuit 
instabilities. 

From schematic to pc board 

Either an Ethernet link or a magnetic tape 
can transmit finished designs to the CDX-5000 
workstation. That comprehensive pc board de­
sign system incorporates automatic placement, 
placement optimization, routing, and via min­
imization (Fig. 7). Its editor lets the user control 
the layout process interactively. The user can 
specify the dimensions of the component and 
routing snap grids (down to 1-mil resolution), 

minimum trace clearance, routing trace width, 
and via shapes. 

Up to 24 trace levels are at hand, along with a 
dozen drafting layers, six for generating ar­
twork and six for defining pads, vias, packages, 
and blocks. The system also supports surface­
moun ted devices like chip carriers, small­
outline I Cs, and flat packs. 

Generating a tape of the production tooling 
details of the board mask completes the pro­
cess. Using the nine-track magnetic tape, the 
photoplotting supplier creates the artwork, and 
the design is ready for pc board fabrication .o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 

Circle 

544 
545 
546 

LJ . . 

7. An automatic feature optimizes the designer's original placement of components on the board. The auto­
matic routing, followed by via minimization, results in a fully routed board. 
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M rphy's First Law of Machine Pa I Controller Design: 

~you can use a IJ'M71 or TM77 Microtenpi al™ 
.l ntroller, anything else you, do ujll Obst- oo 
~~-uch and take-1po long? --) 

(205) 882-0316, 
(312) 632-6520, (313) 
(505) 293-8555, (602) 7'18-

(805) 496-7581. (813 
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These compact, high speed control termi­
nals can probably put your machines and 
systems to work faster and for less money 
than anything you can design and make 
in-house. 

Here's what you get. Off-the-shelf deliv­
ery; $595 unit price; 16-character alpha­
numeric display; rugged, water-resistant 
construction; 14 programmable function 
keys; choice of two easy-to-use key­
boards; 110 to 19,200bps communications; 
RS232, current loop, or RS422 communi­
cations interface; 5VDC power, and lots 
more. 

Here's what you don't get. Hundreds of 
hours of design, development, testing 
time; thousands of dollars of development 
cost; scores of new parts to order, store, 
and track; and headaches. 

FEATURES TM71 TM77 

Input Buffer Size 
{characters) 2 x 80 2 x 80 

LED Indicators 2 2 
LED Status Indicators 4 3 
Keyboard Type Alpha- Numeric 

numeric 
Digital Outputs Yes Yes 
Non-polled Yes Yes 
Polled Yes Yes 
User EPROM Yes Yes 
Power Supply +svDc + svDc 

650mA 650mA 

at Murphy's Law for once. Buy TM71's 
's for your front panel control 

or write today for all the 



,K static RAMs, INMOS 
choices ... starting 



means high-performance 
with 35ns access times 
When you're looking for top memory performance in your 
system, look to today's leading supplier of high-speed static 
RAMs ... INMOS. Because INMOS gives you a choice of 
speeds, organizations. power dissipation and packaging. Which means 
you can optimize your designs, without compromising on cost or performance. 

High speed. The INMOS family of fast static 
RAMs deliver access times of 35, 45, and 55ns. 
Perfect for high-performance tasks such as 
buffer memories, graphics, and main-store 
memory. And they give you a low-cost alterna­
tive to expensive 35ns ECL parts. Choose our 
by-1 organization for deep memory. Or the 
by-4, which also offers versions with 30 and 
40ns chip-select access times, for writeable 
control store and cache memory. Most versions 
are available in plastic DIPs, ceramic DIPs, and 
chip carriers. 

Low power. For high performance combined 
with low power, INMOS offers plastic packaged 
SRAMs with 70 and 100ns chip-enable access 
times in by-1 and by-4 organizations. Both have 
maximum power dissipation of 495 mW active. 
83 mW standby. The by-4 organization is also a 
better alternative to 2Kx8 SRAMs in many 
high-speed applications. Best of all . they're both 
low cost. Here's your answer for fast systems 
that are power critical and price conscious. 

Military versions. When you need fast RAMs 
you can trust in hostile environments. INMOS 
can supply 55 and 70ns parts with specs guar­
anteed over the full military temperature range 
of -55°C to 125°C. These parts. available in side­
brazed ceramic DIPs. chip carriers. and flat-paks. 
conform to MIL-STD 883B processing, including 
screening to class B Method 5004 and quality 
conformance to Method 5005. 

Check the chart. With all these choices. its 
easy to see why INMOS is the leading high-speed 
RAM supplier. Look for the part you need. then 
call an INMOS distributor for complete details. 

Power (mW) 
Organization Speed (ns) Active Standby Part No. 

16Kx 1 35 660 110 IMS1400-35 
45 660 110 IMS1400-45 
55 660 110 IMS1400-55 
70 495 83 IMS1400-70L 

100 495 83 IMS1400-1 OL 

4K x4 45 605 165 IMS1420-45 
55 605 165 IMS1420-55 
70 495 83 IMS1420-70L 

100 495 83 IMS1420-10L 

INMOS Distributors: Anthem Electronics. 
Arrow Electronics. Falcon Electronics. 
Future Electronics. Lionex Corp. 

·~Q]OOQ§~ 
TWX 910/920-4904 • Burlington. MA (617) 273-5150 • San Jose. 
CA (408) 298-1786 • Torrance. CA (213) 530-7764 • Minneapolis. 
MN (612) 831·5626 • Baltimore. MD (301) 995-0813 • Dallas. TX 
(214) 669-9001 • Atlanta. GA (404) 475-0709 • Whitefriars • 
Lewins Mead • Bristol BS1 2NP • England Phone Bristol 
0272 290 861 • TLX: 444723 

in mos .• and IMS are trademarks of INMOS' Group of Companies. 
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IF ALL ENGINEERS SAW THINGS THE SAME WAY, DIALIGHT 
Suppose you saw the need for an indicator light that wasn't 

in the Dialight catalog. 
It's hard to imagine, with so many to choose from. But it 

could happen. 
If it did, we would design and manufacture exactly the light 

you envisioned . And we would do it gladly. 
After all, that's how we've collected over a million 

designs. And how we've become the world's largest 
manufacturer of indicator lights. 

Today our lights are shining everywhere. 
In mass transit systems, for example. Where large 

Dia light incandescents alert conductors when a door isn't 
working. To out in the upper 
atmosphere. Where pilots 
feel safer because they can 
press-to-test our subminiatures 
before take-off. 

Pilots can check the IT'S ALL IN HOW YOU LOOK AT IT 
stat~s of critical If you' re like some 
equipment at a edrineers you'll see our 
glance. . · t ' t t 1n 1ca ors as a way o cu 

service costs. You'll want to design 
in our ultraminiature incandescents , . . . 
with plug-in replacement cartridges. }ou II discover D1alig.ht 

Th . h I 1n many telecommun1-
ey come 1n enoug co ors to cations applications 

simplify even the most complex · 
front panels. And they make changing lamps a snap. 

What if a service call is impossible? Then specify a Dia light 
LED with a service life of over 100,000 hours. 



WOULDN'T NEED 1,500,000 INDICATOR LIGHTS. 
When voltage levels are low, say in a logic circuit, Dialight 

can supply you with indicators that sparkle at the tiniest trickle 
of current. Some have built-in RFl/EMI shields. They ground out 
the electrical noise that can trigger , 
false logic signals. 

On the other hand, on a factory 
assembly line where voltages are a 
hundred times higher, you'll want a 
rugged Dialight incandescent or 
neon indicator that won't even flinch 
when zapped with 250 volts. Our indicators are reliable 

Desiqning something to military control room information sources. 

standard$? Then you'll be glad to 
know all our indicators meet or exceed military specs. As they 
have ever since Dia light helped write the first ones about 
40 years ago. 

LOOK INTO OUR LIGHTS. 
So when you need indicator lights, start 

with our catalog. Call 718-497-7600 
or write Dia light Corporation, 
203 Harrison Place, Brooklyn, NY 
11237-1587 and we'll send you a copy. 

You'll see nobody offers a bigger 
selection. Nobody offers our choice 

of incandescent, neon or LED 
illumination. And nobody loves a 

creative challenge more than Dialight. 
So if the light you have your eye 

on isn't in our catalog, please let us know. We'll see that you get it. 
A North American Philips Company 

11/ALIGl-IT INDICATOR LIGHTS 
~°'~~-
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Silicon compiler demands 
no hardware expertise 

to fashion custom chips 

A functional language makes fast work of describing a 
custom processor. The compiler converts the 

description to an IC, and simulates its performance. 

I
nstant expertise in VLSI chip fabrication is 
the promise of all silicon compilers. Since 
they automate most time-consuming and 

difficult steps of IC development, they are 
beginning to make custom VLSI and other 
application-specific I Cs a feasible option for the 
system engineer. 

But the level of input that each silicon com­
piler accepts varies widely. One type generates 
masks from logic schematics produced on a 
workstation. Another is satisfied with input at 
the architectural, or block-diagram, level. A 
third kind-exemplified by MetaSyn-works 
directly from a functional description of the 
chip and hence requires absolutely no hardware 
experience (Fig.1). 

Anyone with moderate programming ability 
can use this compiler. As the product 
evolves, even someone not involved in 
the original design can easily modify 

Jay R. Southard , Metalogic Corp. 

Jay R. Southard is vice president and direc­
tor of technical marketing at Metalogic in 
Cambridge, Mass. After receiving an MSEE 
from Stanford University, he worked as a 
systems designer for General Instrument and 
Charles Stark Draper Laboratories. Most re­
cently he was a researcher at MIT's Lincoln 
Laboratory, where he was active in the con­
ception and implementation of the MacPitts 
language and compiler, which became the ba­
sis for M etaSyn. 

that source specification to include enhance­
ments. Moreover, the compiler contains a high­
level simulator that lets the designer observe 
the device's internal operation and its inter­
action with a simulated environment. 

The compiler is based on the MacPitts silicon 
compiler, developed at the Lincoln Laboratory 
of the Massachusetts Institute of Technology. 
It permits the description of systems in algo­
rithmic terms rather than in the structural 
terms of the hardware engineer. To clarify the 
difference between the alternatives, consider 
the following algorithmic fragment: 

a:= a+ b - c 
r := r - a+ d 

In other words, first replace the value of a with 
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the result of a+ b - c, and then replace the value 
of r with r - a + d. This function can have many 
possible structural representations (Fig. 2). 

Problem-oriented 

The algorithmic approach is inherently less 
expensive to use than structural approaches. 
Thus it appeals to system designers who want 
to solve a system problem rather than create 
specific hardware; but it can upset hardware 
designers, because it does not permit them to 
specify and manipulate familiar hardware 
structures. 

Theoretically the compiler cannot off er as 
great a variety of implementations as a hard­
ware designer can. Practically, it solves nearly 
as many application problems, and of course, it 
does so in much less time and makes much more 
efficient use of silicon than do gate arrays and 
standard cells. 

Although the MetaSyn specification for a 
chip is similar to a microprocessor program­
especially for a bit-slice machine-it differs in 
several ways. Like a bit-slice microcode pro­
gram, MetaSyn code may specify that several 
operations are to take place in the same clock 
cycle. The resulting parallelism clearly im­
proves the algorithm's speed. Unlike micro­
code, however, a MetaSyn specification is not 
limited by some fixed, available hardware par­
allelism. Instead, the compiler automatically 
creates exactly the amount and kind of parallel­
ism necessary to implement the designer's 
specification. This method also allows the algo-

rithmic specification of such implementation 
techniques as pipelining. 

The new compiler goes a step beyond the way 
in which application programs are usually opti­
mized. If a function's speed of execution is crit­
ical, it is usually coded in machine language. If 
it is even more critical and the computer has a 
writable control store, the function may be con­
verted into microcode.The compiler goes be­
yond microcode. The application's critical algo­
rithms need only be added to the processor's 
MetaSyn specification. The compiler then gen­
erates hardware that not only implements the 
old computer, but also the critical functions at a 
higher level of parallelism than available with 
microcode. 

Two kinds of simulation 

Before synthesizing the IC layout, the new 
compiler's high-level simulator mimics the de­
vice's behavioral specification. For this pur­
pose, the compiler uses two kinds of simulation: 
interactive input with execution monitoring 
and system-level simulation. 

The user interface of the compiler's simula­
tor consists of a set of windows that monitor the 
high-level elements of the design: registers, 
processes, labeled instruction states, I/O ports, 
and other elements. Because these are also the 
elements of the compiler's behavioral specifica­
tion, it is a simple matter for the designer to ob­
serve these elements and to use a mouse to 
modify their values (Fig. 3). 

For simulation of a chip design-say, a pro-

MetaSyn 
Interaction 

CAE 
workstation 
interaction 

Behavior .,._,.._ Logic .......,__ Circuit I--

Gate-array 
and standard-cell 

automation 

' 
Silicon 

compiler 

Layout t---f-- IC 
masks 

1. The MetaSyn silicon compiler starts chip design a stage earlier than other 
CAE software. It translates algorithmic descriptions of circuit behavior-not 
block diagrams-into logic hardware and ultimately into masks for fabri­
cating ICs. 
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cessor-in the context of a complete system, the 
simulator creates several Lisp functions that 
can be used by other simulated system com­
ponents to drive and sense the processor's ports 
and signals. This environment simulation thus 
deals with the same elements as the interactive 
simulator and the initial specification. 

ing largely of a memory that can contain a pro­
gram for the simulated chip. The compiler si­
mulates the processor and its environment 
concurrently, and the results can be monitored 
on the windows. Meanwhile interactive oper­
ation is simultaneously possible. 

For example, the simulated processor can be 
connected to a simulated environment consist-

System-level simulation is also useful for 
control, signal-processing, and general system 
applications. In addition, the environment can 

2. This circuit stores five values (a, b, c, d, and r) in master-slave 
registers and then funnels them through the adder-subtractors se­
lected by multiplexers under the direction of the control box. It is 
not immediately obvious, however, that this layout is one of the 
many structural equivalents of the algorithm a: = a + b - c and 
r := r - a+ d. 

Registers Flags Ports Signals 
AC = 18 RUN = T CONSOLE. SWITCHES = 0 CLOCK = F 
PC = 130 ION. FLAG = F DATA = 18 START = F 
IA = 767 L = F ADDRESS = 130 STOP = F 
LAST.PC = 129 INT.EN = F MA.TEMP = UNDEFINED INT.REQ = F 
MA = 255 AC.TEMP = UNDEFINED RESET = F 
MB = UNDEFINED READ = T 

WRITE = F 
l.TEMP = F 

(sense 'last.pc) Put Get Environment 
129 I Clock I X Help Quit 

• Current Clock Cycle: 19 

Processes 
MAIN = (INTERPRET) 

Experimental MetaSyn 1.0 Simulator 

L : Clock once, M: Clock specified , A: Clock specified without display, update. 

3. During simulation the register contents, flags, ports, and other 
internal functions of the designed chip can be followed on the 
screen. The effects of changes to the description are displayed 
within a few minutes at most. 
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produce a set of test vectors that mimic the en­
vironment, as well as the simulated chip, so 
that the chip, when fabricated, can be tested 
with standard automatic equipment. 

Inside the compiler 

A silicon compiler is a complex piece of soft­
ware (Fig. 4). The input "source" description 
goes first through a prepass stage that checks 
for syntax errors, expands macros, and if the 
simulation option is in force, produces the Lisp 
functions for the simulator. Then the hardware 
components-registers, integer operators, log­
ic gates, flags or pads-and their interconnec­
tions are "extracted" from the source specifica­
tion. 

The components are grouped into major 
modules: registers and integer operators as 

4. From the user's input, the compiler extracts infor­
mation related first to simulation and then to spe­
cific processor functions. After placement and rout­
ing, it produces a CIF tape. 



part of the data-path module, logic gates as part 
of the control module, and so forth. Next each 
group of components is laid out with data-path, 
control, flag, and pad module generators. Since 
most of the interconnections are between the 
components of a module-between the reg­
isters and the operators of the data path, for 
example-much of the routing has now been 
done. Finally, the major modules are placed and 
routed to create the final layout in CIF (Caltech 
Intermediate Format). 

Proof of the pudding 

Over the past few years more than 50 Mac­
Pi tts and MetaSyn examples have been gener­
ated, ranging from simple counters and shifters 
to signal-processing chips, computer periph­
eral controllers, and such microprocessors as 
an 8080 and a PDP-8. Even a neural network 
simulator has been built from MacPitts­
generated chips. For simplicity, consider a 
stripped-down, 32-bit microprocessor called 

FRISC (Fanatically Reduced Instruction Set 
Computer) as an example. 

The FRISC processor is based on a flexible 
and simple instruction set. It is specified in lit­
tle more than three pages of text. However, as 
will be shown, the basic FRISC processor can be 
easily tailored to special-purpose applications 
and algorithms. When compiled, the FRISC 
specification produces the IC layout of Figure 5. 

As seen in a pinout diagram (Fig. 5), the com­
puter interfaces with its environment through 
a 32-bit bidirectional data bus and a 32-bit ad­
dress bus. In addition, the microprocessor uses 
the Read and Write signal lines to control mem­
ory access. Interrupt Request and Interrupt 
Acknowledge lines handle interrupts, and a 
Reset line triggers power on reset. The comput­
er is a stack-oriented machine with 4-bit-long 
instructions packed eight to a word. 

The microprocessor contains five internal 
registers, although, as in any stack machine, a 
FRISC programmer will not be able to access 
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them directly. Specifically pis a program 
counter; s, a stack pointer; a, the top-of-stack 
cache; b, the next-on-stack cache; and i, an in­
struction register. The core processor imple­
ments a few simple instructions (see the table, 
opposite). Because of the flexibility of the com­
piler, it is easy to expand, reduce, or modify this 

Data··· 
32 

Address··· 
32 

FRISC 
(Fanatically 

Reduced 
Instruction Set 

Computer) 

Read 

Write 

Interrupt Request 

Interrupt Acknowledge 

---Power 

---Ground 

---.Clock 
---Reset 

5. The 32-bit FRISC chip that MetaSyn will compile 
has two buses and eight other pins. 

minimal set of instructions. 
To implement FRISC, a straightforward mi­

crocodelike sequence will be used. The code will 
be broken up into reset, instruction-fetch, 
instruction-decode, and instruction-execution sec­
tions. 

Back to state one 

A MetaSyn machine with more than one in­
struction state must have a reset input signal 
that always returns the machine to its first in­
struction state. Thus Power On Reset (PRST) is 
the first state; it can be used to initialize the 
program counter (register p) with the data in 
memory location 0 and to initialize the stack 
pointer (registers) with the data in memory lo­
cation 1. The state is defined as: 

PRST 
(par (setq address O)(setq read t)(setq p data)) 
(par (setq address 1)(setq read t)(setq s data)) 

This code fragment specifies two clock cycles. 



In the first cycle, the address port output is set 
to 0, the read signal is asserted (set to true), and 
the p register is set from the data port. In the 
second instruction cycle, the value in memory 
location 1 is accessed and read into registers. 

The MetaSyn par instruction specifies that all 
three setq clauses operate in parallel in the 
same clock cycle. 

The following code segment checks for an in­
terrupt request, and if none is pending, loads 

FRISC instruction decoding 

Instruction word* Operation Comment 

0000000000000000 NOP Instruction fetch 
XXXXXXXXXXXX0001 ADD Add top-of-stack elements 
XXXXXXXXXXXX0010 INC increment top-of-stack 
XXXXXXXXXXXX001 1 PDSI Push immediate data on stack 
XXXXXXXXXXXX0100 LTM Load from memory onto stack 
XXXXXXXXXXXX010 1 STM Store into memory from stack 
XXXXXXXXXXXX0110 SUB Subtract top-of-stack elements 
XXXXXXXXXXXX011 1 SHFT Shift top-of-stack right one bit 
XXXXXXXXXXXX1000 IF Conditional jump 
XXXXXXXXXXXX1001 GO Unconditional jump 
XXXXXXXXXXXX1010 CALL Subroutine call 
XXXXXXXXXXXX1011 RET Return from subroutine 

• X = don't care 
Bits 0 to 15 are not shown; thei r value equals that of bits 16 to 27 

Seagate downsizes the Winchester again. The company that 
introduced the first 5114" Winchester now offers a new low-cost standard 
- the 31/2'' ST112. 

It packs 12.76MB (unformatted) into the industry-standard 
footprint- just 4" wide, 5.75" long 
and 1.625" high. It weighs only 21/2 
pounds, uses only 12 watts of power 
(typical), and withstands a 40G 
shock. Average access time is a fast 
6Smsec. All of which makes it perfect 
for portables and desktops. 

Unformatted capacity (MB} 

Formatted.capacity (MB) 

Seagate is committed to remaining the industry 
leader. We deliver more drives than anyone. We have the 
product choice, volume, quality, and price to meet your 
requirements. Call Seagate. You'll get immediate attention. 

CIRCLE 98 

12.76 
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instruction register i, with the data in the 
memory location addressed by register p: 

instruction-fetch 
(cond (interrupt-request 

(t 
(go interrupt)) 
(setq address p) 
(setq read t) 
(setq i data) 
(setq p (1+ p))}) 

In MetaSyn parlance, cond resembles a case 
statement. Each branch of cond is a subexpres­
sion, guarded by the first expression within 
each of the example's two branches. The 
remaining expressions within the branch are 
executed in parallel, but only if the guard is true 
and previous guards are false. Therefore, the 
first instruction state of instruction-fetch, cond 
checks the Interrupt Request signal and, if it is 
true, aborts the instruction fetch and goes to 
the MetaSyn instruction state labeled interrupt. 
In MetaSyn, (go ... ) causes an unconditional 
transfer of control within the MetaSyn specifi­
cation. But if no interrupt is pending, instruc-

tion register i is read in from the memory loca­
tion pointed to by the program counter, register 
p. In a single clock cycle, the address port is set 
top, the read control signal is asserted, and the 
i register is set from the data port. 

In addition, this instruction state also con­
tains the clause (setq p (1 + p)}, which uses the 
built-in MetaSyn operator 1 +to increment the 
program counter. Because pis a register, it can 
be used as the source for address during the cur­
rent instruction state (as required by the 
memory access) and still be incremented in par­
allel, because it will not change its value until 
the end of the current clock cycle. The compiler 
can be counted on to produce enough buses so 
that p can be routed to both the increment 
operator and the address port in parallel. 

Case of the zero register 

Now that an instruction resides in the i regis­
ter, its four least significant bits must be de­
coded to pass control to the appropriate in-



struction execution subroutine (see the table, 
p.193). 

As the instruction in the four low-order bits 
is executed, it is shifted out of the i register . 
When that register equals zero, the current in­
struction word is exhausted, and a new one 
must be fetched. Thus the instruction-decode 
state must also check for the special case of the 
all-zero i register. 

The instruction decode begins: 
instruction-decode 

(par (setq i (>> i 4 0)) 
(cond (( = O i) (go instruction-fetch)) 

((eq? i 1 (3 2 1 0 )) (call ADD)) 
((eq? i 2 (3 2 1 0 )) (call INC) 

Naturally there are more instructions, but 
these suffice to demonstrate the basic imple­
mentation. The code first shifts the i register, so 
that at the beginning of the next instruction 
state the register's content will be replaced by 
the same word, shifted to the right by four 
places and filled from the left with zeros. (The 

-

right-most position of these zeros is the least 
significant bit.) 

While shifting the i register for the next clock 
cycle, FRISC simultaneously executes the con­
dition or cond statement that will actually 
decode the current instruction. Each of the 
guards within cond conducts a check for a dif­
ferent op code, but the op codes are all checked 
simultaneously. 

The first guard specified is for the all-zero in­
struction. The clause (=O i) uses the built-in =O 
function, which then tests its integer argument 
(in this case, i). A Boolean value of true is re­
turned if the integer equals zero; any other 
integer yields a false. If the value is true, the 
matching go expression is executed. 

If i is not zero, the next guard tests the four 
low-order instruction bits, as specified by: 

(eq? i 1 (3 2 1 0)) 

Again, eq? is a built-in function that takes a 
field of bits out of an integer (in this case, i) and 

Seagate establishes the new standard in mid-capacity half-height 
drives-the ST225. Here is the 25.52MB (unformatted) capacity that's 
ideal for storage-intensive desktop systems and portables. With low 
power dissipation and high shock resistance. Plus proven technology 
guarantees immediate volume 
delivery and high quality at very 
Competitive prices. Unformatted capacity (MB) 25.52 

Nobody delivers like Seagate. 
We ship more drives than anyone. 
And every drive is backed by the 
largest, most responsive Winchester support team in the 
industry. We have the product choice, volume, quality, and 
price to meet your requirements. Call Seagate. And watch 
us respond. 

CIRCLE 99 
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compares the bits to another integer. A value of 
true results if the bi ts are equal and false if they 
are not. Thus this branch is executed only if the 
lowest four bits of i are equal to 1 (the op code 
for a FRISC ADD instruction). 

If the branch is executed, control is trans­
ferred on the next clock cycle to the MetaSyn in­
struction state labeled ADD. Since this transfer 
comes about by means of a MetaSyn call in­
struction, the code at label ADD should end with 
a MetaSyn return instruction, in order to pass 
control to instruction-decode + 1 (the next state 
after instruction-decode). 

If the low-order four bits are not 0001 but 
0010, then the current FRISC instruction is INC, 
and control is dispatched to that instruction 
state, and so on. 
Ready for execution 

It is important to realize that the compiler 
automatically generates the hardware to im­
plement the specified parallelism; no further 

guidance from the designer is needed. 
To see how FRISC executes an instruction, 

consider how, for example, increment is coded: 

INC 
(par (setq a ( 1 + a)) 

(return)) 

The functions par and 1 + are already familiar. 
In this case, the latter is called upon to operate 
on the top-of-stack cache, a. Incidentally, this 
top-of-stack increment and the program 
counter increment can physically share the 
same hardware, since the two increments occur 
during different instruction states-but the 
compiler will worry about all that. Simulta­
neously with the top-of-stack increment, con­
trol returns to the instruction-decode + 1 state 
via the return operation. 

Once the specification for the computer has 
been completed, the designer should simulate it 
interactively by setting and observing the pro­
cessor's I/O pins, or by running a FRISC pro-



' 

gram in a simulated memory. The test program 
to be used sums the elements of a vector con­
taining the first six even integers. 

In the chips 

All told, the FRI SC project took less than a 
week, including the specification of about three 
pages of MetaSyn code and two pages for the 
system simulation program. But the manu­
facturability and size of the FRISC chip is also 
vital. Of course, chip size is very dependent on 
the fabrication technology. A safe, inexpensive, 
and conservative technology would be a 4-µm 
single-level metal NMOS process. In this case, 
the 10,000-transistor, 32-bit FRISC chip turns 
out to be 7.7 by 9.3 mm. By going to a 3-µm, 
single-level metal process, the size gets closer to 
7 by 6 mm-easily producible. The compiler 
also supplies statistics and estimated power 
consumption. 

The chip's density, as measured in tran­
sistors per square millimeter, may appear low, 

but that parameter is nearly irrelevant. Far 
more important is functional density. For ex­
ample, ROM, PLAs, and random logic are, for 
many purposes, logically interchangeable. The 
ROM implementation has the best transistor 
density, while random logic provides the same 
function with the fewest transistors. Very like­
ly (depending on the function implemented), 
the PLA will emerge with the best functionality 
per square millimeter. Similarly, FRISC-or 
any other design-should be measured by func­
tional density. 

Build a better chip 

One interesting aspect of a compiled chip like 
FRISC is the ease with which it can be con­
verted into a 16-bit processor (or any multiple 
of 4 bits) by a change in just one number in the 
specification. For the 16-bit computer in the 
4-µm single-level metal NMOS process, the size 
is 6.9 by 6.0 mm (Fig. 6). 

Now that a FRISC prototype exists, it is time 

Seagate's new ST4000 Series offers high performance ( 40msec average access 
time) and a choice of capacities (26, 38, 51MB, unformatted) never before available 
in volume at such low cost. The ST4000 Series defines the new cost/performance 
standard in the industry. A standard that today is helping to make the new generation 
of multi-user, file server, networking, 
graphics, and CAD/ CAM/ CAE systems ,...::::;..------~-----~--
more cost effective than ever before. ST

4026 
ST

4038 
ST40si 

Featuring a lin~ar voice coil actuator 
and closed loop servo, the ST4000 
Series has been engineered with 
proven, man,ufacturable technology. 

Unformatted c:apadty (MB) 2S.62 38.17 

Seagate is changing the way the industry thinks about high performance 
Winchesters. We deliver more drives than anyone. We have 
the product choice, volume, quality, and price to meet your 
requirements. Call Seagate. You can rely on our performance. 

CIRCLE 100 
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to think about improvements. For example, it 
might be good to overlap the processes for 
fetching, decoding, and executing instructions, 
thus implementing a form of pipelining. Alter­
natively, an application might suggest an addi­
tion to the FRISC instruction set. Designers 
often do this in microcoded processors by add­
ing the new instruction to the microcode; how­
ever, the new instruction can use only the 
existing hardware resources. But when a new 
instruction is coded in MetaSyn, it may result in 
new, more suitable hardware for the new in­
struction. For example, an instruction to sum 
the elements in a vector could be included. Such 
an instruction might be called vector-sum . It 
takes as the vector's base address the data in 
the top-of-stack element. The next element will 
contain the length of the vector. 

When vector-sum is completed, these two 
values are popped off the stack, and the sum is 
pushed on top of the stack. During execution of 
vector-sum, the a register serves as the current 

address in the vector, and b holds the vector's 
remaining count. No register is needed to hold 
each element as it comes in from memory, since 
FRISC can be made to add directly from the 
data port. To keep the running sum, however, a 
new register, called vs (for vector sum), be­
comes necessary. 

Just add nine lines 

To implement the vector-sum instruction, 
FRISC's instruction-decode section must be 
modified and new code added to the instruction­
execu tion section. One way to implement the 
latter is: 

vector-sum 
(cond (( = 0 b) (setq b vs) 

(go pop)) 
(t (setq b (1-b)) 

(setq address a) 
(setq read t) 
(setq vs ( + vs data)) 
(setq a (1 + a)) 
(go vector-sum))) 



The MetaSyn code for the instruction con­
sists of a single instruction state. First the code 
checks for the end-of-loop condition-that is, 
whether all elements of the vector have been 
summed. This is done by means of an = o oper­
a tor, as previously used in the instruction­
decode section. If the summing has been com­
pleted, the result is placed on the stack, and the 
stack is cleaned up-in other words, the vector's 
start and length value are removed by a jump to 
the pop instruction code. Since that code ends 
with return, control returns to instruction­
decode + 1. 

If the sum is not completed, the memory lo­
cation addressed by the a register is read while 
the current value of the vector length, stored in 
the b register, is simultaneously decremented 
via the built-in MetaSyn operator 1-. Contrary 
to what happens in a normal reading operation, 
the actual data from the memory is not stored, 
but is added to the value in vs, the running sum 
register. At the same time the current vector 

element address (in register a) is incremented 
for the next time through the loop. Again, be­
cause of the implied register timing, the value 
in the register will not change until the begin­
ning of the next instruction state, so that 
address is maintained constant during the 
memory reading process. The final expression 
in this branch of cond sends control back to the 
vector-sum label for the next instruction state. 

A good trade 

When compiled, the 16-bit computer chip, 
complete with vector summing, measures 7.5 by 
6.2 mm in area, or 12% larger than the original 
16-bit FRISC. In return, it executes a vector 
sum more than 10 times faster than the old chip 
could-with software alone. 

The redesign of FRISC involves one other 
cost-namely, the additional design time. In 
this case, the modification is so simple that it 
takes about 2 man-hours to modify the FRISC 
MetaSyn specification, create a vector-sum test 
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program, and test the design using the MetaSyn 
simulator. Two more hours of compilation time 
is needed to produce the layout. 

Speedy compilation 

Although the overall design time is most im­
portant, the compiler's actual CPU time is also 
of interest. There are two kinds of compilation 
time: the time from specification to interaction 
with the simulator, called "compilation to 
simulation," and the time to create the layout. 

Compilation to simulation is very important, 
since it represents the innermost design loop. 
The largest designs compile to simulation in a 
few minutes, and the interactive response times 

are hardly affected by the size of the design. 
As to layout time, small designs have com­

piled in a few minutes to half an hour; the larg­
est designs, such as the FRISC chip, can take 
from two to four hours. These times apply to the 
August 1984 version of the MetaSyn compiler, 
running on a Symbolics 3600 Lisp machine with 
474 Mbytes of disk storage and 1 Mword of 
semiconductor RAM. o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 

Circle 

547 
548 
549 

6. A 16-bit version of the computer chip, ready for conversion to the CIF pattern-generation tape, has dimen­
sions of 6.9 by 6 mm, based on a 4-µm single-metal NMOS process. 
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w-orkstations that integrate in-house 
systems on every engineers desk. 
Maximize Productivity. 
Control Data looked at the need 
to integrate the design, layout, 
analysis and logic simulation 
fonctions . .. saw a way to place 
low-cost design tools in front of 
your engineers .. . and devel­
oped the Electronic Design 
Workstation. 
IBM PC Compatible. 
The Control Data Electronic 
Design Workstation offers full 
IBM PC and XT compatability 
and complete system integration 
that can speed you through 80 
to 90% of your design tasks at 
about 1/5th the cost of function­
ally equivalent systems. 

Broad Applications. 
SCAID Hierarchical Design Con­
cepts at about 1/4th the cost of 
conventional workstations . . . 
and more: 
• Advanced Schematic Entry 
• Documentation 
• Logic Simulation 

36 State Multi-Level 
Simulation 

• Netlist Extraction: 
TEGAS • SPICE • ASPEC • 
SYSCAP • SCICARDS • 
LOGIS* 

• Project Management 
Easy Custom Interface. 
All drawing and netlist files are 

in a readable ASCII file format 
that makes developing inte r­
faces to your in-house codes 
easy: You can do it yourself or 
we can do it for you. 
Find out how you can inte­
grate your system and put Elec­
tronic Design Workstations in 
front of your engineers. Call toll­
free 1-800-253-4004, ext. 1430. In 
Minnesota, call collect 1-612-921-
4400, ext. 1430. Or write Con­
trol Data, Electronic Marketing, 
P.O. Box 0, Dept. HQW09A, 
Minneapolis, MN 55440. 

-UGA.5 is a registered trademark of Ca1ma Div., General E&ectric Corp. 
SYSCAP Is a registered tr.ldemark ol Rockwdl lnternadonal, Inc. SCICARDS 
Is a registered trademark ofSdenliftc Calculadons, Inc. 

(5 2) CONTR.OL DATA 
------------------ Addressing sodety's major unmet needs as profitable business opportunities. 



After capturing millions 
of goblins, 
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the IBM PC has learned to 
capture circuit logic. 

You're looking at the first of a new line of software products designed 
to tum the IBM PC, PC XT or PC AT into a very powerful engineering workstation. 

It 's called REDLOGni and has the kind of capabilities normally found 
only in an expensive CAE workstation. 

RED LOG can cut in half the time it takes to design even complex 
circuits. It has the features and responsiveness normally found only in a supermini. 

How did we get so much power into software that runs on a personal 
computer? Well, when you've been writing software for electronic CAD for almost twenty 
years, and logic capture software for ten years, you get to learn some very interesting tech­
niques. Especially when you have all the resources that a $1.3 billion company can give you. 

If you' re still not convinced anyone can get the PC to work like a work­
station, we have a suggestion. Ask for a demonstration. 

Clip your business card to R' ·c~ JI I ' R·~n· •c 
this ad and send it to Racal-Redac, Lyberty Way, H Ha.• ~J H 
Westford, MA 01886. Or call (617) 272-1628. Linking Concept to Product 

REDLOG is a trademark of Racal·Redac. IBM PC, PC JCT and PC AT are trademarks ol lntemational Business Machines Corp. Ms. Pac-Man is a registered trademark ol Atari, Inc. 
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The same Cll08 

••• gives you.a 
telecomm edge, 

with OKI low-IMJwer 
single-chip modems 'lio 
}j n k them together. 



Now you can use oxrs optimized CMOS VLSI to 
reach out and touch every base in your system. 
All from a single source: the easy-entry CMOS computer tech­
nology so essential to small-system market expansion todey, 
plus the easy-to-apply CMOS communication technology 
needed to enhance it. 

All from OKI Semiconductor, the major IC supplier uniquely 
qualified to respond to small-box maker demands in both 
areas-as a world leader in low-power, battery-backup VLSI 
components, whose product innovators can draw upon a 105-
year history in the research, development and mass produc­
tion of successful telecommunication electronics. 

From a position of strength, OKI can offer the small-system 
designer not only all the CMOS devices required for total low­
power system integration, in order to improve portability, 
compactness and cost-effi.ciency. We can also help you tie in 

~ Bell 103, FDX 300 Baud CCITT V.21 , FDX 

1200 Baud Bell 202, HDX 
CCITT V.23, HDX 

300/1200 Baud Bell 212A, FDX Auto-Switch 

2400, 4800, Application-specific 

those critical telecomm functions through our CMOS single­
chip modems and VLSI communication products. With the 
same systemwide concern for ease of use, development sup­
port and volume availabilitywhich has accompanied every big 
OKI CMOS move: 

Software-compatible CMOS 4, 8 and 16 bit microprocessors, 
CMOS 4 and 8 bit MCUs. Pacesetting CMOS high-density 
memories and CMOS gate arr!liYS. Extending this commitment 
throughout your system to include CMOS speech chips, real­
time clock, and a full range of peripheral products. 

Now we're opening up to world markets OKI's long-estab­
lishedcommunications capabilities, combined with our CMOS 
know-how, to give you a double-edged tool against your 
competition. 

, d 11 l ~>{ . , ~: 

MSM6946 Now 
MSM6926 Now 

MSM6947 Now 
MSM6927 Now 

Hybrids 4084 
Chip Sets 1985 

Modem Boards Now 
9600 Baud high-speed data exchanges Chip Sets TBA 

The OKI CMOS edge: line access 
through line-powered modems . .. 
OKI brings uncommon des:lgn ease and flexibility to your common 
standard modem applications through the specia.l advanta€es 
offered by our advanced CMOS VI.SI proceBBBS: 

'Thlephone line-acceBB with lower line-power requirements. Bat­
tery backup for lllgher reliability. And the small single-chip modem 
saves sign!ficant board space-it's so compact you can now inte­
grate the modem function into your system itself at a very low cost. 

The Bell-compatible 6946/6947 and the ccrrr-compatible 6926/ 
6927 modem ICs will transmit and receive seria.l, binary data over 
the switched telephone network uaing FSK modulation. With a 
much lower bit error rate than simllar devices on the market. The 
sJ.gn.al to noise ratio is only 7 dB, with a bit error rate of 1x10·6. 

'lb simplify design-ins, OKI has put on-board these single-chip 
devices all the modulation, demodulation and filtering functions 
required to implement a seria.l, asynchronous communication 
link-with no specia.l telecomm experience or expertise necessary. 

On-chip: CMOS analog and digital s:lgna.J. proceBBing; selectable 
built-in delay timers and an external delay-timing capability; plus 
originate and answer modes (at 300 baud). Application ease is 
internally reinforced by an integral crystal oscillator, and a 'ITL­
compatible digital interface. OKI's single-chip modem design 
assures compatibility with a broad installed base of low speed 
modems and acoustic couplers; the OKI CMOS edge aBSurBS you of an 
easy-to-use low-cost alternative to the 1888-effl.cient standard dis­
crete modem approach. 

Plus expanding telecomm support 
OKI's on the move in low-power communication products, with still 
more OKI CMOS solutions for your small-system telecomm needs. 

CMOS Codec/Filter Combo 
CMOS PCM Audio Filter 
CMOS Codec, u-Law (USA), with Filter 
CMOS Codec, a-Law (Europe), with Filter 
Parallel to SeriaJ./SeriaJ. to Parallel 
Space Switch 
M-256 Compa.ru:Ung Codec 
Hi Voltage Cross Point Switch 

DTJD' Deooder 

COD BC 
MSM6910 
MSM6912 
MSM6932 
MSM6933 
MSM6913 
MSM6914 
MSM6917 
0CS30/31 
Dtalen 
MSM6224 CMOSDTMF, 

Keyboard 
MSM6234 CMOS DTMF, 

Keyboard or Up 

MSM6920 Digital PABX ( 1/86) 
MSM6946 END to END (12/88) 

MSM5249 CMOS Pulse Dialer 
MSM6062 Pulae/'lbne Dialer r--------------, Tell me more about OKI Telecomm I 

I Send complete technical data on: 

I ( ) OKI CMOS Modem chips, Bell data sets I 
( ) OKI CMOS Modem chips, CCI'lT data sets 

I ( ) Development data for application-specific I 
high-speed modems I ) Other OKI modem/telecomm requ1rement: I 

OKI Name __ 

SEMICONDUCTOR Title ----------

I lease attach coupon to business card or letterhead and return to: 
OKI Semiconductor, 650 North Mary Avenue, Sunnyvale, CA 94086 

I 
I 
I 
I 

. LTel: (408) 720-1900. (Please note new address and phone.) .I 

-------------- ED 

OKl-71-984 
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Featuring Motorola's 16/32 bit, 12.5 
MHz 68000 with four multi-protocol 
serial ports. 

This is a powerful single board computer 
designed for your high performance, 
interactive applications like engineering 
work stations and graphic systems. 

You will also find it ideal for real time 
applications, such as process control and 
simulators, because of its multi·tasking, 
multi-user capabilities and high speed. 

In addition, the OB68K/MSBC 1 enables 
you to add important optional and semi­
custom features quickly and easily. 

Look at these features: 
• Motorola's 16/32 bit, 12.SMHz 

MC68000 is standard. The 1 OM Hz 
68000, I OM Hz 68010 and future, 
higher speed 680 I O's are optional. 

• 256K or 512K bytes (512K version 
shown) of dual ported, zero wait state 
RAM with parity is implemented by us­
ing compact, inexpensive and fast 64K 
SIP (single inline package) technology. 
I MB or 2MB will be future options. 

• (4) multiprotocol RS232C ports are 
provided by (2) 68564 DUSART 
chips. Asynchronous and synchronous 
protocols (such as IBM Bisync,X .. 25, 
HDLC and IBM SDLC) can be 
implemented, with baud rates up to 
IOOOK BAUD. 

• Optional memory management 
implemented through daughter boards. 

• One iSBX* connector provides the 
capability of adding additional features. 

A variety of software packages, ranging 
from the optional VERSAbug** monitor/ 
debugger to Realtime executives and 
target operating systems in silicon are 
available to you. 

Omnibyte's experience in building boards, 
plus our sophisticated design and rigid 
quality control procedures gives you a 
reliable, high performance product at a 
reasonable cost. Our boards are backed 
by our famous 2 year limited warranty. 

Call Peter Czuchra, marketing manager, 
for a free data sheet. Or send $ 10.00 for 
a detailed technical manual. CIRCLE 104 



DESIGN ENTRY 

Software unites test 
program development 

with circuit design 

With tools that find simulator and tester limitations 
and suggest remedies, engineers can simultaneously 

design a VLSI circuit and generate test programs for it. 

Though high-level tester languages and 
advanced editing capabilities may sim­
plify the jobs of design and test engi­

neers, they tend to magnify the gap between 
creating a circuit and generating the test pro­
gram for it. Identifying testing complications 
-such as timing complexities, initialization 
constraints, and a tester's physical limitations 
-requires detailed information that is rarely 
accessible to the test engineer. Furthermore, 
the information that might be available is 
usually obscured by postprocessing routines, 
which create test vectors by extracting only sti­
mulus and response values from the simulation 
output. 

In other words, the test engineer winds up 
with a set of test vectors that reveals little about 
the design itself. Moreover, some of 
those vectors prove invalid and are not 
discovered until the fabricated IC is 
placed in the tester. 

Th overcome these difficulties, a test­
ing software package, dubbed VTitest, 

Ken Van Egmond, VLSI Technology Inc. 
Ken Van Egmond has been with VLSI Tech­
nology in San Jose, Calif, for two years. As a 
design engineer, he developed the VTitest 
software and is closely involved with testing 
and testability issues. He holds a BS and a 
master's in EECS (electronic engineering and 
computer science) both from the University of 
California at Berkeley. 

bridges the gap between designing a circuit and 
writing its test program. The software, which 
works with a test language called VTL, enables 
designers to develop a circuit and its test pro­
gram simultaneously, notifying them in the 
early design stages of the tester-specific details 
that affect the circuit. Together these tools 
form an essential part of a graphically oriented 
VLSI design system that uses windows to ac­
cess various design tools. 

Through the test language, designers can 
create a file describing the physical character­
istics, timing, stimuli patterns, and expected 
responses of a circuit under development. Then 
the remaining software translates the descrip­
tion into commands that run the simulation, 
verify the expected response, and store re-
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quested response values predicted by the simu­
lator (see the figure). Finally it generates a 
complete test program that includes all specifi­
cations for the timing generators, strobes, and 
registers; all pattern-loading, requested de 
parametric, and summary test routines; and 
the test vectors needed to test the circuit func­
tions. 

Besides merely identifying tester limitations 
associated with the test program-for in­
stance, the number of accessible test pins or the 
placement of timing generators-the software 
suggests ways to work around them. In that 
way, engineers become familiar with both the 
problems and the solutions of testing, enhanc­
ing their ability to design testable circuits. 

Reaping the benefits 

Obviously, concurrently designing an IC and 
its test program means that engineers can 
make optimal design and testing trade-offs 

Simulator 
limitat ions 

when difficulties arise. Because the circuit is 
still undergoing development, circuitry can be 
added to enhance the testing process. What's 
more, the circuit layout can be modified to en­
hance processing and testing for high-volume 
production. 

The test vectors generated by the software 
have a 1:1 correspondence with the vectors used 
during simulation, so that the information nor­
mally lost duirng postprocessing is retained. 
And since the tester is no longer needed to de­
velop the test program and initially debug it, it 
is available for production testing-a fact that 
obviously increases the tester's value. 

To drive testers or simulators, the test soft­
ware needs interface routines, which contain 
the simulator- or tester-specific information 
that enables the software to execute simula­
tions and generate test programs. Moreover, 
the routines identify any portions of the test 
language description that cannot be executed 

Test language description 

Physical 
Stimulus patterns Expected responses characteristics 

Translation into 
simulator commands 

Simulation 

Simulation 
responses 

Comparison and combination 

Tester limitat ions 
Translation into test program 
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With VTltest, designers can develop test programs while they are 
designing the circuit. The language takes into account both simu­
lator and tester limitations, yielding a program that can be exe­
cuted in the actual test environment. 



by the simulator or the tester. (Interface rou­
tines already have been written in Xidak's 
Mainsail for both VLSI Technology's simulator 
and Fairchild's Sentry Series 20, 10, and 7 
testers.) 

All in the definition 

When developing an IC, designers can define 
the stimuli and the circuit's expected reaction 
through the test language, creating modules 
that describe aspects of the circuit's functions 
or de test conditions. The resulting circuit de­
scription, which is independent of tester or 
simulator characteristics, is then combined 
with the tester-specific and simulator-specific 
interface routines. 

Moreover, the circuit description contains the 
information needed for documenting and cre­
ating data sheets. Since that information actu­
ally drives the simulator and develops the test 
program, it always remains up-to-date. Fur­
thermore, because all this design information is 
at hand when the circuit undergoes testing, test 
engineers can modify test programs without al­
ways calling in the design engineers. 

Six types of modules are needed to create a 
complete test or simulation description. De­
signers use the first module, MAIN, both to de­
scribe the overall flow of the test or simulation 
and to initialize the test software for execution. 
The contents of MAIN declare the duration of a 
test or simulation cycle, select the required 
parameter modules, and specify their order of 
execution. 

The physical characteristics of the IC are 
defined through the PINDEF (pin definition) 
module, which contains a declaration of the 
number of circuit pins and statements that the 
test software uses to identify pins during simu­
lation or testing. Those pin-definition state­
ments also specify a pin's type (for example, 
input, output, bidirectional, or power). In addi­
tion, the module may define the device type and 
state whether it is dynamic or static; if the de­
vice type is not specified, it is assumed to be 
static. 

Minimum, nominal, and maximum timing 
parameters find their place in the TIMEPARAM 
module. Designers can test the circuit under 
different timing conditions by defining multi­
ple modules and assigning each module its own 

identifier. Designers can thus vary the location 
of timing edges by selecting the appropriate 
module with MAIN. 

A fourth module, EDGETIME, creates transi­
tion edges using the parameters defined by 
TIMEPARAM. Those edges indicate the point at 
which, say, an input pin should change value or 
an output pin should be checked for a particular 
value during a simulation or test cycle. 

For example, creating a clock that remains at 
logic 0 for 80 ns, at logic 1for100 ns, and then re­
peats every 200 ns requires the definition of 
four edges. The first edge would be at 0 ns, the 
second at 80 ns, the third at 180 ns, and the 
fourth at 200 ns. The last edge defines the peri­
od of the cycle and also doubles as the duration 
declaration in MAIN. 

Custom testing 

For each test or simulation cycle, CYCLE mod­
ules describe the stimulus for input pins and the 
response for output pins. If parameter values 
are included within parentheses in the module 
heading, a variety of values can be placed on the 
circuit's pins. Each time the module is called, 
the appropriate values are passed to it. With 
FUNCTIONTEST modules, the designer parti­
tions the test into functional blocks or initial­
ization procedures, especially if the sections 
will be used more than once. 

Three additional module types define de 
parametric test conditions. The first, DCPA­
RAM, sets the minimum and maximum mea­
surement values, as well as the force (current or 
voltage) that creates them. If the designer does 
not yet know the appropriate values for the 
parametric tests, he or she may invoke the soft­
ware's default values. 

Next, the PINGROUP module defines identi­
fiers that access groups of the IC's pins during 
testing. The designer tests the predefined de pa­
rameters of a group of pins by assigning an 
identifier to it. 

Helpful routines 

Finally, the DCTEST module accesses prede­
fined parametric routines, which demand that 
the design engineer initialize the circuit to the 
proper state and identify the pin group to be 
tested. Predefined routines measure, for in­
stance, output voltage, input leakage current, 
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and power pin leakage current. To set the test's 
measurement and forcing-function values, the 
declarations from the de parameter module 
come into play. 

The test language itself possesses all the pow­
er and flexibility needed to efficiently develop 
test programs. All variables and constants are 
32-bit data values that may be manipulated on a 
bit-by-bit basis by an assortment of familiar 
operators, such as XOR, SHL (shift left), and 
SHR (shift right). Furthermore, the language's 
looping constructs present a compact means of 
conditionally executing a series of stimulus and 
response values. Additionally, since the various 
modules can essentially pass their parameters, 
the designer can alter the program-say, by in­
serting different stimulus and response values 

-without rewriting an entire test or simula­
tion routine. 

A good way to get a feel for the test language 
is to examine portions of a circuit description 
for a CRT controller, which generates the sig­
nals necessary to interface a digital system 
with a raster-scan CRT display. In that type of 
display, an electron beam starts on the left side 
of the CRT, quickly moves horizontally to the 
right, and returns to its original position. After 
each such scan, the beam moves down in­
crementally until it reaches the bottom. of the 
CRT. At this point, one "frame" has been dis­
played. The beam is then reset to the upper-left 
corner, and the process repeats. 

The PINDEF module specifies the physical 
characteristics of the circuit (Program 1). The 

Program 1. Physical characteristics and timing information 

PIN DEF; 
BEGIN 

# Defines the physical characteristics of the device 

DeviceName CRTcontrol ; 
DeviceType Static; 
TestPins 40; 

Vss ·= 
reset Bar -
lightPenStr -
memoryAddr [13 :0] 
display_ time 
curs_ display ·= 
Vee 
clock -

END; 

1, 
2, 
3, 

17:4, 
18, 
19, 
20, 
21 , 

# Assigns a name to the device 
# Declares the device type 
# Declares the number of pins 

Ground; read_ writeB -
Input; enable -
Input; register_ sel 
Output; chipSelBar 
Output; dataBus [7:0] 
Output; rasterAddr [4:0] 
Power; horiz__Sync 
Input; verLSync -

22, Input; 
23, Input; 
24, Input; 
25, Input; 
26:33, Bldirection 
34:38, Output; 
39, Output; 
40, Output; 

TIMEPARAM normaLtime; 
BEGIN 

# Declares the timing parameters used by the 
# EDGETIME module to create transistion edges 

begin _ cycle : = On , 5n , 10n; 
end_ cycle 480n, 500n, 520n; 

END; 

EDGETIME; # Creates transition edges within a cycle 
BEGIN 

End_ OLCycle 
phase1 
phase2 
delayTime 

END; 
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end_ cycle.nom; 
begin_ cycle.min; 
end_ cycle.nom/2; 
end_ cycle.nom - 50n; 
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first three statements assign the name CRT con­
trol to the device, identify it as a static device, 
and spell out 40 circuit pins. The remaining 
statements take the basic form: 

identifier I x:y I : = pin list, pin Type 

where x:y optionally defines the most signifi­
cant to least significant bits of a bus structure, 
Pinlist presents the positive integers declaring 
the pin configuration, and pinType labels the 
pin's type as input, output, bidirectional, power, 
ground, three-state, open-drain, open-source, 
or no connection. Although pin numbers are as­
signed arbitrarily, tester restrictions could 
force the designer to reassign the locations once 
the test program is generated. When a particu­
lar simulator or tester cannot handle all of the 
physical requirements, the software notifies 
the designer. 

The program also shows the TIMEPARAM 
module, which defines the minimum, nominal, 
and maxim um time parameters, and the 
EDGETIME module, which takes these param­
eters and creates transition edges for the 
CYCLE modules. The transition edges deter­
mine when the stimulus values are placed on 
the input pins and when the response values are 
verified during each simulation or test cycle. 

Although only basic timing information ap­
pears in the program, designers are free to 
create as many transition edges as necessary to 

verify device timing completely. If a particular 
tester or simulator cannot execute all the tran­
~ition edges, the software identifies the lim­
.tations and suggests a possible alternative. 

The MAIN module partitions the simulation 
or testing of the CRT controller into a number 
of steps, thereby setting up a high-level view of 
the program flow (Program~). The circuit is 
first initialized to a known state; afterward the 
horizontal and vertical registers, the cursor's 
start/stop and blinking functions, and the in­
terlacing of sync and video modes are individu­
ally tested. 

Down to the nitty-gritty 

The DURATION statement determines the 
length of the simulation or tester cycle, and 
normal-time selects the timing parameter 
module of the same name. Finally, the WRITE 
commands place remarks in the simulation or 
test program file, where they can be extremely 
valuable during simulation or test debugging. 
The identifiers (to the right in the program) call 
the FUNCTIONTEST or CYCLE modules that 
determine the flow of the simulation or test 
program. The identifiers also pass values to 
these modules during execution. 

The FUNCTIONTEST modules further break 
down the simulation and testing stages in more 
detail, with some of the portions used more 
than once (Program 3). These modules are exe-

Program 2. Simulation or test program flow 

MAIN; # Defines the simulation or test program flow 

212 Electronic DHign • November 15, 1984 

BEGIN 
DURATION End_ OLCycle; # Set the period for the cycle 
normal_ time; # Select the time parameters 
WRITE " Initialize all registers"; lniLReg; 
WRITE "Test the horizontal registers"; Horiz.._ Test; 
WRITE "Test the cursor start/stop function "; Cursor_ Test; 
WRITE "Test the vertical registers"; Vert_ Test; 
WRITE "Verify cursor blinks, 16 and 32 field rate"; Cursor_ Blink; 
WRITE "Test interlace of sync and video modes"; Sync_ Video; 

END; 



Think Design Capture 
No more drudgery of designing circuits or 
drawing schematics by hand. Or tying up an 
expensive workstationjust for CAE tasks. 
Hand the job over to EAS . . . to maximize 
your productivity through integrated 
CAD/CAE. 

Design circuits on the EAS/300 with 
PC-CAPS ™ - a true hierarchical design 
system. Create a database that constantly 
keeps track of components and connectivi­
ties . . . with real-time continuity checking 
and instant wire trace capability. Editing and 
viewing is easy. Verify circuit performance 
with the PC-LOGS T" interactive, event­
driven logic simulator. 

Download net-list data through 
ETHERNET® or via RS-232 

Think PCB 
With the EAS/770 and its PCX™ 
software, design complex circuit 
boards with automatic/ 
interactive placement 
and routing, and real­
time design rule check- · 
ing. Get outputs for 
manufacturing. Transfer 
design data throughout 
a wide network ofEAS/ 
770 and EAS/300 work­
stations in a true 
integrated CAD/CAE 
environment. 
The EAS/770 - a respon­
sive, menu-driven XENIX® 
(UNIXT" ) based PCB CAD sys­
tem. The EAS/300 - a personal 
engineering workstation for 
desktop CAE. 

THINKEAS. 
THE TOTAL SOLUTION. 

Er=IS ENGINEERING 
AUTOMATION 
SYSTEMS INC. 

I . 
' ! 

23 Industrial Park Road Middletown, CT 06457 Phone: (203) 632-0080 

CIRCLE 106 

Layout 

PC·CAPS and PC-LOGS are trademarks of 
Personal CAD Systems, Inc. 

ETHERNET is a registered trademark of XEROX 
Corporation 

PCX is a trademark of Engineering Automation 
Sys1ems. Inc. 

XENIX is a registered trademark of Microsofi Corpo­
ration, and is derived from UNIX System Ill under 
license from AT&T. 

UNIX is a trademark of Bell Laboratories 
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cuted when they are called by MAIN or by anoth­
er FUNCTIONTEST module. Some of the modules 
contain WH ILE or ot her loopi ng constructs, 
which provide a means of condition ally exe­
cuting a statement or group of statements. 

plied to particular pins. CYCLE statements in 
the modules specify whether the affected pin is 
being stimulated by the values(+-) or whether 
the pin is generating the values(-). 

When the test software is driving a simula­
tor, each execution of a CYCLE module causes 
the values defined in that module to be applied 
to the pins at the appropriate transition edge 
time. The simulation runs until the next value 
or values are applied. At the specified transi-

Finally, the CYCLE modules apply stimuli 
and verify responses during a simulation or test 
cycle (Program 4). At var ious times during 
simulation or testing, parameter s passed to 
these modules cause different values to be ap-

Program 3. Functional partitioning of tasks 

FUNCTIONTEST LoadReg ( dataSet, dataValue ) ; 
BEGIN 

Variable tempVal, newVal ; 

IF dataset THEN 
tempVal := 0 

ELSE tempVal := 1 ; 
write_ Reg ( 0, 0, tempVal , 0, dataValue, X, X, X ) ; 
write_ Reg ( 1, 0, tempVal , 0, dataValue, X, X, X ); 
write_ Reg ( 0, 0, tempVal, 0, dataValue, X, X, X ) ; 

END ; 

# Load the registers 

FUNCTIONTEST Hori:z_ Test ; 
BEGIN 

# Test the horizontal circuitry 

Variable instruct ; 

WHILE instruct < 7 DO 
BEGIN 

CASE instruct OF 
BEGIN 

[OJ BEGIN 
HorSync ( 'HA, 0) ; # Check horizontal sync with loc = A, width = O 
Raster ('H1F) ; # Check raster address to 'H1F 

END; 
(1) BEGIN 

HorSync ('HA, 'HF) ; # Check Horizontal sync with loc = A, width = F 
MemAddr ('H3F) ; # Check memory address to 'H3F 

END ; 
[2) HorSync ( 'H55, 'HS) ; # Check horizontal sync with loc = 55, width = 5 
[3) HorSync ( 'HAA, 'HA ) ; # Check horizontal sync with loc = AA, width = A 
[4] BEGIN 

HorSync ( 'HFF, 'H1 ) ; # Check horizontal sync with loc = FF, width = 1 
HorizReg ( ' HFF ) ; # Check horizntal total and display = FF 

END ; 
[5] HorizReg ( 'HAA ) ; # Check horizontal total and display = AA 
[6] HorizReg ('H55) ; # Check Horizontal total and display = 55 
[ ] WRITE "Error-Invalid instruction executed"; 

END ; 
instruct : = instruct + 1 ; 

END ; 
END ; 
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Finally, a Design Automation System that delivers everything promised. 

Introducing the brilliant Cericor 5000. The actor, 
based Design Automation System that delivers higher 
productivity, less engineering and computer time, and a 
higher quality end product at lower cost. 

Let us show you how the brilliant Cericar 5000 creates 
the dataOOse as you create the logic design. The result is the 
most powerful and versatile design tool available. 

Let us show you how the Cericar 5000 allows you to 
move interactively between logic design and 
simulation as fast as you can move a mouse. 
The ergonomic human interface allows 
the designer to interact identically with 
the system, whether doing logic design 
or simulation. 

Let us show you how the Cericar 
5000 avoids obsolescence. The sy~ 
tern's actor,based architecture 

and machine independence allow it to run on your cur, 
rent and future hardware. 

Let us show you how the Cericar 5000 significantly 
increases Design Engineer and overall Company Prcxluctiv-­
ity. The Cericor 5000 dynamically binds the database 
together, provides single point control, and guarantees 
data integrity throughout your product's life cycle. 

CIRCLE 107 ... 
m!li _ _ _ ._~, 

Cericor 
WeDellver. 

Far your persooal, hands--on 
Show Me Demonstration, 

call Glenn Stewart, or write 
Cericor Inc., 716 East 4500 South 

Salt Lake City, Utah 84107. 

Q,pyright © Cericor 1984 
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tion times, the expected response values are 
compared with the actual, and the requested 
response values are stored. 

The transition edge at which pin values are 
entered or generated is specified by @time. If 
that is not specified, stimulus values are placed 
on the pin at the beginning of the cycle and re­
sponses are measured at the end of the cycle. 
When the response value is specified with a?, 
the designer knows that the response value pre­
dicted by the simulator for that edge has been 
stored by the test software. When the software 
generates the test program, it combines the 
stored values with the expected response and 
stimulus values to create the test vectors. 

Considering the tester 

As the software generates the test program, 
it draws on the stimulus and response values to 
select each pin's timing generators, strobes, 
and mask registers (which have tester­
dependent characteristics and restrictions). 
The software assigns timing generators and 
strobes on the basis of value of the pin before 
the cycle starts, the number of transitions oc­
curring on the pin during the cycle, and whether 
the pin is to be an input or an output during the 

cycle. 
The selection of mask registers is determined 

by the state of the registers at the start of the 
cycle and by the pins that have been activated 
during the cycle. The appropriate values are 
inserted into a test vector, which is stored in a 
vector file with the register set or enable com­
mands. Before storing the test vector, the soft­
ware attempts to take advantage of any vector 
compaction capability of the tester. 

After the test language is used to create the 
modules, the resulting description file is loaded 
into VTitest, which parses it and ensures that 
its syntax is correct. While parsing, the soft­
ware creates a data base from the physical 
characteristics described in PINDEF and from 
the identifiers used throughout the circuit de­
scription. After a syntactically correct descrip­
tion has been loaded, the designer can begin 
simulating the circuit or generating the test 
program.o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 
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CYCLE clocklt ; # Clock the circuit 
BEGIN 

clock < - 0 @ phase1 , 1 @ phase2, 0 @ End_ OLCycle; 
END; 

CYCLE write_ reg ( enableVal, chipVal, regVal, readVal , dataVal, address, 

BEGIN 
clock 
MemoryAddr 
enable 
chipSelBar 
dataBus 
horiz_Sync 
verL Sync 
register _ sel 
read_ writeB 

END; 

horizPulse, vertPulse ) ; # Write the register 

< - O @ phase1 , 1 @ phase2, O @ End_ OLCycle; 
- > address @ delayTime; 
< - enableVal; 
< - chipVal; 
<- dataVal; 
- > horizPulse; 
- > vertPulse; 
< - regVal ; 
< - readVal ; 

CYCLE viewBus ( BusData ) ; # Verify the response values on the bus 
BEGIN 

clock 
dataBus 
rasterAddr 

END; 

<- O @ phase1 , 1 @ phase2, O @ End_ OLCycle; 
- > BusData @ delayTime; 
- > ? @ delayTime; 



Introducing a family of plotters ... 
all fast, and all friendly. 

Hewlett-Packards plotters bring 
you ease of use ... at a very afford­
able price. The HP 75808, for 
A-D size plotting, is $13,900.* 
The HP 75858, for A-E size plot­
ting, is $16,900. * And the new 
HP 75868, for roll-feed and 
single-sheet plotting, is $21,900.* 
•oomestic U.S. prices only 

Hewlett-Packard drafting plotters ... 
so easy to use, 

they almost run themselves 
The plotters you don't 

have to babysit. 
Hewlett-Packards high perfor­
mance drafting plotters are 
designed to make your profes­
sional life a little easier. So you 
can concentrate on doing your 
job, not figuring out how to run 
your plotter. 

With the HP family of 
plotters, plotting has never 
been easier: 

• Operating simplicity. Just four 
buttons on the front panel run 
the entire plotter. And HPs joy­
stick control moves the pen 
quickly and effortlessly. 

• Quick and easy paper loading. 
Our no-fuss, no tape, loading 
methods make single-sheet paper 
loading as easy as rolling paper 
into a typewriter. And HPs 
streamlmed, non-sprocketed 
roll media lets you load rolls in 
less than 60 seconds. 

• Compact and portable. All HP 
drafting plotters can be moved 
easily from one area to another, 

1101402 

letting you share one plotter 
among several users. 

HP features let 
you forget the details. 

And our automatic features fur­
ther simplify plotter operation: 

• Automatic paper size sensing 
sets the correct margins for your 
paper automatically, so you' ll 
never have to worry about "plot­
ting off the paper:' 

• Automatic pen capping pre­
vents your pens from drying out 
and skipping, because HP plot­
ters never forget to cap your pens. 

• Automatic pen settings 
always set the correct pen speed 
and force for the types of pens 
you're using- so you don't have 
to worry about these details. 

HP designed-in quality 
and reliability. 

And Hewlett-Packards designed­
in quality and reliability means 
plotting performance you can 
rely on, job after job. So your 
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plotter will always be ready 
when you are. 

Hewlett-Packard. 
Your best choice. 

Hewlett-Packard drafting plot­
ters bring you the plotting ease, 
performance and reliability that 
have made us leaders in the plot­
ting industry. So when you make 
the decision to go with Hewlett­
Packard, you know you've made 
the best choice. 

If youa like more informa­
tion about our 
family of friendly 
drafting plotters, 
write to: 
Hewlett-Packard, 
Marke tin$ 
Commurucations, 
16399 W Bernardo Drive, JJA•liili. 
San Diego, CA 92127. 
Or call Craig Schmidt at 
(619) 487-4100. 

r//~ HEWLETT 
~~ PACKARD 
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WhatSthe 
rastest growing way 

to reach 
theintemational 

electronics market? 

First in new technology coverage 
Engineers and engineering managers 
worldwide turn to Electronic Design first for 
its exclusive electronics and computer 
design editorial covering new technologies, 
products, and applications. Special reports 
on European and Japanese technology 
provide designers with insights into the latest 
design trends - from components to 
computers. Our separate international 
section reports on the latest international 
news, meetings, and new product 
introductions. 

First in market coverage 
Electronic Design delivers 119,000 primary 
subscribers in 85 countries worldwide - the 
broadest, most efficient circulation coverage 
of any electronics publication. During the 
past four years Electronic Design's inter­
national circulation has grown 20% to now 
provide advertisers with the greatest 
market coverage in W. Europe of any U.S. 
electronics publication - more than 16,600 
primary subscribers. Total circulation in the 
international section is now nearly 20,000. 

First in advertising 
Electronic Design is clearly the #1 publication 
in advertising pages. 
1983 Advertising 
Electronic Design 5,250 pages 

_E_le_c_t~_on_i_cs _____ ~ 3,270 pages 

In 1983, Electronic Design continued its 
dramatic growth in international advertising. 
1980 1 227 pages 
1981 } 297 pages 
1982 l 328 pages 
1983 J 355 pages 

To join the growing list of advertisers using Electronic Design International, 
contact your local Electronic Design representative. 

United Kingdom, 
Scandinavia 

Constance McKinley 
10 Mulholland Drive 
Hasbrouck Heights, NJ 07604 
Phone: (201) 393-6081 
Telex : 710-990-5071 
(HAYDENPUB HBHT) 

Belgium, Holland, 
Switzerland, Germany 

W.J.M. Sanders, S.i.P.A.S. 
Oosterpark 6 - P.O. Box 25 
1483 ZG DeRyp, Holland 
Phone: 02997 -1303 and 3660 
Telex: 13039 SIPAS NL 
Telegrams: SIPAS-Amsterdam 

Italy 

Luigi Rancati 
20090 Segrate 
Milano S. Felice Torre 5, Italy 
Phone: 02-75-31-445 
Telex: 311010 Orchid 1 

France 
Gerard Lasfargues 
32 rue Desbordes Valma~ 
75116 Paris, France 
Phone: 1-504-97-94 

Japan 

Haruki Hirayama, EMS, Inc. 
Sagami Building, 4-2-21 , Shinjuku 
Shinjuku-ku, Tokyo 160, Japan 
Phone: (03) 350-5666 
Telex: 2322520 EMSINC J 

Electron1cDes1gn 
First olace to address the international electronics market. 
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Taiwan, Hong Kong, 
Singapore 

Owen Wang 
Ace Media Agency, Inc. 
P.O. Box 26-578 
Taipei, Taiwan, R.O.C. 
Phone: (02) 7513636/4466 
11876 HANDYAGE 



Today's demand for smaller and 
smaller electronic assemblies com­
bined with fast and economical 
automatic assembly systems has 
created ever increasing requirements 
for a broad range of surface mounted 
components. Murata Erie has devel­
oped the broadest line of these chip 
components in the industry. All units 
shown are actual size. 

FIXED CAPACITORS 
Monolithic ceramic chips 

._, in all standard capacitance 
....., <!It'- values and TC's, and with 
~ up to 200 VDC voltage 

ratings. From .080" x .050" to .220" 
x .200'.' 

TRIMMER CAPACITORS 
'"'- Tl;iese are among the 

srqallest trimmers ever 
& offered in any configura-
lli!ll" tion , measuring less than 

.180" x .160" x .120'.' Capacitance 
ranges are from 2-6 pF to 6.5-30 pF 
with Q 's as high as 500 at 1 MHz. 

INDUCTORS 
These tiny units are made 
possible by a proprietary 
automated coil winding 
system. The smallest 

Regional Sales Offices: 
West-714-835-4822 
Southeast-305-644-0954 
Central-312-297-5560 
Northeast-617-245-7 880 
Canada-416-676-9484 

OUR FAMILY 
OF CHIP 

COMPONENTS 
measures just .100" x .100" x .080" 
and covers the inductance range of 1 
to 220 µH. Slightly larger units provide 
up to 390 µH. High frequency ferrite 
cores result in high Q 's to 100 MHz. 

TRIMMING POTENTIOMETERS 
.f• Just .150" x .180" x 

.091" and rated at 1/10 
c.fij watt, these trimming 

potentiometers will fit 
in the tightest places. All standard 
resistances from 100 ohms, to 2 
Megohms at a TCR of ± 259 ppm/°C 
are offered. Voltage rating jg' 50 VDC. 

FIXED RESISTORS 
These chip resistors 

~~ 4lt; feature a highly reliable 
- 1 • '-' Cermet electrode con-

struction and cover the 
resistance range from 10 ohms to 10 
Megohms. 1110 and 1/8 watt units 
measure just .080" x .050" and .126" 
x .063" respectively. Standard 
tolerance is + 5% with a TCR of 
± 250 ppm/°C. 
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CERAMIC FILTERS 
These filters are offered 
for 10.7 MHz applications 

~.. and have exceptionally 
......., sharp bandpass character-

istics-typically 280 KHz at 3dB at 10.7 
MHz. Dimensions are .250" x .160" 
x .060 '.' 455 KHz units are under 
development. 

CERAMIC RESONATORS 
Measuring just .262 " x 
.110:1 these piezoelectric 
devices can replace crys­
tals in many applications 

over the frequency range of 3 MHz to 
6.5 MHz. Standard frequency tolerance 
is+ 0.5% . Temperature stability is 
betterthan ±0.3 %, -20°Cto +80°C. 

Find out how Murata Erie's expanding 
state-of-the-art family of surface 
mounted components result in sub­
stantial size reductions and an increase 
in functions on your pc board, while 
reducing assembly costs through 
auto-placement. Write to Murata _Erie 
North America, Inc., 1148 Franklin 
Road, SE, Marietta , GA 30067 for 
complete technical details, or call 
(404) 952-9777. 

ppm!!! ERIE I 
MURATA ERIE NORTH AMERICA, INC. 
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We make computers 
that design what you make. 

We're Apollo Computer, the fastest growing professional work­
station company in the world. And for some very good reasons. 

We introduced a new standard in the computer industry. 
In 1981, we introduced the next step in the evolution of the 

computer. With the logical successor to time sharing: DOMAIN® processing. 
DOMAIN processing puts on the desk of every technical profes­

sional exactly what they need to design and develop new products. Dedicated 
32-bit workstations with the compute power of a mainframe. Closely-integrated, 
bit-mapped graphics. And a high speed local area network that shares information 
and resources. The result is a fully integrated, dynamic environment that lets 
your technical professionals produce better, more innovative new products in 
considerably less time. With considerably lower development costs. 

From left to right 
application software from : 
Mentor Graphics Corp ., 
lnterleaf, 
Auto-Trot, 
Swanson Analysis 

Systems, Inc., 
Racal-Redac, 
Automated Impact, 
GEICAE International, 
ORACLE Corp . 
and GE Calma Co. 

Logic design 
simulation . 

Documentation 
with 
integrated 
graphics and 
text. 
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We have a family of compatible workstations. 
Today, we have an unprecedented range of DOMAIN workstations 

to meet whatever design and development needs you may have. From our high 
performance VAX™ 780-class DN660 (color) and DN460 (monochromatic) for 
applications like finite element analysis and solids modeling, to our midrange 
DN550 for applications like integrated circuit and printed circuit board design. 
To our low cost DN300 series for applications like software engineering and tech­
nical illustration. And all of our DOMAIN family of workstations are completely 
compatible. 

We have nearly 300 technical applications packages. 
To stay competitive today, you have to look beyond automating 

individual tasks. So we allow you to automate the entire development process. 
With nearly 300 of the most powerful and prestigious third party applications 
packages available today. 

If you'd like to know how we can help boost your technical 
professionals' productivity and shorten your product development cycle, you 
have only to ask. Write or call Marketing Communications, Department Al, 
Apollo Computer, 330 Billerica Road, Chelmsford, Massachusetts 01824 
(617) 256-6600 Ext. 4497. 
DOMAIN© is a registered trademark of Apollo Computer. 

VAX™ is a trademark of Digital Equipment Corp. 
ORACLE® is a registered trademark of ORACLE Corp. 
© Apollo Computer, Inc. 1984 . 

apollo 

Space plan 
ofa 
facility. 

Printed 
circuit board 
layout. 

Exploded 
solid model 
of an 
automobile. 
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Relational 
database 
management 
system. 

3D surface 
model. 



Semiconductors to keep your 

Call us now, toll free, at 1-800-521-
6274, and we'll show you how state-of­
the-art semiconductor technologies 
and innovative products can keep your 
plan for a unique automated office 
system on schedule by reducing your 
design time. 

Whether in electronic typewriters, 
multi-user computer workstations, 
local area networks or high-speed cop­
iers, we'll help you meet challenging 
project schedules yet fulfill the com­
plex market requirements of low-cost, 
high-performance and extreme versa­
tility in the rapidly changing office 
automation world. 
Call now for time-saving 
details. 

In addition to maximizing the docu­
mented advantages of the performance­
leading M68000 MPUs, call now to 
get further information on the exten­
sive family of peripheral devices sup­
porting data communication, OMA 
control, Local Area Network control, 
memory management, bus control and 

parallel, serial and general purpose 
110-all there to build office automa­
tion systems quickly in a fast-moving 
marketplace. 

Fast static RAMs can increase your 
office automation system's memory 
access speed. The MCM2167Hand 
MCM2016H bring your MOS cache 
and very-high-speed, buffer memories 
closer to logic speeds. At 35 ns, the 
MCM2167H is the fastest 16K MOS 
static RAM in the world, and our 
MCM2016H is a match for any 2K x 8 
at45 ns. 

We've also just announced the 
MCM6257, our CMOS 256K DRAM 
optimized for cost-effectiveness in 
computer main memory. 
Over the phone and through 
the woods. 

Along with providing additional 
memory for processor-intensive appli­
cations such as word processing, 
windowing and videotex, call now 
and Motorola will guide the way to 
cost-effective means of squeezing 
more high resolution graphics quality 
out of fewer integrated circuits. In 
fact, if it shows up on a CRT screen, 
Motorola has what you need to gen-

..L • 

erateit, control it or interface to it. 
For example, the MC6835/45is the 

most widely-used CRT controller in 
office graphics applications. 

In addition, oUJ: keyboard decoders 
and communication controllers have 
appeared in many small busint'.lss 
computers, data entry terrpinals and 
word processing systems as well as 
CRT terminals. 

Similar applications employing 
raster-scan technologies are served by 
the MC2672 programmable video­
timing controller. 

In production later this year, 
the Raster Memory System (RMS) 
will generate high-performance 
graphics with a palette of 4096 colors 
for business-oriented videotex and 
other graphics-dependent office 
applications, all with a low-cost, two­
chip set. The RMS system will operate 
on the 16-bit M68000 microprocessors 
and a variety of other MPUs, includ­
ing the 8-bit MC6809E and MC68008 
microprocessors . 

To keep you out of the woods, 
Motorola provides a complete line of 
discrete semiconductors including 



office system project on schedule. 

optocouplers to protect your custom­
er's office automation investment 
and SWITCHMODE '" products for 
small size, reliability and efficiency 

- in power supplies. 
This LAN is your LAN. 

For data communication networks, 
the MC68681 dual universal asynchro­
nous receiver/transmitter supplies data 
transfer rates up to 4 Mbps through 
two very high speed independent com­
munication channels. 

The MC68562 is a dual universal 
seria l communication con troller that 
offers two independent, fu ll duplex 
receiver/transmjtter channels and sup­
ports all the most popular protocols 
with data transfer rates up to 1 Mbps. 

When the key requirement is cost, 
Motorola has the high technology 
answer. Our Universal Digital Loop 
Transceiver (UDLT) is a specialized 
integrated circuit system that supports 
point-to-point high speed data trans­
mission. It will meet your customer's 
desire to avoid added data cable costs 
by allowing simultaneous high-speed 

SWITCH MODE is a trademark of Motorola . 

Macintosh is a trademark of Apple Computer, Inc . 

data and voice to be transferred over 
existing, common twisted-pair tele­
phone wiring. 

1-800-521-6274 
Talk engineer to engineer. 

It all starts with design support from 
our massive staff of field application 
engineers. Motorola has tripled the 
number of application engineers it has 
throughout the U.S. and Canada. 
One's near you . An application engi­
neer w ho can match new semiconduc­
tor technologies and products to your 
office application requirements so 
that, with your unique designs, you 
can perhaps leapfrog your competi­
tion . Fast . 

Each has the expertise in emerging 
semiconductor technologies that can 
electrify your new office automation 
ideas . Call 1-800-521-6274 and discuss 
your applica tions. Any time between 
9 A.M. East Coast and 5 P.M. West 
Coast time, weekdays. Toll free. Talk to 
our specialis ts. They'll discuss your 
applica tions and get you in touch with 
a field application engineer who'll in 

person describe in depth how Motorola 
products can cut your design and pro­
duction time and keep your office 
automation projects on time. 

Wait'll you discover what we have 
in store for your new design . Be it in 
office automation, voice/data, factory 
automation, entertainment equipment 
or any electronics-driven industry, 
we'll work with you at any level of 
chip, board or box integration through 
the industry's premier technical field 
organization. A Motorola semiconduc­
tor field application engineer is in the 
right location with the right expertise 
to help you. 
Call us on it. One call. One source. 
Now. For all your 
semiconductor 
needs . Motorola 
Semiconductor 
Products Inc ., 
P.O. Box 20912, 
Phoenix, AZ 
85036. 

We're 
~ 
te~ffiu 

®MOTOROLA 
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Marconi microwave instruments 
give you more for your money. 

Compare for yourself. 
Hewlett-Packard Marconi Instruments 

Reputation 

Undisputed leader in electronic instrumentation among Undisputed leader in electronic instrumentation among 
U.S. firms. Began in the 1930's. Now produces automatic U.K. firms. Began in the 1930's. Now produces automatic 
microprocessor controlled microwave instruments. microprocessor controlled microwave instruments. 

Performance 

Microwave counter Microwave counter 
HP-5342A Option on Ml-2440 
Frequency coverage 10 Hz to 18 GHz Frequency coverage IO Hz to 20 GHz 
Maximum resolution l Hz Maximum resolution 0.1 Hz 
Sensitivity at l GHz - 25 dBm, at 18 GHz - 20 dBm Sensitivity at l GHz - 25 dBm, at 18 GHz - 20 dBm 
Maximum input damage level + 25 dBm peak Maximum input damage level + 27 dBm 
Automatic acquisition time 530 ms (normal FM) Automatic acquisition time 200 ms typical 
Power meter Power meter 
HP-436A Option 022 Ml-6960 Option 001 
Technology: TTL logic Technology: microprocessor controlled 
Instrumentation accuracy ± 0.5% or ± 0.02 dB ± .001 dB/C0 Instrumentation accuracy ± 0.5% or ± 0.02 dB 
Power range with available detectors - 70 to + 35 dBm 
Frequency range 100 kHz to 26.5 GHz 
Calibration: adjustment manual screwdriver 
Response time fixed by range 
Panel height 51/4'' 
Scalar analyzer 
HP-8756A 
Frequency range O.Ql to 40 GHz 
Electronic graticule; 401 point display, line only 
Dynamic range + 10 to - 50 dBm 
Fast screen dump and direct digital plotter output 
Sweeper control exclusive HPIB port to HP8350B or 

HP8340A 
Minimum sweep time 150 ms 
Logarithmic conversion by analog circuitry 

HP-5242A-Oll Microwave Countt;r 
HP-436A-022 Power Meter 
HP-8756A Scalar Analyzer 

Specs and prices aren't everything. 
We made Marconi instruments as sim­
ple as possible to use, so you can make 
measurements quicklY. 
and comfortably with 
complete confidence 
in the results. 

Thousands of 

J la:L1JllJ
0 
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Marconi instruments are now used by 
satisfied customers throughout the world .. 

$ 6,850 
$ 3,400 
$11,000 

Power range with available detectors - 70 to + 20 dBm 
Frequency range 10 MHz to 20 GHz 
Calibration: adjustment automatic, key or GPIB 
Response time is user selectable 
Panel height 3 'h'' 
Scalar analyzer 
Ml-6500 Option 001 
Frequency range O.Ql to 40 GHz 
Electronic graticule; 422 point display, line and 

histogram fill-in 
Dynamic range + 16 to - 55 dBm 
Fast screen dump and direct digital plotter output 
Sweeper control coax cable to all popular sweepers 
Minimum sweep time 70 ms 
Logarithmic conversion by digital circuitry 

Price 

$5,290 
$2,690 
$8,195 

Ml-2440 Microwave Counter 
Ml-6960-001 RF Power Meter 
MI-6500-001 Scalar Analyzer 

They testify to the value inherent 
in Marconi instruments-reputation, 
reliabilit}\ erformance, and price. 

Discover 
Marconi value 
for yourself. 
Call today for 
a demonstration 

by phoning (201) 934-9050 or in the Western 
U.S. (714) 895-7182. 
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U.S.A.: Marconi Instruments, 3 Pearl Court , Allendale, NJ 07401, (201) 934-9050. U.K.: Marconi Instruments, 
Longacres, St. Albans, Herts ., England AL4 OJN Phone 44 (727) 59292. Telex 23350. 

Data on H -P instruments from their 1984 catalog. H-P prices an~ as of July, 1984. Marconi prices arc as of July 1984 domest ic U.S.A. only. 
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FutureNetS 
Schematic Designer 
FutureNet's great features can make you 
five times more productive: 
· High-resolution monochrome display 
· 16-bit LSI processor with 256 Kbytes 

of memory 
· Powerful graphics editor that 

simplifies schematics 
· Graphics and text on standard 

screen 
·Communicates with larger 

CAD systems 
With USIR, you can rent or lease 
just the software you need 
(including board and 
mouse) for your IBM 
PC,XT, or ATor get 
both software and 
hardware. 

United States Instrument Rentals, Inc. l -"' AU S Leas,ng Company 

For more information, call or 
write today. 
U.S. Instrument Rentals 
2988 Campus Drive 
San Mateo, CA 94403 
For the number of your nearest 
USIR office, call toll-free, 
800-242-USIR, extension 930 . 

Ill!( 
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... from US. Instrument Rentals 
© 1984 U.S. Instrument Rentals Printed in the U.S. A. 
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DESIGN ENTRY 

Microprogrammable chips 
blend top performance 
with 32-bit structures 

Broken down into 32-bit functional blocks instead 
of being sliced into multiple-bit sections, 

five VLSI bipolar chips match a supermini's speed. 

D
esigners of systems and subsystems for 
high-speed computation, intelligent 
peripheral control, and array and digital 

signal processing typically need higher per­
formance than standard microcomputer parts 
can deliver. The required precision, speed, and 
virtual memory support has to some degree 
been supplied by dedicated VLSI components 
that are customized for particular applications. 
Yet an overwhelming need still remains for a 
set of building blocks that can bring extremely 
high performance to a large assortment of ap­
plications. 

A new approach extends the bit-slice concept 
to 32 bits and also satisfies system designs that 
require cycle times of less than 100 ns. With a 
family of fi ve VLSI chips, designers of micro­
programmed systems can count on cycle times 
of 70 to 80 ns, using merely a handful of com-

Paul Chu and Bernard J. New 
Advanced Micro Devices Inc. 

Paul Chu is now department manager of program­
mable processors in the product planning division of 
Advanced Micro Devices in Sunnyvale, Calif He holds 
several patents for microprogrammable devices and 
has a BSEE and an MSEE from Stanford University. 
As product planning manager for array processors at 
AMD, Bernard J. New is responsible for conceiving 
and defining arithmetic computing devices. The holder 
of a BSc (Hons) in electronic engineering from 
England's University of Birmingham, New has two 
patents on Am29500 products. 

ponents. The building blocks for 32-bit systems 
functionally partition the chips and separate 
the register file from the rest of the data path. 

The following two articles first explore the 
key members of the Am29300 family and then 
focus on a floating-point processor, which is the 
first chip scheduled for sampling. Details are 
'given on how to use the chip and other devices in 
the series to bui ld a fast Fourier transform 
computer, as well as more general-purpose dig­
ital signal-processing circuits. 

The Am29300 family addresses the problem 
of fault detection t h rough an interlocking 
checking scheme-parity and master-slave. 
Byte parity is generated, stored, and then 
checked on all data-path elements as a means of 
detecting interconnection failures . Moreover, 
to verify certain functions, the master-slave 
operating mode permits two units to be 
connected in parallel, with one unit actually 
handling the computation and the other check­
ing the result cycle by cycle. 

Detecting a fault triggers an interrupt at the 
microinstruction level. Unlike previous redun­
dant schemes, no specialized software is re ­
quired. Furthermore, communication among 
the redundant functional units causes no 
system degradation. 

The five chips form a strong foundation for 
any system designer's work. For instance, a 
16-bit sequencer can handle interrupts and 
traps at the microinstruction level. There is 

Electronic Design • November 15. 1984 229 



DESIGN ENTRY 

Microprogrammable 32-bit chips 

also a combined ALU and shifter that inter­
nally supports variable byte and bit fields. To­
gether with the ALU-shifter chip, a true dual­
port register file, organized as 64 words by 18 
bits, can build a basic system. The register file, 
designed for simultaneous read and write ac­
cesses, is separated from the data-path ele­
ments, thereby avoiding the problem of ad­
dressing an internal register file differently 
from external memory. The benefits of that 
separation are uniform register addressing and 
unlimited depth expansion. 

Two accelerator chips-a floating-point 
processor and a parallel multiplier-can be 
added to the basic system to raise the number of 
functions and cut processing time. The 32-by-
32-bit parallel multiplier can, on successive cy­
cles, expand to 64 by 64or128by128 bits, with-

out help from external logic. For its part, the 
math chip can tackle single-cycle addition, mul­
tiplication, subtraction, and conversions-all 
in single-precision IEEE or DEC formats . 

Because of functional partitioning, a three­
bus flow-through architecture was chosen as 
the data path. For maximum bus accessibility, 
all data-path elements-the integer processor 
and the parallel multiplier, for example-share 
two operand and one result bus. The flow­
through architecture not only transfers data 
extremely quickly but also avoids the complex 
timing control needed to turn around bidirec­
tional buses. Above all, the simplicity of the 
three-bus architecture allows these com­
ponents to be configured in a variety of ways to 
optimize micro-architectures for different 
jobs. 

Bipolar building blocks 
deliver supermini speed 
to microcoded systems 

CMOS processes start to encroach on the 
performance of bipolar circuits, bipolar 
technology is taking the next step to 

keep itself in the lead for the highest speed 
systems. A family of five bipolar VLSI com­
putational circuits-fabricated with a scaled, 

Dhaval Ajmera, 01e Moller, and David Sorensen 
Advanced Micro Devices Inc. 
Since the beginning of last year, Dhaval Ajmera has 
been a design engineer in rrroduct planning at Ad­
vanced Micro Devices in Sunnyvale, Calif He holds 
an MSEE from the University of Florida. 

0le Moller is also a design engineer in AMD's rrroduct 
planning operation. He holds an MSEE from the 
Technical University of Denmark. 
Another engineer in 'JffOduct planning, David Sorensen 
specializes in '/)rogrammable rrrocessors. He holds a 
BSEE from Arizona State University. 

230 Electronic Design • November 15, 1984 

ion-implanted, oxide-isolated process and three 
levels of metal interconnections for high den­
sity-provides a set of functionally partitioned 
microprogrammable VLSI building blocks for 
systems such as superminicomputers, digital 
signal processors, high-speed controllers, and 
many others. The modularity of the system 
functions ensures that the chips can meet the 
performance requirements of a general­
purpose superminicomputer, as well as those of 
an image processor, which are radically differ­
ent from each other. 

Included in the family are three parts that 
form the core of a general-purpose micro­
programmed system: a 32-bit arithmetic and 
logic unit (ALU), a 16-bit microprogram 
sequencer, and a 64-by-18 four-port, dual­
access RAM. And, for systems that do a large 
number of multiplications or floating-point 



operations, two performance accelerators-a 
32-by-32-bit multiplier and a 32-bit floating­
point processor will be available to tie onto the 
buses (see Design Entry, p. 246). 

The chips offer high performance, a flexible 
architecture, and microprogrammability, and 
even address the problem of fault detection for 
data integrity. These circuits can thus support 
an extremely fast microcycle-about 80 ns 
(projected). That high speed is the result of 
several design considerations: Each part is de­
signed internally with emitter-coupled logic 
but has TTL-compatible inputs and outputs. 
Second, more power was allocated to the logic 
circuits used in the critical paths than for logic 
in the noncritical paths on each chip, to max­
imize the speed. Third, by integrating highly 
specialized logic on chip it is possible to execute 
very complex operations in a single cycle. 

The microprogrammability of this chip set 
offers several benefits to the system designer. 
It provides a structured and systematic ap­
proach for implementing the control mech­
anism of the system, and like the bit slices, it al­
lows the instruction set to be customized to suit 
the designer's application (see "Architectural 
Limitations of Bit Slices," opposite). And 
several versions of the initial design can be 
tested, or current designs can be enhanced 
simply by changing the microcode. 

Thus, the functionally partitioned Am29300 
family overcomes all of the performance penal­
ties of bit-slice structures, while maintaining 
its ability to form a wide variety of architec­
tures. Even though the chips are designed to 
work together as a family, each can also be used 
independently in an application that requires 
its unique capabilities. 

Pipelines are out 

The flexibility of the Am29300 family is 
largely due to a decision not to place pipeline 
stages within the functional blocks. Not includ­
ing the pipeline registers inside incurs some 
off-chip delays. This is a small price to pay to al­
low system designers to optimize the pipeline 
structure for their individual needs. Moving the 
register file out of the functional block for the 
ALU also slows things down. At the same time 
it does not force a fixed register size on the user, 
enabling systems to be created with dedicated 

registers, register windows, or register banks­
all with neither fixed depth nor width. 

Additionally, the high level of integration 
helps eliminate the propagation delays often 
encountered when signals must go from chip to 
chip. The use of VLSI also results in fewer parts 
at the system level, which, in turn, conserves 
power (usually many watts in the case of bi­
polar systems) and board space. Lastly, a com­
plete 32-bit solution is provided for applications 
that require increased precision for arithmetic 
operations, high memory bandwidth, and a 

Architectural limitations 
of bit slices 

The limited performance of bit-slice circuits can 
be improved by increasing the width of the slices. 
That higher level of integration results in higher 
performance by reducing the number of off-chip 
delays while preserving the flexibility that has 
made bit-slice systems so attractive. However, as 
higher levels of integration become possible, two 
inherent problems with bit-slice architectures 
will limit their ultimate speed. The first involves 
the off-chip delays inherent in cascading. For ex­
ample, the carry chain is usually the slowest path 
of an ALU. Breaking this chain between slices in­
troduces off-chip delays into the critical path. 

The second problem is that the functional needs 
of many systems do not slice well. Barrel shifters 
and prioritizers are especially difficult to cascade. 
Unfortunately, the ability to perform N-bit shifts 
and locate the position of leading ls are of greatest 
importance in applications that require heavy 
number crunching and manipulation of data 
fields, such as image processing, graphics, data­
base management, and controllers. These are pre­
cisely the applications whose need for speed forces 
the use of bit-sl·ice devices. The system per­
formance is compromised not only because these 
operations must be done bit by bit, but also be­
cause many high speed algorithms cannot be effi­
ciently implemented. 
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large addressing capability ( 4 billion bytes) to 
support virtual memory systems (Fig. l). 

The performance of a system depends, not 
just on its raw computing speed, but on its abili­
ty to respond to events such as interrupts and 
traps. For example, the Am29331 sequencer re­
sponds to both interrupts and traps at the mi­
croprogram level very quickly, and its response 
is completely transparent to the interrupted 
microroutine. Also, the Am29332 ALU indirect­
ly supports the handling of these events by al­
lowing its internal state to be saved or restored. 

The Am29332, a noncascadable 32-bit-wide, 
ALU, provides fast number crunching, high 
data transfer rates, and powerful bit-manip­
ulation capabilities. Intended to be used with 
the Am29334 dual-ported RAM, which serves 
as an external register file, the ALU has two 

32-bit input buses (DA and DB) and one 32-bit 
output bus (Y). 

Internally, the device has a 32-bit data path 
that interconnects its various functional 
blocks. These blocks include various shifters 
and multiplexers, a mask generator, a funnel 
shifter, the ALU proper, a priority encoder, a 
parity generator and checker, a master-slave 
comparator, and the status and Q registers 
(Fig. 2). The ALU proper has three 32-bit in­
puts: R, Sand M. The R input comes from the 
funnel shifter, the M input from the mask gen­
erator, and the S input from a variety of sources 
-the DA or DB buses, status register, or the Q 
register. 

The power and flexibility of the Am29332 
comes partly from its ability to perform oper­
ations on various data types. It can operate on 
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1. A conventional CPU, built with Am29300 building blocks, forms the focal point of an 
extremely compact system that cycles as fast as 80 ns. 
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variable bytes, variable-length bit fields, or sin­
gle bits. This is made possible by the internal 
mask generator, which creates a 32-bit mask 
for each instruction (with no time overhead). 
The mask is used as an additional operand in 
each instruction to allow the operation on only 
selected data widths. 

The type of mask generated depends on the 
type of instruction. For instructions that oper­
ate on variable bytes (1, 2, 3 or 4 bytes) the mask 
is a fence of ls (bit 0 aligned) for all low-order 
selected bytes with a fence of Os for all high­
order unselected bytes. Instructions that oper­
ate on variable-length bit fields require a mask 
that is a string of contiguous ls for all selected 
bit positions and Os for all unselected bit posi­
tions. In cases where the field exceeds the 32-bit 
boundary, the mask does not wrap around, thus 

Borrow 
Mode 

OE-Y 

Slave 

INST 

Hold 

Macro 
Link 

Instruct ion 
decoder 

32 
4 

Parity checker 

allowing operation on a contiguous field across 
a word boundary. For instructions that operate 
on a single bit, the mask is a 1 for the selected bit 
position and Os for the other unselected bits. 

For most single-operand instructions, the 
unselected bit positions pass the corresponding 
bits of the operand unmodified. For most two­
operand instructions, the unselected bit posi­
tions pass the corresponding bi ts of the operand 
unmodified on the DB input. Thus, for two­
operand instructions the mask allows the 
merging of two operands in a single cycle. In ad­
dition to being used internally, the mask can be 
sent out over the Y bus, permitting the gener­
ator to be used as a pattern generator for test­
mg purposes. 

To speed various mathematical and logical 
operations, many circuits have started to in-
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2. To connect its various internal functional blocks, the Am29332 ALU 
employs a 32-bit bus. Among the chip's major features are a 64-bit fun­
nel shifter, parity checking and generation, and a basic 32-bit ALU that 
has three input ports. The processor also has three 32-bit ports through 
which it transfers data into and out of the chip. 
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elude a barrel shifter, which has an N-bit input 
and an N-bit output. The barrel shifter would 
be used to shift or rotate the operand either up 
or down from 0 to N bits in a single cycle. Such 
high-speed shifting is very useful in operations 
such as the normalization of a mantissa for 
floating-point arithmetic or in applications in 
which the packing and unpacking of data are 
frequent operations. 

However, a more useful circuit is a funnel 
shifter, which can be thought of as having two 
N-bit inputs and one N-bit output. Just such a 
circuit (with 32-bit-wide ports) was included on 
the 29332. The circuit can perform all the oper­
ations of a barrel shifter with capabilities ex­
tended to two operands instead of one. In addi­
tion, it can extract a 32-bit contiguous field 
across its two operands, a function very useful 
in several graphics applications. And any of its 
operations can be followed by a logical oper­
ation, with both completed in a single cycle. 

Setting the priorities 

Prioritization, useful to control N-way 
branches, perform normalizations, and in 
graphic operations such as polygon fills, can 
readily be handled by the ALU chip. The built­
in priority encoder sends out a 5-bit binary 
weighted code that signifies the relative posi­
tion of the most-significant 1 from the most­
significan t bit position of the byte width se­
lected. That allows prioritization on either 8-, 
16-, 24-, or 32-bit operands. The priority encoder 
output can be passed on to the Y bus or stored in 
the status register. 

If, for example, prioritization is used to nor­
malize a mantissa during a floating-point 
arithmetic operation, it requires two cycles. In 
the first, the mantissa is prioritized to deter­
mine the number of leading Os that need to be 
stripped off. In the next cycle, the mantissa is 
shifted up by the amount specified by the prior-
ity encoder output. · 

Relevant information for each operation per­
formed by the chip is stored in the 32-bit status 
register after each microcycle. Each byte of the 
status word holds different information. The 
least-significant byte holds the position spec­
ifier. The next most-significant byte holds the 
width specifier and three other bits that are 
used to test the comparison of unsigned and 
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signed operands. The next byte contains the 
Carry, Negative, Overflow, Link, Zero, Mand S 
flags. The M flag stores the multiplier bit for 
multiply or the sign compare bit for signed di­
vision, and the S flag stores the sign of the par­
tial remainder for unsigned division. The most 
significant byte stores the nibble carries for 
BCD operations. 

The states of the Carry, Negative, Overflow, 
Link and Zero flags are available on the status 
pins, and the status multiplexer allows the user 
to select either the status of the previous in­
struction (register status) or the status of the 
current instruction (raw status) to appear on 
the status pins. The raw status could be used to 
update an external macro status register. This 
also allows branching at either the micro- or 
macro-level. 

The Q shifter and Q register are primarily 
used to assemble the partial product or partial 
quotient in multiplication and division oper­
ations. Variable bytes of the status and Q reg­
ister can either be loaded via the DA and DB 
inputs or can be read over the Y bus. Thus sav­
ing and restoring of the registers allows effi­
cient interrupt handling after any microcycle. 
It is also possible to inhibit the update of both 
these registers by asserting the Hold pin. 

Powerful and orthogonal instructions 

The power of the ALU chip's instruction set 
comes directly from the integration of several 
functional blocks mentioned earlier. The com­
mands are symmetrical as well as orthogonal, 
to make it easier for a compiler to generate effi­
cient code. Thus, any operation on the DA input 
is also possible on the DB input, and each in­
struction is completely independent of its data 
type. 

Three-fourths of the instruction set consists 
of variable byte-width (one, two, three or four) 
operand instructions. The byte-width is se­
lected by two bits in the instruction. For these 
operands, the instruction set supports all con­
ventional arithmetic, logical and shift oper­
ations. Arithmetic operations can be per­
formed on both signed and unsigned binary 
integers. 

Additionally, the instruction set supports 
multiprecision arithmetic such as addition 
with carrying and subtraction with carrying or 



Now 68000 computers 
cost less, do more. SI09S. 

SBE Multibus computers bring out all the 
power of the 68000 in a highly adaptable form. 

The M68CPU above runs at 10 MHz, access­
ing 512 KB to 8 MB RAM on companion 

boards. This CPU 
sets a new stan­

dard for 
multi-user, 

real-time 
applications. 

High speed 
with multi-megabyte 

memory is now possible 
because SBEs unique 

memory management unit 
eliminates all wait states. It con­

tains 32 independent maps for task sizes from 4 KB 
to 8 MB, permitting rapid real-time task switching. 

M68K10 
computer 

Our M68K10 runs at 10 MHz, accessing 
128 KB to 1 MB RAM on the same board. 
This CPU is an amazingly powerful single-board 
computer for communications, process control, data 

analysis, ATE, and other systems applications. 
Contains up to 1 MB of dual-ported RAM accessible 
with no wait states. Has a 16-bit counter/timer 
and 24-bit parallel port right on board. 

Both fit in almost anywhere. Both are Multibus/ 
IEEE 796 compatible. With two iSBX Multimodule 
connectors. Two multiprotocol serial VO ports. And 
options like a 68010 in place of the 68000. 

All from stock in batches of 100 for $1095. 
A super competitive price. One we can offer 
because we manufacture in-house, in volume. And 
we offer on-going software support hard to find else­
where. All from SBE, Inc., 4700 San Pablo Ave., 
Emeryville, California 94608. TWX 910-366-2116. 

Phone free 800-221-6458 for literature 
mailed today. In California call (415) 652-1805. 

Computer boards and systems. 

CIRCLE 116 



DESIGN ENTRY 

Microprogrammable 32-bit chips 

borrowing. For all subtract operations it pro­
vides the convenience of using borrowing in­
stead of carrying by asserting the borrow pin. 
In this mode the carry flag is updated with the 
true Borrow. To allow efficient execution of 
macroinstructions the chip contains a Macro 
mode pin. When the chip asserts this pin, it al­
lows the external Macro-Carry and Macro-Link 
bits instead of their microcounterparts to part­
icipate in the operation. 

Instructions that execute algorithms for the 
multiplication and division of signed and un­
signed integers are multiple cycles are also pro­
vided. For multiplication, the circuit supports 
the modified Booth algorithm, yielding two 
product bits in one cycle. Both single-precision 
and multiprecision division of signed and un­
signed integers are supported at the rate of one 
quotient bit in every cycle. 

Besides binary integers the instruction set 
provides basic arithmetic operations for 
binary-coded decimal (BCD) numbers. By oper­
ating directly on the decimal numbers created 

RAM 

Master Slave 

Error 

3. To help ensure system integrity, two Am29332 
processors can be set for master and slave oper­
ation. Both chips perform the same operation in par­
allel, and any difference in their results is flagged as 
an error. The master also checks its internal result 
against the data on the output bus to make sure 
that no other device (such as device X) is turned on 
at the same time. 
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in most business applications, significant pro­
cessing time is saved by eliminating the need to 
convert from binary to BCD and vice versa. 
Also, the round-off errors involved in con­
verting from one base to the other are elimi­
nated. 

The last group of instructions was created to 
support variable-length bit fields (1 to 32) and 
single-bit operands. The position and width of 
the field can be specified by either the position 
and width inputs or by fields in the status reg­
ister, thereby saving bits in the microcode. 
Most of the time, the position and width are 
determined dynamically. It is therefore diffi­
cult to supply them via the microinstructions. 
For single bit operations only the position spec­
ifier is needed. 

Bit-manipulation instructions include set­
ting, resetting, or extracting a single bit of the 
operand or the status register. Logical oper­
ations on either aligned or nonaligned fields in 
the two operands include OR, AND, NOT and 
XOR. In the case of nonaligned fields it is as­
sumed that at least one of the fields is aligned to 
bit position 0. It is also possible to extract a field 
from one operand and insert it into another 
operand or extract a field across two operands. 

Enhancing system integrity 

The growing need for data integrity has been 
addressed at both the system and the chip level 
by including hardware for fault detection. Dur­
ing calculations, byte-wide even parity is gener­
ated for the data result by the ALU and stored 
with the data in the external RAM. Byte-wide 
even parity is also checked at the ALU inputs 
and any error is flagged. 

Even parity is specifically used to check for a 
floating TTL bus. Thus, all interchip connec­
tions are checked out. In addition, hardware for 
functional verification is also provided on the 
sequencer and the ALU functional verification 
can be implemented by using two similar de­
vices in the master and slave mode (Fig. 3). In 
that setup, both chips perform the same oper­
ation, with any difference in their outputs being 
flagged as an error. The slave-mode chip's bidi­
rectional buses operate in their input mode, al­
lowing the master to compare its own internal 
result with that of the slave on every cycle. Ad­
ditionally, the master checks the output bus to 



Optical PG 
orE·Beam ... 

VIA solves the 
Lithography rnvstay. 

VIA's WorkSystem™ has proven 
VLSI Pattern Generation and E-Beam 
capabilities that take away all the mys­
tique. You get better yields through 
higher quality. And, you save time and 
money. 

Rapid creation of Optical Pattern 
Generation tapes. Faster PG machine run 
times. Quick conversion of PG tapes to 
graphics files. And, accurate fracturing of 
mask geometries. 

For E-Beam ... Flexible scan 
widths. Elimination of E-Beam machine 
pre-processing. Support of both standard 
and advanced formats. An easy-to-use 
menu. Therefore, you reduce fabrication 
cycle times and produce more reliable 
circuits. 

And with VIA's interface to inspec­
tion equipment, you're sure to get what 
you designed. 

For more information, call or write 
today. VIA Systems, Inc., 76 Treble Cove 
Road, North Billerica, MA 01862, 
(617) 667-857 4 (MOS-VLSI). 

CIRCLE 117 

THE WAY OF THE FUTURE 

VIA Systems 



DESIGN ENTRY 

Microprogrammable 32-bit chips 

make sure that no other device is turned on at 
the same time. 

As ment ioned earlier, the ALU architecture 
was designed to use an external register fil e. 
Keeping the file external to the chip permits the 
user to expand it to meet any system need. The 
Am29334, a high-speed 64-word-by-18-bit dual­
access RAM, provides two independent data in­
put ports and two independent data output 
ports (Fig. 4) . Each port can be read from or 
written to using the separate inputs and out ­
puts. The two accesses are independent except 
for the case when simult aneous wri te opera­
tions are done to the same word-in which case 
the result is undefined. The read address inputs 
and the write address inputs of each side are se-
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4. The dual-access RAM serves as an external reg­
ister file for the arithmetic processor chip. The 
Am29334 holds 64 words, each 18 bits long. Two 
chips are often connected to build a RAM block with 
four data outputs, two data inputs, and six address 
lines. Each port of the RAM can be independently 
accessed to read or write. 
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parate in order to save the cost and time delay 
of external multiplexing between a read ad­
dress and a write address. 

The word width of 18 bits allows the RAM to 
store two bytes plus a parity bit for each. Each 
side has separate write enable for the lower and 
upper nine-bit bytes and a common write en­
able that also switches the address multiplexer. 
The actual write is delayed internally to allow 
the wr ite address to set up internally before 
writing starts. 

It is possible to build a RAM with four data 
outputs, two data inputs and six addresses by 
using two dual-access RAMs and on each side 
connecting the data input, write address and 
write enables of one RAM in parallel with the 
corresponding inputs of the other RAM. This 
expanded RAM may be used in concurrent pro­
cessing applications in which an ALU and an 
adder (which generates the address) do their 
computations-this yields a result and an ad­
dress in parallel. The two values can then be fed 
simultaneously to the multi port memory. 

The sequencer controls the show 

The cycle time of the microprogrammed sys­
tem is dependent on both the control path (i.e., 
sequencer and microprogram memory) and the 
data path (i.e., register file and ALU). Tradi­
tionally, the system bottleneck has been the 
control path, especially the ciritical paths asso­
ciated with conditional branching. Special care 
has been taken in the design of the Am29300 
family to balance control and data-path timing. 

A key device contributing to the improved 
control-path timing is the Am2933116-bit mi­
croprogram sequencer. It is designed for high 
speed, and that speed has been attained by the 
elimination of functions that would slow down 
the microaddress selection and by including the 
test logic and the test multiplexer in these­
quencer (Fig. 5). As in most previous generation 
sequencers, the address register, the incre­
menter, the address multiplexer, the stack, and 
the counter are standard functions . The se­
quencer has multi way branch instructions that 
allow 1 of 16 consecutive addresses to be se­
lected as the branch target in a single cycle. 

The address register in most other sequen­
cers is called a program counter, but this name 
is not correct if a strict definition is applied. In 
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the Am29331, the incrementing counter is 
placed after the address register, which thus al­
lows for the handling of traps. The stack stores 
return addresses, loop addresses and loop 
counts. It has 33 levels to permit the deep nest­
ing of subroutines, loops and interrupts. An 
output, Almost Full (A-Full), indicates when 28 
or more of the levels are in use. 

Available for use in iterative loops, the 
counter can be loaded with an iteration count at 
the beginning of a loop, and the count is tested 
and then decremented at the end of the loop. 
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The loop is terminated if the count is equal to 
one; otherwise a jump to the beginning of the 
loop is executed. 

There are three buses that carry microad­
dresses. The bidirectional D bus can be con­
nected to the pipeline register, providing 
branch addresses or loop counts, or used for 
two-way communication with the data process­
ing part of the system. The A bus, called an al­
ternate bus, can be connected to a mapping 
PROM to provide starting microaddresses for 
instructions in a computer. The Y bus sends out 
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5. To aid in handling trap operations, the incrementer is placed after the address 
register in the Am29331 microsequencer. Additionally, the chip has a 16-bit ad­
dress bus, which enables it to access up to 64 kwords of control memory and han­
dle interrupts and multiple-path branches. 
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sional electronic design programs for the IBM PC. 
Now, over 300 customers have discovered that the 
CTlOOO has more capability in its front-end design 
capture than any other competitively-priced system. 

The CTlOOO offers its users all of the general 
graphics operations such as zoom, pan, rotate, set 
and copy, associated with sophisticated design sys­
tems. However, the capabilities don't end there. 

Consider these advanced features : 
• Intelligent Rubberbanding 
• Closest Point Line Drawing 
• Automatic Text Placement 
• Automatic Location Labeling 
• Smart Signal Naming 
• Interactive Component Dragging 
• Configurable Menus 
• Complete "SCALD" Design Concepts 

• Lower Memory Utilization 
• Simple ASCII File Interface 
And there's much more . Powerful timing veri­

fication and logic simulation tools are also available, 
which, in combination with the CTIOOO's design 
capture capabilities, offer the user the most 
cost-effective solution in computer-aided electronic 
design . 

If you haven't discovered the CTIOOO system, 
call or write today for more information. Contact: 
Case Technology Inc. , 633 Menlo Avenue, Menlo 
Park, California. Tel: (415) 322-4057. 

For front-end engineering solutions, see Case 
Technology first ... and save both time and money. 

CIRCLE 119 
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selected microaddresses to the microprogram 
memory and accepts interrupt or trap address­
es if interrupt or trap is employed. 

Four sets of 4-bit multiway inputs provide a 
simultaneous test capability of up to 4 bits. 
And, one way to use those inputs would be to 
decode mode bits in changing positions in mac­
roinstructions. The four select lines select 1 
of 16 tests to be used in conditional instructions. 
There are twelve test inputs. Four of these may 
be used for C (Carry), N (Negative), V (Over­
flow) and ZJZero), generating internally the 
tests C+Z, C + Z, N XOR V, and N XOR V +z, 
which are used for comparison of signed and 
unsigned numbers. 

Relative addressing was the only somewhat 
useful function that was removed in order to 
maximize speed. The sequencer supports inter­
rupts and traps with single-level pipelining, but 
may also be used with two levels of pipelining in 
the control path. It has a 16-bit-wide address 
path and cannot be cascaded, which thus limits 
the addressable memory depth to 64 kwords of 
microcode. That, however, is sufficient for the 
vast majority of applications-a typical 
computer, for instance, that has a micropro­
grammed instruction set, might use only about 
1to2 kwords. However, for systems in which 
the microprogram is the sole program level, its 
size is generally larger. 

Microprogram interrupts supported 

The Am29331 sequencer supports interrupts 
at the microprogram level. Like polling, inter­
rupts handle asynchronous events. However, 
polling requires explicit tests in the micro­
program for events, thus leading to long re­
sponse times, lower throughput, and larger mi­
croprograms. Interrupts, on the other hand, 
have a response time equal to the cycle time of 
the system (approximately 80 ns) , measured 
from the Interrupt Request input (INTR). The 
sequencer accepts interrupts at every micro­
instruction boundary when the Interrupt En­
able input (INTEN) is asserted. 

An actual interrupt turns off the Y bus driver 
and asserts the Interrupt Acknowledge output 
(INTA), which should be used to enable an ex­
ternal interrupt address onto the Y bus, thus 
driving the microprogram memory. The inter­
rupt also causes the interrupt return address to 
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be saved on the stack; this permits nested inter­
rupts to be handled (Fig. 6). 

The Am29331 is also the first sequencer that 
can handle traps. A trap is an unexpected situa­
tion caused by the current microinstruction, 
which must be handled before the microin­
struction completes and changes the state of 
the system. An attempt to read a word from 
memory across a word boundary in a single cy­
cle is an example of such a situation. When a 
trap occurs, the current microinstruction must 
be aborted and re-executed after the execution 
of a trap routine, which wlll take corrective 
measures. 

Execution of a trap requires that these­
quencer ignore the current microinstruction 
and push the trap return address-the address 
of the ignored microinstruction-on the stack. 
The trap address must be transferred onto the 
Y bus at the same time. All this can be accom­
plished by disabling the carry-in to the incre­
menter CCin) and asserting the Force Continue 
input (FC) and the Interrupt Request input 
(INTR). 

Also built into the sequencer is an address 
comparator, which allows detection of break­
point in the microprogram. An output signal 
from the comparator indicates when the con­
tent of the comparator register is equal to the 
address on the Y bus. There is an instruction 
that loads the comparator register from the D 
bus and enables the comparator, which may lat­
er be disabled by another instruction. 

Parallel microprocesses are useful when the 
system must deal with peripheral devices that 
are controlled at the microcode level. Normally 
only one processor is present and it must be 
time multiplexed between the concurrent oper­
ations that must be performed. When a process 
is suspended its private state must be saved, so 
that it can be restored when the process re­
sumes execution. That, in turn, requires that 
the state of the sequencer be saved and re­
stored, or each process must have its own 
sequencer that is active when the associated 
process is active. The first approach is the least 
expensive, but the second offers the advantage 
of shorter response time, because no time is 
spent on saving and restoring the state. 

The Am29331 supports the first approach 
with its bidirectional D bus, through which the 





DESIGN ENTRY 

Microprogrammable 32-bit chips 

entire state, with the exception of the com­
parator register, can be saved and restored. The 
sequencer also supports the multiple sequencer 
arrangement, in which the three-state Y buses 
from the sequencers are tied together driving a 
single microprogram memory. One of these­
quencers is active, while the remaining sequen­
cers are put on hold by asserting their Hold 
inputs. The Hold input disables most outputs 
(the D bus synchronously), disables the incre­
men ter, and enables an internal Force Con­
tinue. This effectively detaches the sequencer 

A : CALL C 
A+ 1:. 

8 : CONTINUE 
8 + 1:. 

c 
C+ 1: .. . 

Multiplexer 

Off 
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·-fl 
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Interrupt return 
address register 
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from the system and preserves its state. 
The sequencer has a 6-bit instruction input 

that is internally decoded to yield a set of 64 in­
structions. There are 16 basic branch instruc­
tions, each in an unconditional version, a condi­
tional version, and a conditional version with 
complemented test. In addition there are 16 
special instructions like Continue and Push C 
(push counter on stack). The branching instruc­
tions handle jumps, subroutines, various kinds 
of loops and exits out of loops, and FC actually 
overrides the instruction inputs with a continue 
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6. Because it can accept interrupts at any microinstruction boundary, the sequencer responds faster than 
most other microprogrammed systems. For example, while the instruction at point A in memory is being 
executed, the sequencer is directed to point B. The only restriction on the programmer is that the first in­
struction of the interrupt routine cannot use the stack, since the interrupt return address is pushed onto it at 
the start of the procedure. 
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Our MTOS-86 real-time operating system 
helps Toyoda 's 6-axis, articulated robot 
to operate with maximum efficiency. 

MTOS was chosen, in part, for its 
ability to respond very rapidly to outside 
events, which allows the Toyoda robot to 
move with great precision. In addition, 
MTOS synchronizes tasks so quickly that 
high-level functions can be freely added 
without affecting performance. 

Of course, Toyoda isn't the only 
large company to recognize the advan­
tages of MTOS. In fact, the MTOS family is 
used in more control applications world­
wide than any other operating system. 

MTOS is the only multi -tasking 
operating system that supports multiple 
microprocessors on a common bus. It's 
especially well suited for control applica­
tions. And since our systems are concep­
tually compatible, once you've learned 
one, you can use them all. 

Versatile, user-friendly MTOS is 
available for a variety of micros. For more 
information on the fastest, most efficient 
O/S software on the market today, contact 
Industrial Programming Inc., 100 Jericho 
Quadrangle, Jericho, NY 117 53. 
800-228-MTOS, (in New York, 
516-938-6600). Telex : 429808 (ITT). 

• MTOS-86MP • MTOS-68K • MTOS-80MP 
for the 8086 for the 68000 for the 8080/85 

• MTOS-86 • MTOS-68KFG • MTOS-80 
for the 8086 firmware for the 8080/85 

• MTOS-86/PC generator • MTOS-68 
for the IBM® PC • MTOS-68KF for the 6800 

firmware 

CIRCLE 121 

• • 
I J)l 1ndustrial 
Programming Inc. 
The standard-setter in operating system software 
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instruction. FC is useful in field sharing and 
support for writable microprogram memory. 

The Am29331 is one of the few sequencers 
where the stack is accessible from outside 
through the bidirectional D bus. This indirectly 
allows access to the whole state of these­
quencer except the comparator register. This is 
useful when testing the device, and during 

system debugging, in which, for example, the 
contents of the counter and the stack may be 
examined and altered. By including the trou­
bleshooting instructions in the microcode, the 
sequencer may aid in debugging itself and the 
rest of the system. The access to the state is also 
useful for changing context or extending the 
stack outside.o 

Single-chip accelerators 
speed floating-point 

and binary computations 

C
omplex multiplication or floating-point 
mathematical operations are frequently 
needed in most computer systems, but in 

many cases, not often enough to warrant the 
added cost of dedicating CPU hardware to the 
computational job . To speed up the calcu­
lations, many systems, though, allow for accel­
erator boards or boxes that can perform such 
operations at several megahertz speeds or 
more. 

Already, many silicon designers have devel­
oped chips to simplify the design of such sub­
systems-16-bit parallel multipliers fabricated 
in bipolar, CMOS or NMOS processes, and 
single-chip or multichip floating-point pro­
cessors made with CMOS or NMOS have been 

David Quong and Robert Perlman 
Advanced Micro Devices Inc. 

David Quang is a product planning engineer with the 
digital signal processing and array processing group at 
Advanced Micro Devices in Sunnyvale, Calif He re­
ceived a BSEE from California State University in 
Sacramento. 

Robert Perlman is a senior product planning engineer 
with the digital signal processing and array processing 
group. He obtained a BSEE from the Rensselaer Poly­
technic Institute and an MSEE from the Johns Hop­
kins University, and has previously done design work 
in airborne digital signal processing at Westinghouse. 
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available for some time. However, they are low­
performance solutions to the problem, or in 
some cases, have limited application since they 
are intended for highly pipelined systems. 

Now, the ability to handle 32-bit binary mul­
tiplication or 32-bit floating-point multiplica­
tion, addition or subtraction can be added to a 
system with just a single chip. The Am29323 is a 
32-bit parallel multiplier that accepts two 
32-bit inputs and can deliver a 64-bit product in 
a single clock cycle of 80 ns. Alternatively, per­
forming floating-point operations, the 
Am29325 accepts two 32-bit inputs and delivers 
a 32-bit result in less than 125 ns. It can operate 
with numbers represented in either the IEEE 
(P754) or Digital Equipment Corp. floating­
point formats and can convert numbers from 
one format into the other. 

Both chip s are part of the just unveiled 
Am29300 series of 32-bit computational ele­
ments (Design Entry, p. 230). The multiplier is 
ideal for computer systems that do floating­
point operations only infrequently but must of­
ten perform high-speed integer calculations 
such as those required in image manipulation. 
The floating-point processor enhances systems 
used for fast Fourier transform and scientific 
calculations. Systems could even contain both 
accelerators if a high-performance, general-



purpose system were built (Fig.1). 
To speed the flow of data into and out of the 

chips, both circuits were designed with two 
32-bit-wide input ports and one 32-bit output 
port. But the similarities end there, since the 
chips perform vastly different operations on 
the data. A fairly straightforward design, the 
multiplier uses a full Booth-encoded array to 
deliver a 64-bit product to the output register 
(Fig. 2). The output register feeds a multiplexer 
that sends the result, 32 bits at a time, to the 
output port. 

Double-precision operations can be done 
thanks to dual 32-bit input registers that are 
multiplexed into the multiplier array. A 67-bit 
partial-product adder allows new products to 
be summed with the contents of the output reg­
ister. During this operation, the contents of the 
output register may be scaled by 32 bits, if nec­
essary. Four partial products are formed and 
summed, and a temporary register assists in 
the scheduling of output transfers. The effec­
tive pipelining throughput in the double­
precision mode is one 64-bit multiplication 
every four cycles. The accumulator can also 
support 96- and 128-bit multiplications. How­
ever, for such operations, input data must be 
repeatedly applied. 

The input and output registers of the multi­
plier have independent control signals so that 
they can be optimally timed in pipelined 
systems. However, in unpipelined systems, the 
registers can independently be made "trans­
parent" so that data encounters no delays when 
entering or leaving the chip. Like the other 
chips in the Am29300 family, the multiplier has 
parity checking and generating circuits to en­
sure system data integrity. And, the circuit of­
fers a slave mode in addition to its normal 
mode-if two chips are tied together to operate 
in parallel with one set to operate in the slave 
mode, the circuits will generate an error flag if 
unequal results are obtained. 

In the world of floating-point computations, 
several single-chip units, designed to be gen­
eral-purpose math coprocessors for micro­
processor systems have achieved close to micro­
second operating speeds. However, to achieve 
higher throughput rates, several recently an­
nounced two-chip sets have cut that speed by a 
factor of 10, achieving data throughput rates of 

10 MHz for pipelined operations. But, if oper­
ated in nonpipelined systems, these chips lose 
considerable speed-often by a factor or two or 
three-since data must ripple through the 
stages of pipeline registers. 

To cut the data delays, the Am29325 took a di­
rect approach and eliminated all the pipelining. 
It is the first floating-point processor to contain 
a 32-bit floating-point adder/ subtractor, mul­
tiplier, and flexible 32-bit wide data path on a 
single chip (Fig. 3). Additionally, support for di­
vision operations is included on the chip as well 
as a status flag generator. 

Fabricated with the IMOX-S bipolar process 
and three levels of metal interconnections and 
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1. The 32-bit multiplier and the 32-bit floating-point 
processor can be used together in a system. Either 
chip also functions without the other if just one of 
the capabilities is needed. 
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housed in a 144-lead pin-grid-array package, 
the Am29325 can replace one to two boards of 
SSI and MSI logic typically used in general­
pu rpose computers, array processors and 
graphics engines, to provide high-speed float­
ing-point math capability. When used in con-
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32 
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32 
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2. Surrounding the 32-by-32-bit multiplier array on 
the Am29323 are multipliers for the two 32-bit input 
buses, which permit 64-bit multiplications to be 
done in just four cycles. The multiplier checks parity 
on the input data and generates parity bits for the 
output result. 
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cert, the on-chip functions will meet the com­
putational and data-routing needs of these and 
many other applications. 

Integrating these functions into a single de­
vice greatly reduces data routing problems and 
minimizes processing overhead that would 
otherwise be incurred when shuffling data on 
and off the chip. The internal data path is 
ideally suited for multiplication and accumu­
lation, Newton-Raphson division, polynomial 
evaluation, and other often-used arithmetic 
sequences. Placing the data path on chip also 
dramatically reduces the number of I Cs needed 
to interface the device to the rest of the system. 

The three-port floating-point arithmetic 
unit at the chip's core can perform any of eight 
instructions in a single clock cycle. The absence 
of pipeline delay in the arithmetic unit means 
that the result of an operation is available for 
use as an input operand in the very next oper­
ation, a crucial feature when performing algo­
rithms with tight feedback loops. Instructions 
and other operating modes are selected with 
dedicated input signals, an approach ideally 
suited to microprogrammed environments. The 
device easily interfaces with a variety of 16- and 
32-bit systems using one of three program­
mable bus modes. 

Delving into the operation 

At the heart of the arithmetic unit are a high­
s peed adder-subtracter, a 24-by-24-bit multi­
plier, an exponent processor, and other logic 
needed to implement the floating-point 
operations. Two input ports, R and S, provide 
operands for the instruction to be performed; 
the result appears on port F. One of eight in­
structions is selected by placing a 3-bit code on 
lines I0, Ii. and I2 . The first three instructions­
R + S, R - S, and RX S-operate on both input 
operands; the remaining instructions need only 
one input operand. 

The fourth instruction, 2 - S, forms the core 
of the Newton-Raphson division algorithm, in 
which the quotient A/Bis calculated by first 
evaluating 1/B, then postmultiplying by A. The 
reciprocal value 1/B is derived by using an ex­
ternal lookup table to provide an approxima­
tion of 1/ B; this approximation is refined using 
the iterative equation: 

Xn = Xn- 1 (2- BXn - 1), 
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where Xn is the nth approximation of 1/B. 
Once Band the approximation of 1/B are 

loaded into the Am29325, the approximation is 
refined using a sequence of R X Sand 2 - Sin­
structions; no additional I/O operations are 
needed for reciprocal refinement. The remain­
ing four instructions perform data format con­
versions. Instruction INT to FP converts a 
32-bit, two's complement integer to floating­
point form, useful when processing data initial-

Port R Port S 

Floating-point 
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3. Also using separate 32-bit buses for the inputs 
and output, the AM29325 floating-point processor 
handles either IEEE or DEC formatted data and can 
translate between formats, if necessary. 
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ly generated in fixed-point format; conversion 
from floating point to integer format is handled 
by instruction FP to INT. Two other instruc­
tions convert between IEEE and DEC floating­
point formats. 

The arithmetic unit recognizes two single­
precision floating-point formats-the IEEE 
format as specified in proposed standard P754, 
draft 10.0, or the DEC format used in VAX 
minicomputers. The eight instructions can be 
performed using either format; the desired 
format is selected with the IEEE/DEC pin on 
the processor chip. The formats are broadly 
similar-each has an 8-bit biased exponent, a 
24-bit significand comprising a 23-bit mantissa 
appended to an implied or "hidden" most­
significant bit (MSB), and a sign bit. 

There are, however, a number of subtle dif­
ferences . The IEEE format has an exponent 
bias of 127 and a binary point placed to the right 
of the hidden bit, while the DEC format has an 
exponent bias of 128 and a binary point placed 
to the left of the hidden bit- these variances re­
sult in a slightly different range of represent­
able values. Each format has its own set of 
operands reserved for special uses. The IEEE 
format reserves operands to represent non­
numerical values (referred to as Not a Number, 
or NaN), +oo, -oo, and plus and minus O; the 
DEC format reserves only two types of oper­
ands to represent non-numerical values and 0. 
In addition to format differences, there are a 
number of minor differences in the manner 
in which operands are handled during the 
course of a calculation. These differences are 
automatically accounted for when the desired 
format is selected. 

The need for rounding 

When performing a floating-point operation, 
it is sometimes possible to generate a result 
whose value cannot be precisely expressed as a 
floating-point number. If, for example, the 
single-precision floating-point values 223 and 
2- 1 are added, the infinitely precise result, 223 

+2 - 1
, cannot be represented exactly in the 

single-precision floating-point format. Some 
means, then, must be provided for mapping the 
infinitely precise result of a calculation to a re­
presentable floating point value. The arith­
metic unit implements four IEEE-mandated 
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rounding modes to afford the user some flex­
ibility when performing this mapping; the de­
sired rounding mode is selected with signals 
RND0-RND1• 

Of the four modes, the round-to-even mode is 
most often used; it maps the infinitely precise 
result of an operation to the closest representa­
ble floating-point value. The round-toward 
-oo mode maps to the nearest representable 
value less than or equal to the infinitely precise 
result; similarly, the round to + oo mode maps 
to the nearest value greater than or equal to the 
infinitely precise result. A fourth mode, Round 
toward zero, maps to the closest representation 
whose magnitude is less than or equal to that of 
the infinitely precise result. As one would ex­
pect, if the infinitely precise result of an oper­
ation is representable in the floating-point 
format, it passes through the rounding oper­
ating unchanged, regardless of rounding mode. 

As the result of an operation, various status 
flags are set or reset by the status flag gener­
ator. Six flags are used to note the occurrence of 
overflow, underflow, zero, not-a-number, 
invalid, or inexact conditions. Because the flags 
are generated as the operation is performed, 
the user can greatly reduce processing over­
head that would otherwise be needed to test the 
results of operations. The flags are fully de­
coded, minimizing the amount of hardware 
needed to interpret them. 

Flagging the status 

Four of the status flags report exception con­
ditions stipulated in IEEE standard P754. The 
Invalid flag indicates that an input operand or 
operands are invalid for the operation to be per­
formed. The Underflow and Overflow flags are 
active when a result is too small or too large for 
the operation's destination format. The fourth 
exception flag, Inexact, tells the user that the 
result of an operation is not infinitely precise. 
Although these flags are primarily an adjunct 
to operation in the IEEE format, they also pro­
duce valid results when the DEC format is se­
lected. The Am29325 generates two additional 
flags not provided for in the IEEE standard. 
Flags Zero and NaN identify zero-valued or 
nonnumerical results for both IEEE and DEC 
formats. 

A floating-point processor whose arithmetic 
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unit performs millions of operations per second 
can maintain that operating speed only if the 
correct operands can be routed to the arith­
metic unit at that rate; if not, the specification 
is meaningless. To meet this crucial require­
ment, the core of the Am29325 is supported by a 
32-bit data path comprising two input buses, a 
three-state output bus, and two data feedback 
paths. These data paths give the user the means 
to get the operands to where they are needed 
without devouring extra clock cycles. 

Data enters through input buses Ro- R31 and 
S0-S31; results exit through three-state output 
bus F0-F31• Each bus has a32-bitedge-triggered 
register for data storage; data is stored on the 
rising edge of common clock input, CLK. An in­
dependent clock enable is provided for each reg­
ister, so that new data can be clocked in or old 
data held; the clock enables are well-suited to a 
microprogrammed environment, and make the 
gating of clocks, always a risky business, un­
necessary. The ability to clock or hold any 
register is a powerful tool for performing algo­
rithms with conditional operations, or algo­
rithms in which intermediate results must be 
delayed for one or more cycles before reenter­
ing the calculation. 

In many applications,the internal registers 
will be used to store input and output operands; 
it is in this register-to-register mode that the 
chip shows its top speed. Some users, however, 
may wish to bypass one or more of the internal 
registers. The input and output registers can be 
made transparent independently using feed­
through controls FTO and FTl. If all three reg­
isters are made transparent the device operates 
in a purely combinatorial "flow-through" 
mode. That mode, through, is somewhat slower 
than the register-to-register mode, but is useful 
in systems that need a register structure sub­
stantially different from that provided in the 
Am29325, or in systems where floating point 
operations must be concatenated with other 
combinatorial functions. 

The two feedback data paths greatly simplify 
the task of moving data from one calculation to 
the next. One path routes data from the output 
of the arithmetic unit to a multiplexer at the in­
put of register R; the multiplexer selects the 
operation result or R0-R31 • The result of any 
operation can therefore be loaded into register 
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R, register F, or both. The second path feeds the 
output of register F to a multiplexer at the 
arithmetic unit's Sport; the multiplexer selects 
either register Sor register Fas the port Sin­
put. This path effectively increases the number 
of commands-instruction R Plus S, for ex-

4. Three programmable 1/0 bus modes permit the 
floating-point processor to operate with dual 32-bit 
input buses (a), a single, shared 32-bit input bus (b), 
or even two 16-bit buses (c ) so that it can easily 
connect to most 16-bit microprocessor systems. 
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ample, can also be performed as R Plus F. 
Thanks to the inclusion of three program­

mable 110 modes, the circuit readily interfaces 
with both 16- and 32-bit sytems. The most 
straightforward of these options is the 32-bit, 
two-input bus mode (Fig. 4a). The advantage of 
this mode is its high 110 bandwidth-no multi­
plexing of 110 buses is required, thus improving 
system speed and easing critical timing con­
straints. Rand S operands are taken from their 
respective buses and clocked into the Rand S 
registers on the rising edge of CLK; register Fis 
also clocked on this transition. 

Another choice sets up a 32-bit, single-input 
bus, in which both the Rand S buses are con­
nected to a single input bus (Fig. 4b). The Rand 
S operands are multiplexed onto this bus by the 
host system; the R register clocks its operand on 
the rising edge of CLK, the S register on the 
falling edge. The S operand is double-buffered 
on chip, so that the new S operand is presented 
to the arithmetic unit on the rising edge of CLK. 
Operation of register F and the F bus is the 
same as in the 32-bit, two-input bus mode. 

The last option has targeted 16-bit systems­
a 16-bit, two-input bus mode (Fig. 4c). In this 
mode the R, S, and F buses are 16 bits wide; 
32-bi t operands are placed on the buses by time­
m u l ti plexing the 16 MSBs and LSBs of each 
data word. The LSBs of the R and S operands 
are double-buffered on chip, so that t he com­
plete 32-bit operands are presented to the arith­
metic unit on the rising edge of CLK. Internal 
data paths and registers r emain 32 bits wide, 
thus giving the 16-bit system designer the be­
nefits of the simple interface and the speed of 
the wide internal data paths. 

Putting the part through its paces 

Multiplication and accumulation-a combi­
nation of operations very commonly used in 
digita l filtering, image processing, matrix 
manipulation, and many other applications­
can readily show the capability of the floating­
poin t processor. In such a combination of 
operations, N input terms xi are multiplied by 
constants k;; the products are then added, pro­
ducing the weighted sum: 

N - 1 

S = ~ k; X; 

To do this with the Am29325 is a simple two­
step process, with two additional steps for ini-
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tialization. In the first step data and coefficient 
values x0 and ko are clocked into registers Rand 
S. During step two the values x0 and k0 are mul­
tiplied and the product placed in register F; at 
the same time, data and coefficient values x1 
and k1 are clocked into Rand S. Third, values x1 
and k1 are multiplied and the product placed in 
R. In step four, products X1k1 and Xoko are added 
and the sum placed in F, and x2 and k2 are clock­
ed into Rand S. 

The third and fourth steps are then repeated 
for as many iterations as needed to complete 
the operation. Once the part has been loaded 
with the first two sets of operands, the internal 
data path routes partial results to keep the 
arithmetic unit busy with a multiplication or 
addition every clock cycle; a new multiplication 
and accumulation is performed every two clock 
cycles. The partial results remain on-chip until 
the multiplication and accumulation is com­
pleted, thus eliminating 1/0 delays and the 
more complex programming that would result 
from having the adder and multiplier on sep­
arate chips. 

Some real applications 

A more specific application for the Am29325 
could be its use as the computational engine in a 
fast Fourier transform (FFT) processor. Dur­
ing a FFT opera ti on, word growth is incurred in 
the butterfly calculation, and if the FFT pro­
cessor uses integer arithmetic, word growth 
can cause a system overflow. To prevent over­
flow, a scaling operation must be performed on 
the data. The overhead involved in checking for 
word growth overflow and scaling of data can 
be avoided by using floating-point arithmetic. 
Floating-point provides not only greater dy­
namic range but in most cases also provides 
greater precision (24 bits of significance versus 
16 bits in a typical integer system). 

A powerful, low-cost system that executes 
FFTs can be built around the floating-point 
processor (Fig. 5). It consists of a floating-point 
arithmetic processing unit, a data and coeffi­
cient address generator, a data and address 
storage block, high-speed data and coefficient 
memories, a system controller, clock generator, 
and host interface. Input operands to the R port 
are fed from the data store, while data to the S 
port is fed from the coefficient memory. The re-
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sult of an arithmetic operation may be stored 
back in the data memory. An exclusive-ORgate 
is also available to complement the sign of the 
result, effectively multiplying the operand on 
the F bus by - 1. For most operations, inter­
mediate results can be held within temporary 
registers in the floating-point unit; only the fi­
nal result need be sent off chip. 

The high-speed data memory is made up of 
RAMs, the coefficient memory of PROMs. The 
data memory can be loaded with data from the 
host or can store results that have been pro­
cessed through the floating-point chip. Once all 
data or results have been stored, the data 
memory is ready for use in an operation, or for 
transfer back to the host system. The coeffi­
cient PROMs contains the sine and cosine data 
required for an FFT, while the data store holds 
frequently used operands. 

During the calculation of a butterfly, the 
same operands must be used in several differ­
ent cycles-and since the data store reduces the 
number of memory read operations required, it 
speeds up data access. As the butterfly se­
quence progresses, the appropriate address is 
available from the address store, which con­
sists of two more multilevel pipelined registers. 

The host interface consists of a DMA channel 
that can perform high-speed block data trans­
fers between the host system and the data 
memory. The system controller communicates 
with the host to receive or tr an sf er data. It gov­
erns which operations are to be performed and 
how to perform them. Instructions are issued 
by the host computer, via the host interface, to 
the system controller, and the system control­
ler informs the host when the operation is done. 

The system controller consists of an 
Am29331 or similar microsequencer, and a mi­
crocode program stored in registered PROMs. 
The system clock generator uses an Am2925. 
The architecture allows a ten-cycle butterfly 
FFT to be executed (see Fig. 5 again ) using a 
radix-2 decimation-in-time (DIT) algorithm. 
The equations for a radix-2 DIT algorithm are: 

A' = A+ BWB' 
B' = A - BW, where all values are 

complex 

In cycles 1, 2, and 3, the first three operands 
are read from the data memory. Because of the 
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overlapping butterflies, this read takes place 
while the previous butterfly is still being pro­
cessed. In the following two cycles, data writes 
of the previous butterfly occur while the com­
plex multiplications of (BW) are being per­
formed. Cycle 6 reads in a new operand for the 

Host interface 

Data memory 
(eight Am93422s) 

Data store 
(four Am29520s) 

F,, 

Am29325 

Sign 
control 

Address 
Address store ••• generator 

(two Am29520s) (Am29540) 

Coefficient 
memory 

(Am29S281) 

F,o-Fo 

Register 
(four Am29825s) 

Microcode 
controller 

(Am29331) 

Microcode 
prom 

(Am27S45) 

Clock 
generator 
(Am2925) 

5. To build a fast-Fourier transform processor that 
uses the floating-point processor as its heart re­
quires only a few control chips and some memories. 
Use of the Am29540 and Am29332 LSI building 
blocks helps keep the circuitry simple. 
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present butterfly and sums together the two 
products from the two previous cycles. In cycles 
7 and 8, the real part of A' and B' is formed. In 
cycles 9and10, the real part of A' and B' is writ­
ten to memory. Also, during these two cycles 
the other product pairs of (BW) are formed. 

During cycles 11, 12, and 13, data for the next 
butterfly is read, and as part of cycles 12and13, 
the imaginary part of A' and B' is formed. In the 
following cycles the imaginary part of A' and B' 
is written to memory and processing of the next 
butterfly is initiated. The real and imaginary 
components of B' have a negative sign, and can 
be corrected by complementing the sign. Count­
ing the number of cycles from the first read or 
write of one butterfly to the next, it can be seen 
that a butterfly is computed every 10 cycles. 

The big system picture 

Although the floating-point chip fits well in 
small systems, it is also easily incorporated in 
larger, more powerful configurations. In one 
such system, a high-speed, microprogrammed 
integer and floating-point processor can be 
readily tailored to implement signal process­
ing, image processing, or graphics algorithms 
(Fig. 6) . The processor consists of a two-level 
controller, data and coefficient memory, ad­
dress generator, and arithmetic unit. These 
functional blocks are considerably more flex­
ible than their counterparts in the simpler FFT 
system. 

The controller is divided into two levels, or 
sections: program and microprogram. In the 
topmost or program section, an Am2910A mi­
croprogram controller addresses a program 
memory that contains high-level instructions, 
or macros . These macros implement build­
ing-block operations; a graphics processor, for 
example, might have macros called Translate 
and Rotate that move objects in three-dimen­
sional space. Each macro would carry with it 
parameters relevant to its operation, such as 
memory pointers or iteration count. 

The program section passes address-related 
parameters to the address generator, and 
passes the iteration count and the decoded mi­
croinstruction start address to the micro­
program section of the controller; this section 
then provides cycle-by-cycle control of pro­
cessor resources during the execution of a 
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macro. The heart of the microprogam section is 
an Am29331 microprogram controller-it ad­
dresses a microcode memory, in which the mi­
croprogram sequence for each macro type is 
stored. 

The microprogram controller was chosen for 

Address bus 

Data bus 

t h ree reasons: first, it can address up to 64 
kwords, which makes possible a deep micro­
program memory that can store many oper­
ation sequences. Second, its high speed permits 
the use of slower, less expensive microprogram 
memory, a particular ly important considera-

' ' 
Integer 

processor 
(Am29332) 

Interrupt 
controller 

INTR 

Data 
memory 

Coefficient 
memory 

Arithmetic unit 

6. A versatile, yet n1gn-perrormance m1croprogrammable system can be built by including both the 
floating-point processor and the 32-bit multiplier into a system that uses the other Am29300 build­
ing blocks to form the control and address generation sections. 
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tion when the microprogram is large. And 
third, its micro-interrupt feature can be used to 
efficiently implement exception handling for 
arithmetic operations. By using interrupts for 
these exceptions, the overhead otherwise in­
curred in testing status flags can be greatly 
reduced. 

The data and coefficient memories store in­
put data, output data, and constants. In this ap­
plication, data and coefficient memory have 
been separated from program memory. Some­
times referred to as a Harvard architecture, 
this approach increases throughput by allow­
ing instruction fetch and operand fetch oper­
ations to proceed in parallel. 

The address generator comprises a Am29332 
ALU and two Am29334 register files . The reg­
ister file stores up to sixty-four 32-bit base ad­
dresses and pointers. The Am29332 creates a 
32-bit effective address from these bases and 
pointers, with the calculation assuming the 
forms: 

base + pointer 
base - pointer 
base 

or pointer 

In addition, the Am29332 can perform mask, 
shift, and merge operations in a single cycle. 
This feature can be used to quickly calculate 
matrix addresses of the form: 

a2N + b, 

where a and bare the row and column indices of 
the matrix element to be accessed. The combi­
nation of a 32-bit effective address and efficient 
matrix addressing makes this address gener­
ator particularly attractive for applications 
such as image processing, in which matrices 
must be plucked out of very large data arrays. 

The arithmetic unit contains three arith­
metic facilities-an Am29325 for floating­
poin t operations, and the Am29332 and 
Am29323 for integer and logical operations. 
These devices accept data from a six-port reg­
ister file made of four Am29334s. The register 
file has three purposes-it acts as a fast, tem­
porary scratchpad for data, it routes data 
among arithmetic devices (the output of one 
arithmetic device can be written to the register 
file, and be used as an input operand by another 
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such device during the following clock cycle), 
and it provides access to four data words every 
clock cycle, so that two or more arithmetic de­
vice can operate in parallel. 

An example of this parallelism is integer 
multiplication-accumulation: because the 
Am29323 and the Am29332 receive operands in­
dependently, an integer product and sum can be 
calculated every clock cycle. The register file 
can then pass products from the Am29323 to the 
Am29332, for a throughput of one clock cycle 
per multiplication-accumulation. 

Operation of the processor might be best un­
derstood by considering the execution of a 
typical macro. For graphics applications, one 
such macro is Translate, with which a set of 
points in three-dimensional space is moved in a 
given direction. The set of points is described by 
a list of vectors (Xi, Yi, ZJ, while the translation 
is described by vector (ST, YT, ZT); each vector is 
stored in three contiguous data memory lo­
cations. Translation is performed by adding the 
translation vector to each entry in the vector 
list. 

The translation process begins when the mi­
croprogram controllers encounters a Translate 
instruction in program memory. The Translate 
instruction is accompanied by three parame­
ters: the start address of the translation vector, 
the start address of the vector list, and the num­
ber of vectors in the list. The first two parame­
ters are passed to the address generator, the 
third to the iteration counter. 

The microprogram section of the controller 
then assumes command, accessing the micro­
code for the Translate instruction. The micro­
code controls the address generator and arith­
metic unit, specifying the operations needed to 
fetch each vector from the vector list, add the 
translation vector, and return the modified vec­
tor to the data memory. After all vectors in the 
list have been processed (as indicated by the it­
eration counter), control is returned to the 
Am2910A program sequencer, which then ac­
cesses the next macro from program memory.o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 
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need to suit your design schedule and your budget. , 

To find out more, call or write today. Cadnetix, 5757 Centrcii 
Ave., Boulder, CO 80301 (303) 444-$075. 

CIRCLE 1:14 

0 
CADNErlX 

5757 CENTRAi- AVf:NUE • BO\JLDER , CO 80301 • (303) 444-8075 

CADAT iS a trademark of HHB SOFTRON ,lno . 
UNIX is a trademark of AT&T BELL LABORATORIES. 
ETH~RNET is a trademark of XEROX CORPORATiON . 
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Only Berg's card connectors are made with 
the patented 2-piece dual-metal "PV"" recep­
tacle for low contact resistance, lasting reten­
tion and exceptional cycle life. 

The secret is in the spring. Most female 
receptacles are stamped from a single strip of 
metal. The "PY" receptacle is unique: a brass 
body combined with a heat-treated beryllium 
copper spring (see the drawing). 

Constant mechanical pressure is exerted 

Bevelled 
housing 
entries 
targeted pin 
insertion to assist 
alignment. 

Gold or tin plating. 

on the pins 
by this all­
important spring. 
And that pressure re­
mains ... even after 
repeated cycling. 
The spring also will 
absorb stress from a 
misaligned insertion 
and continues to ap­
ply strong, perpen­
dicular retention force 



Find out more ab connector and out the Ber " 
solves the . the entire BergC 9 PV'' card 
to-wire and ':,~Jority of board-to~i:' system that 
lems. Ber re-to-wire interco oard, board­
Hunter Lg Electronics Du p nnect1on prob ane C ' ont C -. ' amp Hill, PA 17 ompany, 30 

For instant . f 011 m ormation: 

BERCMake the 
Call: a58~N/~~ION 

EXTENSION 211 ERC 

An electronics company. 

CIRCLE 135 



Put the Power 
ofthelBM PC 
Bus into Your 
OEMS stem 

NEW Single Board 
The power of the IBM PC is 

now available to OEM system 
designers with the new I-Bus 
Single Board Computer 
and Enclosure 
systems. Now you 
can make use of 
that vast array of 
PC-compatible 
expansion cards-
for communications, 
graphics, data acqui 
sition, peripheral 
control, and every 
other imaginable task. 

I-Bus Systems has 
packaged Intel's powerful 
new 80188 CPU into a Single 
Board Computer. It has 
64K of RAM and up to 160K 
of ROM on board, plus a serial 
console port to talk to a terminal 
or a PC. Just plug the SBC into an 
I-Bus 6-slot chassis or 9-slot card 
cage and you have the heart 
of a computer system, 
ready to run. 

IBM PC is a trademark of IBM Corporation 
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Then 
just add any of 

the hundreds of PC bus 
cards already on the market, to 
customize your system. 

Best of all, the IBM PC works 
perfectly as a software develop­
ment system. You can assemble 

and test applications 
programs on the PC, 

then download them to the I-Bus 
system for dedicated execution. 

You'll have the best of both 
the PC world and the 
OEM bus- structured 
world with this new 
single board computer 
from I-Bus. 

For all the details, 
give us a call today 
at (800) 382-4229. 
In California, call 
(619) 569-0646. 

Modular PC bus packaging matches your 
system needs, from basic cage to complete 
enclosure system. Internal 40W power supply 
with 6-slot enclosure, external supply for the 
9-slot. 

I-Bus 

CIRCLE 136 

SYSTEMS 
9235 Chesapeake Drive 
San Diego, CA 92123 



DESIGN ENTRY 

Highest-capacity 
8-in. drive presents 
choice of interfaces 

A Winchester drive that stores 660 Mbytes is one 
of the first in its class to give designers the ability to work 

with both the SCSI and the SMD interface. 

The search for greater amounts of hard­
disk storage goes inexorably on, always 
accompanied by the conflicting problems 

of holding disk size down and speeding up ac­
cess time. Indeed, capacity becomes an in­
creasingly urgent issue as supercomputers, 
which encompass multi-user systems, network­
ing, computer-aided engineering, and artificial 
intelligence, continue to gain momentum. 

But boosting memory is not enough; selecting 
an interface is also crucial. Low-performance 
ones like the ST506 are clearly inappropriate 
for high-performance applications. Instead, a 
designer must look for the intelligence deliv­
ered by the Small Computer Systems Interface 
(SCSI) or the up-and-coming second level of the 
Intelligent Peripherals Interface (IPI-2). 

Although high capacity has historically been 
the domain of 14-in . disk drives , 8-in . Win­
chesters are making inroads into this territory. 
Certain to contribute to the 8-in. revolution is a 

Clyde F. Czernek, MegaVault Memories 
Clyde F. Czernek is the f ounder, director, and presi­
dent of Mega Vault Memories, Woodland Hills, Calif 
Before starting the company in 1960, he was project 
management engineer at Borg Warner and acted as a 
consultant to IBM on hydraulic actuator systems for 
the first removable disk-pack drives. He went on to 
analyze and supervise the design and development of 
a rotary servo positioner for IBM 's magnetic strip­
tape memory system. His more than 30 years in the 
computer and electronics field make him one of the in­
dustry's leading experts in servo and actuator systems. 

seven-platter drive that stores up to 660.4 
Mbytes (see ELECTRONIC DESIGN, Oct. 31, p. 
356). It can be efficiently integrated in to 
CAD/ CAM workstations and fit into the slots 
intended for floppy disks. And it is fast: Access 
times average 18 ms and stay below 40 ms. 

For systems integrators, the most welcome 
news may be that the 660.4-Mbyte MV600 and 
its companion t he 331.8-Mbyte MV300 (see 
"Pushing Capacity to the Limit", below) are 
among the first drives in their class to allow a 

Pushing capacity to the limit 

The MV300 records 331.8 Mbytes onto a standard 
8-in. disk by organizing the data as 1266 cylinders, 
with 13 data tracks to a cylinder and 20,160 bytes 
on every track. Track density is 1000 tpi and the 
data density is 10,855 bpi. This configuration re­
sults in a 1.2-Mbyte/ s transfer rate. 

The MV600 doubles the capacity of its sibling by 
increasing both the number of cylinders and the 
bit density by 50%. The unit's linear head actuator 
was modified to pick up an additional 0.1 in. of 
stroke, thus increasing the number of available 
tracks. 

The head-mounting mechanism was altered to 
squeeze the platters closer together, thus fitting 
more platters into the same-sized unit. Further, 
the head mount arranges the heads side by side. 
Beyond reducing the head profile by 0.2 in., ar­
ranging the heads in parallel permits reads and 
writes to be handled simultaneously at one 
location. 
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8-in. drives 

choice of either the intelligent SCSI or the stan­
dard Storage Module Device (SMD) interface. 
The latter enables a number of drives to be 
daisy-chained. (The pair will implement IPI-2 
late in 1985.) 

Changir.g interfaces is simply a matter of 
switching a single I/O board, one of the three 
boards in each unit. The other two are a micro­
processor and servo controller and a read/ write 
board. Which interface to choose depends on 
several factors, for each brings its own flavor to 
data transfers and other system character­
istics. 

For example, data transfers with intelligent 
interfaces are usually asynchronous, occurring 
in bursts. In such a system, there is generally a 
large memory buffer on the controller, residing 
between the host and the disk. On a typical 
write, for instance, the controller will wait until 
an entire sector of information has been trans­
ferred to it before it begins writing. Writing is 
timed by the controller to ensure that the data 

Disk-drive 
electronics 

Control Microprocessor 
lines Head/disk Assembly 

----- t------
Read/ write 

head 

Controller 
card Linear 

(SCSI Servo control motor 
or circuitry 

SMD) Data 
lines Read/ write 

circuitry Read/Write 

Clock 
lines 

1. In an 8-in. disk drive, the three sets of lines be­
tween the controller board and the disk-drive elec­
tronics orchestrate the control, data, and clock 
signals. Using an SCSI controller, the host supplies 
high-level commands, and the controller addresses 
the disk as a series of logical addresses. With SMD, 
the controller must address specific cylinders, sec­
tors, and head locations. 
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is sent to the disk one sector at a time. The con­
troller assumes the responsibility of dividing 
up the surface of a disk according to the number 
of data blocks. In contrast, a nonintelligent in­
terface like SMD reads or writes the data at the 
same speed that it comes off or goes onto the 
surface of the disk. The controller does not have 
the option of slowing down or interrupting the 
data stream, since dividing the disk into sec­
tors, as well as tr an sf ers, is managed by the 
host. 

One way or another 

How data is stored on the disk is another way 
in which the interfaces differ. In a typical setup, 
the controller card mediates between the host 
and the disk-drive electronics. Three sets of 
lines from the controller position the head (the 
disks employed in the drives have a surface ded­
icated to servo head positioning data). The lines 
also manage passing data and clock informa­
tio n to and from the disk-drive electronics 
(Fig. 1). 

Working with SCSI, the peripheral control­
ler card identifies and oversees the tracks, sec­
tors, and other physical spaces on the disk's 
surface. The SMD interface, on the other hand, 
leaves not only sectoring but managing tracks 
up to the host. Such factors make a substantial 
difference in the way a system designer ad­
dresses the relationship between a peripheral 
and the host. 

Using SCSI, the designer need only be con­
cerned with the logical address locations of the 
data. SMD demands an awareness of the phys­
ical sectors and the other divisions of the disk's 
surface. 

The long and short of it 

Even with the trend toward offloading pe­
ripheral management tasks from t he host, 
engineers must choose where to place the con­
troller. At the host level, SCSI typically puts 
the controller within the drive, which simpli­
fies both the hardware and the protocol re­
quired for the host to address the unit. At the 
same time, placing the con troll er there not only 
elevates the cost of the drive but also imposes 
specific limitations. 

For one thing, SCSI stretches a much shorter 
cable between a host and a drive than does 



SMD. The latter allows for up to 100 ft of cable, 
with balanced differential cable connections 
for each parallel data line (Fig. 2a). SCSI, in 
contrast, employs cables roughly 20 ft long, due 
to the fact that the interface's drivers are typi­
cally single-ended open-collector transistors 
with 220/ 330 n terminations (Fig. 2b). 

The SMD demands two connectors and two 
cables, one with 60 pins and one with 26 pins. 
The 60-pin cable carries all control functions, 
and the 26-pin line the clock and data signals. 
The SCSI, on the other hand, requires a single 
50-pin header. 

Open to all 

SCSI rapidly emerged as a defacto industry 
standard and was ultimately forma lized by 
ANSI as a specification for linking computers 
and their peripherals. It permits all types of 
storage units to be integrated simply into a 
system. In theory, the system designer need 
only write high-level commands to address a 
peripheral without worrying about the device-

r - - .., Ground plane 
Line transmitter _,........! I (MC 3453) I * .. 

+ Data 

- Inhibit•--
L 

(a) 

2. The SMD interface relies on differential line driv­
ers and receivers, thus allowing longer cable to be 
employed than is possible with SCSI (a). The latter 
interface uses single-ended line drivers and re­
ceivers (b). The SCSI controller cards, though, are 
frequently located within the disk-drive's cabinet. 

level interface. Such device-independence 
makes upgrading and substituting peripherals 
on the SCSI bus a relatively easy task. Further, 
the interface is structured so that all of its com­
mands can be executed by a peripheral device 
while it is disconnected from the host. In prac­
tice, the engineer creates packets or command 
blocks for the SCSI controller to tr an sf er to the 
drive. 

On the device level, SCSI addresses disk sec­
tors as logical blocks rather than as specific de­
vice cylinders or sectors. SCSI handles more 
than 4 billion blocks of data distributed among 
as many as eight drives. Adding a drive re­
quires that the user be aware of the maximum 
block number that can be addressed. When the 
660.4-Mbyte drive is used, the higher block 
numbers will probably be unfamiliar because of 
the record-breaking capacity of the unit. SCSI's 
Read Capacity and Format commands will aid 
in fo rmatting the drive in such a way that its 
storage space can be fu lly employed, but the 
system integrator still has the job of arranging 

470 

7438 

r 
Line receiver 

(MC 3450) 

--, 
I 

L - - - - - ...J 

330 

+ 5 

220 

+ 5 

220 

(Maximum length = 19.7 ft .) 

(b) 

74LS240 

330 
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data in packets for read/write transfers to and 
from the disk. 

status of the initiator and the target in the com­
mand execution process (see Table 1). 

On an 8-in. drive, SCSI works by passing 
coded messages between the controller and the 
peripheral, with one playing an active role as 
the initiator and the other assuming the corre­
sponding role of target. Among the most sig­
nificant coded messages are those to disconnect 
or reconnect a storage unit with the bus. Also 
important are those that connect blocks or 
strings of data and those that indicate the 

SCSI's nature is such that a seek is implied in 
every data tr an sf er command. That is, if the 
read heads are not positioned over the correct 
cylinder, a seek is automatically initiated, 
starting at 0 and continuing until the desired 
block is found. 

On the disk drives themselves, each block 
number represents a sector, and up to 256 sec­
tors can be specified to be read with one com-

Table 1. SCSI message codes used with 8-in. Winchesters 

Code 
(Hex Values) Description Direction 

00 Command complete In 
01 Extended message In Out 
02 Save data pointer In 
03 Restore pointers In 
04 Disconnect In 
05 Init iator detected error Out 
06 Abort Out 
07 Message reject In Out 
08 No operation Out 
09 Message parity error Out 
OA Linked command complete In 
OB Linked command complete (with flag) In 
oc Bus device reset Out 

OD - 7F Reserved codes 
80 - FF Identify In Out 

In: target to initiator Out: initiator to target 
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Byte no. 

0 

1-
2 I 

I 
I 

3 I 
L 

4 

5 

Bit no. 

7 l 6 l 5 4J 3J 2J1J o 
0 0 0 In it ializing op code 

---------------
LUN I _____ ____ J Log ical address 2 

Logical address 1 
Logical address 

-- - - - - • "1 
Number of blocks 

Control 

ll I 

Optional 
commands 
(following 

logical unit 
numbers) 

3. Even with the SCSl's intelligence, packets for 
read/write commands must be established by the 
initiator for the target. The command descriptor 
block includes a series of read/write and link in­
structions sent to the peripheral and a logical ad­
dress for that unit. The starting address of the data 
block to be transferred and the number of blocks in­
volved are also indicated. 



• Ultra Stable: 0.2ppm/°C Linearity Tempco 
2 ppm/°C Gain Error Tempco 

• Lowest Output Capacitance - 13/45 pF 
• Replaces Industry Standard 7541 

14-Bit - MP7614 
• Ultra Stable: 0.2 ppm/°C Linearity Tempco 

2 ppm/°C Gain Error Tempco 
• Replaces HS3140 
• Four bits decoded 

Design in Micro Power's DACs and optimize your 
system. Advanced processes, unique decoding , thin 
film resistors and no laser trim result in low cost and 
excellent performance. Numerous linearities are 
available in commercial, industrial, and mi litary 
temperature ranges. All are available with MIL-STD 
8838 processing. 

Replace your 7541 with the superior MP7623. 
Compare these specs: integral and differential 
linearity 0.2 ppm/°C. Lowest capacitance means 
fastest settling time, stable over wider bandwidths, 
low glitch energy and low feedthrough . 

The µP compatible MP1208/30 Series DACs use 
MSB segmentation and exceed the specs and 
temperature ranges of others' devices (full mil temp 
& 8838 screen) . 

U.S. REPS: AL: R.W. Mitscher Company, (205) 539-0009; AZ: Sun-west Marketing, (602) 838-7586; 
CA: Centaur Corporation, (714) 261-2123, (818) 704-1655; PRO Associates. (408) 358-3861 ; CO: 
Technical Marketing Associates. (303) 841-3435; FL Perrott Associates, Inc .. (305) 298-7748. (813) 
443-5214. (305) 792-2211; GA: R.W. Mitscher Company, (404) 923-3239; IL: ZMS Electronic Sales. 
Inc .. (312) 394-4422; IN: Coombs Associates, (219) 747-7661 ; 10: REP Associates, (319) 373-0152 ; 
KT: K.W. Electronic Sales, Inc .. (502) 451-1860; MD: Robert Elec1ronics, (301) 995-1900; MA: 
Dynamic Sales of New England. (617) 272-5676; Ml : Lektronics, (313) 349-3304; MN: Peterson Sales 
and Associates, (612) 944-0030; NJ: Jack McCoy and Associates, (609) 953-0770; NY: Quality 
Compcnents, (315) 682-8885, (716) 837-5430; NC: R.W. Mitscher Company, (919) 848-0941. (704) 
332-8490; OH: K.W. Electronic Sales, Inc .. (513) 890-2150, (216) 491 -9177. (614) 888-0483; OR; 
Electronic Component Sales, (503) 245-2352; PA; K.W. Electronic Sales. Inc .. (412) 487-4300; TN: 
R.W. Mitscher Company, (615) 292-7258; TX; Mil-Rep Associates. Inc .. (512) 258-2828, (713) 937-
0127. (21 4) 644-6731 : UT: Technical Marketing Associates: WA: Electronic Component Sales, (206) 
232-9301 ; WI : ZMS Electronic Sales, Inc .. (414) 782-2222; CANADA: Har-Tech Electronics, (514) 
665-7773, (5 t4 ) 697-6731. (613) 230-8431 ; Davetek Marketing, (603) 430-3680. 
U. S. DISTRIBUTORS: Marshall Electronics, All Locations; Mllgray Electronics, All Locations; Wyle 
Electronics, All Locations: CA: Jan Devices, (818) 708-1100; Pacesetter Electronics, (714) 557-7131 , 
(408) 734-5470; Future Electronics. (408) 945-9100; CO: Bell Industries. (303) 424-1985; FL: Time 
Electronics. (305) 974-4800; GA: Wholesale Industrial Electric, (404) 447-8413: IL: GBUGoold 
Electronics. (312) 593-3220; IL: Classic Compcnents, (312) 272-9650; MD: Whitney Distributors, 
(301) 944-8080; MA; Gerber Electron ics, (617) 769-6000; Aved Electronics, (617) 657-8310; Ml: 
Reptron Electronics, Inc .. (313) 525-2700; MN: The Joel Company, (612) 545-5669; NM: Alliance 
Electronics, Inc .. (800) 545-6288; NY: Summit Distributors. (7 16) 887-2800: Add Electronics. (315) 
437-0300; Nu Horizons. (5 16) 694-2500; OH: Argent Industries. (513) 836-8633; Reh Electron ics. 
(216) 248-1636; OK : Quality Components. Inc .. (918) 664-8812; PA: Aldertronics, (412) 821 -5565; 
TX: Quality Components, Inc .. (2 14) 387-4949. (512) 835-0220. (7 13) 491-2255: UT: Bell Industries. 
(800) 545-6288; WA : Priebe Electronics. (206) 682-8242; WI: Taylor Electric Company, (414) 241-
4321 ; Classic Components. (414) 786-5300; CANADA: Future Electronics, (613) 820-8313, (514) 
694-7710, (403) 486-0974, (416) 638-4771. (604) 438-5545 . 
MICRO POWER SYSTEMS EUROPEAN OPERATIONS: Brussels. Belgium, 32 27-204608. 

12-Blt - MP1208/1230 
• Replaces DAC 1208/30 Series 
• Full Military Temp Ranges 
• µP Compatible & buffered 
• Linearity - 12 bits, over temp 

16-Bit - MP7616 
• Ultra Stable: 0.2 ppm/°C Linearity Tempco 

2 ppm/°C Gain Error Tempco 
• Four bits decoded 
• Low Glitch energy 

MPS's proprietary, high resolution MP7614/ 16 
DACs have significant features, including: a 
decoding technique which achieves an eightfold 
improvement in relative accuracy due to aging 
effects, a fourfold improvement in glitch amplitude, 
and a tenfold reduction in sensitivity to output 
amplifier offset voltage. 

The MPS line includes 6-bit to 18-bit DACs. 
Samples, data sheets, and application support are 
immediately available. Call your rep/distributor, send 
coupon , or phone MPS marketing . MPS is the leader 
in refractory gate MOS technology and data 
acquisition ICs. 

/NA MICRO 
UVA!:: POWER 

SYSTEMS 

CIRCLE 137 

3100 Alfred Street 
Santa Clara, CA 95050 
(408) 727-5350 

r----------------------------------~ 
To: Micro Power Systems, 3100 Al fred St., Santa Clara, CA 95054 

Send Data Sheet: D MP7623 D MP1208/30 D MP7614/ 16 

D Send Full Line Catalog D Have Local Rep Call 

Application: _________________ _ 

Name 

Title 

Company 

Address 

City State Zip 

~ :~:-------------------------~~~~s.:!l~~ 
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8-in. drives 

mand. If the host asks for the next 256 logical 
blocks, starting at block 0, then the first 256 sec­
tors will be transferred across the interface be­
fore any other commands are recognized. 

The chain of command 

An I/O request to an SCSI device is initiated 
by first selecting the path from the initiator to 
the t arget and then passing a command de-

4. The SMD interface allows up to 16 drives to be 
daisy chained by joining them in parallel on control 
cable A. Separate data and clock cables are re­
quired between the controller and each drive. 
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scriptor block to the target (Fig. 3). The first 
byte of the block is the command operation 
code, and the remaining blocks specify, for ex­
ample, the logical unit numbers (the peripheral 
devices being addressed), the block's starting 
address, the number of blocks to transfer, and 
the control byte. 

The operation code for SCSI (bits 7 through 0 
on byte 00) allows for a total of 256 commands 
(0016 to FF16). The upper three bits of the oper­
ation code are termed group code. They describe 
one of the eight possible groups to which the 
command belongs. The lower five make up com­
mand code. 

The group code (bits 7, 6 and 5 on byte 00) in­
cludes eight categories or groups of commands, 
listed from 0 to 7. Since three of these are re­
served and two are designated as vendor­
unique, only three (0, 1, and 5) are employed in 
most new SCSI drives. The group code merely 
signifies how many bytes there are in a 
command-descriptor block. Group 0 includes 
six-byte commands, while group 1 is made up of 
10-byte commands. Group 5 consists of 12-byte 
commands. 

Command codes 

Bits 4 through 0 on byte 00 are the command 
codes for each SCSI group. They can be cate­
gorized as Standard (S) commands, those em­
ployed merely to meet the minimum require­
ment of the specification (Request, Sense 
Forrriat, Read, and Write). Extended (E) com­
mands include Inquiry and Special Format. The 
Optional (0) commands are implemented as 
defined. The Vendor Unique (V) commands 
(e.g., Copy, Rezero Unit, and Special Format) 
are specific to each drive. The Reserved (R) 
commands are not used now but will be defined 
for the SCSI specification at some time in the 
future. 

Compared with SCSI, the SMD interface is 
relatively low level. For instance, it is up to the 
controlling device to identify the data sectors 
on the drive. SMD uses sector and index pulses 
(rather than logical addresses) to indicate the 
beginnings of a field, and sector marks are the 
reference points employed in seeking and read­
ing data. On the disk drives, they are derived 
from the dedicated servo track and are con­
tinually transmitted back to the controller. The 



Custom and Semicustom Solutions 
Solutions that come from a VAX computer 

system and various CAE workstations. 
Solutions that come from a multi-sourceable 

database for fast turnaround and delivery. 
And solutions that come from proven experience 

in translating Digital and Analog circuits and CMOS 

Il1984, Integrated Circuit Systems. Inc . 

or NMOS technologies into high quality gate array, 
standard cell and full custom IC's. 

When your needs include cost effective custom or 
semicustom integrated circuits, call or write ICS. We 
provide Application Specific Integrated Circuit 
Solutions. 

CIRCLE 138 

Integrated Grcuit Systems. Inc. 
1012 West Ninth Avenue 
King of Prussia, PA 19406 
(215)265-8690 TELEX: 84-6196 
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number of sector marks to a disk is always one 
fewer than the number of usable sectors, since 
the very first sector (O) following the index has 
no sector mark. 

As many as sixteen drives can be daisy 
chained by linking them in parallel on control 
cable A. Separate B cables are thus required for 
each drive (Fig. 4). Those handle the drive selec­
tion functions and cue a particular drive as to 
whether it should be reading or writing data. 

SMD 
controller 

board 
(on drive, in 
peripherals 

cabinet, 
or on 

host bus) 

Low, high 

Select Tag 22, 52 

Unit Select 0 23, 53 

Unit Select 1 24, 54 

Unit Select 2 26, 56 

Unit Select 3 27, 57 

Cylinder Tag (Tag 1) A 1, 31 

Head Tag (Tag 2) A 2, 32 

Control Tag (Tag 3) A 3, 33 

Bus bit 0 A 4, 34 

Bus bit 1 A 5, 35 

Bus bit 2 A 6, 36 

Bus bit 3 A 7, 37 

Bus bit 4 A 8, 38 

Bus bit 5 A 9, 39 

Bus bit 6 A 10, 40 

Bus bit 7 A 11 , 41 

Bus bit 8 A 12, 42 

Bus bit 9 A 13, 43 

Open Cable Detect 14, 44 

Index A 18, 48 

Sector 25, 55 

Fault 15, 45 

Seek Error A 16, 46 

On Cylinder A 17, 47 

Unit Ready A 19, 49 

Address Mark Found A 20, 50 

Write Protected A 28, 58 

Not used 29 

Not used 59 

Not used 21, 51 

Bus bit 10 14 30, 60 

28 AWG, twisted- pair or flat cable 
(maximum length = 100 fl) 

&, Gated by unit selected 
(a) 
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On-drive 
SMD 

interface 
board 
(J2/A) 

The actual sector-addressing and tag control 
functions are handled by 11 lines of the A 
cable-bus bits 0through10. The termination 
resistors are installed in the last drive of the 
daisy chain. 

The disk drives use only one A cable (for the 
control signals) and one B cable (for data). The 
first conforms to normal SMD signal timing 
and control functions (Fig. 5a). The second car­
ries Read Data, Read Clock, Write Data, Write 

Low, high 

Write Data 8. 20 

GND 7 

Write Clock 6, 19 

GND 18 

Servo Clock 2, 14 

GND 1 

Read Data 3, 16 

GND 15 SMD 
SMD interface 

controller Read Clock 5 17 board 

GND 4 
(on drive) 

Seek End 10, 23 

Unit Select 22,9 

GND 21 

Sector 13, 26 

GND 11 

Index 12, 24 

28 AWG flat cable (maximum length = 10 ft) 

(b) 

5. On the SMD interface, cable A furnishes the drive, 
cylinder, sector, and head addresses and control 
signals over a 10-bit control bus. It also carries tag 
lines and status lines (a). Cable B contains separate 
lines for writing data, for reading data, and for 
clocking these serial operations (b). 



Q. Whose Magnetic Sensors Are The 
Big Companies Turning To? 

A. Aleph International, That3 Who! 

The top "Fortune 500" companies like IBM, Xerox, AT&T, Toyota, and Honda, just to name­
drop a few, are turning to Aleph International for innovative magnetic sensors in all sizes 
and shapes. 

And for good reasons. Aleph has packaged a reliable magnetic technology to interface 
with the microprocessor world . They offer important advantages over mechanical and 
Hall Effect devices. 

Our MagneSensors are hermetically sealed for high reliability and long life. They are low 
in cost. They can handle a wide range of switching voltages, including low levels. They can 
withstand transients without surge protection. They aren't affected by heat. Polarization isn't 
necessary. No offset voltages are present. And no power supply is required. 

We're set up to respond to your needs quickly. And to produce a high volume of Magne­
Sensors in a short time. Built to your exacting specifications. 

Call us today and find out why the big companies are turning to Aleph International for 
innovative MagneSensors. 

ALEPH 
INTEANATIOllAL@ 

ALEPH INTERNATIONAL CORPORATION I 1026 Griswold Avenue• San Fernando, California 91340 
818/365-9856 •Telex: 472-0532 ALPH UI 
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8-in. drives 

Clock, and Servo Clock control signals (Fig. 5b). 
The A control table contains three qualifying 

tags that change the head address, handle disk 
seeks, or govern reads and writes in conjunction 
with the 11-bit control bus (see Table 2). 

Tag, you're it 

When tag 1 (the Cylinder tag) is asserted, the 
drive interprets the information on the bus as a 
10-bit cylinder address (one of 1024 available 
cylinders) and begins moving the heads to that 
track. Unlike SCSI, which relies on a logical 
block address, the SMD interface forces the 
user to specify the cylinder locations on the 
drive. The cylinder address is placed on the in­
terface bus lines and is then strobed in by the 
Cylinder tag. The drive will verify that the 
requested cylinder is valid and begin searching 
for it. The drive must be on the cylinder before 
the Cylinder tag is actually sent. 

Similarly, tag 2 (the Head Selection tag) 
chooses one of up to 16 possible heads (the 
seven-platter drives work with 13 heads) with a 
4-bit address furnished by four signals on cable 

A. When it is asserted, tag 3 (the Control tag) 
also indicates a read, write, or a seek over the 
10-bit bus. In order to write, say, bus bit 0 is as­
serted to indicate a Write Gate. (At the same 
time, the write clock and write data signals are 
supplied on cable B.) Likewise, reading involves 
asserting bus bit 1. 

Other functions, such as Positive Servo Off­
set, realign the head-positioning mechanism by 
a specified amount in order to recover lost data. 
It also zeros in on the center of a track and sup­
plies a margin (that is, a test track) for the 
read/write electronics. 

With the Control tag asserted, the drive in­
terprets bus bit 0 as the Write Gate signal 
(which enables the write drivers on the disk 
drive), and bus bitl as the Read Gate (which ac­
tivates the drive's phase-locked-loop. Bus bit 2 
serves as the Positive Servo Offset and bus bit 3 
as the Negative Servo Offset. 

When the Positive Servo Offset signal is true, 
the positioner moves from the established On 
Cylinder position inward toward the spindle. 
When the Negative Servo Offset is true, the 

Table 2. Setting up the control line 

Tag 1 Tag 2 Tag 3 (aHerted to bus) 

Bus Cylinder Head Control 
address selection selection 

Bus 0 Bit 0 Bit 0 Write Gate 

Bus 1 Bit 1 Bit 1 Read Gate 

Bus 2 Bit 2 Bit 2 Positive Servo Offset 

Bus 3 Bit 3 Bit 3 Negative Servo Offset 

Bus 4 Bit 4 N.a. Fault Clear 

Bus 5 Bit 5 N.a. Address Mark Enable 

Bus 6 Bit 6 N.a. Return to Zero 

Bus 7 Bit 7 N.a. Data Strobe Early 

Bus 8 Bit 8 N.a. Data Strobe Late 

Bus 9 Bit 9 N.a. N.a. 

Bus 10 Bit 10 N.a. N.a. 
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The 74F402 Serial Data 
Polynomial Generator/ Checker 

Introducing the first LSI way to go FAST™: 
The new 74F402 Serial Data Polynomial 
Generator/Checker from Fairchild. ~-- - TM 

make short work of errors in long serial 
data streams. 

Whether you're designing local area 
networks, data storage eqmpment or 
Ethernet-compatible eqmpment, this is 
the part for you. It delivers a guaranteed 
30 MHz at commercial temperatures. It's 
expandable to generate polynomials up 
to a 56th order fire code with the addition 
of CRC16 and CCITT codes. So you can 

=-==:=:== ------ ---
From Portland, ME. 

FAIRCHILD 

A Schlumberger Company 

Plus, no external logic is necessary. And 
the F402 comes in one neat 16-pin DIP. 
That means less board space, fewer parts 
and reduced design time. 

The F402 from Fairchild. We're putting 
our best feat forward. 

For data sheets, samples or more infor­
mation, contact your nearest sales office or 
authorized distributor. 

Fairchild Digital Division, 333 Western Avenue, South Portland, Maine 04106 
FAST (Fairchild Advanced Schottky TTL) is a trademark of Fairchild Camera and Instrument Corporation. 
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movement is in the opposite direction. Ordi­
narily, an On Cylinder status line indicates that 
the drive has positioned the heads over a track 
and is ready to read or to write. It goes false 
with any drive command that causes the head 
to move. The On Cylinder line also will go false 
for 2 ms when the Offset Command is received, 
to allow the head positioner to settle. At­
tempting to read or write in this position will 
set a Fault indicator on cable A. Irt addition to a 
Track Offset condition, the drive asserts the 
Fault line when there is a Write Fault or when 
the phase-locked loop was lost with the Write 
Gate asserted. 

Bus bit 4 is the Fault Clear signal. This is a 
100-ns pulse (minimum) that will cause the 
drive's Fault Status line to clear once the of­
fending condition no longer exists. 

Bus bit 5 is the Address Mark Enable signal. 
In conjunction with either the Write Gate or 
the Read Gate, it writes or recovers address 
marks. If used with the first, it creates an ad­
dress mark by erasing a small section of data 
(about 4 µs). When used with the second, the 
address mark can be recovered by the read cir­
cuitry. When an address mark is recovered, the 
Address Mark Found signal is sent to the con­
troller and the beginning of a data record is in­
dicated. 

Bus bit 6 is a reset, or Return to Zero. This 
250-ns pulse causes the drive to recalibrate the 
heads to track zero, to select head zero, and to 
clear the Seek Error latch. Bus bit 7 is Data 
Strobe Early and bus bit 8 is Data Strobe Late: 
both cause the drive to modify its RLL-decod­
ing timing slightly. The signals help recover 
marginal data. 

Along the line 

Operating an SMD driver, consequently, can 
be viewed as an exchange of signals along cable 
A. The Unit Ready and Open Cable Detector 
signals, for instance, indicate that the drive is 
ready to seek, read, or write and that no fault is 
present. They also disable the interface in the 
event that the cable is disconnected or that 
power to the controller is lost. The actual data 
transfer, however, occurs on the serial data 
lines of cable B. 

Bits 0 through 3 of the unit selection bus are 
used by the controller to indicate which of the 
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16 logical drives are to be selected when the Se­
lect tag goes true. There is a DIP switch on the 
drive's I/O board that allows their logical ad­
dressed to be defined. 

The Select tag forces each drive on the SMD 
cable to compare the unit selection Bus Value 
Signal against its own Unit Select Switches. If 
the two match, the drive will be internally se­
lected within 600 ns of the leading edge of the 
signal. The controller must keep the Unit Select 
high for the entire time the drive is selected. 
When the Select tag goes low, the drive is imme­
diately disconnected. 

The Index signal occurs once every revolu­
tion, and its leading edge is considered the be­
ginning of sector zero. Typically, it is 2 µs long. 
The 256 sectors on the surface of the disk, and 
the Sector Pulse signals, are counted to supply 
data-address locations during seeks. 

Seek and ye shall find 

If a Seek Error is indicated on cable A, then 
the controller either failed to complete a seek in 
100 ms, the controller requested an illegal sec­
tor, or the drive electronics determined that the 
data heads were outside of the valid data area. 
A seek error is asserted within 100 ns of the 
leading edge of the Cylinder tag signal and can 
only be cleared by the controller issuing a Re­
turn to Zero command. 

When a seek is successful, a 9-ns maximum 
pulse is sent, which is the Address Mark Found. 
It indicates that data will follow shortly on ca­
ble B. The drive sends it to the controller when 
the Control tag and Read Gate are true, indi­
cating that a previously recorded address mark 
has been located. The Unit Selected line indi­
cates that the drive is selected and is ready to 
receive a command from the controller. 

Enabling a Write Protect inhibits writing 
under all conditions. That can be done with a 
jumper on the I/O board or with the external 
plug-in status monitor box. Combining On Cyl­
inder or Seek Error with Seek End indicates 
that a seek has been terminated. o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 

Circle 
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If you 're an electronics engineer, 
chances are you've already heard 
about DAT.A. BOOKS. You may even 
be among the thousands of engineers 
who use one or more of our 25-plus 
publications daily. 

Whatever information you need for 
your projects, D.A.T.A. BOOKS have 
it. Electrical specs ... logic drawings ... 
package design . . . device replace-
ment ... manufacturing sources .. . 
and more. DAT.A. BOOKS reference 
over 852 ,000 types of products from 
nearly 1,000 major manufacturers 
worldwide. 

Our information is complete, 
accurate and up to date because we 
contact these manufacturers con­
tinually to get the technical data you 
need to complete your project faster 
and more efficiently. We know the 
information you require because 

we've been in the business since 1956. 
Inside DAT.A. BOOKS, you 'll 

find easy to use standardized perfor­
mance specifications, block drawings, 
alternate sources of supply, functional 
equivalence data, manufacturer loca­
tions and more. 

You 'll save time and money by 
contacting only those manufacturers 
you really need to for the best price 
and availability. 

Your time is much too valuable to 
waste calling manufacturers and 
paging through out-of-date catalogs 
when you can have DAT.A. BOOKS 
do it for you ! 

Publications include- Integrated 
Circuits: Digital ICs, Linear ICs, Inter­
face ICs, Memory ICs, IC Functional 
Equivalence Gu ide, Microprocessor 
ICs, Microcomputer Systems, 
Modules/Hybrids and Audio/Video 

ICs. Discrete Devices: Transistors, 
Diodes and Thyristors. Special 
Devices and Directories: Optoelec­
tronics, Power Semiconductors, Power 
Supplies, Microwave, Master Type 
Locator, Microprocessor Software 
and Applications Notes. Discontinued 
Devices: Digital and Audio/Video , 
Interface and Memory, Linear, Tran­
sistors, Diodes, Thyristors, Optoelec­
tronics, Microwave and Type Locator. 

Call or write us today Or contact 
the DAT.A. BOOKS representative 
nearest you . 

Toll-Free (800) 854-7030 
Inside CA, call (800) 421-0159 

.11.1:11., ltlC. 
P.O. Box 26875 
9889 Willow Creek Road 
San Diego, CA 92126 

D.A. TA. BOOKS Representative Listings: EAST: Motion Engineering , MA (61 7) 485-2144; Astrorep, NY (516) 422-2500, NJ (201) 826-8050; Motion Technology, 
DE/M D/ DC/VA (800) 482-6318; Stegman Blaine, PA/ WVA (513) 729-1 969. SOUTH: Motion Technology, NC (800) 532-6849, TN/ SC/ GA/ AL/ FL (800) 
482-6318; Blackburn Associates, TX/LA/ AR/ OK (214) 692-8885, TX (713) 463-1354. MIDWEST: Stegman Blaine, OH/ KY (513) 890-7975, (216) 871-0520, 
(5 13) 729-1969; Enco Marketing , Ml (313) 642-0203; JHS Associates, IL/IN/ WI (3 12) 741-9070. WEST: Dynatech , CO/UT (303) 773-2830; Applied Controls 
Northwest, WA (206) 775-2999, (509) 922-1762, OR (503) 257-7408; Leddy Associates, No.CA/NV/ HI (415) 969-6313; Varigon Associates, So.CA (213) 
322-1120, (71 4) 855-0233, (619) 576-0100 CANADA: Tech-Trek, (416) 674-1717, (604) 273-1800. INTERNATIONAL: (619) 578-7600 or TLX 910530606. 
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ADVANCED GATE ARRAYS. 
When you're ready to 

move into semicustom ICs, 
California Devices can really 
help you move ahead. 

In fact , CDI's advanced 
gate array program sets a 
whole new standard in per­
formance. And service. 

8 WEEKS. THE MOST 
ADVANCED DELIVERY. 

CDI can deliver your gate 
array prototype in as little as 
eight weeks. 

No delays. Or excuses. 
And your personal CDI 

Program Manager will keep 
you informed on the status of 
your project-start to finish. 

Because what good is gate 
array technology without 
gate array delivery? 

SEA OF GATES. THE MOST 
ADVANCED TECHNOLOGY. 

CDI puts you a generation 
ahead when it comes to tech­
nology, too. 

For example, our exclusive 
"Sea of Gates" channelless 
DLM (dual layer metal) 
CMOS gate array lets you fit 
more gates into less space. 
Which means we can give 
you a gate array with up to 
10,260 equivalent gates. 

With better speed and 
higher output drive, too. 

But even if you don' t 
require the most advanced 
DLM technology, CDI still 
offers the most complete 
range of gate arrays. We've 
perfected and integrated LSI 

CONVENTIONAL 
GATE ARRAY 

TRANSISTOR 
AREA 

1/0 
AREA 

1/0 
AREA 

CDI channelless array technology opens the way 
to new options in gate array performance. 
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CDI OPENS THE WAY. 
and VLSI designs in both 
metal gate and silicon gate 
process. So CDI has the 
expertise to handle all your 
semicustom needs. 

FULL CAD WITH LOGIC 
AND TIMING SIMULATION. 
THE MOST ADVANCED 
DESIGN EFFICIENCY. 

CDI's automated design 
program offers more special 
advantages. 

Because your gate array 
designs are developed on 
stand alone workstations, 
you get quick, cost effective, 
high accuracy simulation. 
With extra developmental 
flexibility. 

What's more, you aren't 
locked into somebody's 

mainframe computer and 
software. 

And our CAD flexibility 
lets you enter CDI's develop­
ment flow at any design 
stage. From initial concept to 
tooling data. 

Even if you're new to gate 
arrays, CD I's ivy-covered 
Design School can make you 
a semicustom expert in as 
little as three days. 

For quick information, 
write 
or call 
CDI 
today. 

r----------------------
1 WANT TO MOVE AHEAD WITH CDI. 
DI WANT TO LEARN MORE ABOUT ADVANCED 
GATE ARRAYS. PLEASE SEND ME MY FREE 
CDI "GET YOUR GATE ARRAY MOVING" KIT. 
D PLEASE SEND ME INFORMATION ON THE CDI 
DESIGN SCHOOL. 

Cl~ 
THE FASTEST 
WAY TO 
GATE ARRAY. 

California Devices Inc., 2201 Qume Drive, San Jose , CA 95131. (408) 945-5000. 
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From the front, you know us for high-fidelity 
color reproduction. 

But behind those pretty pictures is an equally 
important part of our story-superior technology. 
You see, Mitsubishi Electronics pioneered high. 
resolution CRTs. We've continued to advance the 
state-of -the-art with design refinements. And, in the 
process, we've earned a reputation for innovation 
and leadership. 

When you get technical, you won't find a better, 
more reliable CRT. Or a broader product range. Our 
unsurpassed selection covers all sizes and perform· 
ance criteria for applications including CAD/CAM, 
computer graphics, imaging, process control, MIS 
and more. Check the chart for a brief overview. And 
note that we're very cost competitive, even when 
compared to less capable CRTs. 

Of course, our story wouldn't be complete without 
mentioning our large network of knowledgeable 
sales representatives. There's a Mitsubishi Electronics 
professional near you for fast response to your needs. 
One call is all it takes for pricing and delivery infor· 
mation, as well as technical and applications assist· 
ance. See us at 

(<OM~~~~r'lFall '84 
November 14-1 8. 1984 

Las Vegas Convention Center 

To get the full story, get in touch today. We'll send 
complete technical information and the location of 
your nearest representative. Just contact: Mitsubishi 
Electronics America, Inc., Industrial Electronics 
Division, 991 Knox Street, Torrance, CA 90502. 
Telephone (213) 515-3993. 

CRT RESOLUTION RANGE AND SIZE 

Series us UA ST SA AT MT AM 

10" (9V) 0 .31 
>-..c 12" (11V) 0 .31 0 .37 0.47 _o 
:: ·5_~ 

14" (13V) 0.2 0 .31 0 .25 0 .31 0.4 0 .4 .a o E g .;:: E 
16" (15V) 0 .31 0.31 <1'-~ 

>-
<( 0 20" (19V) 0 .25 0.25 0.31 0.31 0.44 0.56 0 

26" (25V) 0.37 

Screen Structure Dot Dot Dot Dot Dot Dot Stripe 

• MITSUBISHI 
~ELECTRONICS 

ADVANCED AND EVER ADVANCING 
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Handling real-time images 
comes naturally 

to systolic array chip 

The internal memory and specialized algorithms 
of a systolic array IC cut the amount of hardware 

and boost the speed associated with image processing. 

This is the second in a series focusing on the 
first commercial systolic array processor chip, 
developed by NCR Corp. 's Microelectronics 
Division in Fort Collins, Colo. The opening 
article was the Oct. 31 cover story (p. 207). 
Upcoming discussions will investigate the de­
vice's use in pattern recognition, data-base 
management, and as an associative processor. 

Until recently, real-time image processir~g 
has been a difficult task, calling for a 
large amount of hardware. Most high­

performance systems comprise a frame bµffer, 
which stores the incoming image; a high-speed, 
pipelined processor to carry out the needed al­
gebraic manipulations; anq a second buffer to 
retain the processed image. Although inter­
leaved sequential memory accesses in such 

Wyndham Hannaway, G.W. Hannaway & Assoc. 

Gary Shea, Consultant 

William R. Bishop, Consultant 

Wyndham Hannaway heads G. W. Hannaway & Asso­
ciates, a technology consulting firm in Boulder, Colo. , 
specializing in optics, image processing, and simula­
tion. He helped create the boards for the systolic array 
and the algorithms for image processing. 

Gary Shea is an independent consultant in image­
processing software. He holds a BS in mathematics 
from the University of Colorado. 

William R. Bishop is a consultant in image processing 
at G. W Hannaway & Associates. 

setups make it possible to load and unload the 
buffers rapidly, the bandwidth of the·memory­
processor bus limits throughput. Furthermore, 
some image-processing algorithms require 
several fetches for each pixel, further cutting 
into overall system speed. 

The Geometric Arithmetic Parallel Pro­
cessor (GAPP) chip overcomes these obstacles 
by supplying an array of 72 parallel bit-serial 
processor elements, each of which is fitted with 
128 bits of RAM. This configuration lets system 
designers dedicate an individual processor ele­
ment to every pixel. To cut costs, though, many 
systems could handle small groups of pixels or 
subimages serially, assigning more than one 
pixel to a processor element, or cell. In fact, the 
systolic array can be viewed as a combined 
frame buffer and processor, bringing a bit­
mapped an image into its RAM, processing it, 
and then putting it back in RAM before sending 
it out. One example of the chip's prowess is its 
ability to store two images in its RAM and then 
deliver the difference between them. For design 
considerations, the monolithic array can also 
be considered a highly pipelined, parallel 
processor. 

Sil}ce the chip departs substantially from the 
conventional von Neumann architecture, 
image-processing systems based on it must 
vary from the usual as well. To demonstrate 
these differences, it is necessary to briefly ex­
amine the traditional approaches. One, for in-
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stance, relies on a pipelined ALU, with separate 
frame buffers for input and output. Pipelining 
joins a series of processor elements to perform 
sequential arithmetic operations on a continu­
ous data stream. The method is good with pro­
cessors that range from bit-slice devices to 
supercomputers. Nonetheless, even the latter 
can perform only from 20 to 100 operations on 
each pixel to sustain a real-time rate of 10 mega­
pixels/ s, the rate of standard video systems. 

The systolic array can drop into such an ar­
chitecture (Fig. 1). With 32 of the chips joined 
together to create a grid of 48 by 48 processor 
elements totaling 2304 processors, up to 60 mil­
lion pixels/ scan be accepted, even with a gray­
scale depth of 8 bits a pixel. Since data can be 
loaded over the chip's communication (CM) bus 
at the same time that it is processed, the grid 
array can operate at full speed at all times, 
chewing up 920 million macroinstructions ev­
ery second. (A macroinstruction is defined here 
as an 8-bit addition that can be executed in 25 
cycles, or 2.5 µs. ) Linking together more chips 
further increases processing power. 

Despite its impressive speed, the architec­
ture is not optimal for the systolic processor be­
cause data must be reformatted to work with 
the array. The chip works with information in 
the form of bit planes. As a result, an 8-bit num­
ber representing the pixels must first be re­
formatted as a bit plane. The first bit plane rep­
resents the least-significant bits. Once in the 
array, the whole plane is written to one location 

Video 
In 

A-d 
converter 

Frame 
buffer 

within the internal RAM of each processor ele­
ment. The next seven bits must be loaded simi­
larly, but such reformatting is too complex for 
most frame buffers. 

Shifting into first 

To overcome this hurdle, a designer can turn 
to serial-to-parallel shift registers long enough 
to store one full video line (Fig. 2). During the 
horizontal retracing period of the television 
signal, the previous video line is shifted into the 
edge of systolic arrays, which can consist of any 
number of chips. The least significant bit of 
each pixel in the line is shifted into the bottom 
row of processor elements and written into 
RAM address 1. The next most significant bit is 
then shifted in and written to RAM address 2. 
The process continues until all eight bits of ev­
ery pixel line have been loaded into RAM ad­
dresses 1 through 8 of the bottom row of pro­
cessor elements. 

Each RAM location of the block is read into 
the CM register before each shift into CM from 
the sou th (CM= CMS), so that the first video 
line is shifted up and written into the adjacent 
row of processor elements when the second line 
enters the bottom row of processor elements. 
Once the grid is filled, the same process occurs 
as the image is unloaded to the north and sent to 
the output video line buffer. 

The line buffers can be designed with either 
shift registers or with systolic array devices. 
The latter approach enhances performance, 

Geometric 
Ari thmetic 

Parallel 
Processor 
(32 chips) 

Frame 
buffer 

D-a 
converter 

1. A Geometric Arithmetic Parallel Processor can be substituted for traditional mi­
croprocessors in a pipelined architecture. The arrangement requires the memory 
to be very wide, and data to be reorganized. It is thus better to reconfigure the 
architecture to take advantage of the chip's properties. 
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since these chips can compute while handling 
the serial-to-parallel shift. Regardless of 
whether systolic arrays are used, the chip's 
memory associated with each processor ele­
ment allows it to simultaneously store up to 16 
images of 8 bits each, obviating the need for 
frame buffers. 

Quicker than the eye 

Once the architecture of the image-process­
ing system is selected, the next concern is decid­
ing on the numbPr of systolic array chips (see 
"Welcoming Aboard the Systolic Array," 
p. 293). When speed is the primary concern, a 
one-to-one relationship between processor ele­
ments and pixels can be established. A block of 
512 by 512 processor elements, made up of about 
3700 chips, can perform 100 billion 8-bit addi­
tions a second. In the thirtieth of a second it 
takes to bring in a typical television frame, 
every cell can execute 13,333 8-bit additions or 
333,33S primitive single-cycle instructions-for 
more than the number demanded by many real­
tim e image-processing algorithms (see 
"Systolically Altered States," p. 294). 

Thus instead of a simple 1:1 ratio between 
processor elements and pixels, a system might 
dedicate one element to a number of pixels and 
thus process data in the form of windows. When 
one window is completed, processing can begin 
on the next. 

Beat the clock 

In a syster. involving a real-time algorithm, 
which does not requir" the use of previous im­
age frames, the entire 512-by-512-pixel image 
need not be in the GAPP array all at once, 
thereby cutting the number of devices required. 
In a so-called neighborhood processing algo­
rithm-one that determines the next value of a 
pixel by comparing it with the pixels surround­
ing it-~ block of 24 by 516 processor elements, 
consisting of 172 systolic devices, can carry out 
600 additions on every pixel while operating at 
10 MHz-far more processing power than 
available with conventional architectt._·es. 

Since less hardware is used, the necessary 
program may be larger and more complex than 
that found in architectures devoting one pro­
cessor cell to every pixel. Despite such differ­
ences, the algorithms share many attributes. In 

this set up, each pixel is stored in internal RAM, 
and although it might first appear that 128 bits 
of image data can be held in memory, the need 
to retain operands and intermediate results 
and to flag overflows reduces the chip's capaci­
ty somewhat. As in the first configuration, the 
number of systolic devices can be boosted or cut. 

A different point of view 

Programming the systolic array is radically 
different from programming a traditional mi­
croprocessvr. The first is a single-instruction, 
multiple-data path (SIMD) machine; the sec­
ond, a single-instruction, single-data path 
(SISD) device. For that reason, code for an ex­
isting chip cannot simply be converted: Writing 
software for the systolic chip demands a new 
way of looking at both the task and the neces­
sary algorithm. 

To facilitate programming the systolic pro­
cessor, a simulator that runs on personal com­
puters has been created. Written in C, the soft­
ware runs under Unix and operates NCR's PC-4 
and on the IBM PC XT as well as on larger 
systems like the Digital Equipment PDP-11 

Video 
In 

Video line 
buffer 

(B- to N-bit 
parallel-to-serial 

shift register) 

GAPP 
block 

(N X M 
processor 
elements 

D-a 
converter 

Video 
Out 

2. A video line buffer, which stores a full input line 
from the camera, can be made up of either shift reg­
isters or systolic array chips. The 128 bits of RAM 
included for each processor element in the GAPP 
block eliminate the need for frame buffers. 
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and NCR's Tower 1632. 
Although the advantages of simulating oper­

ation while the hardware is being designed are 
obvious, it must be noted that running the array 
program on a single-instruction, single-data­
path computer will be very slow. A task exe­
cuted as a single instruction on a systolic array 
will require at least N2 operations when it runs 
on a conventional processor, where N equals the 
number of processor elements along one axis of 
the array. 

Consider the addition of two 8-bit, 512-by-
512-pixel images. A 10-MHz, 8-bit processor 
needs at least 1 second to do the job. As men­
tioned earlier, a grid of 512 processor elements 
could perform the same function in 25 cycles, or 
about 2.5 µs . 

Breaking with convention 

Another factor that must be considered when 
the simulator runs on a traditional computer is 
the relationship between the memory and a 
processor. A conventional processor passes 
data between itself and memory. The systolic 
array, in contrast, has the aforementioned 128 
bits of RAM associated with each cell, and every 
memory address holds one bit. Consequently, to 
speed the simulator's operation while simplify­
ing the development of algorithms, the size of 
the grid should generally be kept down to 6 by 6 
or 12 by 12 processor elements. Fortunately, 
software written for a small array can run 
without modification on larger arrays. 

Once a satisfactory set of algorithms for a 
particular job is complete, an assembler con­
verts the mnemonic code created by the simula­
tor into binary instructions for the target ma­
chine. The assembler produces a binary file 
that can be loaded into a high-speed, 20-bit­
wide memory, dubbed the instruction queue. 
The queue holds the algorithm for execution at 
the frame rate selected for the system. In a real­
time system, say, data comes in and processed 
data goes out simultaneously. As the algo­
rithms run, a complete loop through the in­
struction queue is repeated for every new frame 
passing through the grid. 

The kinds of algorithms that must be devel­
oped for image processing are, of course, direct­
ly tied to both the specific demands of such 
processing and to the way the array works. 
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Image-processing computations are more dis­
tinctly parallel than those of scientific and 
business calculations, in which memory use and 
the operations performed are far more random. 

The speed with which the systolic array han­
dles such parallel chores can be clearly seen by 
again comparing the array to a traditional pro­
cessor. Avon Neumann machine requires on 
the order of N X N cycles to process an N X N 
pixel image. That interval is expressed as 
O(N2

), which is short for "order N squared". The 
systolic array needs only O(N), or even O(k) 
cycles, where k equals either the number of 
bits per pixel or the number of digits used in the 
calculation, to process the same image. 

When the array processes an image, each 
element is active simµltaneously, so the time 
needed to subtract one image from another is 
independent of the size of the image. Algo­
rithms for the primitive operations of image 
processing-adding and translating an image 
along an axis and manipulating the gray scale 
-can be performed in O(k) time. Furthermore, 
operations that normally occur within the indi­
vidual registers of a von Neumann processor 
(bit inversion, bit setting or resetting, and bit 
shifting) are easily handled in O(k) cycles by 
the systolic array. 

Nothing to it 

Other algorithms handled just as readily by 
the device are those requiring information 
about the four or eight neighboring pixels. A 
4-neighborhood algorithm can be defined as 
one using the north, south, east, and west pro­
cessing elements of a particular portion of an 
image. The eight-pixel neighborhood consists 
of those four plus the northeast, northwest, 
southeast, and southwest cells. Such algo­
rithms include 3-by-3-pixel convolution, a 
3-by-3-block pattern matching, and various 
types of erosion and dilation. All of these are 
classified as local algorithms, since they do not 
require information from any elements other 
than their immediate neighbors. 

Global algorithms, on the other hand, like 
histograms and correlations, need information 
from more distant elements. They take O(N) 
time, much faster than the time demanded by a 
traditional computer. 

Certain fundamental operations are common 



Welcoming aboard the systolic processor 

Since the Geometric Arithmetric Parallel Pro­
cessor differs so radically from traditional pro­
cessors, a number of aspects of design must be con­
sidered when a pc board is laid out. Foremost among 
these are the communications lines that join a block 
of systolic processors. 

No support circuitry is called for between the 
chips, which themselves are easily linked to their 
neighbors to the north, south, east, and west. In that, 
they resemble an individual processing element 
within a single array, which is joined to its four 
nearest neighbors. Further, the 84-contact packages 
are readily connected since the North output of one 
IC is physically adjacent to the South output of an 
adjoining chip. The East and West ports are similar­
ly compatible. 

Terminating the outer edges of a block of arrays 
demands a variety of techniques, depending upon 
which algorithm is being executed. That presents no 
problem, though, since a programmable multiplexer 
can switch from one termination technique to an­
other, under software control. 

On the one hand, the edge connections can be 
grounded during input cycles so that all shifts bring 
in zeros from the outer edge of the block. Alterna­
tively, the edges may be tied to a data bus for 1/0. 
A third approach 
brings the connec­
tions from the east 
and north around to 
those of the west and 
south, respectively, so 
that data is recycled. 

These connections 
can be made without 
concern for loading 
and fan-out , since 
they involve only the 
processor elements at 
the edge of the group 
of chips. Control, ad-

dress, and clock signals, however, must be bused to 
each device in a grid of chips. In wraparound lay­
outs, synchronization is critical between the clock 
and control lines at the edges of the block. 

When large blocks of the chips are grouped to­
gether, it is genetally best to drive them in groups 
of less than 40 chips. Driving more chips can skew 
timing and may exceed the power capabilities of 
driver chips. The routing for this type of bus is 
best laid out using an H-shaped topology (see the 
figure). 

When a number of chips are being clocked syn­
chronously and driven in parallel by command 
drivers, power distribution must be uniform. There­
fore, boards using wire-wrapped interconnections 
should have full surface power and ground planes. 
Inattention to the capacitive details of coupling and 
ground planes can cause undershoot and overshoot 
of signals. To supply a new control word every 100 
ns, keeping pace with the device's 10-MHz clock, a 
20-bit-wide instruction queue for both the control 
and address lines is needed. Most designs, however, 
should include 24 or more extra bits to ensure space 
for control functions and looping. Static RAMs are 
the simplest to use for this; however, for high speed 
2k-by-8-bit RAMs are preferred. 

The instruction 
queue in a system 
based on a systolic ar­
ray is driven by high­
speed address sequen­
ces. The four extra 
bits in a 24-bit-wide 
instruction queue can 
be used to control 
jumps and loops of an 
address sequencer . 
The Global Output 
signal from the array 
can serve as a flag for 
conditional jumps. 

Bus Inputs: 
Clock, Control 1c.-c,,1. 

Processor Element RAM address (Ro-Rel 

D 
6-letrlc Arithmetic 

Parallel Processor 
~ High-drive 
~buffer (74F244) 
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to both local and global algorithms. One such 
operation, or building block, is overflow detec­
tion, which is used for many tasks. 

One approach to it conjoins a 1-bit field with 
each field to be operated upon. Adding a field of 
3 bits and a field of 5 bits will probably cause an 
overflow if it is deliv~red to a 3-bit field, so a 1 
will be placed into the overflow field. The result­
ant image provides useful information about 
the data being processed. For instance, the 
overflow bit may be used to generate a visual, 
cue, like light or dark spots on the screen, to in­
dicate which elements have overflowed. It can 
be used to interactively adjust the algorithm. 

Among the other operations necessary for 
image processing are common arithmetic func­
tions like addition, subtraction, and multi­
plication. Generally, images consist only of pos­
itive numbers representing the gray-scale 
value of the pixel. Image multiplication is need­
ed for windowing or masking. A two-dimen­
sional template representing a window may be 
shifted into the array and multiplied by the 
resident image. Any of these arithmetic oper­
ations may cause an overflow, which will be in­
dicated if an overflow bit plane is used in the re­
sult field . 

Register sh if ting is taken care of in the same 

Systolically altered states 

When used with a standard camera (operating at 
30 frames/ s), the Geometric Arithmetic Parallel 
Processor can handle images in real time, as this 
image enhancement indicates. 

The series of photos begins with a digitized 
512-by-480-pixel image with 8 bits of gray scale res­
olution (top left). The image is first convolved, which 
diminishes the effects of camera noise (top center). 
Then it is trimmed from 8 bits to 4 (top right), 
reducing the number of gray-scale levels from 256 to 
16. This is do11e to reduce the amount of data that 
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must be processed. 
As a second frame is brought into a block of chips, 

it also undergoes a noise-reducing convolution. The 
resultant image is then subtracted from the pre­
ceding one (bottom left). This subtraction deter­
mines if there has been any movement. 

Another convolution is then carried out on the 
image so that the system can pick up hidden infor­
mation (bottom center). That image is then added to 
the original, thus creating an enhanced photograph 
(bottom right). 

Source: G.W. Hannaway & Associates 
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This is why, because we developed a high 
resolution plotter and silent printer in the 
same unit: The Kipp & Zonen model BD 70. 
For the OEM and professional enduser the 
model BD 70 offers real time X-t plotting, 
graphics and alphanumerical printing. 

Automatic trace optimization insures 
constant trace quality regardless of the 
signal slew rate. Plotting resolution: 1:2340 
over 198 mm fsd. Printing speed: 
80 char/sec. BD 71: two channel version . 
Interfaces available . 

• KIPP & ZONEN • 
• 
• 
• 
• 
• 

Delft - Holland 
Mercuriusweg 1 
P.O. Box 507, 2600 AM Delft 
Phone 015-561000 
Telex 38137 

Bohemia N.Y.11716 USA 
390 Central Avenue 
Phone (516) 589-2885 
Telex 0960250 
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manner as moving a contiguous section of 
memory on a standard machine. To shift up­
ward in memory index, the highest numbered 
element in the block is shifted first, followed by 
the second highest, the third, and so on. Once 
again, overflow detection is needed to deter­
mine whether an element is shifted out of its 
field, since the program cannot write outside 
the field. 

Translation, another basic operation, is one 
of the simplest for the chip to handle because of 
the relationship between neighboring pro­
cessors. To shift toward the east a 1-bit field 
located at RAM address 12 within the processor 
array, simply execute: 

EW:= RAM12 
EW:=W 
C:=EW 
RAM 12:=W 

Here, overflow detection is not needed, since 
there is no possibility of an overflow taking 
place. 

Back to basics 

One basic task of image processing, thresh­
olding, unites a number of the foregoing oper­
ations. Thresholding determines which pixel 
values are greater or less than a predetermined 
level. In an application that needs to zero (that 
is, ignore or turn into zeros) all the pixels with a 

gray-scale value of less than 20, the first step is 
to make a copy of the image's data base, which 
is destroyed as the task is carried out. 

Since a 6-bit field can represent numbers 
from 0 to 63, adding 44 to every pixel will cause 
all those with values greater than 19 to over­
flow. The overflow bit plane must then be in­
verted to yield a zero overflow bit in every pixel 
where that occurred. If the inverted overflow 
bit is then ANDed with the original fields, all 
the pixels that overflowed will have their fields 
zeroed. 

The entire task can be rapidly performed by 
using a global braodcast, which simultaneously 
places a given value (in this case, 44) in every 
processor element in the array. Obviously that 
is faster than moving the data through the ar­
ray until it has reached each processor element. 
To place the binary value 101100 into RAM lo­
cations 21 to 26 in every element, the following 
instruction sequence would be executed: 

C:= 1 
RAM26: = C, C = 0 
RAM25: = C, C = 1 
RAM24:=C, C = 1 
RAM23:= C, C = 0 
RAM22:=C, C = 0 
RAM21:=C 

Another chore common to image processing, 
finding the maximum pixel value in an image, 

Program 1. Establishing the highest-intensity pixels 
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COMMENT: Initialize EW = 1 
NS:=O, EW:=O, C:= 1 
NS:= O, EW:= C, C:= O 

COMMENT: Loop from MSB to LSB and deliver MAXVAL as bit serial output on GO 
for n = 8 to 1 do 

I 
NS:= RAMn, EW:=EW,C:= O 
NS:=NS, EW:=EW,C=CY 
NS:=C, EW:=EW, C:=O 
ifG0= 1 

I 
EW:=EW 

I 
ifGO = O 

I 
EW:=NS 

I 

(Read next bit from RAM into NS) 
(Form NS "and" EW) 
(Send result to GO from NS) 
(Bit n of MAXVAL = 0 from NS) 

(EW retains present value) 

(Bit n of MAXVAL = 1) 

(EW set to 0) 



In the past you probably didn't even consider using multi­
pliers in your system design for obvious reasons: high 
power consumption, heat build-up, low reliability, large 
power supplies, elaborate cooling schemes, and more .. . 

Now all that's over. 

IDT'S HIGH SPEED 16x16 BIT CMOS MULTIPLIERS. 
Thanks to our unique leading edge CEMOS™ technol­
ogy, our IDT7216/7217 multipliers run incredibly fast at 
extremely low power levels. Now, for the first time, the 
tremendous performance advantages of the digital sig­
nal processing design approach become viable in such 
diverse systems as video image enhancement, high­
speed color graphics, speech synthesis, voice recogni­
tion, telecommµnications, pattern generation, robotics 
control, data communications, radar, sonar, counter­
measures, medical systems ... 

How about your system? 

LOW POWER. Our IDT7216/7217 multipliers feature 1/12 

the power consumption of equivalent ECL or bipolar 
products. Look at the chart-we're not talking almost 5 
watts. The cool running of CMOS significantly enhances 
system reliability, increases packing density and re­
duces the need for large power supplies and cumber­
some cooling apparatus. No need for auxiliary air or liq­
uid cooling. And our IDT7216/7217 multipliers allow the 
use of LCCs that weigh only 1/10 as much and take up 
less than % the board space of dual-in-line packages. 

HIGH SPEED. The speed of bipolar. These advan­
tages are made available without sacrificing speed. 
Look at the chart. Commercial speeds of 65ns 
(15MHz). Military speeds of 75 ns (13MHz). 

RELIABILITY. Our military parts are 100% screened to 
MIL-STD-883, Method 5004. Commercial versions differ 
only in burn-in time and electrical test temperatures. 

AVAILABILITY. All speed, power and package options 
are available off-the-shelf. 

DSP FAMILY. Our 16x16 multipliers are the first of a 
family of high-performance CMOS DSP circuits. An 
exciting series of high speed/low power devices are in 
development for introduction later this year. They will 
continue to make your job easier. 

EVALUATION SAMPLES. Write us about your applica­
tion on your letterhead and we'll send you an evaluation 
sample of our IDT7216/7217 multiplier. 

CMOS SOLUTIONS. We also supply the world's fastest 
CMOS 16K static RAM family, 64K static RAM modules 
and memory support logic products. And that's just the 
beginning. 

MAY WE BE OF ASSISTANCE? Call or write today 
for complete information on our 16x16 bit multipliers 
and our other CMOS system solutions. 

Integrated Device Technology, Inc. 
3236 Scott Blvd., Santa Clara, CA 95051 
(408) 727-6116 TWX 910-338-2070 
CEMOS is a trademark of Integrated Device Technology. Inc. 

~ Integrated Device Technology 
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lends itself to the architecture of the systolic 
array. A number of algorithms could be used, 
depending on the desired objective. One takes 
advantage of the chip's Global Output (GO) line 
to furnish the value of the highest-intensity 
pixel ( MAXVAL) within a O(k) interval (Pro­
gram 1). 

Once the algorithm is completed, the pro­
cessor elements wth the maximum intensity 
value will have a logic 1 stored in their EW reg­
isters. The same algorithm can also determine 
the value of the lowest-intensity pixel (MINVAL) 
by first making a negative from the image, 
which is accomplished by simply inverting each 
bit of the pixel. 

In some instances, it is desirable to determine 
the location of the highest-intensity pixels. The 
only additions needed are a bit detector (a sim­
ple comparator) and another algorithm (Fig. 3). 

for m = 1 to M do 
{ 

for n = 1 to N do 

Interrupt 
line 

) 

On interrupt, 
send m and n 

to the host 

{ 
ew:= E 
if blLdetect = 1 

{ 
plxeLlocatlon = m, n 

) 

NS : = EW 
Ns : = s 
ew: = NS 

West output 
A A from upper-left 

/ v ~rocessor element 

GAPP 
(N X M 

processor elements) 

All west outputs 
wrapped around 

to east Inputs 

3. By running a specific algorithm, a comparator 
serving as a bit detector can determine the location 
of pixels with the greatest gray-scale values. When a 
logic 1, which denotes such pixels, is observed, the 
controller is interrupted and sends the location of 
the bit to the host. 
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The comparator simply accepts inputs from the 
array until a logic 1 is picked up. It then sends 
an interrupt to the controller, which locates the 
highest-intensity pixels by counting the num­
ber of zeros that preceded them. 

Stand and be counted 

Counting the number of pixels that are 
displayed at maximum intensity is also done 
relatively simply and quickly with the array. 
Traditional processors would take O(N X N) 
operations, but an array-based binary tree ap­
proach performs a number of additions in par­
allel, hence requiring only O(log N) operations. 
Several pairs of numbers are added within all 
columns of an array, then pairs of these results 
are added in parallel. The resulting data flows 
upward through the block of arrays until the 
sum reaches the top processor element of each 
column. 

At that point, a second algorithm sums the 
values in the rows until the total for the entire 
block is contained in the upper-left-hand pro­
cessor element. Since translation operations 
cause data to shift into the edge of the array, 
these inputs must be set to zero so that the ex­
ternal data contributes zero to the sum. A 
binary-tree summation of a column of 64 num­
bers first assumes that the numbers are 8-bit 
pixel values. They are also assumed to reside in 
RAM locations 1 for the LSB to 8 for the MSB 
(Program 2). The partial sums are stored in 
RAM locations 1through14. 

Straightforward convolutions 

Convolution is one of the most important jobs 
performed in image processing. It uses the pre­
viously described neighborhood algorithm to 
determine new values for pixels, thereby en­
hancing an image. Convolutions are put to work 
along the entire range of image processing, 
from upgrading old photographs to improving 
the definition of edges in a robotic vision 
system. 

Convolution is characterized by a high level 
of parallelism, so it is well suited to the systolic 
array. Typically, a template of new values is 
placed over the values of the camera image. 
Global broadcasting distributes the template. 
The objective is to move the sum outward in a 
spiral from the center of the template, which is 



Gould AMI ... Innovation and Quality in Semiconductors 

A world of choices 
in single-chip codecs. 

Gould AMI Creates World Class 
Codec Family. 
Gould AMI is now producing the industry 
standard HD44230® series of single-chip codecs. 
They're a perfect compliment to the proven 
performance of our own S3506/S3507 codec 
family. World class features such as .... 

• ATT 03 and CCITI • Ultra Low Noise 
Compatible •µ/Law, A/Law 
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the location of the new pixel value, to each of 
the matrix elements that reside under the 
template. At each matrix a location multipli­
cation is performed, and the result is added to a 
traveling sum. The image resulting from this 
convolution is enhanced. Since all of the sum­
mations occur simultaneously, the parallel 
array processor handles the job at a good clip. 

Histograms, which count the number of pix­
els containing particular gray-scale values, can 
make adjustments for changes in lighting, as 
well as let systems adjust to very light or very 
dark images. In that way they improve visual ' 
information at either end of the intensity 
spectrum. 

The process is handled as quickly as the 
array's global-sum operation counts the pro­
cessor elements. The elements to be counted are 
first identified by broadcasting a gray-scale 
value to every processor element and com­
paring it with the pixel value stored in each. 
Matches to the image stored in RAM locations 1 
to 6 are determined by using a specific algo-

Pr0gram 2. Binary-tree summing 

rithm (Program 3). Various values are broad­
cast to create series of "bins," with different 
pixel levels sorted into the appropriate bins. 

After this task is finished, every processor 
element that holds a pixel matching the broad­
cast pixel will have a logic 1 in RAM location 0. 
Before counting the number of pixels, a quick 
check for GO = 1 will indicate if there were any 
pixels at all which matched the broadcast value. 
By determining the number of pixels in the var­
ious bins, the system can figure out whether the 
image is dark or light or contains a variety of 
shades, making adjustments as necessary. o 
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The authors wish to thank Martin Marietta Aerospace 
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opment of the GAPP architecture. 

How useful? 
Immediate design application 
Within the next year 
Not applicable 

Program 3. Sorting pixels into bins 

Circle 

559 
560 
561 

for m = o to 5 do NS:= O. EW:= O. C:= 1 

I 
c:=O 
for n = n1 to (B + m) do 

I 

I 

NS: = RAMn. EW: = EW. C:= C 
NS:= NS, EW: = RAMn , C: = C 
for p = 1to2•• m 

I 
NS:= S. EW:= EW, C:= C 

I 
RAMn:= SM, C:= CY 

RAM (M + 9):= CY 
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NS:= O, EW: = O, C:= 1, RAM :O= C 
for n = 1 to 6 do 

I 
NS: = O. EW: = O, C: = X 

NS:= RAMn. EW:= C, C:= 1 

(Initialize RAM 0 = 1) 

(Broadcast bin bit n) 
(Where X is the value of 
bin bit n) 

(Read bit n of image 
pixel) 

NS:= RAM127, EW:= EW, C:= 1, RAM127: = SM (SM = 1 if NS matches EW) 
NS:= NS, EW:= RAMO. C:= O (Read RAM 0 and compare 

NS:= NS, EW:= EW, C:= CY 

NS = NS; EW = EW, C = 1 

with RAM127) 
(CY = 1 if RAM 0 and 
RAM 217 were both 1) 

(If all six bits match, 
then RAM 0 will continue 
to contain 1) 



If you can't tolerate long lead ti01e ... 
Cherry and one of our Authorized Design Centers 
can get you an IC fast. 

Cherry's Genesis semi-custom circuits cut your usual develop· 
ment time by 2/3 ... your cost by 2/3, too. You save even more 
time-and aggravation-when you let Cherry or our author­
ized Design Center near you provide the application assist­
ance, circuit design, breadboarding and other engineering 
services prior to committing the circuit to Genesis production. 

Genesis Linear, Flip-Chip and 12L arrays are diffused and 
manufactured in our own Cherry facility ... in inventory and 
await~ng interconnection to your circuit requirements . 
Genesis programs are primarily intended for production re­
quirements of 25,000 to 100,000 I Cs per year. But, of course, 
Cherry can fully support your higher volume needs, too. 

You save even more because we guarantee your invest­
ment with a unique Cherry program that applies a major 
part of the Genesis engineering and tooling charges against 
a full custom mask set. You can begin your program with a 
Genesis IC and convert to full custom later when your quan­
tity needs increase. 

For fast action call Cherry or one of our 
Authorized Semi-Custom Design Centers. 
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Genesis Linear Arrays 
CS2000E 70 x 70 mils 187 components 18 bonding pads 

CS2500G 75 x 79 mils 325 components 18 bonding pads 

CS3000F 91x110mils 437 components 24 bonding pads 
CS3200L 79x 107 mils 4 79 components 22 bonding pads 
CS4000M 96 x 147 mils 801 components 28 bonding pads 
Genesis Opto Linear Array with on-chip photo diode 
CS3500 75 x 97 mils 299 components 22 bonding pads 
Genesis Flip-Chip Linear Array 
CS2800 BOx 85 mils 335 components 16 solder bumps 

Genesis l'L Gate Arrays 
CS1200 192 gates 241 /0 ports 30 bonding pads 

CS1300 288 gates 281/ 0 ports 34 bonding pads 

CS1400 256 gates 1 181/ 0 ports l 40 bonding pads 
analog/digital Up to 300 linear components 
Note: CS1200. 1300and 1400 are alternate source equivalents to Exar XR200, XR300 and XR400. 



'' Teradyne systems 
may occasionally break down. 
'Ieradyne service will not.'' 1~~:t~~;beloff, President 
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Nobody likes mistakes. That's why Teradyne has 
spent more than 20 years building automatic test equip­
ment that roots out and eliminates errors. 

Nobody's perfect, however, and in one of life's great iro­
nies, even Teradyne products sometimes fall down on the job. 

But not to worry. We can be absolutely candid about 
this for two reasons. First, we 
know that within any reason­
able framework, Teradyne 
equipment performs superbly. 

Second, when the inevi­
table problem does occur, we 
also know that you can't find 
better service than ours any­
where. And we're very proud 
of that. 

Only Teradyne offers 
such a variety of service 
options. For instance, you can 
contract for complete on-site 
service to be delivered within 
a specified time. If we don't 
come through, you don't pay. 

Or you may choose to be 
more self-reliant, in which 
case we'll analyze your needs 
and help train and equip your 
people to handle almost any­
thing that comes up. You'll go 
from downtime to uptime 

.___ _____ in no time. 
The point is, whichever option you choose, we'll give 

you all the support you need. And in this unpredictable 
world that kind of assurance can be very comforting. 

So there you have it. Admitting we're not perfect 
may be a bit unusual, but then at Teradyne we never follow 
the pack. 

We lead it. 

l# measure quality 
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Squeeze the excess 
out of 

circuit hoard design. 
Avoid unnecessary layers in printed 

circuit boards. Shorten conductor runs. Im­
prove design accuracy. 

Let the IBM Circuit Board Design Sys­
tem 2 help. CBDS is highly interactive soft­
ware that helps you optimize your board 
designs by automatically handling all the 
details of a layout as design advances. Even 
after a designer has worked on a board for 
hours, CBDS can generally suggest ways to 
simplify it. 

CBDS handles every aspect of board 
design. You start with a schematic or 
netlist, and the system helps you create a 
physical layout. It incorporates a simulator 
that verifies the logic design, including 
propagation delay and gate loading, and 
generates digital test patterns to drive a 
production-line tester. It creates tapes for 
photo plotters and numerically controlled 
production machines. At every step of the 
process, CBDS automatically insures that 
you've conformed to your design rules. 

Fewer Layers 

You can get a board with fewer layers 
and drillholes-which means less costly, 
more producible boards and better yields. 

Design output is generated automati­
cally from design data. And system re­
sources can be shared by multiple users, 
who don't have to be computer experts. 

CBDS is designed for simplified operation 
by non-DP professionals. 

CBDS, with its complete design-to-man­
ufacturing capability, is competitive in 
price whether you have a few workstations 
or many. It works with a range of IBM 
systems from the 4300 series to the 308X 
family of processors. And with the IBM 
5080 Graphics System workstation, you can 
work in vivid color. 

Make sure your printed circuit boards 
are the best they can be. For more informa­
tion about the IBM Circuit Board Design 
System, call IBM toll free at ==-= ~ 
1 800 IBM-2468, Ext. 814. 
Or return the coupon. 

~--------CBDS-------~~ 

IBM I 
DRM, Dept. BX/814 I 
400 Parson's Pond Drive I 
Franklin Lakes, NJ 07417 I 

I want to squeeze the excess out of circuit boards. 
0 Please send me more information on the IBM 

Circuit Board Design System 2. 
0 Please have an IBM representative contact me. 

I 
I 
I 
I 
I 

Nam e ______________ I 
I 

Title _______________ , 

Company _____________ I 
I 

Address ______________ I 
Phone I 
-------------~I 
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MULTI-CAGE® Card Cages 

for the MULTIBUS: 
MULTI-CAGE®: the industry 
standard Multibus card holder 
and backplane system. De­
signed for performance, built 
with precision. 

Choose from the widest 
selection available from any 
manufacturer. The durable, 
anodized aluminum cages, 
featuring single mother 
board backplanes, are 
available in 17 
slot sizes: 

3, 4, 5, 6, 7, 8, 
9, 10, 12, 13, 14, 
15, 16, 20, 21, 24, 
and 26 slots. 

Choose from free-
standing, horizontal 
and vertical rack 
mount cage designs. 
Choose card spacing 
of either 0.6 or 0.75 
inch. There's even 
special slot spacing 
models for efficient 
use of three-level wire 
wrap or iSBX 300/340 mod­
ules. Every model is UL­
recognized. Multi-Cage is 
electrically and dimensionally 
interchangeable with Intel's 

iSBC-80 cages. 

:MMuhibus, iSBX, and iSBC-80 are trademarks of Intel Corp. 
Multi-Cage is a trademark of Electronic Solutions 

Call TOLL FREE 
(800) 854-7086 

in Calif.: 
(800) 772-7086 

CIRCLE 181 

Choose, too, from a huge 
variety of packaging options 
and accessories, such as P2 
connectors and backplanes, 
Parallel Priority Resolution 
Circuitry (PPRC), cooling fans 
and power distribution boards. 

Whatever your Multibus 
packaging needs, give us a call 
on one of our toll-free numbers. 
You'll find the best selection 
in the industry, along with 
competitive prices, quick 
delivery, and an unmatched 
THREE YEAR WARRANTY 
on every Electronic Solutions 
product. 

Electronic 
Solutions 
9255 Chesapeake Drive 
San Diego, CA 92123 
(619) 292-0242 
Telex II (TWX) : 910-335-1169 
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Testing in-circuit ECL 
is just routine 

for digital oscilloscope 

Not only does a 1-GHz scope break the barriers 
to production testing of timing margins in EGL chips, 
it predicts out-of-specification performance as well. 

This is the third in a series of articles high­
lighting the testing possibilities afforded by the 
HP 54100 1-GHz digital oscilloscope. The f irst 
detailed the scope itself (Oct. 18) and the second 
foc used on the scope's adv anced triggering 
mechanism (Nov. 1). The present piece address­
es the problems of char acterizing the per­
formance of an EGL chip once it is installed in a 
circuit. A later article will discuss specif ic appli­
cations of the scope 's logic-pattern triggering. 

The difficulty of testing high-speed ECL 
chips in a circuit often thwarts the engi­
neer's need to know that their perform­

ance is within specification. Only when enough 
failures crop up to halt production does it seem 
worth the effort involved in verifying the logic's 
1-ns transition times and propagation delays, 
as well as its stringent signal path require­
ments. 

A 1-GHz digital oscilloscope, the HP 
54100A/ D, makes a host of measurements al-

Danny J. Oldfield , Hewlett-Packard Co. 
Danny J. Oldfield joined Hewlett-Packard's Colorado 
Springs Division in 1978, after receiving a BSEE from 
the University of Tennessee. He spent a year as a cus­
tomer service engineer and then moved to the di­
vision's research and development lab, where he put 
the finishing touches on the design of the HP 1727A 
high-speed storage oscilloscope. More recently, as a 
hardware development engineer, Oldfield contributed 
several analog designs to aid in developing the 54100 
digitizing scope. 

most automatically, simplifying such jobs as 
characterizing ECL chips in situ. Measuring 
transition times, propagation delays, and load­
ing effects takes just a small fraction of the ef­
fort that it used to. Furthermore, tasks till now 
impossible become practical. For example, the 
instrument helps predict an IC's performance 
even when it is operated outside of the manu­
facturer's specifications-in the so-called me­
tastable state-to assist in bringing new cer­
tainty to asynchronous designs. 

To more fully appreciate the added capability 
of the new scope, consider the job of obtaining 
accurate, repeatable rise-time measurements 
with a conventional oscilloscope. A design engi­
neer starts by adjusting the scope's vertical 
sensitivity and position controls in order to cen­
ter a full-screen image of the signal. Here, the 
first problem arises: Adjusting the vertical 
sensitivity for a full screen typically means us­
ing a vernier, therefore losing the scope's cali­
brated voltage scale and complicating voltage 
measurements. 

Next, the trigger level must be properly 
adjusted-trial and error is the only way to ob­
tain a stable image because the control is ana­
log. Then the horizontal sweep is adjusted for 
the fastest rate that still keeps the transition on 
screen. At the last, the engineer makes a mental 
note of the relative time at which the transition 
crosses the points at 10% and 90% of peak am­
plitude. The difference between the two is re-
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solved to determine the rise time. 
To further complicate matters, infrequent 

signals leave an image on the screen that is too 
dim to be measured. And slow slew rates, if they 
occur, invite large errors in estimating the 10% 
and 90% threshold-crossing points. 

Consider the alternative 

Measuring rise time with the digitizing scope 
calls for the designer to simply press the 
ECL/ TTL Preset button on the front panel. 
That automatically scales the display to 200 
m VI division and sets the trigger level and ver­
tical off set to -1.3 V de. The second two set­
tings ensure a stable trigger and center the 
waveform precisely on the screen. To make the 
actual measurement, the designer merely 
chooses the scope's parameter mode and pres­
ses the Rise-Time Measurement button. In an 
instant, the transition is automatically calcu­
lated (Fig.1). 

The swiftness of automated measurement 
belies the complexity of the steps taken to per­
form it. For example, the instrument must au-

tomatically place the horizontal markers that 
correspond to the 10% and 90% levels. To do so, 
it runs a histogram routine that calculates the 
signal's high and low levels and then positions 
the vertical markers where the signal inter­
sects the 10% and 90 % thresholds. Only when 
that is accomplished does the scope compute 
the rise (or fall) time as the difference between 
the two markers. 

Although frequently not verified, param­
eters like rise time and propagation delay in 
ECL circuits cannot be taken for granted. In­
circuit loading of chip outputs can significantly 
slow down edge speeds and cut critical time 
margins to zero. One way to ensure optimum 
performance is to first characterize a circuit's 
behavior and, if necessary, adjust the transi­
tion time to achieve the desired result. In­
creasing the drive current by lowering the pull­
down resistor's value could be used to do so. 

The correct compensation, however, can only 
be made when the chip is actually mounted on 
its printed circuit board, not by examining iso­
lated components or calculating the adjust-

1. ECL rise-time measurements can be made automatically with one of the algorithms 
stored in the HP 54100 high-speed digital oscilloscope. The ECL/TTL Preset button sets a 
- 1.30-V de offset and trigger point and scales the vertical deflection to 200 mV/division. 
The rise-time computation finds the maximum and minimum voltages and calculates the 
time between the 10% and 90% points. 
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ment from formulas in a design manual. Actual 
circuit measurements are vital because the 
values of, say, the shunt capacitance that will 
determine an output's transition speed depends 
on the board and on component layout. But that 
capacitance is difficult to predict. Moreover, 
even when capacitance and other loading fac­
tors can be precisely determined, a designer 
should verify their effects. The digitizing scope 
does just that, and does it with ease. 

Additionally, the scope can store the output 
effects caused by different values of compen­
sation. The output fall time of a 10H131 D-type 
flip-flop with several pull-down resistance 
values, when stored in the scope's memory, gen­
erates a family of curves for direct comparison 
and documentation (Fig. 2). 

Another important high-speed parameter to 
check in circuit is propagation delay. That guar­
antees that fan-out and loading effects have not 
chipped away too heavily at timing margins. 
For the D-type flip-flop, for instance, propaga­
tion delay is the time between the clock input 

- 2.5000 ns 0.0000 s 

and an output change. To determine this mea­
surement, the scope's display-persistence fea­
ture builds a composite waveform from the 
high and low levels of data being clocked in. The 
actual propagation time is then determined by 
setting a voltage marker to -1.3 V de and 
putting time markers at the clock and data 
crossings (Fig. 3). 

Propagation delay, which changes with load­
ing, can be predicted to some extent with equa­
tions. Nevertheless, like transition time, in­
circuit testing is the most reliable method of 
setting adequate margins. 

A matter of consequence 

A third measurement crucial to digital de­
signers is setup time, the interval that valid 
data must precede a clock pulse. As with other 
ECL timing parameters, the designer must 
meet the manufacturer's specifications, which 
for reliable results, means knowing what tem­
perature variations to expect and what impact 
they will have on timing tolerances. It is even 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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2.5000 ns 
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I \ I 
\ I ----- -----------------------------1---- -- -\-- ---- -----------------------------

Channel 1 = 200.00 mV /division 
Time base = 500.00 pa/division 
Delta T = 700.00 ps 
Start = - 290.00 ps 
Delta V = - 352.00 mV 
Vmarker 1 = - 1.1280V 

' ~;;::::::::::::::;:;~-

Offset = - 1.3000 V 
Delay = O.OOOOs 

Stop = 410.00 ps 

Vmarker2 = - 1.4800 V 

2. The scope can store several waveforms for comparison and documentation, such as the output 
fall times for three different pull-down resistance values. The three are from a 10H131 D-type ECL 
flip-flop. Comparing waveforms lets designers pick the best pull-down resistor for a particular 
printed circuit board. 
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important in some cases to anticipate the over­
all consequence of deviation from those specifi­
cations, 

Consider measuring the setup time of the D­
type flip-flop. According to a 1982 data book, its 
setup time must be at least 1.5 ns over a temper­
ature range of 0° to 75°C. Signals are mea­
sured by the scope through its 1-GHz active 
m~niprobes, which are connected as closely as 
possible to the device under test. Specifically, 
the upper chanriel (1) is connected to the chip's 
D input and the lower channel (2) to its clock in­
put. Additionally, the scope's averaging mode is 
invoked to eliminate any uncorrelated noise 
from the measurement. 

In the printed trace of the output, which is 
made by hooking up the scope to a plotter, volt­
age and time markers conveniently show where 
the measurements are made (Fig. 4). The differ­
ence in time (LlT) between the two signals is 2.73 

- 5.0000 ns 

Channel 1 = 400.00 mV /division 
Channel 2 = 400.00 mV /division 
Time base = 1.0000 ns/division 
Delta T = - 1.0700 ns 
Start = 1.2000 ns 
Delta V = 0.0000 V 
Vmarker1 = - 1.3000 V 

ns and is therefore well above the manu­
facturer's minimum specification. Further­
more, since the instrument automatically 
makes the measurement, a designer can easily 
place the test circuit in a computer-controlled 
temperature chamber. By doing so, the engi­
neer could make the sarrie measurement over 
the entire anticipated temperature range to 
identify, among other problems, any tempera­
ture-sensitive gates upstream of the flip-flop. 

A somewhat different and far more difficult 
problem for a designer is characterzing a flip­
flop (or other device) when its setup condition is 
violated. Why a designer would deliberately 
violate that condition may seem to be the obvi­
ous question, but it is acfoally unavoidable in 
logic synchronizers and in circuits that asyn­
chronously refresh memories. Both circuits, be­
cause of their environments, cannot control the 
relative timing between certain events. In turn, 

0.0000 s 5.0000 ns 

I 
_______ 1 _________ ___________________ _ 

I 

Offset = - 1.3000 V 
Offset = - 1.3000 V 
Delay = 0.0000 s 

Stop = 130.00 ps 

Vmarker2 = - 1.3000 V 

3. The propagation delay measurement of a 10H131 flip-flop reveals that the difference in time between the 
clock input (lower trace) and the Q output (upper trace) is 1.07 ns. The scope's variable-persistence display 
simplifies measuring multiple-value waveforms by allowing the time that each data point is on the screen to 
be precisely adjusted. 
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those violations cause a device to operate anom­
alously, in what is called a metastable area. The 
data books are frustratingly uninformative 
about these states. 

In a D-type flip-flop, which is often used in 
logic synchronizers and other asynchronous 
circuits, metastable operation is reflected in a 
distinct change in the output response: The out­
put does not reach a valid logic state without a 
certain amount of hesitation or delay. More­
over, the amount of delay is not constant. As the 
output moves into the threshold region the re­
sponse at first appears normal, but once there it 
may assume one of several different patterns. 

In particular, sometimes the response ap­
pears near normal, swinging from one state to 
its opposite in a smooth line with little inter­
ruption. At other times, though, the transition 
reverses itself and returns to the original state, 
as if the data were never clocked. Finally, there 
is sometimes a significant delay following the 

transition into the threshold region before the 
output assumes a valid state. It is the last case 
that is of the greatest concern to system de­
signers. They must build their circuits to tol­
erate the output's delay. 

To accommodate this delay, designers must 
determine the maximum amount of time neces­
sary for the output to settle to a valid logic state. 
Indeed, the need to pick a suitable delay margin 
is a major reason for characterizing a D-type 
flip-flop that operates metastably. To explore 
this phenomenon in greater detail, measure­
ments were made on three functionally identi­
cal D-type flip-flops implemented in progres­
sively faster ECL families: a 10131, 10H131, and 
100131. 

In the margin 

Attempting to characterize metastable out­
puts with a conventional scope would be futile: 
The small metastable error or the high concen-

- 10.000 ns 0.0000 s 10.000 ns 
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Channel 1 = 400.00 mV/divlsion 

Channel 2 = 400.00 mV /division 
Time base = 2.0000 ns/division 

Delta T = 2.7300 ns 
Start = - 2.6000 ns 
Delta V = 0.0000 v 
Vmarker1 = - 1.3000 V 

I 

Offset = - 1.3000 V 

Offset = - 1.3000 V 
Delay = 0.0000 s 

Stop = 130.00 ps 

Vmarker2 = - 1.3000 V 

4. The setup time of a 10H131 D-type flip-flop is clearly shown as the difference between the clock transition 
(lower trace) and the valid data on the D input (upper trace). The 2.73-ns setup time is well within the manu­
facturer's recommended minimum of 1.5 ns. 
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Circuit-Board-Design 
Without the Tedium 

smARTWORKT"' lets the design· 
engineer create and revise 

printed-circuit-board artwork 
on the IBM Personal Computer. 

Forget tape. Forget ruling. 
Forget waiting for a technician, 
draftsman, or the CAD depart­
ment to get to your project. 
smARTWORK™ software turns 
your IBM Personal Computer 
into a professional, high-quality 
drafting tool. It gives you 
complete control over your 
circuit-board artwork - from 
start to finish. 

smARTWORK'"' tron -
forms your IBM PC Into o CAD system 
for p rinted-circuit-boord ortwork. 
Display modes include both sin­
g le-layer black and white and 
dua l-layer color. 

What makes smARTWORK™ 
so smart is that it understands 
electrical connections. Con­
ductor spacing is always cor­
rect, lines don't become too 
narrow, and connecting lines 
do not intersect other con­
ductors. smARTWORK™ can 
automatically find and draw 

s 

the shortest route between two 
conductors. Or you can specify 
the route. 

smARTWORK™ is the only low­
cost printed-circuit-board 

artwork editor with all these 
important advantages: 

D Complete interactive control 
over placement and routing 

D Quick correction and revision 

D Production-quality 2X artwork 
from pen-and-ink plotter 

D Prototype-quality 2X artwork 
from dot-matrix printer 

D Easy to learn and operate, 
yet capable of sophisticated 
layouts 

D Single-sided and double­
sided printed-circuit boards 
up to 10 x 16 inches 

D Multicolor or black-and­
white display 

D 32 user selectable color 
combinations; coincident 

points can be displayed 
in contrasting 
colors. 

Twice scale 
ha rdcopy of your 
ortwork is produced using 
the Epson dot-matrix printer or the 
Houston Instrument DMP-41 pen­
and-inK plotter. Quick 1 X c h ck plot 
Is also available from Epson printers. 

Dual-layer color display of o 2" by 411 

section of o 1011 by 1611 c ircuit boord 

The Smart Buy 

At $895, smARTWORK™ is an 
exceptional value, particularly 
when compared to conven­
tional engineering workstation 
costs. 

Call or write us for more 
information on smARTWORK'"' 
We'll be glad to tell you how 
smARTWORK™ helps us design 
our own circuit boards and 
what it can do for your business. 

Send a purchase order, or 
major credit card number, 
and smARTWORK™ can be 
working for you next week. 

System Requirements 

D IBM PC or XTwith 192K RAM. 2 disk 
drives and DOS Version 2.0 

D IBM Color/Graphics Adapter with 
RGB color or b&w monitor 

D Epson MX-80/MX-100 or FX-80/ 
FX-100 dot-matrix printer 

D Houston Instrument DMP-41 
pen-and-ink plotter (optional) 

D Microsoft Mouse (optional) 

"smARTWORK" and 'Wintek" are trademarks 
of Wintek Corporation. 

WINTEK CORPORATION, 1801 South St., Lafayette, IN 47904-2993, Phone: (317) 742·8428, Telex: 70-9079 (WINTEK CORP UD) 

CIRCLE 183 



DESIGN ENTRY 

Digital oscilloscope 

tration of data points in a short interval (and 
therefore small screen area) would cause the 
scope's display to bloom, obscuring details. On 
the other hand, the digitizing scope, with its in­
finite persistence mode, never blooms. It mea­
sures a data point, stores it in memory, and illu­
minates a corresponding pixel on its raster scan 
display. As more data points are acquired and 
added to memory, additional pixels are illumi­
nated-with no chance of blooming. 

To test the three chips, two high-stability (to 
within a few picoseconds) combination syn­
thesizer-function generators (HP 3325As) are 
locked in phase. They trigger a pair of pulse 
generators (HP 8082As) having an output with 
a 1-ns rise time. This configuration of instru­
ments applies highly synchronized, fast rise­
time clock and data pulses to the device under 
test to achieve a high percentage of transitions 
in the metastable region (Fig. 5). 

Initially, both synthesizers are set to 10 MHz 

Reference 

~ 
Synthesizer­

function 
generator 

External 

Out 

In 1---_, 

and the outputs of the pulse generators adjust­
ed to standard ECL voltage levels. In exploring 
the effects of skewing clock and data pulses, the 
resulting metastable window, (the time be­
tween clock and data that produces metastable 
operation) is found to be 75 ps. Undoubtedly, 
some of that time is caused by generator jitter, 
since experience suggests that this window is 
theoretically much narrower. 

The clock and data transitions were first set 
for simultaneous transitions, to within the test 
instrument's 25 ps of resolution. Curiously, the 
metastable state is centered when the clock 
transitions occur 120 ps before the data transi­
tion. Although this seems contrary to the flip­
flop's operation, three factors could cause the 
clock signal to precede the data: different on­
chip delays that skewed the signals before they 
reached the logic-decision comparator; differ­
ent thresholds between the clock and data com­
parators; or different probe lengths to the 

- oscilloscope rm~~~~~e---~ 
- J Jv .. J Digitizing 

~~ s 
generator Out t-------.,...1 ..- - D Q 1+'------I Channel 1 

Pulse Out ----generator 

External 
In 1----. 

Synthesizer­
'-----1 funct ion 

Reference generator Out 
Out 

Device 
under IF>":· 0~ 

.-----+IL * T v •• 

Active m1rnprobe 

...---1 Channel 2 

5. The test instruments for characterizing the metastable operation of an ECL device 
under test comprise two very stable synthesizer-frequency generators that trigger two 
1-ns rise-time pulse generators. Clock and data pulse transitions drive the device at al­
most the same time, in violation of the chip's setup requirements, causing its output to 
respond anomalously. 
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scope. (The third possibility seems unlikely be­
cause extra care was taken to calibrate probe­
length errors to zero.) 

A million tests a minute 

Each chip was tested for 30 minutes, result­
ing in 30 million measurements apiece. The out­
come shows that the 100131, although normally 
much faster than the 10H131, does not have a 
significant advantage in settling time when 
operating metastably. The latter chip, however, 
did exhibit greater ringing and overshoot. The 
settling times for the 10131, 10Hl31, and 100131 
were 24.4, 6.09, and 5.8 ns, respectively. 

The settling time was measured by first set­
ting voltage markers to the maximum logic low 
and minimum logic high ECL levels. Then, time 
markers were placed at the points where a 
chip's output entered and left the metastable 

state. In other words, the markers measured 
the length of time that the outputs were in valid 
logic states (Fig. 6). 

A statistical analysis reveals that metastable 
delay time decays in a log-normal fashion, a 
characteristic common to many natural events. 
The implication is that the probability of an 
output remaining metastable decreases ex­
ponentially with time. The same conclusion 
also follows intuitively from the fact that ran­
dom noise within a chip's comparators would 
always tend to swing the output to one or the 
other valid logic state.o 

How useful? 
Immediate design application 
Within the next year 
Not appl icable 

Circle 
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Channel 1 = 200.00 mV/ division 
Time base = 5.000 ns/ division 
Delta T = 6.0999 ns 
Start = - 486.90 ns 
Delta V = - 652.00 mV 
Vmarker1 = - 980.00 mV 

·-­- - - -· 

Offset = - 1.3000 V 
Delay = - 469.20 n 

Stop = - 480.80 ns 

Vmarker2 - - 1.6320 V 

6. The metastable output response of a 10H131 D-type flip-flop has a settling time of about 6.1 ns. That repre­
sents the minimum delay that a designer should allow before reading the chip's outputs. The delay is the 
main consequence of violating the flip-flop's data-setup requirement. 

316 Electronic Design • November 15, 1984 



Appllcatlons 
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• Reduce components inventory 
• Reduce manufacturing and 

test time & costs. 
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lntech Microcircuits Division 
2270 Martin Avenue 
Santa Clara, CA 95050 



New High Flex Life Cable. 
50 million cycle flex life assures 
quality performance in high­
speed printers and other dynamic 
applications. Zippable. 28 AWG. 
From 9-64 conductors. 

First mil spec PVC flat cable ever. 
Scotchflex Round Conductor 
Flat Cable is the industry standard 
for reliability. 28 AWG. From 
9-64 conductors. 

New Heavy Gauge Power 
Cable. Rated for 600 volts. 
Low electrical resistance 
and high current carrying 
capability. Zippable. 
22AWG. 



New Round Jacketed Flat Cable 
with Dual Shield. Meets Class 
A and B FCC requirements and 
minimizes ESD effects. From 
9-64 conductors. 

LE SIO 
3M is setting the standards. Again. 

If you are looking for pre­
cision flat cable, or are looking 
for special cable capabilities, 
talk to a company with vision . 
We have a full line of quality 
cables for most applications. 
And if we don't have exactly 
what you need, chances are 
we are working on it. 

• for physical protection , 
there's heavy-PVC­
jacketed cable. 

•For EMI and ESD protec­
tion, there's jacketed 
cable with 360° copper 
shield . 

•For IDC and discrete 
applications, there's 
coior-coded flat cable. 

"Scotchflex·· is a registered trademark of 3M. 

•To cut cross-talk, boost 
signal density and con­
trol impedance, there's 
Scotchflex® flat cable 
with copper mesh ground 
plane. 
All Scotchflex cables give 

you the precision-tolerance 
wire spacing you need for 
reliable connections. And 
every type can be delivered 
immediately, in the quantities 
you need . 

For more information, 
call your 3M representative or 
distributor today. Or write 
Electronic Products Division/ 
3M , Building 225-48, 3M 
Center, St. Paul , MN 55144. 
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3M hears you ... 

3M 
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Low cost, plus the assured.quality ·a,nd 
delivery of Dale's ZIP program. mak~~ · . 
CSC thick film resistor networks.tough to . 
·beat. . These· epoxy conformal_ .coated net-. 
works are available in .195", .250" and . 
.350" ·aboveboard heights with 3 through 
11 resistors (1 pin common) and 2 thrm.igh 
6 isolated resistors. Tolerances of 1 %, 
2%, 5%, 10% and 20% are available ina 
range from 1 O ohms to 3.3 megohr:ns. 

· Evaluate the CSC .. . as part of Dale's ZIP 
program. It's guaranteed to give you 
problem-free delivery and quality. Contact: 
Dale Electronics, Inc. , Box 26950, 

. El Pasb, TX 7992·6: 

~~~a'f'~r.~all; 915-592-3253 . .. 
CIRCLE 1~7 

... 
·When you .rieed .!nductance in smali , 

rugged packages, sp~'cifY'Dale ' s IM · 
inductor series. Molded ep.o~y construction 
provides superior m6ist1,ire protection plus 
flame retardance. And, our extensive 
factory and distributor stocking program 
makes them available from .1 O µH through 
10,000 µ,H. If stiielding is required , Dale's 
IMS-5 series is available from .10 µ,H. 
through 100,000 µ,H. All of Dale's ~M and 
IMS-5 series inductors are designed to 
meet the- requirements of MIL-C-15305. 
.Get the advantages of fast delivery plus 
Dale quality by contacting the inductor 
specialists at: Dale· Electronics,· Inc., 

. Eq.st Highway· 50, Yankton, SD 57078.' . . . 

Phone this . 605 ·es5· 9301 · . number today: • .. • : 
. . 
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High.power 
on a low budget. 

. Dale's HLW. 
. . 

Our HLW resistors are a cost-saving 
way tq·dissipate power from 3 to 20 watts. 
You get quick, easy board insertion, 
long-term wirewound stability, standard 
resistance as low as .1 ohm - plus fast 
availability. from stock. HLW's are just part 
of a versatile family of Dale silicone­
coated industrial wirewounds 11.'.ith power 
capabilities to 300 watts. They offer a 
variety of termination options and are 
available in tapped and adjustable 
models. For all .your power handling · 
needs, contact our experts at: 
Dale Electronics, Inc., 2064 12th Ave., 
Columbus, NE 68601 

~~~aTJ~r~a//:402·564-3131 
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"S"Level 
with extras 
yqu'll appreciate . 

Dale's SE. 
We deliver metal film resistors that do 

more than just meet MIL-R-55182 f,or "S" 
level hermetically sealed parts. Our SE 
styles use patented construction to . 
provide superior performance and 
environmental characteristics. And, our 
extensive factory and distributor stocking 
program makes them available faster in 
RNR55, 60 and 65 styles. Find out about 
our complete capability to develop specific 
reliability programs to your requirements. 
Contact: Dale Electronics, Inc., 
2300 Riverside Blvd., 
Norfolk, NE 68701 

For complete 402 371 0080 information: • • 
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awe couldn't hare done a full dtip 
simulation without Ille U. We reduced chip 

cosls lly a factor of ten with a design """ 
was 100°/o perfed in first silicon. It was 

absolutely phenomena/I" 

®Mite! · Registered Trademark of Mite! Corporation. 
™SX-2000 · Trademark of Mite! Corporation. 
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HOW THE lYCAD 
LOGIC 
EVALUATOR" 
HELPED MITEL® 
DESIGN fNGINEERS 
REDUCE THE 
MANUFACTURING 
COSTSOFA 
COMPLEX CMOS 
DIGITAL SWITCH. 

Mite! Corporation of 
Kanata, Ontario, is one 
of the world's leading 
suppliers of 
sophisticated 
communications 
systems. They 
manufacture the SX-
2000™ Integrated 
Communications 
System, a large PABX 
unit that is capable 
of handling from 150 
to more than 10,000 
phone lines. 

REDUCED COSTS 
THROUGH DESIGN 
ENGINEERING. 

An SX-2000 unit 
may contain up to 400 
dynamic digital 
crosspoint switches 
(DDX's) - complex 
chips that can switch 
up to 256 lines each. 

Mitel's IC design 
group was assigned the 
task of integrating new 
technology into the 
manufacture of the 
DDX chips. Objective: 
maintain quality and 
function while making 
significant cost 
reductions. 

"COMPLEXITY 
CREATES THE NEED 
FOR INCREASED 
CAPACITY. II 

-Duncan Klett, Manager, 
Woti Stations & CAE 

"We wanted to 
integrate dynamic RAM 
and the new silicon 
technology into the 
DDX design," said 
Duncan Klett. "The 
problem was the 
complexity of the 
circuit design. As you 
get more complex, your 
simulation needs 
increase geometrically. 
Our existing 
capabilities let us test 
pages and blocks of the 
design, but we couldn't 
simulate the chip as a 
whole. We tried to 
verify the total design 
using software 
simulation . After 30 
CPU hours there were 
still no results, 
and we couldn't justify 
tying up the computer 
any longer." 

THE lYCAD LOGIC 
EVALUATOR. 

Mi tel' s Logic 
Evaluator (Model LE 
1001) has a capacity of 
50,000 gates and a 
speed of 500,000 events 
per second. It is a 
dedicated hardware 
processor designed for 
complex logic 
simulation. 

"THE LE GAVE US , 
SIMULATION 
RESULTS WE 
COULDN7 GET ANY 
Of HER WAY. II 

Duncan Klett: "The 
Logic Evaluator was 
the perfect tool for this 
project. We found we 
could simulate the 
whole design quickly. 
As a matter of fact, we 
ran the DDX 
simulation over 100 
times in a four month 
period and identified 
problems relating to 
interfaces and timing 
that wouldn't have 
shown up with partial 
simulation." 

FIRST SILICON­
RIGHT THE FIRST 
TIME. 

In a project this 
complex, it is usual to 
go to a silicon prototype 
two, three or even more 
times. If the circuit 
design can be simulated 
and debugged perfectly 
before the first 
prototype, there are 
considerable savings in 
cost and the time it 
takes to get a new 
design to production. 

Mike Dohler: "We 
found we could run a 
simulation of the 
complete DDX design 
in one hour and 
seventeen minutes on 
the LE. With that kind 
of capability, you can 
get all the information 
you need as fast as you 
can use it. That 's a 
revolutionary shift for 
electronics designers." 

THE BEST TOOLS 
AVAILABLE FOR 
SOLVING CRITICAL 
DESIGN PROBLEMS. 

The Zycad Logic 
Evaluator works for 
Mite!. The Logic 
Evaluator can also be 
used for fault 
simulation and 
development of 
diagnostic and system 
software. 

For more 
information, call 
us or write: 
Zycad Corporation 
1315 Red Fox Road 
St. Paul, MN 55112 
(612) 631-3175 
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FoR THE MICROCOMPUTER 
OEM OR END-USER 

HEURIKON IS THE CHOICE 
Make Heurikon your choice for 
Multibus TM microcomputers and sys­
tem components. 

For 12 years, Heurikon has supplied 
thousands of computers to help its 
customers find economical solutions 
for their microcomputer applications. 

8-BIT 
MICROCOMPUTERS 

MLZ-90A single board microcom­
puter with nine byte-wide memory 
sockets for use with RAM or ROM 
(AM9511 and floppy disk drive con­
troller optional). 

MLZ-91A single board CP/MTM 
system with on-card floppy disk drive 
controller, winchester interface, op­
tional AM9511, streamer tape inter­
face, two serial ports, one parallel port, 
64K or 128K bytes RAM with parity, 
two EPROM sockets, and GPIB CON­
TROLLER. 

MLZ-92A single board CP/M™ 
system with four serial ports on-card, 
floppy disk drive controller, win­
chester interface, optional AM9511, 
Centronics printer interface, 64K or 
128K bytes of RAM with parity, and 
two EPROM sockets. 

MLZ-93A single board CP/M™ 
system with 128K bytes of dual ported 
RAM, four EPROM sockets, floppy 
disk drive controller, optional AM9511 
and powerful serial port features in­
cluding SDLC and HDLC protocol 
support and modem controls. 

Z-80 is a trademark of Zilog Corp. Multibus and iSBX 
are trademarks of Intel Corp. UN IX is a trademark 
of Bell Lab. CP/M 68000 and CP/M-80 are trade­
marks of Digital Research. HK68 is a trademark of 
Heurikon Corp. Regulus is a trademark of Alcyon. 

16-BIT 
MICROCOMPUTERS 

HK68™ powerful and versatile sin­
gle board UNIX™ (System: III or 

V) or CP/M68K™ system with 
68000/68010 CPU (8Mhz or 

lOMhz), MMU, quad chan­
nel DMA, four serial ports, 

128K, 256K, 512K or lM 
bytes of on-board RAM 

with parity, up to 32K bytes 
of on-board EPROM, user acces­

sable LEDs and dip switches, and two 
iSBX connectors for 110 expansion. 
Heurikon can also supply a full line of 
iSBX I/O expansion modules including 
quad channel serial port module, flop­
py disk controller, AID converter, bub­
ble memory and many more. 

GRAPHICS 
CONTROLLERS 

MLZ-VDC intelligent 640 x 480 x 4 
color graphics controller based on the 
NEC 7220 controller chip with on-

"Comdex Fall '84 Booth #C515" 
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board Z-80 CPU, DMA controller, and 
user definable FIFO interface to 
Multibus™. Users may display up to 
16 colors from a 4K palette. Up to 
1024 x 1024 x 3 interlaced also avail­
able. 

MICROCOMPUTER 
SYSTEMS 

Heurikon also provides completely in­
tegrated UNIXTM development sys­
tems with UNIX™ System III or 
System V including Berkeley enhance­
ments. CP/M-80™, CP/M-68K™, 
and Regulus TM are also available. 

Heurikon UNIX™ systems are avail­
able in four, six, and fourteen slot en­
closures with 30MB, 65MB, 140MB 
or 280MB of winchester storage, a 
megabyte floppy, and optional interac­
tive on-line streamer tape drive sup­
porting 1-16 users. 

HElRIK9N 
Microcomputers For Industry 

3201 Latham Dr. 
Madison, WI 53713 

Telex 469532 

Call Heurikon Direct 

1 800 356·9602 
In Wisconsin 1 608 271 •8700 



DESIGN SOWTIONS 

Software routine converts 
shaft encoder output 

from Gray code into binary 

John T. Hannon 
Research and Design Engineer 
Celanese Fiber Operat ions 
PO Box 32414, Charlotte, N.C. 28232 

I
f an 8080 or 8085 microprocessor is handy 
within a system, a small portion of its time 
can be spent converting the Gray code output 

of a shaft encoder into more conventional bi­
nary code. Gray code is preferred for most en­
coders, since only one bit changes at a time, 
avoiding any ambiguity. 

For this application, a software routine (see 
the program) borrows from the technique used 
for hardware conversion, namely, a series of 

exclusive-OR gates. In hardware logic, the con­
version of each bit (with the exception of the 
most significant bit) depends on the previously 
converted bit. To do the same thing'With soft­
ware, each bit must be converted separately, 
starting with the most significant bit. A bit­
location word sets that step into a software 
loop, and every time the software completes the 
loop, the location bit moves through the word, 
one bit at a time. 

The program first sets the location bit to bit 7 
by inserting a logic 1 into that bit position and 
logic Os into all the other positions (see the fig­
ure) . Next the loop counter is set to 7 and the 
Gray code word is ANDed with the bit-location 
word, a step that makes bit 7 of the binary word 

Program tor a Gray code-to-binary converter 

LOC OBJ 

0000 1680 
0002 1E07 
0004 79 
0005 A2 
0006 47 
0007 7A 
0008 OF 
0009 57 
OOOA 78 
OOOBOF 
OOOCA9 
OOODA2 
OOOE BO 
OOOF 47 
0010 1D 
0011 C20700 
0014 78 
00 15 C9 

LINE 

1 GRYBIN : MVI 
2 MVI 
3 MOV 
4 ANA 
5 MOV 
6 GRAY: MOV 
7 RRC 
8 MOV 
9 MOV 

10 RRC 
11 XRA 
12 ANA 
13 ORA 
14 MOV 
15 OCR 
16 JNZ 
17 MOV 
18 RET 
19 END 

SOURCE STATEMENT 

D,80H 
E,07H 
A,C 
D 
B,A 
A,D 

D,A 
A,B 

c 
D 
B 
B,A 
E 
GARY 
A,B 

; Set up locat ion bi t 
; Set up loop counter 
; Get Gray word 
; AND with locat ion bit 
; Store part ial binary word in register B 
; Get location bit 
; Shift right by one bi t 
; Return location bit to reg ister D 
; Get binary word 
; Sh ift right by one bit 
; Exc lusive-OR with Gray word 
; AND with location bit 
; OR with partial binary word 
; Store back in register B 
; Decrement counter 
; Jump back if not zero 
; Send final result to accumulator 
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DESIGN SOLUTIONS 

the same as bit 7 of the Gray code word. The 
partial binary word is then temporarily stored. 

The routine then enters the loop, starting 
with bit 6 and repeating seven times, each time 
shifting the previous partial binary result one 
bit to the right. That shifting resembles the 
situation when each exclusive-OR gate in the 
hardware version supplies one of the inputs for 
the next gate in line. The stored re.sult of the 
partially complete binary number is not 
shifted. 

The loop shifts the location bit one position to 
the right and exclusive-ORs the shifted word 
and the Gray code word. The location bit and 
the exclusive-ORed result are AND~d, making 

all bits logic Ps except the bit that is selected at 
that time. 

At this point, the result is ORed with the 
partial binary word and the partial result is 
then stored. When the loop counter decrements, 
it jumps back and repeats the same procedure 
for the next bit position, unless the counter is 
set at zero. 

When the counter reaches zero, all bits have 
been operated on. The routine exits the loop and 
stores the final binary result. (If the software 
serves as a subroutine, the program returns to 
the main routine.) Although the program is de­
signed for an 8-bit conversion, it can easily be 
expa:qded if a larger shift encoder is used. 

Set 
location bit 

to BOH 

Shift partial 
binary result 

one bit 

Decrement 
loop 

counter 

Set 
loop counter 

to 07H 

AND 
Gray word 

with 
bit-location 

word 

Store 
in temporary 

location 

to the right 

Shift 
bit-location word 

one bit 
to the right 

XOR 
Gray word 

with 
binary word 

AND result 
with 

bit-location 
word 

OR result 
with partial 
binary worq 

Store final 
binary word 

Return 

The software routine for converting the Gray code output of shaft encoders into binary words sets up a loop 
that converts each bit separately. Intermediate results are temporarily stored until all bits have been con­
veried. 

326 Electronic Design • November 15, 1984 



You Shouldn't Compare Apples and Oranges 
We apologize for our unfair comparison. But 

when it comes to POWER-ON E's new FLEX-Series 
D.C. power supplies, there really isn't anything 
comparable on the market. 

Based on 11 pre-designed case sizes, with power 
ratings from 10 to 400 watts, the FLEX-Series dramati­
cally simplifies the development of custom power 
supplies. You can specify the exact output ratings 
and options you want ... at a fractio11 of the cost a11d time 
of a full custom desig11 ! 

Built to Your Exact Requirements 

you can take delivery of an internationally approved 
power supply, built to your exact speci#catio11s , in the 
shortest leadtime in the industry! 

Call for a Quotation 
Whatever your quantity needs - large or small 

- the FLEX-Series will save you time and money. 
Plus, it's POWER-ONE proven . So call today for a 
FLEX-Series quotation. Or get the full FLEX-Series 
story in our new 1985 Catalog. You'll agree that all 
other custom power supplies are nothing more 
than BRAND-X when compared to the flexible 
FLEX-Series. 

With the FLEX-Series you pay only for the 
features you specify. And using our "Tota l Package" 
concept there's no additional assembly labor, 
no extra parts to buy. As for options, you name it. 
Virtually any output voltage and current combination 
is available . There's connectors, fans, covers, front 
panel assemblies; there's power fail monitoring, high 
surge current capabilities and much, much more. 

®liiiiiF-iil 
Safely Approved Worldwide 

The FLEX-Series is certified to the world's 
toughest ~afety agency requirements. Which means 
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B.t:. POU/er SllPPUes 
POWER-ONE LINEAR PRODUCTS 
740 Calle Plano• Camarillo, CA 93010-8583 
Phone: (805) 987-8741 or (8051 987-3891 
Call Toll Free from California: (800) 421-3439 
Outside California: (800) 235-5943 



DESIGN SOLUTIONS 

V-f converter doubles 
as clock and input 

of stable sine-wave source 

Walt Jung 
Consultant 
Analog Devices Semiconductor Inc. 
804 Woburn St. , Wilmington, Mass 01887 

A voltage-to-frequency converter makes a 
versatile clock source for a switched­
capacitor filter, such as the MFlOC, but 

it can be even more valuable if its output serves 
as both the signal source and the clock. Such a 
combination of converter and filter makes a 
frequency-agile sine-wave source that has a 
very precise and predictable output. 

In the circuit (see the figure), the AD654J v-f 

+ 10 v 
9 Sine-wave 

level 
,-----, 

converter operates from a single supply and has 
a square-wave output of up to 500 kHz. That 
output directly becomes the filter's clock input 
and is also divided down by a factor of 100 to 
form the filter's signal input. 

The frequency of the v-f converter, here 100 
kHz, is determined by resistor Rr, capacitor CT, 
and the applied 1-V control voltage. The voltage 
is set by Rs, a 10-kn potentiometer, and is stabi­
lized against changes in the supply voltage via a 
1.235 band-gap reference diode, an AD589J. 

With a 10-V supply, the v-f converter pro­
duces a 10-V pk-pk square-wave output, which 
drives the fi 1 ter. Here that filter is set to a 

~ ~ 
A B 
Q Q 

R3 
10k c, 

100k 0.1 µF 

JL _,... 

Ro Rs A. ~t 10k f 22k 1k 

0.1 µF 2019 18 17 
l _d LI 

11 s~ e-wave 
utput 0 

T -OToA 
16 15 14 13 12 11 

MF10C R, 
R, C3 switched-capacitor filter 100k 
10k ..,- 0.1 µF 

1 2 3 4 5 6 7 8 9 10 

~! ~I T 
:J To B L _ _. 

0.1 µF l_ 
..... 
.I Clock 

L1 aw l 10k 22k 
+ 100 t- Clock/ 100 

~ 2 AD654J 71:L CMOS 

Frequency v-1 CT divider 
,..........., 3 converter 1-=r,n 1000 pF chain 

~~ 
adjustment 6 (polystyrene) ...... 4 St--

..., 10k r 
O> 

R, _l.. RT co 

"' I 1k, 1% 0 
< I metal film 

...... 

... 

1. A v-f converter, the AD654J, acts as both the signal input and the clock for a switched-capacitor band­
pass filter. The resultant circuit is a frequency-agile and easily programmed sine-wave source that features 
precise and automatic tracking. 
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One Glance Says 'Success' 
A Close Look Reveals Quality 

Dressing for success makes good 
business sense. It works for you. It 
works for your new product or system. 

Your customer may accept all 
your performance specs and your 
product's capabilities, but he'll make 
his final purchasing decision five times 
out of ten on how good your product 
looks. 

Make certain you've taken the 
extra step to assure you 've dressed 
your new idea for success. Demand 
Matrix IV Enclosure Systems from Zero. 
They're available in Vertical , Slope 
Front, and Desk Top styles, single or 
multi-bay configurations, and feature 
the broadest selection of tasteful and 
practical accessories and options. 

NOW AVAILABLE WITH 
EMI SHIELDING 

Write for your validated test report 
on your company stationary. Then 
compare our results with the testing 
information available from lesser 
cabinet system suppliers. 

THE PRICE OF SUCCESS IS 
SURPRISINGLY LOW . 

The new Matrix IV Enclosure 
System is not only practical , versatile, 
and readily available. It's very affor­
dable. Call today and find out how 
you can dress for success on a budget. 

Remember. First impressions can 
make the difference .. . and first 
impressions last! 
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clock-to-center-frequency ratio of 100:1, ac­
complished by tying its pin 12 to a middle sup­
ply voltage level. (A 50:1 ratio is avai lable by 
tying the pin high.) 

The output also drives a 100:1 CMOS divider 
that produces a symmetrical 1-kHz square 
wave. That signal is fed to the filter through 
resistors R4 and R5. 

The filter is in its bandpass, or la, mode and 
delivers its output from pin 19. Two resistors, 
R2 and Ra, control the gain and Q. An analog 
path to ground is furnished by a resistive di­
vider, formed by R6 and R7, which is bypassed 
by capacitor Ca. 

The circuit's strength is not in its overall dy­
namic range or signal purity but rather in its 
easy tunability and freedom from bouncing and 
uncertain settling time. Programming can be 
both fast and precise, the latter due in part to 
the v-f converter's good linearity. At an output 
level of 1to2 V rms, total harmonic distortion is 
on the order of 2%, limited by the clock noise. 

2. The sine-wave output, shown at 1 V/division (top), 
exhibits just 2% total harmonic distortion (THO) for 
a square-wave input of one-hundredth the clock fre­
quency, shown at 5 V/ division (bottom). The hori­
zontal scale is 200 µs/ division. 

Pseudo-sine-wave circuit 
generates FSK tones 

without discontinuities 

Mike Huddleston 
Senior Project Engineer 
Scientific-Atlanta Inc. 
MS ATL 5-A 
PO Box 105038, Atlanta, GA. 30348 

A
circuit that combines a crystal oscilla­
tor, a digital divider, and a shift register 
generates audio frequency-shift-keying 

(FSK) signals with the unusual combination of 
crystal-controlled accuracy and continuous­
phase switching. 

The common methods for generating audio­
frequency signals fall short of fully achieving 
that objective. For instance, in the quest for 
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high precision, when a variable modulus 
· counter is hooked to a crystal-controlled oscil­
lator to switch among various audio tones, the 
price of precision is phase discontinuities when­
ever the frequency is changed. One result is that 
the FSK signal takes excessive bandwidth. 

The usual alternative, which ensures smooth 
keying, is to switch an audio generator's timing 
components-resistors and capacitors. The 
problem here is frequency inaccuracy, aggra­
vated by aging and temperature drift. In addi­
tion, the high-frequency aspects of glitches 
caused by the switching can increase the re­
quired transmission bandwidth and play havoc 
with phase-locked-loop FSK demodulators. 

The combined circuit (see the figure) uses two 



Win Contract 
Advance 

to Design! 

While others struggle to get their Ada 
compilers past START, ROLM ®has been 
delivering its validated , production-quality 
Ada® compiler to defense contractors all over 
the world. 

With ROLM, you will quickly move through the 
design and development steps because 
ROLM delivers more than a minimal Ada 
implementation. The ROLM compiler comes 
with an extensive Ada Development 
Environment (ADE™) including a selection of 
tools and utilities such as an Ada Source Level 
CIRCLE 196 

Debugger, Configuration Manager, Ada Pretty 
Printer, and Ada Library Manager, which will 
enable you to develop your Ada code quickly 
and efficiently. 

But to win the game you need to deploy 
your software on target processors. ROLM 
understands! We fulfill this requirement 
with field proven 16- and 32-bit Mil-Spec 
processors, real-time deployable operating 
systems, and Ada target code generators. 

From development to deployment. . . the only 
complete solution . . . ROLM. 

MIL-SPEC 
Computers 

One River Oaks Place, M/S 110, San Jose CA 95134 (408) 942-7660 
ROLM GmbH- Am Kronberger Hang 3, D-6231 SchwalbachfTS, West Germany 6196-81039 

" Ada is a registered trademark of the U.S. Department of Defense (OUSDRE·AJPO) . 
'" ADE is a trademark of ROLM Corporation 
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74C193 4-bit counters, IC2 and IC3, to divide the 
output of the crystal oscillator by any integer 
between 1and255. The output of the counters is 
applied to IC4 , a 4015B dual 4-bit shift register 
connected as a twisted ring counter. The va­
rious outputs of the shift register are combined, 
through a precision resistor network, to pro­
duce a pseudosinusoid whose frequency is i/16 of 
the input frequency, and which is a stair-step 
approximation of a sinusoid with 16 discon ~ 
tinuities per period. 

With 1 % precision resistors, the circuit's 
even-order harmonic output is too low to be 
measured. Odd-order harmonics-from 3 to 
13-are suppressed by at least 30 dB. The 15th 
and 17th harmonics, generated by the stair­
step discontinuities, are about 15 dB below the 
fundamental. If they become a problem, they 
can be handled easily by a low-pass filter. 

Although a crystal oscillator is shown, any 
square-wave source is suitable. However, for 
reliable performance, the frequency of either 
should be between 1 and 2 MHz. The crystal fre­
quency is based on the desired output. The lat­
ter is equal to the crystal frequency divided by 

0.1 µF 

10M i 5, 16 11 5, 16 11 

Load 

16(N + 1), where N is the binary input to the di­
viders. For example, a 1.2-MHz crystal will gen­
erate FSK frequencies of 1070 and 1270 Hz, 
since it gives near-integer values for the divisor 
N. From the formula, the values are 69 and 58 
(010000101 and 00111010) respectively. The in­
sert shows the appropriate wiring for the di­
viders' inputs. 

Because it is a CMOS device, the shift reg­
ister's output will drive the resistive combining 
network with a rail-to-rail swing. The pseudo­
sinusoid will swing from ground to +5 V and 
the output will exhibit an impedance of approx­
imately 4200 Q. Although 1 % resistors are 
shown, the nearest 5% values can be substi­
tuted if more even-order harmonic content can 
be tolerated. 

Winner for October 4, 1984 

PROM and octal latch make a simple, 
versatile 7-bit counter 
Vittal Rao, Digital Systems Sect ion, ISRO 
Satellite Centre, Airport Road , Vimanapura 
P.O., Bangalore 560 017, India. 

IC, 0.1 µF 

16 

IC, 14 
IC2 - 13 IC, _ 13 9, 1 

74C193 BOR 1--41--1> 

IC, 
40158 

Reset 6, 14 
74C1 93 BOR 

4 

INA INe INc INo INA INe INc IN 0 8 ._0~,(-A)~~-~~~-~~~_, 
15 1 10 9 8. 14 15 1 10 9 8, 14 5 4 

1k 

.,.. 0 4 (A) De Q,(B) Q, (8 ) 

3 10 15 13 12 11 2 1M 
Crystal 

5 pF ~ ~ ~ ~ ';;'!. 
~ 

I 20pT 

>< ><- >< >< >< >< .,.. 
"' '° <'i <'i '° oi ~ 

"' "" "' "' M 

LSB - Binary divider input- MSB Pseudo-sine-wave 
output 

1270 = 0 1 0 1 
1070 = 1 0 1 0 

1 1 0 0 
0 0 1 0 

IC1 = 74C04 or 40018 

A useful adaptation of two rather common circuits switches between two or more sinusoidal frequencies 
without any abrupt phase variations. · 
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the world's largest selection . .. 

Are you faced with new, upgraded systems designs ... 
searching for a power splitter/combiner that matches 
your specific frequency band requirement and 
is available for immediate delivery at the 
lowest price? Mini-Circuits has the solution. 

Over 150 standard off-the-shelf models ... 
from 2-way to 48-way, 0°, 90°, 180°, 
pin or connector models, from 2KHz to 4.2 GHz ... 
are available to meet your requirements. 
But there are always "special" needs for 
"special applications" ... higher isolation, 
SMA and Type N connectors Intermixed, male 
connectors or wide bandwidths. 
Contact us; we can supply them at your request . .. 
with rapid turnaround time. Of course, each 
unit carries a one-year guarantee. 

Need detailed data for your specific 
requirements ... request CAPO data on 
insertion loss, isolation, amplitude unbalanced 
and return loss. For complete specifications and 
performance curves see our catalog 
in the Microwaves Product Data Directory, 
EBG, EEM, or the Gold Book, or write/ 
phone for our new 64-page RF-
Signal Processing Components Guide. 

finding new ways 
setting higher standards 

O Mini-Circuits 
A D1111s1on of Sc1ent1f1c Componenls Corporation 

Worf d 's larg est manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn , New York 11235 (718) 934-4500 

Domestic and International Telex 125460 International Telex 620156 

C73-J REV ORIG. 



covering 2 KHz to 4.2 GHz from $995 

Freq. Freq. Freq. 
Model (MHz) Price (Qty.) Model (MHz) Price (Qty.) Model (MHz) Price (Qty.) 

2 WAY-90° 2 WAY-0° 4 WAY-0° 
PSCQ-2-1.5 1 4-1.7 12.95 (5-49) LPS-109 10-500 15.95 (5-24) PSC-4-1 0.1-200 28.95 (6-49) 
PSCQ-2-34 3.0-3.8 16.95 (5-49) PSC-2-1 0.1-400 9.95 (6-49) • PSC-4-1-75 1-200 2495 (6-49) 
PSCQ-2-64 58-7.0 12.95 (5-49) PSC-2- lW 1-650 14 95 (6-49) PSC-4-3 0.25-250 23.95 (6 49) 
PSCQ-2-7 5 7.0-8 0 12.95 (5-49) PSC-2-2 0 002-60 19.95 (6-49) PSC-4-6 0.01 -40 2995 (6-49) 
PSCQ 2 10.5 9.0-11 0 12.95 15-49) PSC-2-4 10-1000 19.95 (6-49) PSC-4A-4 10- 1000 49.95 (6-49) 
PSCQ-2-13 12-14 12.95 (5-49) • PSC-2375 55-85 19.95 (6-24) ZFSC-4-1 1-1000 89.95 (1-4) 
PSCQ-2-14 1216 16.95 (5-49) • PSC-2-1-75 0.25-300 11.95 (6-49) ZFSC-4-IW 10-500 74.95 (1 -4) 
PSCQ-2-21 4 20-23 12.95 (5-49) MSC-2-1 0.1-450 16.95 (5-24) ZFSC-4-3 10-300 69.95 (1-4) 
PSCQ-2-50 25-50 19.95 (5-49) MSC-2-IW 2-650 17.95 (5-24) • ZFSC-4375 50-90 8995 (1-4) 
PSCQ-2-70 40-70 19.95 (5-49) TSC-2-1 1-400 13.95 (5-24) ZFSC-4-2-75-1 200-800 74.95 {1 -4) 
PSCQ-2-90 55-90 19.95 (5-49) ZFSC-2-1 5-500 31.95 (4-24) ZMSC-4-1 0.1-200 56.95 (4-24) 
PSCQ-2-120 80-120 19.95 15-49) • ZFSC-2-1-75 0.25-300 32.95 (4-24) ZMSC-4-2 0.002 -20 69.95 (4-24) 
PSCQ-2-180 120- 180 19.95 (5-49) ZFSC-2- lW 1-750 35.95 (4 -24) ZMSC-4-3 0.25-250 53.95 (4-24) 
PSCQ-2-250 150-250 19.95 (5-49) ZFSC-2-2 10-1000 39.95 (4-24) ZSC-4-1 0.1-200 46.95 (4-24) 
PSCQ-2-400 250-400 19.95 (5-49) ZFSC-2-4 0.2-1000 44.95 (4-24) • ZSC-4-1-75 1-200 46.95 (4-24 ) 
PSCQ2-450 350-450 19.95 15-49) ZFSC-2-5 10-1500 49.95 (4-24) ZSC-4-2 0.002-20 69.95 (4-24) 
ZAPDQ-2 1000-2000 59.95 {1 -9) ZFSC-2-6 0.002-60 36.95 (4-24) ZSC-4-3 0.25-250 43.95 (4-24) 
ZAPDQ-4 2000-4200 59.95 ( l -9) • ZFSC-2-6-75 0.004 -60 38.95 (4-24) 

GHz ZMSCQ-2-50 25-50 49.95 (4-24) ZMSC-2-1 0.1-400 37 .~5 (4-24) 
ZMSCQ-2-90 55-90 49.95 (4-24) ZMSC-2- lW 1-650 42.95 (4-24) ZA4PD-2 1-2 79.95 (1-9) 
ZMSCQ-2-180 120-180 49.95 (4-24) ZMSC-2-2 0.002-60 47.95 (4-24) ZA4PD-4 2-4.2 79.95 (1 -9) 
ZSCQ-2-50 25-50 39.95 (4-24) ZSC-2-1 0.1-400 27.95 (4-24) ZB4PD-42 1.7-4.2 99.95 ( l -9) 
ZSCQ-2-90 55-90 39.95 (4-24) ZSC-2-lW 1-650 32.95 (4-24) ZB4PD-4 3.7-4.2 89.95 (1-9) 
ZSCQ-2-180 120-180 39.95 (4-24) ZSC-2-2 0.002-60 37.95 (4-24) 

5 WAY-0° ZSC-2-4 10-1000 37.95 (4-24) 
2 WAY-180° • ZSC-2375 55-85 37.95 (4-24) . PSC-5-1 1-300 59.95 (1-5) 

PSCJ-2-1 1-200 19.95 (5-49) • ZSC-2-1-75 0.25-300 29.95 (4-24) • PSC-5 1-75 1-300 59.95 (1-5) 
PSCJ-2-2 0.0 1-20 29.95 (5-49) GHz 6 WAY-0° ZFSCJ-2-1 1-500 49.95 (4-24) ZAPD-1 0.5-1.0 39.95 (1 -9) 
ZFSCJ-2-3 5-300 39.95 (4-24) ZAPD-2 1.0-2.0 39.95 {1 -9) PSC-6-1 1-175 68.95 {1 -5) 
ZMSCJ-2-1 1-200 47.95 (4-24) ZAPD-4 2.0-4.2 39.95 (1 -9) • PSC-6-1-75 1-300 78.95 (1-5) 
ZMSCJ-2-2 0.01 -20 57.95 (4-24) ZAPD-21 0.5-2.0 49.95 (1-9) ZFSC-6 ·1 1-175 89.95 (1-4) 
ZSCJ-2-1 1-200 37.95 14-24) • ZFSC-6-1-75 1-200 89.95 11-4) 
ZSCJ-2-2 0.01 -20 47.95 14-24) 3 WAY-0° 

8 WAY-0° PSC-3-1 1-200 19.95 (5-49) 
PSC-3-lW 5-500 29.95 15-49) PSC-8-1 0.5-175 68.95 (1 -5) 
PSC-3-2 0.0 1-30 29.95 15-49) • PSC-8-1-75 0.5-175 69.95 11-5) 

• PSC-3-1-75 1-200 20.95 15-49) PSC-8-6 0.01 -10 A995 11-5) 
• PSC-3-1-75-2 10-300 22.95 15-49) P5C-8A-4 5-500 9.95 11-4) 

PSC-3- 13 1-200 24.95 15-49) • PSC-8A4-75 1-300 79.95 11-4) 
ZFSC-3-1 1-500 39.95 14-24) ZFSC-8-1 0.5-175 89.95 {1 -4) 
ZFSC-3-IW 2-750 4 1.95 14-24) • ZFSC-8-1-75 0.5-175 9095 {1 -4) 
ZFSC-3-13 1-200 39.95 14-24) • ZFSC -84-75 1-300 119.95 (1-4) 
ZMSC-3-1 1-200 47.95 14-24) • ZFSC-8375 50-90 11 9.95 {1 -4) 
ZMSC-3-2 0.0 1-30 57.95 14-24) ZFSC-8-4 5-700 129.95 (1 -4) 
ZSC-3-1 1-200 37.95 14-241 ZFSC -8-43 30-1000 139.95 (1-4) 
ZSC-3-2 0.01 -30 47..95 (4-24) ZFSC-8-6 0.0 1-10 109.95 (1-4) 

• ZSC-3-1-75 1-200 3895 (4-24) GHz • ZSC-3-2-75 0.02-20 48.95 14-24) 
ZBSPD-2 1-2 149.00 {1 -9) 

GHz ZBBPD-4 2-4 2 149.00 {1 -9) 
ZA3PD- I 0.5-1.0 79.95 (1-9) 

12 WAY-0° ZA3PD-1.5 0.75-1.5 79.95 (1-9) 
ZA3PD-2 1-2 79.95 {1 -9) MHz 
ZA3PD-4 2-4.2 79.95 {1 -9) ZFSC-12-1 1-200 174.95 11 4) 

• Denotes 75 ohm models 
ZFSC-12-11 10-300 174.95 (1-4 ) 

16 WAY-0° 
ZFSC-16-1 0.5-125 174.95 (I 4) 

Performance over the entire frequency range ZFSC-16-3 1-30 174.95 11 4) 
• ZFSC-16-675 0.0 1-25 18995 (1-4) 

is approximately less than 1 dB insertion loss, greater ZFSC-16-12 0 1-200 189.95 11-4) 

than 20 dB isolation, less than 0.5 dB amplitude 24 WAY-0° 
unbalance and less than 3 degree phase unbalance. ZFSC-24-1 0.2-100 264.95 (1-4) 

For complete speci fications, please refer to our new 
ZFSC-24-11 1-200 274.95 (I 4) 
ZFSC-24-6 0.025-50 274.95 (1-4) 

64 page RF Signal Processing Components Guide. 48 WAY-0° 
ZFSC-48-1 10-300 59500 (1 -4) 
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A CALAY MESSAGE TO ALL PCB DESIGN MANAGERS: 
EXAMINE THE LATEST TECHNOLOGICAL CAD BREAKTHROUGH 
RECENJLY INJRODUCED FROM EUROPE TO THE USA ••• 



• 

The CAD-Credible Calay ¥03 
CAD System for PCB Design: 
• New and Use r-Friendly; 

Powerful Interactive Features 
• The Unequalled CalayTech­

nology fo r Surface-Mounted 
Devices 

• Efficient Automatic Placement 
Package 

• Simple, User-Definable 
Post Processing and 
Documentation 

• Latest Interfaces to All CAE 
Systems 

• The AWESOME Calay Auto­
matic ROUTER 

Together, they are inte­
grated into a system V0 3 which 
represents CAD-credibility as 
offered only__.b_x Calay1 

Calay, still a young com­
pany in the USA, has well­
established , sophisticated roots 
in Western Europe. In only 4 
years , over 200 of our sxstems 

are in use in U.K., Germany; 
Scandinavia, Holland , France, 
Switzerland, and now in the USA. 

The new interactive capJl­
bilitles ofThe Calay V0 3 will 
knock your socks off! The PC 
boards are prepared quickly; 
utilizing the Calay high resolu­
tion g@J2hics , the on-line design_ 
rule check, and the heretofore 
unmatched features allowing easy 
creation of new library compo­
nents1 And then , instead of fac­
ing the gruesome task of manual 
routing, you let the 100% auto­
matic Calar Router do the job: 
from start to finish. 

PC boards are Calay­
routed day; night, or during 
weekends without 012erator 
wesence or assistance . In the 
morning of the workday; com­
pleted PC layouts are ready 
for further processing-even 
com12lex digital and analog 
boards, multi-laxer boards , chi12-
carrier boards, odd-sha12ed 
boards , and those veLY- dense 
boards . No more long hours to 
find the solution, the Calay V0 3 
CAD System does it for you. 

The Calay V0 3 is based 
on U.S. hardware. The computer, 
terminals, digitizer, and periph­
erals are U.S.-made and assembled 
in the Calay facility in Califor­
nia . The amazingly efficient soft­
ware comes from Germany The 
resultant combination gives you 
the ability to make PC layouts 
faster than anxone in xour field , 
including PCB designers who 
use our competition's latest 
CAD equipment. 

In the short time that we 
have been in America, we have 
placed systems at facilities of 
well-ex12erienced CAD users, 
ma jor electronics manufacturers, 
and many independent PCB 
service bureaus. They all swear 
by Calay and lend further cred-

CIRCLE 200 

ibility to our superb service and 
software support. And if you 
have never used CAD before , 
CALAY is the onlx wax to startl 

The price will surprise 
you. The Calay V03 costs sub­
stantiallx less than most of the 
high-ticket CAD systems, yet 
beats them all in performance 
and productivity 

Since we started deliver­
ing The Calay V03 CAD System, 
it has been evident that the 
decision makers in the respec­
tive in terested companies have 
determined time and time again 
that there is no alternative to 
the level of performance and 
productivity of Calay. 

And that's w hat CAD is all 
about! Get your toughest PC 
boards designed fast on Calay 
and , as a result, get rour prod­
uct out on the market ahead 
2.Lrour competition. 

Call for a Calay demon­
stration and details or ask 
us f~r a free-of-chargr. TRUE 
benchmark. 

CALAY SYSTEMS INC 
2698 White Road 
Irvine, California 92714 
714 863-1700 
Telex 6711321 

In Europe Contact: 
CAL-KROSCHEWSKl GmbH 
6050 Offenbach /Main 
Hein~ich-Krumm-Str. 5 
Tel (069) 892-065 Telex 041 52775 
Federal Republic of Germany 



Genicom Relay Technology 
Helps Make 

The Space Shuttle Fly. 
The Space Shuttle is an outstand­
ing example of some of the most 
advanced technology on Earth, 
and in space. And inside this mar­
vel of science, Genicom relays play 
their vital role in making shuttle 
missions successful . 

Genicom, formerly part of GE, is now an indepen­
dently owned corporation. So the reliability of Genicom 
relays is insured, because Genicom combines decades 
of experience with the most advanced manufacturing 
techniques to create state of the art, precision relays. 

We're experts in the specialized processing tech­
nologies that help make Genicom relays the first choice 
for operations in hostile environments or anywhere con­
sistent reliability is vital. 

Precision laser beam sealing , specially selected 
contact materials, super clean room environments 
and rigorous high tech cleaning processes all 
help insure the Genicom standard of quality 

and performance upon which our customers depend. 
Of course, our final step is testing. The latest auto­

mated equipment submits each relay to rigid and exact­
ing operational standards. So if your application has a 
special need, Genicom stands ready to respond with 
proven, quality relays. 

Today, Genicom offers a wide range of crystal can re­
lays, including the new DeciGrid Relay, which is less than 
3/ 16 of an inch high ... the smallest profile available today. 
The new DeciGrid, like all Gen­
icom relays, is designed for a 
broad range of commercial and 
military aircraft, missile systems, 
test equipment, process control 
systems and satellites. 
Just like the Space Shuttle, 

Genicom relays typify some 
of man's finest technol- [ ..J l 

ogy ... on Earth and in 
space. Write or call for complete details. 

CIRCLE 201 
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NEW 
LR SERIES 

CIRCUIT TOPOLOGY-(A) 
Lambda's new patented circuit 
layout provides for simple and 
reliable operation and high 
thermal and electrical effi­
ciency. A higher MTBF is made 
possible by the low parts 
count. 

IC CONTROL CIRCUIT -(B) 
Lambda's new custom 
integrated control circuit pro­
vides for reliable control and 
operation of the switching 
transistor and other housekeep­
ing functions. This exclusive 
IC control circuit replaces 40 
discrete components al low-
ing the LR Series to provide 
better volumetric efficiency 
than equivalent units. 

MOS SWITCHING DEVICES-(C) 
Power MOSFET provides fast 
and efficient switching with 

VOLTAGE AND CURRENT RATINGS 

REGULATION 
MODEL (line, load) 

SV±5%ADJ. 
LRS-53-5 0.1%,0.1% 
LRS-54·5 01%,0.1% 

6V±5%ADJ. 
LRS-53-6 0 .1%,0.1% 
LRS-54-6 01%,0.1% 

12V±5%ADJ. 
LRS-53-12 01%,0.1% 
LRS-54-12 0 .1%, 0.1% 

15V±5%ADJ. 
LRS-53-15 0.1%, 0.1% 
LRS-54-15 0.1%,0.1% 

20V±5%ADJ. 
LRS-53-20 01%, 0.1% 
LRS-54-20 0.1%, 0.1% 

24V±5%ADJ. 
LRS-53-24 0 .1%,0.1% 
LRS-54-24 01%, 0.1% 

28V±5%ADJ. 
LRS-53-28 01%, 0 .1% 
LRS-54-28 0.1%, 0.1% 

48V±5%ADJ. 
LRS-53-48 0.1%,0.1% 
LRS-54-48 0 .1%, 0 .1% 

LAMBDA'S STATE-OF-THE-ART 
TECHNOLOGY PROVIDES HIGHER DENSITY, 

EFFICIENCY AND RELIABILITY 

minimal control and drive 
circuitry thereby increasing 
reliability. 

EMI FILTER-(D) 
Integral EMI filter is standard 

MAX AMPS AT 
RIPPLE AMBIENT OF 

(mVRMS) 40°( 50°( 60°( 

10 25 .0 21.5 17.5 
10 40.0 34.0 27 .5 

10 21 .0 18.5 16.0 
10 35.0 31 .0 24.0 

15 12.5 11 .2 9 .6 
15 220 18.5 15.0 

15 10.0 9.0 7.7 
15 18.0 15.0 12 .0 

15 7.7 6.9 5.9 
15 135 11 .5 8.5 

15 6.5 5.8 5.0 
15 11.5 9.5 7.5 

15 5.7 5.1 4.4 
15 9.5 8.5 6.5 

35 3.3 2.8 2.4 
35 5.8 5.1 3.6 

71 °( 

100 
19.5 

8.3 
17 .0 

7.2 
100 

5.8 
8.0 

4 .5 
5.5 

3.8 
4 .5 

3.3 
4 .0 

1.8 
2.3 

LRS-54 
(OPEN VIEW) 

in all units. This filter provides 
protection to meet the strin­
gent requirements of MIL-STD-
461 A and FCC Docket 20780 
Class A. 

PKG. DIMENSIONS 
SIZE (inches) PRICE 

53 23/s x 4 7/s x 8 $375 
54 3 X 4 7/s X 11 460 

53 23/s x 4 7/s x 8 375 
54 3 x 47/s x 11 460 

53 23/s x 4 7/s x 8 375 
54 3 x 47/s x 11 460 

53 23/s x 4 7/s x 8 375 
54 3 x 4 7/s x 11 460 

53 23/s x 47/s x 8 375 
54 3 x 47/s x 11 460 

53 23/s x 4 7/s x 8 375 
54 3 x 4 'l's x 11 460 

53 23/s x 47/s x 8 375 
54 3 x 4 7/s x 11 460 

53 23/s x 47/s x 8 375 
54 3 x 4'l's x 11 460 



LR SERIES 
DC OUTPUT 
Voltage range show n in tables. 

REGULATED VOLTAGE 
regulation, line ....... 0.1% from 95 to 132VAC 
regulation, load ...... 0.1% from no load to full load. 
ripple and noise ... ... 10mV RMS, 35mV pk-pk for 5V and 

6V models. 
15mV RMS, 100mV pk-pk for 12V 

through 28V models. 
35mV RMS, 150mV pk-pk for 48V 

models. 
temperature coeffic ient .. ............ 0.03%/°C 
remote programming resistance ..... 1000 0 / volt 
remote programm ing vol tage .. ..volt per volt 

AC INPUT 
line .. ........... 95 to 132VAC, 47-440Hz. 
power ......... 225 watts maximum for LRS-53 

380 watts maximum for LRS-54 

DC INPUT 
145VDC t 10% 

EFFICIENCY 
70% min (5V through 15V models) 
75% min (20V through 48V models) 

OVERSHOOT 
No overshoot at turn-on, turn-off or power failu re. 

AMBIENT OPERATING TEMPERATURE 
Continuous duty 10°C to 71 °C w ith suitable derating 
above 40°C 

STORAGE TEMPERATURE RANGE 
55°C to 185°C 

OVERLOAD PROTECTION 
Electr ica l 
External overload protection, automatic electronic current 
limiting ci rcuit limits the output current to a preset va lue, 
thereby providing protection for the load as well as the 
power supply. 

THERMAL 
Self-resetting thermostat 

FUSING 
Line fuse removes the power supply from the line if a short 
occurs in the input circuit ry. 

OVERVOLTAGE PROTECTION 
Overvoltage protection is standard on all models. If output 
vol tage increases above a preset level, inverter drive is 
removed. 

COOLING 
All units are convection cooled. No fans or blow ers are 
needed. 

SOFT-START CIRCUIT 
The turn-on in-rush current w ill not exceed four times the 
steady state input cu rrent. 

DC OUTPUT CONTROLS 
Simple screwdriver adjustment over the entire vo ltage 
range. 

Specifications 

INPUT AND OUTPUT CONNECTIONS 
AC Input ... Barrier strip mounted· on chassis. 
DC Output ... Through heavy duty threaded buss bars. 
DC Sensing ... Through barrier strip adjacent to output buss 

bars. 
Remote On/ Off ... .Barrier strip mounted on chassis. 

MOUNTING 
Two mounting surfaces and two mounting positions. 

POWER FAILURE 
5V and 6V models w ill remain with in regulation limits for at 
least 16. 7 msec. after loss of AC power when operating at 
fu ll load, V0 max, and 105VAC input at 60Hz. 

REMOTE SENSING 
Provision is made for remote sensing to elim inate the 
effects of power output lead resistance on DC regulation. 

REMOTE TURN-ON/TURN-OFF 
Provision is made for digitally controlled remote turn-on, 
turn-off. 

FUNGUS PROOFING 
All units are rendered fungi inert. 

MILITARY SPECIFICATIONS 
The LR series is designed to pass the following tests in 
accordance w ith MIL-STD-810C 
1) Low Pressure-Method 500.1, Procedure I. 
2) High Temperature- Method 501 .1, Procedures I and II. 
3) Low Temperature- Method 502.1, Procedure I. 
4) Temperature Shock-Method 503.1, Procedure I. 
5) Temperature-Altitude-Method 504.1, Procedure I. 

Class 2 (0°C Operating). 
6) Humidity-Method 5071 , Procedure I. 
7) Fungus-Method 508.1, Procedure I. 
8) Vibration-Method 514.2, Procedures X and XI. 
9) Shock-Method 516. 2, Procedures I and Ill. 

EMI 
Conducted EMI conforms to FCC Docket 20780 Class A, 
and MIL-STD-461 A Notice 4 CE04 for power leads. 

PHYSICAL DATA 
Package Lbs. 
Model Net 
LRS-53 3 1/• 

LRS-54 6 1/i 

ACCESSORIES 

Lbs. 
Ship 
4V. 
7'/i 

Size 
Inches 

23/a x 47/s x 8 
3 x 4 7/s x 11 

Rack Adapters (LRA- 14, LRA-15, LRA- 17) and cable system 
available. 

FINISH 
Grey, Fed. Std. 595, No. 26081 
Guaranteed for 5 Years 
Five year guarantee includes labor as well as parts . 
Guarantee applies to operation at full published 
speci fi cations at end of 5 years. 

RJ/CSA 
Under Evaluation 



TO ORDER CALL YOUR LOCAL LAMBDA SALES ENGINEER. 
To contact the direct-factory Lambda Sales Engineer responsible for your account and located in your area, or to contact 

Customer Service for price, delivery or placing purchase orders, call as follows: 

IN EASTERN 
UNITED STATES 
(Shaded area) 

1-800-LAMBDA-4 
(In New York and Puerto Rico 
Dial 516-694-4200) 

IN WESTERN 
UNITED STATES 
1-800-LAMBDA-5 
(In Arizona, Alaska and 
Hawaii, Dial 602-746-1011) 

10/ 84 

ADDRESS ALL CUSTOMER 
CORRESPONDENCE TO: 
LAMBDA ELECTRONICS 

515 BROAD HOLLOW ROAD 
MELVILLE, NY 11747 

TWX: 510-224-6484 or 6177 

IN CANADA 
Lambda Electronics 
100C Hymus Blvd. 
Po inte-Claire 
Quebec H9R 1 E4 

1-800-361-6130 
TWX: 610-422-3029 

In Metropolitan Montreal 
514-697-6520 

In British Columbia 
112-800-361-6130 

A LAMBDA 
~ELECTRONICS 

DIVISION o f e INST RUMEN TS INC 
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PEED UP YOUR 
APPLE 

Here's a whole new 
way to speed up your 
Apple II, II+ , lie, or / 
Apple Ill. RAMDISK 320 from Axion . 

Lightning-fast 
disk response 

# with RAMDISK 
320™ 

NOW ONLY 

SAVE $300 

(408) 747-1900 

Thousands of users have discovered how RAMDISK 320 can 
boost both disk access speeds and memory of their Apples. 
The RAM DISK 320 is more than 10 times faster than stan­
dard floppy disk drives. With the RAMDISK you can zoom 
through a wide variety of tasks that are disk intensive -
wordprocessing , accounting , data base management , soft­
ware development, or any similar application where 
speeding up disk access time is important. 

RAMDISK 320 is a solid state memory add on system fully 
compatible with Apple DOS 3.3. PRODOS, SOS, CP/M, 
Apple Pascal 1.1 and Pascal 4.0 
(In fact we'll give you the drivers free with each RAMDISK 320.) 

ADDITIONAL FEATURES: 
• Increases memory by 320k 
• Retains data when computer is turned off 
• Three hour battery back-up system ,,r 
• Bu ilt in power supply draws no 

power from computer 
•Technical support available 

RANDISK320 

.. ·- ~ - -

~ 
~320 

RAMDISK comes with a plug in , slot-independent interface 
card, a specially designed operating system, and software 
for diagnostics and fast load copy routines. 

Also included are two data base programs written to take 
advantage of the speed of the RAMDISK 320 -

MINI BASE PHONE BOOK THE DIRECTORY - Lets 
- Allows you to Enter, Save, you Create, Modify, Store 
Look-Up, Modify and Print and Retrieve over 3200 
information on up to 200 records . 
records of six fields each ; 

FREE OFFER 
Buy RAMDISK 320 and receive DRAWING BOARD 11 FREE!! 

DRAWING BOARD II is Axion 's digitized drafting system that 
incorporates elements of larger full scale CAD (Computer 
Aided Design) systems. 

DRAWING BOARD FEATURES: 
• One RAMDISK 320 drive 
holds the system programs 
while the other drive is bit 
mapped into the drawing 
board 
• The monitor acts as a " win­
dow" so operator can view 
any area of the larger drawing 
board 
• Draw ing boards can be 
chained together to offer 
unlimited picture resolution 
• A variable grid system 
allows shapes to be added at 
desired grid coordinates 

• 
System 
Requirements 
• 48k Apple II , II+ 

11e computer 
• Epson MX100 or 

FX100 printer with 
Graftrax ROM Set 

• Paddle Controllers 

Perfect for electrical 
schematics or any large draw­
ing that must be edited and 
maintained. 

:Am OFFER LIMITED-CALL NOW TO ORDER 

A><LON 
I 2X7 Lawrence S1a1iun RJ 

Sun nyva le. CA 940X9 

(408)747-1900 
CIRCLE 202 
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"Wilh a complete family of 8 to 12 bit data acquisilion components." 
"I'm Bob 'Specs' Spector of Hybrid 

Systems. We've engineered our innovative 
family of hybrid data acquisition systems 
(DAS) to combine several discrete com­
ponents into a single package, with a 
single specification. 

"You no longer have to wrestle with 
different specifications from competing 
vendors. Hybrid Systems' components 
eliminate the risk of interfacing mis­
matched solutions. The result is total 
system accuracy. 

"Here are three DAS's that will save 
you time and help you produce a better 
final design. 

"The HS9410 is a complete 8 chan­
nel, 12 bit DAS with MUX, sample-and­
hold amplifier and 12 bit ADC. Throughput 
rates of 22 khz are achieved, and tri-state 

CIRCLE 203 

outputs allow direct lSOns interface to 
8 or 16 bit microprocessors. 

''And the HS362, a 16 channel multi­
plexer with precision sample-and-hold 
that serves as a complete front end for 12 
bit DASs. The HS362 is flexible enough to 
be user configured to accept either 8 dif­
ferential inputs or 16 single ended inputs. 
It features 7 µsec acquisition time to .01 %, 
hold mode settling time of 600ns, and 
lOns aperture uncertainty. 

"Our new HS9460 is the indus­
trys first complete hybrid 1/0 subsys­
tem. Incorporating the functionality 
ofup to 15 individual components, 
the HS9460 contains four analog 
input channels, CMOS 8 bit ADC, 
complete µP interface, and 4 
channels of 8 bit DAC output. 

Advanced thin-film and LSI technology 
help package all this functionality in a 
single 28 pin dual in line package. 

"Because we design and manufac­
ture components strictly for use in data 
acquisition design, we're experts at mak­
ing them accurate, reliable, and easy to 
use. If you'd like to know how Hybrid 
Systems can help you with special design 
problems, just call. And ask for 'Specs'." 

Hybrid Systems Corporation, 
22 Linnell Circle, Billerica, MA 01821. 
( 617) 667-8700. 

Precision Data Converters, Hybrid Data Acquisition Systems, and lhin-Film Products. 



NEW PRODUCTS DIGITAL ICs 

Systolic array chip 
achieves unparalleled 

processing speeds 

The first systolic array 
processor chip incor­
porates 72 single-bit 

microprocessors, providing a 
parallel architecture and 
hence speed-5 million 8-bit 
instructions each second­
well-suited to image proc­
essing, pattern recognition, 
and signal processing. 

The Geometric Arithmetic 
Parallel Processor (GAPP) 
from NCR Microelectronics is 
only the second chip to shun 
the standard von Neumann 
architecture, instead proc­
essing multiple streams of 
data simultaneously (ELEC­
TRONI C DESIGN, Oct . 31, p. 
207). It can thus perform a 
21-by-21-pixel binary cor­
relation in 1.3 ms. 

The processors, which are 
arranged in a 6-by-12 grid, 
each have 128 bits of RAM, 
letting system designers es­
chew frame buffers and other 
costly memory devices. Incor­
porating memory internally 
also cuts down on time-con­
suming data fetches. 

The systolic architecture 
lets system designers group a 
number of chips together, 
increasing throughput by 
increasing the number of pro-

Terry Costlow 

cessors performing a task. 
Arrays of the chips can be ex­
tended to any size, so that an 
image-processing system 
could assign one processor 
element to each pixel in an 
image. For example, 32 chips 
forming a 48-by-48-element 
array can perform 922 million 
8-bit or 470 million 16-bit ad­
ditions in 1 second. 

The processor elements of 
the CMOS chip normally com­
municate with their nearest 
neighbors on each side, al­
though a global broadcast 
operation permits loading of 
the same data into all the 
processors. 

Input and output occur 
simultaneously with proc­
essing, since one of the four 
latches within each processor 

element handles I/O, letting 
the arithmetic and logic unit 
continue processing. 

The systolic array pro­
cessor, operates at a 10-
MHz clock rate and has a 
maximum power consump­
tion of 500 mW. It requires a 
supply voltage of 5 V. 

The chip, 100,000 mil 2
, is 

housed in either an 84-pin 
ceramic or plastic pin-grid 
array. In ceramic, it will be 
priced at $350 for a single 
unit; the price for the plastic 
version has not yet been set. 
Samples will be available by 
year's end. 

NCR Co r p., M i cro elec­
tronics Division, 2001 Dan­
field Court, Fort Colins, Colo. 
52998; Ronald Davis, (303) 
226-9500. CIRCLE 317 
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NEW PRODUCTS 

DIGITAL ICs 

Dense bipolar gate arrays 
are fast, testable, 

and radiation-hardened 

W
ith a combination of 
features that makes 
a designer's mouth 

water, a family of gate arrays 
will initially offer chips con­
taining some 3500 and 5000 
gates. These chips, developed 
by Raytheon, match the best 
densities of other bipolar (but 
not ECL) arrays, but offer 
higher performance in the 
form of short internal delays, 
built-in test features, and a 
radiation hardness of 106 

rads, total dose. 
Fabricated with an oxide­

isolated integrated Schottky 
logic process, the arrays off er 
typical internal delays of 1.2 
ns and a power dissipation of 
about 120 µ W per gate (ELEC­
TRONIC DESIGN, Oct. 31, p. 46). 
During circuit design, how­
ever, critical paths can be 
sped up to cut delays to 0.9 ns 
-lower than for any other 
non-ECL array-at the ex­
pense of gate power consump­
tion, which doubles. The 
CG A50L15 contains 4992 
gates surrounded by 150 I/O 
pads; the CG A35Ll2, 3500 
gates and 120 I/O pads. 

To make the arrays more 
testable, two features were 
incorporated-one is a circuit 

Dave Bursky 
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that performs some de para­
metric testing to check each 
output for high, low, or three­
state operation, and the other 
are test circuits built into 
each appropriate macrocell in 
the circuit library. 

The arrays are designed to 
operate over the full military 
temperature range. They 
come in a wide choice of pack­
ages with high pin count. 

$100,000, and the final cost of 
a circuit depends on quantity 
and package type. The arrays 
are supported by an inte­
grated CAD software pack­
age and a library of macro­
cells that can be overlaid on a 
Mentor workstation to permit 
low-cost schematic capture. 

Nonrecurring engineering 
charges range from $80,000 to 

Raytheon Co., Semiconduc­
tor Division, 350 Ellis St., 
Mountain View, Calif 94043; 
Dick McCoy, (415) 966-7628. 

Power t-t-~-1 
buses 1-:":-~-1 

D ._I __ 11_0_bu_ff_ers _ ___.I 0 l 1/0 ID 
D Row of gates ") D 

0 I ..... ,.~."~' I ~------------~0 
DI I !!I l!D 
D Q 11 Matrix 1

1
0 

88-track channel : _,,, 
D &i - 10 

~ I i I i~ I 44-track channel - 1 1/ 0 

I Ii 
D - - ----- - ----~D 
ol ~ IOI ~ lo 

Holding delays to as little as 0.9 ns, bipolar gate arrays 
come in two configurations-4992 gates and 150 110 
pads or 3500 gates and 120 1/0 pads. 
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Knock out EMl/RFI problems! 

Today's sophisticated 
EM I/ RF I-sensitive products 
and systems require solid, 
dependable protection from 
the harmful effects of 
common and differential mode 
interference. That's why more 
and more resourceful design 
engineers look to Siemens for our 
proven "one-two punch" against 
unwanted discrete and continuous 
frequencies. 

Whatever your needs, we're "in your 
corner" with the most comprehensive 
range of standard suppression filters 
available anywhere (over 50 types) ... 
plus custom filters and the industry's 
broadest line of RFI chokes and 
capacitors. Only Siemens has it all! 
We're your one-stop source for standard 
filters directly comparable to those 
produced by Corcom, SAE, Sprague, 
Potter, and others. And all our filters are 
UL recognized and approved by VOE, 
SEV, CSA, SEMKO, and NEMKO. 

For computers ... data transfer 
systems ... instrumentation ... 
industrial controls ... switched-mode 
power applications and more, the broad 
Siemens line includes: 

Siemens ... 

• SIFI™ RFI filters - for high quality, low­
cost conformance to the new FCC 
and VOE regulations. 

• IEC connector filters - the industry's 
broadest line. 

• Line filters for single and 3-phase 
systems. 

• RFI suppression capacitors 
(x and y types). 

• RFI suppression chokes including 
c1,ment- compensated ring-core 
types. 

•and much, much more. 

an . prices. 
All our filters are 100% tested 

to ensure specification 
compliance. And Siemens 

offers the added benefits of 
testing services and applications 

assistance. 

For fast delivery nationwide contact 
your Hall-Mark Electronics, 

Marshall Electronics or Arrow 
Electronics distributor. 
Return the coupon for our free RFI Short 
Form Catalog. Or call TOLL FREE 
1-(800) 222-2203. 
Siemens Components, Inc., / • 
Special Products Division, / 
186 Wood Ave. South, / 
lselin, NJ 08830 / 
(In Canada 514-695-7300) / 
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When Reliability 
Is Your Aim, 

Solitron Is The Name! 

SWITCH MOS® 
POWER 

MOSFETS 
For Military 

and Industrial 
Aoolicalions 

T0-220 

T0-3 

11 I' 
• EUTECTIC MOUNTED 
• HIGH RELIABILITY 
• HIGH INPUT IMPEDANCE 
• HIGHER SWITCHING SPEED 
• GREATER SOA 
• NO SECONDARY BREAKDOWN 
• UP TO 800 VOLTS 
·UP TO 8 AMPS 

Solitron's SWITCHMOS technology combines 
hexagonal geometry with the most advanced 
design and processing techniques, resulting 
in power MOSFETS with exceptional per­
formance and reliability. Available in 
standard T0-3 and T0-220 cases, as well as 
other packages if requested, typical 
specifications include: 

TYPE NO. lo Vos 
SDT10 12A 50V 
SDT 15 45A 50V 
SDT20 12A 100V 
SDT27 26A 1 OOV 
SDT30 7A 200V 
SDT38 18A 200V 
SDT60 5.5A 400V 
SDT63 3.5A 400V 
SDT 44A 4.8A 500V 
SDT74 2.4A 500V 
SDTBO 2.6A BOOV 
SDT84A 6.0A BOOV 

For complete information, 
contact Sales Dept. toll-free 

1-800-327-8462. 

~olitron 
DEVICES, I NC. 

1177 Blue Heron Blvd. 
Riviera Beach. Florida 33404 

(305) 848-4311 / lWX: (510) 952-7610 
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NEW PRODUCTS 

DIGITAL ICs 

FIFOs boost 
system performance 

Two FIFOs increase 
system performance by 
buffering data flows 

with a bubble-through time of 
65 ns. (Bubble-through is 
measured from the time a 
word is loaded into a FIFO 
until it appears at the reg­
ister's output.) 

Existing FIFOs have bub­
ble-through times of about 
2 µs, which means that the 
overall system throughput is 
degraded. Normally, the deg­
radation occurs because the 
device reading the FIFO must 
wait 2 µs for the word to move 
through. Similarly, when a 
device is waiting to load a full 
FIFO, it will be delayed 2 µs 
after a word is read. In both 
cases, the new FIFOs, devel­
oped by Cypress Semiconduc­
tor, impose only a 65-ns delay. 

One device, the CY7C401, 
holds 64 four-bit words; its 
sister chip, the CY7C402, 

Curtis Panasuk 
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stores 64 five-bit words. A 
version of both chips is avail­
able with an output-enable 
control signal. 

Words can be written into 
either part in 15 ns and read 
out in under 10 ns. The FIFO 
can receive a data stream of 
15 million words a second. 

A control signal indicates 
when one or more of the 64 lo­
cations in the FIFO are avail­
able. Other control lines allow 
the FIFOs to be stacked 
serially, so that two devices 
could give a 128~by-4-bit (or 
-by-5-bit) stack. The same 
lines can be used to expand 
the devices in parallel, using 
two parts to create an 8- or a 
10-bit code stack. 

In 100-unit quantities, the 
CY7C401 is available from 
stock for $35.25 and the 
CY7C402 for $41.25. 

Cypress Semiconductor 
Corp., 3901 N. First St. , San 
Jos e, Calif. 95134; ( 408) 
943-2600. CIRCLE 309 
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When Reliability 
Is Your Aim, 

Solitron Is The Name! 

SWITCH MOS® 
POWER 
MOSFET 
CHIPS or 
WAFERS 

• HI-REL APPLICATIONS 
• FAST SWITCHING 
• TEMPERATURE RANGE: 

-55°C TO 150°C 
• SPACE AND ENERGY SAVINGS 
• UP TO 800 VOLTS 
• UP TO 45 AMPS 
Now you can achieve greater 
reliability and performance in your 
hybrid circuitry by specifying 
Solitron SWITCHMOS Chips! The 
most advanced state-of-the-art 
technology is found in each hi-rel 
SWITCHMOS Chip, providing 
designers superior performance 
for applications including switching 
power supplies, motor controls, 
amplifiers, inverters, choppers 
and voltage regulators. Gold or 
chrome silver backside metalization 
for eutectic or soft solder 
mounting is available. 

For complete information, 
contact Sales Dept. toll-free 

1-800-327-8462. 

E3olitron 
D E VI CES , INC . 

1177 Blue Heron Blvd. 
Riviera Beach. Florida 33404 

(305) 848-4311 /lWX: (510) 952-7610 
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NEW PRODUCTS 

DIGITAL ICs 

Fast 64k CMOS static RAMs 
deliver 4 bits at a time 

The first 4-bit-wide 64k 
static RAM to be re­
leased commercially, 

Integrated Device Technol­
ogy's IDT7188 boasts a max­
imum access time as low as 55 
ns and, because it is CMOS, a 
typical power consumption of 
just 225 mW (494 mW max­
imum) when active. 

The RAM actually comes in 
two versions: one, the 71881, 
with a battery-backup data 
retention capability when run 
off a 2-V battery (the power 
consumed is just 7.5 µ W); the 
other version, the 7188S, 
without that capability. Both 
versions have a low-power 
standby mode in which the 
power consumption drops to 
100 µ W or 30 µ W, respectively. 

The chips' internal circuits 
are fully static, so that access 
and cycle times are identical. 
Commercial units offer ac­
cess times of 55, 70, 85, or 100 
ns; the military models, 70, 85, 
or 100 ns. Additionally, the 
CEMOS II technology used to 
fabricate the chips virtually 
eliminates soft errors induced 
by alpha particles. 

The RAMs are housed in 22-
pin 300-mil DIPs, have TTL-

Dave Bursky 
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compatible input and output 
lines, and operate from a 5-V 
± 10 % supply. The output 
lines also have a three-state 
capability to permit multiple 
banks of RAMs to share the 
same bus. 

Military units are pro­
cessed in compliance with 
MIL-STD-883, method 5004, 
ensuring reliability. Also, the 
chips meet MIL-STD-883, 
class C, requirements. 

Small production quanti­
ties of both versions will be 
available late in the first 
quarter of 1985. Engineering 
samples will be ready early in 
the first quarter at a cost of 
$450 and $510 each for the 
85-ns Land S military ver­
sions, respectively, in 100-
unit quantities. 

Also on the way is the IDT-
7198, which is functionally 
the same as the 7188 but adds 
two Chip Select lines. It will 
be housed in either a 24-pin 
300-mil DIP or a 28-contact 
leadless carrier. Samples are 
expected late in the first 
quarter. 

Integrated Device T ech­
nology Inc., 3236 Scott Blvd., 
Santa Clara, Calif 95051; Sam 
McCarthy, (408) 727-6116. 

CIRCLE 315 



SUITABILITY. 

Spn "G ~UE Sprague Type 430P Metfilm® 'E' Metallized-Polyester Capacitors provide answers where 
~ (1) small size, (2) low cost, (3) excellent performance, and (4) reliability are essential. 

FILM CAPACITORS ~:g~~~~~er~:-~I:~~~;:~i~~~~a~~a;~:~cted 
by moisture resistant film tape and resm end-seals. 

FIT 4 NEEDS They're often used in filters and similar electronic subassemblies in which 
• they can be potted or encapsulated. Available in all 

popular capacitance values. Voltage ratings at 50, 100, 200, 400, and 600 WVDC. 1:1:.\'tt. SPRAGUE 
Write for Engineering Bulletin 2445C to Technical Literature Service, Sprague Electric Company, ~tllll 

a Penn Central unit, 347 Marshall Street, North Adams, Mass. 01247. TH• MA•K 

0

' O<LIAOILITY 
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When Reliability 
Is Your Aim, 

Solitron Is The Name! 

SWITCHMOS® 
Eutectic Mounted 

Power 
MOSFETS 

In Isolated Packages 

• FASTER SWITCHING 
• GREATER RELIABILITY 
• LOW ON RESISTANCE 
• HEXAGONAL GEOMETRY 
• DRAIN TO SOURCE, 

VOLTAGE TO 800V 
• DRAIN CURRENTS TO 45A 

Solitron's new series of power MOSFETS 
offer superior performance and 
reliability exceeding other similar 
semiconductor devices. Identified as 
SWITCHMOS, advanced power inte­
grated technology now allows isolated 
packaging, reduced size and cost! 
Typical specifications include: 

PKG. lo Vos 
A 45A-3A 50V-800V 
B 45A-3A 50V-800V 
C 45A-3A 50V-800V 

For complete information, 
contact Sales Dept. toll-free 

1-800-327-8462. 

E3olitron 
DEVICES, INC. 

1177 Blue Heron Blvd. 
Riviera Beach, Florida 33404 

(305)848-4311/T\VX:(510)952-7610 
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NEW PRODUCTS 

DIGITAL ICs 

7-bit latch is 
fabricated in CMOS 

Low-power CMOS technol­
ogy is available in a 7-bit 

latch and memory-decoder 
interface chip. Intended for 
use with CDP1800 processors, 
the device interfaces directly 
with the address bus of multi­
plexed systems at the latter's 
maximum clock frequency. It 
can also be incorporated into 
nonmultiplexed systems by 
connecting the clock and pow­
er supply pins together. 

In operation, the CDP1883 
decodes memory address in­
puts from the processor and 
provides select signals to 
memory elements. The chip 
can be used for memory sys­
tems of 16 kbytes or greater. 

The CDP1883 is available in 
two versions, operating from 
supplies of 4 to 6.5 V de or 4 to 
10.5 V de. Both versions are 
housed in 20-pin plastic DIPs. 

RCA Corp., Solid State Di­
vision, Route 202, Somerville, 
N.J. 08876; (800) 526-2177 or 
(201) 685-6000. $2.55 (250 to 
999 units); stock. CIRCLE 321 

Chip set improves 
display resolution 

Adisplay controller chip 
set supports 100-MHz 

video dot rates and contains 
three on-chip line buffers for 
flicker-free, smooth scrolling. 
One chip, the Am8052 alpha­
numeric CRT controller, is a 
fully programmable, regis­
ter-oriented MOS device. 
Packaged in a 68-pin leadless 
chip carrier, it is currently of­
fered in 5- and 6-MHz ver­
sions. 
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The bipolar Am8152A video 
system controller (VSC) com­
plements the Am8052 by pro­
viding complete video path 
timing and control. The VSC 
has TTL outputs and runs at 
up to 60 MHz. An ECL-com­
pa ti ble version, designated 
the Am8153A, offers rates of 
up to 100 MHz. 

Advanced Micro Devices 
Inc., 901 Thompson Place, 
Sunnyvale, Calif 94088; (408) 
732-2400. $77.50 (5-MHz 8052) 
and $32 (8152A or 53A) in 
quantities of 100. CIRCLE 322 

CMOS gate arrays 
have 2.5-ns delays 

The GA series of gate 
arrays is fabricated with 

a 3-µm Si-gate CMOS pro­
cess, which features 1.8-µm 
effective gate lengths and 
yields devices with typical 
delay times of 2.5 ns. The 
series includes four generic 
arrays that are suitable for a 
wide variety of applications. 
These include the MK 
GA1000D,-2000D, -3000D, 
and -4000D gate arrays with 
the equivalent of 1152, 2016, 
3016, and 4080 two-input 
NAND gates, respectively. 

The devices are offered in a 
variety of packages, includ­
ing 40-pin plastic or ceramic 
DIPs, ceramic leadless chip 
carriers, and plastic or ce­
ramic pin-grid arrays of up to 
120 pins. In quantities of 
1000, the price for the MK 
GA lOOOD in the 40-pin plas­
tic DIP is $9.30. 

MostekCorp., 1215 W Cros­
by Road, Carrollton, Texas 
75006; (214) 466-6000. 
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LocK UP GHz SIGNALS QrnETLY 
{4 GHz} GigaBit's ultra-high 

frequency FastGaas TM divider and counter 
series broadens your use of phase-locked 
loop synthesizers. You can design lower 
priced radios with less noise. 

Using CDFL* (Capacitor Diode 
FET Logic), GigaBit's chips simplify 
GHz synthesizer design and reduce 
costs. No mixers. No filters. No 
tweaking. No tuning. 

Ssshhh! Now, by using GigaBit's 
ultra-high frequency IC's, you can 
eliminate a noisy doubler and get 
a minimum 6 db improvement 
in phase noise. 

Order now .•• be the first. 
GigaBit's PicoLogicTM and NanoRamTM 
families are made using the GigaBit 
FastFet TM process. Dividers, counters, 
prescalers ... even NOR gates, 
fanout buffers, flip flops, drivers, 
and transistor and diode arrays. 
An evaluation board, too. 

Call today ... and join the 
next generation. 

GigaBit Logic, 1908 Oak 
Terrace Lane, Newbury Park, 
CA 91320. Telephone 
(800) GAAS-ICS (422-7427). 
In CA, (805) 498-9664. 
Telex 194449. 
•Patent Pending 

{GBL]GigaBit Logic 

PART 
NAME NUMBER 

Quad NOR Gate lOGOOO 
Fanout Buffer lOGOll 
Comparator/ 

Driver lOGOl2 
Precision D 

Flip Flop lOG021 
2 Stage Divider lOG060 
7 Stage Counter lOG065 

PART 
SPEED NAME NUMBER SPEED 

75 ps Variable Modulus 
JGHz Divider lOG070 2GHz 

7 Stage Divider llGS66 4GHz 
JGHz Diode Array 16G010 500 GHz 

Diode Array 16G011 675GHz 
JGHz FET Array 16G020 IS GHz 
3 GHz Dual Gate 
JGHz FET Array 16G021 15 GHz 

.. ThE NEXT GENERATION 
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NEW PRODUCTS 

COMPUTER PERIPHERALS 

Continuous-speech unit 
recognizes 200 words, 

costs just $4000 

A
continuous-speech in­
put terminal costing 
only $4000 recognizes 

200 words. What's more, the 
VET-232 SD voice entry ter­
minal, from Scott Instru­
ments, offers a limited speak­
er-independent option for 
only about $1000 more. Most 
other speech recognizers, in 
contrast, do not accept contin­
uous speech, cost more (usual­
ly a good deal more), and work 
with smaller vocabularies. 

The terminal comes with 
128 kbytes of RAM, expand­
able to 256 kbytes; a micro­
phone for the voice input; 
and a speaker for spoken re­
sponses. It connects to its host 

Heather Bryce 
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computer via an RS-232 link, 
and a second RS-232 port pro­
vides a connection to a CRT 
screen. 

Speaker-dependent rec­
ognition requires that a user 
"train" the system by saying 
each vocabulary word two 
times. The terminal will then 
recognize those words, even 
when they are part of a 
stream of "untrained" words 
-a novel feature for speech­
input devices. 

The speaker-independent 
option accepts the numbers 
zero through nine, plus "yes" 
and "no." Additionally, Scott 
Instruments will prepare 
custom vocabularies. 

A built-in feature allows 
speech to replace keystrokes 

with words. The user can de­
fine up to 64 different words, 
each taking the place of as 
many as 30 keystrokes. 

Voice response, however, is 
optional (users must submit 
either a list or a tape). The 
responses can serve as oper­
ator prompts, operator feed­
back, or final outputs. The 
charge is $1500 per word, with 
a minimum fee of $25,000. 

Although the unit offers 
voice storage and forwarding 
as standard, a telephone man­
agement facility that fur­
nishes a telephone interface is 
optional. Once hooked up to 
the phone lines, the terminal 
automatically answers in­
coming calls by taking the 
line off hook and can auto­
matically dial outgoing num­
bers. It encodes and decodes 
DTMF signals, monitors calls 
in progress, issues a busy 
signal, and detects ringing 
and spoken responses on out­
going calls. 

Prototype systems will be 
available in December for 
evaluation, and volume ship­
ments will begin in the first 
quarter of 1985. 

Scott Instruments Corp., 
1111 Willion Springs Drive, 
Denton, Texas 76205; (817) 
387-9514. CIRCLE 410 



Eliminate ATE cotnponent clutter 
with HP designed-for-systetns 

power supplies. 

Now you can choose from the 
widest range of ATE power supplies 
available to help get your automatic 
test systems up and running in a frac­
tion of the time required by tradi­
tional methods. The HP system power 
supply family lets you choose the 
right power supply for your application. 
Replace up to five separate instru­
ments and a web of complex intercon­
nections with a single high-performance, 
extremely easy-to-use programmable 
power supply. 

A complete family of 
solutions. 

HP designed-for-system power 
supplies let you build a system to test 
PC boards, for example, by giving 
you programmable voltage with auto-

~!i:!j:'. 
SYSTEM~ 

HP-IB: Not JUSt IEEE~. but the 
hardware. documentation and 
support that delivers the shonesl 
path to a measurement system. 

matic over-current down-programming 
to protect board traces. You can design 
an automatic incoming inspection 
system to test a wide variety of com­
ponents, while investing in only a 
single power supply. You can program 
voltage and current and read both 
back, including instrument status, 
over the HP-IB. 

Up to 1200 watts, 60 volts, 
and 120 amps. 

You have a complete choice with 
the HP fumily of programmable system 
power supplies. HP-IB programmable 
power supplies include the 200W, 20V, 
30A HP 6033A, the lOOOW, 20V, 
120A HP 6031A, and the lOOOW, 60V, 
50A HP 6032A. As an added benefit, 
all these supplies are autoranging, which 

means full rated power is available 
across a wide range of voltages and 
currents. Plus, the HP 6031A and 
HP 6032A, while rated at lOOOW, 
can actually deliver up to 1200W of 
power under many load conditions. 
For those applications that don't require 
HP-IB compatibility, we offer similar 
features in the analog programmable 
HP 6011A, HP 6012B, and HP 6023A. 

Hewlett-Packard: 
A world leader in ATE 
power supplies. 

The next time you need a versatile, 
reliable power supply, think Hewlett­
Packard. For more information, call 
your local HP sales office listed in the 
telephone directory white pages. Ask for 
the electronic instruments department. 

F//-OW HEWLETT 
~~ PACKARD 
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low-profile 
• mixers 

(+7dBmLO) 

0.2 to 500 MHz 
only $51 95 

ci-49) 

IN STOCK ... IMMEDIATE DELIVERY 

• tailored for rugged 
MIL environments 

• very flat response ± 1 dB typ. 

• low conversion loss, 5.5 dB typ . 

• high isolation , 35 dB typ . 

• BNC or SMA connectors 

• convenient front-face mounting 

• EMI shielded case 

• one-year guarantee 

ZP-10514 SPECIFICATIONS 

FREQUENCY RANGE (MHz) 
LO/RF 0.2-500 
IF DC-500 

CONVERSION LOSS, dB TYP MA X. 
One octave from 
bandedge 5.5 7.0 
Total range 6.5 8.5 

ISOLATION, dB TYP MA X. 
0.2-2 MHz LO/ RF 55 45 

LO/ IF 50 40 

2-250 MHz LO/RF 50 35 
LO/IF 35 30 

250-500MHz LO/RF 35 30 
LO/IF 30 20 

Call or write for 64-page 
RF Designers Guide, or see guide in EEM, 
EBG, Gold Book or Microwaves Directory 

finding new ways 
setting higher standards 

0 Mini-Circuits 
A 01 v1sion of Sc1en11flc Components Corporation 

World 's largest manufacturer of Double Balanced Mixers 

PO. Box 166, B'klyn, N.Y 11235 (718) 934-4500 
C100-3 Rev. Orig . 
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NEW PRODUCTS 

COMPUTER PERIPHERALS 

Video terminals withstand 
harsh environments 

A 
series of video display 
terminals can operate 
in factories, oil fields, 

nuclear power plants, and 
various other harsh indus­
trial environments. The GPC 
1000 series terminals from 
Gamma Products are totally 
sealed monitors and key ­
boards designed to with stand 
blown dust, rain, snow, ice, 
and even seeping oil. 

The GPC lOOO's non ven­
tilated cast-aluminum en­
closure meets the National 
Electrical Manufacturers As­
sociation's types 4, 12, and 13 
specifications. The type 4 
specification calls for rust­
resistant enclosures, so that 
they can perform in filthy en­
vironments and be hosed 
down with water. Types 12 
and 13 specifications signify 
an enclosure's ability to per­
form in indoor environments 
with dripping liquids- type 
12 with water or water-based 
solutions and type 13 with 
dripping oil. 

The GPC 1000 also meets 
G3036.01 environmental 
specifications, which set 
forth test procedures and 
require documentation list­
ing the materials used in the 
terminal, thus furnishing a 
means for the system integra­
tor to verify how well the ter­
minal will stand up to the en­
vironmental conditions of its 
particular location. It can 
operate in ambient tempera-

Stephan Ohr 
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tures of 0° to 60 °C (32° to 
140°F) and withstand regular 
shocks of 13.5 g. 

The unit has a 14-in.-di­
agonal CRT display with P31 
green phosphor. The screen 
can display 24 lines of 80 or 
132 characters, each in its own 
7-by-9-dot matrix. Character 
attributes include blinking, 
boldface, underlining, and in­
verse video. 

The keyboard has a molded 
silicon layer covering its 76 
full-tra ve l keys. It can be 
moved as much as 8 ft from 
the screen. 

The terminal can be linked 
to the host by either an RS-
232 interface or a 20-mA cur­
rent loop. The ports can han­
dle up to 16 different baud 
rates. The terminal emulates 
aDECVTlOO. 

The G PC 1000 costs $5550 
apiece. Delivery is within 30 
days after receipt of an order. 

Gamma P roducts Corp., 
7092 Industrial Loop, Shreve­
port, L a. 71129; J ack Gam­
mon, (318) 686-1600. 
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NEW PRODUCTS 

COMPUTER PERIPHERALS 

Hard-disk drives have high storage 

A 
trio of Winchester disk 
drives off~rs ?igh st~r­
age capacity ma vane­

ty of package sizes. Leading 
the lineup from Seagate Tech­
nology is a 3112-in. hard-disk 
drive that holds 10.03 Mbytes 
of formatted data. The ST112 
features two platters with a 
recording density of 10,864 
bpi and an average access 
time of 65 ms. Its transfer 
rate is 5.0 Mbytes/s. 

The ST225 is a half-height 
5 1/ 4 - i n . d r i v e w i th 2 0. 0 5 
Mbytes of formatted storage. 
A two-platter unit, it has an 
average access time of 85 ms, 
records at 9784 bpi, and 

RS-232-C 
opto-modem 
u[FJ~®®® 

Here is the 
ultimate Fiber 
Optic interface 
for full-duplex 
transmission of 
data and control 
signals between 
datacomm devices. 

• Low Power Consumption 
• DTE/DCE Operation 
• Long Distance/High Speed 

For more information and prices, contact: 

American Photonlcs Inc. 

transfers 5.0 Mbytes/s. It fea­
tures an advanced stepper 
motor and a buffered seek 
mode for improved operation. 

The ST4051, a full-sized 
51/4-in. drive, stores 50 Mbytes 
on three platters. Its average 

II 71 Commerce Dri\/8, P.O. Box 289 
Brookfield Center, CT 06805 (203) 775-8950 
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access time is 40 ms, and it 
transfers data at 5 Mbits/s. 

All three drives employ the 
ST412 interface. In quantities 
of 1000 units, the ST112 is 
priced at $495, the ST225 at 
$525, and the ST4051 at $1295. 
The ST112 and ST225 will be 
available for volume ship­
ment this month. Evaluation 
units of the ST4051 will be 
ready in December, with 
quantity shipments to start 
in February. 

Seagate Technologies, 920 
Disc Drive, PO Box 66360, 
Scotts Vall ey, Calif 95066; 
(408) 438-6550. 

CIRCLE 320 
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NEW PRODUCTS 

COMPUTER PERIPHERALS 

Plotters set speed, resolution marks 

T
wo electrostatic plot­
ter families from Ben­
son establish new rec­

ords for speed and resolution. 

The series 9600 features three 
models, all with a resolution 
of 400 dots/in.: t h e mo del 
9624, with a record speed of 

ROEDE 
The Space· 
Savers. 

MKT1817 
Metallized 
Polyester KC1850 

Polycarbonate 

KP1830 
Polypropylene 

MKT1826 
Metallized 
Polyester 
Stacked Film 

Film Capacitors 
The demand for space on your 
circuit board seems to get tougher 
everyday You want to put more into 
your circuit designs without sacrific­
ing valuable board area. At 
Roederstein we designed a variety 
ol volumetric etticient style 
capacitors with smaller lead spac­
ings to give you more ol what you 
need most - space. 

We have the largest selection ol 
5 mm/200" lead spacing capac­
itors in polyester, polycarbonate 
or polypropylene dielectrics. 

All box style capacitors are also 
available taped and reeled. 

Our Space-Savers are small, but you 
can expect the same high per­
lormance and long lite you get lrom 
larger components. 

For the right specilications, quality 
service and value -
Design with Roederstein. 

Roedersteln Electronics 
Your Source for 
Quality Passive Components 

ROEDERSTEIN ELECTRONICS, INCORPORATED 
P.O. Box 5588 2100 West Front Street , Statesville. NC 28677 Phone: (704) 872-8101 TWX : 810-625-0786 

CIRCLE 214 

1.5 in.ls; the 9636, with a 
speed of 1 in./ s; and the 9644, 
with a speed of 0.8 in.ls. All 
work with the firm's Graph­
ware 2400 element processor 
and G PR IV software. 

The processor accepts VDM 
(Virtual Device Metafile) out­
puts used by GKS (Graphical 
Kernal System) systems. The 
software implements level O.a 
of the ISO and ANSI GKS 
standard for two-dimen­
sional device-independent 
graphics. 

The 9600 plotters use a pre­
cision dynamic toning system 
that applies toner to the elec­
trogra phic media 50 times for 
each media charge. A capil­
lary drying system helps dry 
out the media's toner quickly 
and without smearing. 

A l so including three 
models, the series 9800 plot­
ters all have a record-setting 
resolution of 508 dots/in.: the 
model 9824 for 24-in.-wide 
plots, with a speed of 0.25 
in .ls; the model 9844 for 
44-in.-wide plots, with a speed 
of 0.1 in.ls; and the model 9836 
for 36-in.-wide plots, with a 
speed of 0.15 in./ s. 

Like the series 9600, the 
9800 plotters work with the 
fi r m's Graph ware 2400 
processor. 

The 9636 is priced at $56,010 
in single quantities, the 9824 
at $44,485, and t he Graph­
w are 2400 processor at 
$24,950. Delivery is within 60 
days. 

Benson Inc., 2690 Orchard 
Way, San Jose, Calif 95152. 
Bob Hines, (408) 945-1000. 
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We just tripled our staff of semi 

Each is a superb systems designer. 
With a head full of up-to-date informa­
tion and a pair of hands full of detailed 
documentation on all the emerging 
semiconductor technologies used in 
our latest pn;iduct introductions. 

They join what was already the 
industry's largest design-skilled semi­
conductor field force. 

To serve you better. Faster. With the 
innovative silicon solutions for your 
unique systems products. 
All-technology specialists. 

Their combined expertise covers the 
broadest spectrum of advanced inte­
grated circuit and discrete semicon­
ductor technologies. From advanced 
HCMOS 32-bit microprocessors to 
single-chip integrated-circuit logic/ 
discrete-power devices. 

And everything in between. 
Not just high technology, but all 

technology, combined with years of 
shirtsleeves experience in advising 
designers on its application. 

Offering local, face-to-face 
technical assistance. 

They'll come right to you, talking 
engineer to engineer, to discuss state­
of-the-art technologies . The advanced 
building-block, semiconductor tech­
nologies which could vault your 
next systems design into the next­
generation category. 

And possibly, with your special 
touch, positioned well ahead of your 
competitors' products . 



<.all us on it. 
Pick up your phone between 9 AM 

fa.st Coast and 5 PM West Coast time. 
Dial 1-800-521-6274, toll free. Talk to 
our specialists. They'll discuss your 

1-800-521-6274 
applications and get you in touch with 
the best qualified individual in the 
semiconductor technologies and prod­
ucts that meet your design's price/ 
performance requirements . 

Then, we'll unleash one or more of 
our in-the-field design experts to con-

tinue the discussion of your product­
development opportunities in depth. 

In person. 
Wait'll you hear what we have in 

store for your new design. Be it in 
voice/data communication, office.or 
factory automation, entertainment 
equipment or any electronics-driven 
product, we'll work with you at any 
level of chip, board or box integration 
through the industry's premier techni­
cal field organization. 

A Motorola semiconductor field 
applications engineer is in the right 
location with the right expertise to 
help you. 

Call us on it. One call. One source. 
For all your semi­
conductor needs . 
Motorola 
Semiconductor 
Products Inc. 
P. 0 . Box 20912 
Phoenix, AZ 
85036. 

®MOTOROLA 



COMPUTER PERIPHERALS 

Pen plotters suit 
multicolor graphics 

Compatible with a variety 
of commercial software 

packages, the Colorwriter 
6300 series of pen plotters has 
a standard RS-232-C or 
IEEE-488 interface to serve a 
variety of multicolor graphics 
applications. The plotter 
comes with three character 
sets, which are stored in 
ROM, and a2-, 8-, or 16-kword 
buffer memory that permits 
high-speed transfers with the 
host. It operates at 16 in.ls 
-or at 20 in.ls with the pen 
up-and has an addressable 
resolution of 0.001 in. 

The 6300 series is available 
in 7- and 10-pen models, 

NEW PRODUCTS 

which accommodate 81/2-by­
ll- and 11-by-17-in. charts, 
respectively. Both versions 
provide a full array of colors 
and accept several pen types. 

Gould Inc. , Recording Sys­
tems Division, 3631 P erkins 
Ave., Cleveland, Ohio 44114; 
(216) 361-3315. From $1995; 
six weeks. CIRCLE 324 

IBM-compatible printer 
lays down 300 dots/ in. 

Compatible with IBM per­
sonal computers, includ­

ing the PC AT, the Laser 8 
printer generates both letter­
quality text and graphics at a 
resolution of 300 dots/ in. The 
printer is also compatible 

Blunder-Free Tape Backup 
Anritsu 's DMT2000 Streaming Magnetic Tape Drive 

When you're saving that all-important data from a Winchester 
disk or other source, you need a dependable backup unit - the 
Anritsu DMT2000. A 1/ 2" streaming magnetic tape drive with an 
MTBF of some 7,400 hours. You can be sure every bit of your 
data will stay accurate. 
Front-load ing convenience: And space-saving low profile. 
Automatic threading : Of tapes once they've been inserted 
into the drive. Automatic loading, too. 
TWO tape speeds: 100 or 25 IPS. 
Three reel si zes: 7. 8.5 or 10.5 inches. 
ANSI/IBM-compatible: For data exchange, CAD/ CAM, etc. at 
1600 bpi. 

Distributorship available now! 
For more information, call or 
write Anritsu. 

Anritsu 
!!"~!. !~!~~~~6~~~~ MRITll ELECTRI: CO .. LTD. 

Telex: 642-141 ANRITSU OKLD 
Phone: 201 337-1111 Overseas Marketing Div.Tokyo Japan. 
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with the Virtual Device Inter­
face (VDI), which IBM recent­
ly incorporated into its graph­
ics products. 

Operating at an optimum 
speed of eight pages/min, the 
Laser 8 prepares camera­
ready documents in a variety 
of fonts and on paper of var­
ious sizes and types. Through 
implementation of major de 
facto and actual graphic and 
alphanumeric standards­
e.g., Tektronix 4014 terminal 
emulation, Diablo 630, and 
ANSI 3.64-the printer is 
able to run a vast array of ap­
plications software. 

Concept Technologies Inc., 
PO Box 5277, Portland, Ore. 
97208; (503) 684-3314. $7995. 
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4th in a series from The Sensor Consultants 

Electrically isolated, yet sensitive to I /2 amp - and 
able to monitor circuits conducting even less - this 
unique new permalloy-based current sensor can 
report a burnt-out lamp before it leads to trouble. 

Ow 
Your car's suspension stabilizes, but your 

H heart is still rewed into the red. Thanks to poor 
visibility and a failed taillight, you've nearly back-

Tl A E 
ended a slow-moving school bus. It 

To M 0 V T makes you wonder how often drivers 
discover electrical problems - their 

own or someone else's - by accident. 

MI LLIA MPS Th~su~i~~~ce;~~~~e'~~~tc~. light is out 
needn't be left to luck, or to another 

TO TATTLE m~~~~;s a dependable new solid state 
current monitor that can detect 

0 N TAI LLI G H Ts electrical fault~ and failures in any 
• number of settings. It operates on 

milliamps in DC or AC circuit(s). Isolated from 
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the monitored circuits, this sensor causes no 
voltage drop, and is immune to voltage tran­
sients. And it 's practical in all kinds of situations 
where you want to know if current is or isn't 
flowing. 

Wired to an indicator, it can signal burnt-out 
lamps, a discharging battery, or a useless heater 
coil in a pilot's airspeed indicator system. As a 
factory outpost sentry, it alerts you to the status 
of remote motors or relays. 

Examine this new sensor closely. 
Nothing else lets you detect 1/ 2 amp so effi­

ciently without invading the conductor. Use of 
the magnetically super-sensitive nickel-iron alloy, 
permalloy, boosts sensitivity 1 Ox or more be­
yond that of other electrically isolated sensors of 
comparable size. It allows you to tap a lower 
level signal reliably, and without sacrificing 
space or convenience. 

Thin-film deposit of the permalloy on a bipo­
lar IC silicon chip combines the milliamp sensi­
tivity with voltage regulation and temperature 
compensation. That makes this sensor unique 
and complete, ready to use. 

Pass the conductor to be 
monitored through the sensor one or more 
times. Five hundred milliamps, flowing in either 
direction through the flux collector, triggers a 
digital output. Overcurrent will not damage the 
sensor. 

Examine your options fully. 
At MICRO SWITCH, the current sensors 

range from low-current, digital output devices 
that simply detect whether current is flowing, to 
adjustable, high-current sensors with linear 
output that varies with the amount of current 
flow. Special designs include low-milliamp 
devices to detect power drain in computer and 
telecommunication circuits. And we can tailor a 
sensor to give you a special housing, termina­
tion, or signal conditioning. We'd rather have 
you customize than compromise. 

For more information about current sensors, 
use the reader service card to contact us. If you'd 
like to discuss your application, or are interested 
in pressure, position, airflow, or temperature 
sensors, phone us at 815-235-6600; or write 
MICRO SWITCH, The Sensor Consultants, Free­
port, IL 61032. 

Together, we can find the answers. 

MICRO SWITCH 
a Honeywell Division 



Experience makes the difference 
Every time you utilize a Scanbe 
VME card cage you're benefit­
ing from over 20 years design 
experience in electronic hard­
ware packaging. We've been in 
partnership with design engi­
neers on everything from the 
early enclosures to our present industry 
standard T-Series cages, all metal card cages, Multibus;" 
STD-Bus and nowVME. No other manufacturer offers 
a broader card cage line or has comparable experi ­
ence in developing packaging systems. 

Scanbe's VME card cages are available in off-the­
shelf standard versions, or in full custom designs 
to perfectly match your requirements. 

Scanbe's rugged and reliable VME Card Cages 
accept 3U and/or 6U size VME cards and feature :•9 
or 20 identified slots with or without backplanes • Steel 

threaded inserts • Electrically con­
ductive cage •Shipped fully assem­
bled and tested • Backplanes fully 
meet VME specifications. 

Why not find out the full story. 
Once you know the facts, you'll know 
there 's no comparable VME card 
cage on the market today. Experi­
ence the Scanbe difference-call 

or send for a free technical brochure today, or order 
now at: Outside California (800) 227-0557, inside 
California (818) 579-2300. 

Scanbe, Division of Zero Corporation, 3445 Fletcher 
Avenue, El Monte, CA 91731 . 

~ME~R!~~ 
LEADERS IN PACKAGING TECHNOLOGY 



Sight for Sore lyes 
Hitachi helps you reduce user eye fatigue by produc­
ing monochrome and color display tubes that excel in 
resolution, contrast, brightness and clarity. Tubes that 
your customers will love at first sight, because they are 
the result of these human-oriented breakthroughs in 
CRT technology: 

Fine-patterned phosphor screens 
We've developed new methods of applying color 
phosphors to screens in order to increase dot uniformity 
and reduce dot diameter down to a fine-pitch 0.21 mm 
for greater definition. That means less blurring of colors, 
blacker blacks, and higher resolution in graphics and 
characters. 

Reduction of glare 
Screen glare is a leading cause of user discomfort, so 
we came up with special treatments that cut glare to a 
minimum. Available on models of all sizes, one is our 
"direct-etching antiglare face." Spray coating and multi­
layer coating can also be applied to reduce reflection. 

For more information : 

Less flicker. higher contrast 
Hitachi offers long-persistence phosphors for both 
monochrome and color screens to cut down irritating 
flicker. Numerous phosphor tones allow users to 
specify their own monochrome display colors; color 
tubes can be supplied with the traditional R-G -B 
combination or a new R-G-Light Blue. And lower­
transmission glass, ranging from clear to grey to dark 
tint, can help improve contrast according to your 
requirements. 

We believe people deserve to be pampered, and 
we've committed our engineering skills to just that. 
Manufacturing each and every product with the end­
user in mind. Supplying you with components that 
exceed expectations. So give your own eyes a treat. 
Look up your nearest Hitachi representative for 
a personal view of our complete CRT line-up. 

Hitachi, Ltd. Electronic Devices Group, New Marunouchi Bldg., 5-1, Marunouchi 1 chome, Chiyoda-ku , Tokyo 100, Japan, Tel : Tokyo 103) 212-11 11, Telex : J22395, J22432, J24491. 
J26375 I HITACHYl , Cable : HITACHY TOKYO Hitachi America, Ltd. Chicago Office, 500 Park Boulevard, Suite 005, Itasca, Ill. 60143, Tel : 131 21 773-0700, Telex : TWX910 651 3105 
(HITACHI ITASI, Fax : 13121 m -1366 San Jose Office, 2099 Gateway Place, Gateway Office Park , Suite 550, Tel : 14081 277-01 34 Hitachi Electronic Components Europe GmbH, 
Hans-Pinsel-Str. lOA, 0013 Haar, Miinchen, Tel: OOS-461 40, Telex : 05-22593 IHITEC DI Hitachi Elect ronic Components I U.K .1 Ltd ., HITEC House, 221 -225 Station Road, Harrow, 
Middlesex, HA1 2XL, Tel : 01-861 -1414, Telex : 926293 I HITEC GI 



COMPUTER PERIPHERALS 

Graphics processor 
boasts low cost 

High-performance busi­
ness and scientific color 

graphics can be economically 
produced with the 6848graph-

NEW PRODUCTS 

ics system, which carries a 
price tag of $499.95. Based on 
a Z80A processor, the 6848 
displays up to eight colors 
(chosen from a palette of 16) 
in a user-programmable 
640-by-480,640-by-400, or 

16x1 
16x2 
40x2 
40x4 

DOT MATRIX 
LCD MODULES 

With electronic luminescence back light option 
You select from four standard matrix modules 

with sharp contrast to meet your specific need li~·~~··~ · ~ ] 16 characters x one line; 16 characters x two . r1· :SCa&ii-.-.-~il 
lines; 40 characters x two lines; or 40 charac- KSC 
ters x 4 lines . All are easy to read with 5 x 7 dot . 
matrix with cursor and ideal for countless applica- ;¢';~-~--;­
lions . Or, we'll custom design a DOT MATRIX 
LCD MODULES for your specific requirements 
Features include: interfacing to 4 bit or 8 bit MPU 
CG ROM generates 160 types of characters and 

· -~.· 

. ' 

-~ ~x- ~ . . 23 special characters plus 
CG RAM for 8 kinds of addi­
tional characters , 11 kinds of 
control command set , low !J(~C CLe.chonic1

1 
fJnc. 

power consumption . etc . 543 west Algonquin Road . Arlington Heights . IL 60005 
Write for information , prices . (312) 981-5655- TELEX 28-2438TWX910-687-2847. 
details today , or, communi-
cate with your KSC manufac-
ture rs · rep . 

CIRCLE 220 

640-by-240 format. 
System hardware 1ncludes 

a power supply, a 192-kbyte 
video RAM (which can be 
used as a print buff er), and a 
12-kbyte EPROM. It also has 
an RGB monitor interface, 
plus an RS-232-C serial port 
and a parallel printer port. 
The 6848 provides RS-170 
composite video with a 16-
level gray scale. 

Ultratek Co., 409 S. Ray­
mond Ave., Alhambra, Calif. 
91803; (818) 282-9056. 

CIRCLE 326 

Display terminal offers 
DEC/Tek-compatibility 

Offered as a stand-alone 
terminal or as a retrofit 

board for the Zenith Z29 ter­
minal, the G P-29 features 
Tektronix-compatible graph­
ics and DEC-compatible text­
mode operation. The terminal 
features 128 kbytes of off­
screen memory for storing up 
to 75 pages of text and ad­
vanced graphics features, 
such as a dual memory plane. 
With the memory plane, the 
user can create graphics with 
shades of gray or overlay two 
separate images on the 
screen. 

In the graphics mode, the 
GP-29 provides both 
512-by-250-pixel resolution 
and a higher 1024-by-500-
pixel resolution. It also has 
four standard text display 
formats: 80 by 24, 80 by 49, 132 
by 24, and 132 by 49. 

Northwest Digital Systems, 
PO Box 15288, Seattle, Wash. 
98115; (206) 524-0014. $1695 
(terminal) and $995 (retrofit 
board). CIRCLE 327 
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• 
Automated Layout System 

JOINS THE RCA 
MEGAFORCE ... 

"When we were choosing gate array layout system soft­
ware, we needed to meet four primary requirements. It had 
to offer full automation of the placement and routing 
functions, for rapid error-free 
design turnaround. It had to 
be expandable up to 6000 
gates or more. It had to be 
style and technology Inde­
pendent, and It had to be 
fully supported. RCA's logical 
choice was MERLYN-G, from 
VR Information Systems." 

Hank Miiier, Manager 
Semlcustom Design 

Systems Engineering 

RCA offers a sophisticated, 
but easy-to-use, semlcustom 
design automation service 
for CMOS IC's, using a mix of 
slllcon gate and CMOS/SOS 
technology, coupled with 
both gate array and 
PaCMOS® standard cell al­
ternative. For a competitive 
edge, they use the MERLYN-G layout system In sec­
ond sourcing LSI Logic's 5000 HCMOS arrays, with 
up to 6000 gates. They needed a system that could 
handle this demand. MERLYN-G's architecture allows 
expansion up to 10,000 gates. 

VR fully supports MERLYN-G 
with comprehensive docu­
mentation, laboratory and 
practical training, and world­
wide service; reinforced by the 
leader In support and service, 
Tektronix. 

When RCA needed gate 
array layout software, they 
chose the c;ompany that pi­
oneered that technology, VR 
Information Systems. 

VR Information Systems, Inc. 
12212-A Technology Blvd. 
Austin, Texa~ 78727 THE LEADER IN LAYOUT TECHNOLOGY 
Phone: 512-331-1303 
Telex: TLX 910-874-2052 

© Copyright 1984 VR Information Systems. Inc. 
Megaforce Is a Service Mark of the RCA Company 

~ PaCMOS Is a registered trade mark of RCA 

A Tektronix"'Company 
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PACKAGING & MATERIALS 

Epoxy adhesive 
suits diverse tasks 

The Metre-Grip 303 series 
of multipurpose epoxy ad­

hesives is available in four 
viscosities, ranging from a 
creamy paste to a free-flow­
ing liquid, to suit a wide varie­
ty of bonding applications. 
The asbestos-free adhesive is 
easily mixed using equal 
amounts of both the base and 
the activator. By changing 
the ratio of proportions, 
Metre-Grip 303 can be made 
more flexible or more rigid. It 
can be used on all common 
materials, as well as on diffi­
cult to bond substrates such 
as Teflon, Tedlar, nylon, poly­
ethylene, and vinyl. 

NEW PRODUCTS 

Typical values include a 
flexural strength and a ten­
sile strength of 5.0 X 104 and 
2.3 X 104 psi, respectively. 
Shear strength at 77°F for, 
say, aluminum to aluminum 
bonding, is typically 3200 psi. 

MetachemCorp., 1505Main 
St., West Warwick, R.I. 02893; 
( 401) 822-9300. CIRCLE 328 

Component sealant 
wards off tampering 

Afast-drying sealant is ap­
plied over adjustable or 

removable components to 
prevent tampering. The 
Scotch-Seal 1252 sealant pro­
tects settings and calibra­
tions of electronic equipment; 

LVDT NEWS 
Low output impedance breakthrough 
allows LVDT to function accurately up 
to 1000 ft. from its electronics 

Our new 210A Series of LVDTs offers very low 
secondary output impedances permitting heavy 
capacity loading without affecting linearity. 
The end result: a whole new world of options 
for engineers designing systems that demand 
highly accurate and rugged displacement 
sensors; e.g., actuator and valve position 
feedback, gaging, weighing, and 
process control. 
And for optimum performance, 
Robinson-Halpern also offers two new 
signal conditioners specifically 
designed for the 210A LVDT Series. 
Write or call (215) 825-9200 for 
technical details. Also, ask about 
our Free Transducer offer. 

Robinson-Halpern 

One Apollo Road I Plymouth Meeting, PA 19462 

CIRCLE 222 

seals components between as­
sembly stages; and aids in the 
visual inspection of subas­
sembly components, com­
partments, equipment, and 
parts that have been restrict­
ed to adjustment, alteration, 
or access by authorized per­
son_nel only. 

The fire-retardant sealant 
resists temperatures up to 
200°F without loss of adhe­
sion.Scotch-Seal 1252 has an 
average bond shear strength 
of 170 psi on metal com­
ponents. 

3M, Adhesives, Coatings, 
and Sealers Division, 223- lN, 
3M Center, St. Paul, Minn. 
55144; (612) 733-1110. 

CIRCLE 329 

Hardeners customize 
potting compound 

A n epoxy-based casting 
ft resin for potting and en­
capsulating electrical or 
electronic components is 
available with a choice of four 
hardeners to tailor the final 
casting properties and to ac­
commodate a wide variety of 
processing conditions. Called 
Isochem resin 1251, the mate­
rial has a volume resistivity 
of greater than 1014 Q-cm at 
25°C and a dielectric strength 
of greater than 450 V /mm. Its . 
low coefficient of thermal ex­
pansion and low shrinkage 
characteristics reduce or 
eliminate stress that can 
damage sensitive compo­
nents, as well as eliminate 
cracking of the casting during 
thermal cycling or shock. 

Isochem Products Co., 99 
Cook St., L incoln, R.I. 02865; 
(401) 723-2100. CIRCLE 330 
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NATURALLY 

Elegant, yet refreshingly unpreten­
tious. That is the Hyatt style. You'll 
find it in the fresh juices we pour at our 
tables. In the lush, natural foliage that 
blooms throughout our lobbies. And in 
the friendly ways of our staff. 

Our restaurants offer subtlety, 
instead of stuffiness. Fresh seafoods, 
meats, vegetables, fruits, and pastas 
come together in perfect balance. The 
result is delightfully inventive cuisine, 
as healthy for the body as it is pleasing 
to the palate. 

To truly great hotels, elegance 
comes naturally. A natural touch of 
Hyatt. Don't you WISH 

YOU WERE 
HERE® 

ATLANTA 
Discover magnificent Peachtree Center, 
15 minutes from Atlanta International 
Airport. 

DALLAS 
Soar above the lively downtown Reunion 
area at Hyatt. 

HOUSTON 
In the very heart of exciting Houston, walk 
to business through climate-controlled 
tunnel system. 

MIAMI 
Hyatt is next to the Miami Convention 
Center with its sophisticated communica­
tions capabilities. 

PHOENIX 
Stay at Hyatt across from Phoenix Civic 
Plaza and Convention Center. 

HYATT@HOTELS 
For reservations, call your travel planner 

or 800 2289000. ©1984 Hyatt Hotels Corp. 
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PACKAGING & MATERIALS 

Chip encapsulants 
form glob tops 

A family of semiconductor 
encapsulants that may be 

applied directly to the chip in­
cludes three formulations, 
two of which are designed for 
"glob top" applications. ES 
4321 is a two-component liq­
uid epoxy anhydride system 
that eliminates the need to 
develop a lead frame package 
for the semiconductor device 
and has an extended pot life of 
four days at 25°C. Another 
glob top, the high-purity ED 
4323 has a low coefficient of 
thermal expansion that more 
closely matches those of ce­
ramic substrates and min­
imizes the risk of cracking 

NEW PRODUCTS 

under stress. ES 4322 offers 
the same purity, thermal ex­
pansion, and flexural 
strength advantages of ES 
4323 for applications that do 
not require a glob top. 

Dexter Corp., Hysol Di­
vision, 15051 E. Don Julian 
Road, Industry, Calif 91749; 
(818) 968-6511. 

CIRCLE 331 

Substrates boast 
optimal properties 

Low electrical losses, resis­
tance to hostile environ­

ments, and continuous opera­
tion at elevated temperatures 
make the Tekclad substrate 
family suitable for high-per-

formance circuitry. The lam­
inates use thermoplastic res­
in cores bonded on both sides 
with electrodeposited copper 
foil. Certain grades can be 
made transparent for appli­
cations such as backlit panels 
or keyboards. 

Functional characteristics 
include a dielectric constant 
of 3.13 at 100 kHz or 3.04at10 
GHz, a surface resistivity of 
> 1011 Mn, and a continuous 
operating temperature of 
140° to 180°C. Glass transi­
tion temperature ranges from 
190° to 225°C. 

Kollmorgen Corp., PCK 
Technology Division, 322 
L.I.E. South Service Road, 
Melville, N. Y. 11747; (516) 
454-4400. CIRCLE 332 

Custom Membrane Switches from Miller Dial 
• ssyour 
· .· etal 

"Sensatouch"® tactile membranes 
eliminate the need for metal domes. Our unique 
plastic encapsulating process provides the 
tactile feel of domes without the need for metal. 
So you can forget about problems with unequal 
pressure and collapsing or slipping domes. 

dome 
problems 
goodbye! 

Miller Dial Corp., .n 
Membrane Switch Division , ft 

4400 N. Temple City Boulevard, CORP 
El Monte, CA 91734 

For 50 years Miller Dial has been the 
leader in nameplates and panels .. . and is now a 
leader in both tactile and flat custom membrane 
switches. All work is done in-house ... from art to 
printing to complete metal and plastic panel 
fabrication , including close tolerance stand-offs, 
studs and fasteners. 

For a working sample of our "Sensatouch" 
switch, which will demonstrate four distinct 
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activation pressures, 
call toll-free (800) 
423-4548. California call 
(818) 444-4555. Or circle 
the reader service 
number shown below. 



The one 111mber to call 
for Winchester and 
diskette drive repair. 

O\SK DR\VE REPA\RS 

1-800·9~~,:Q~2~1 
IN NEW JERSEY CAll 

. \ndustrv Ser~ices 
E\ectromcs 100 HEPA Env\ronment 
• East Coast C\ass 1i ained lechn\c\ans 
• Exper\enced, fa~torv\-~r\ce Compet\t\ve 
• Prompt-Profess1ona ·, 

TRW is the disk drive repair serv­
ice you can count on! Now you 
can trust your critical repair require­
ments to the one company with a 
successful nationwide reputation in 
electronics maintenance and repair: 
TRW Customer Service. 

We provide Prompt, Professional 
and Price Competitive Repair Serv­
ices to meet your Winchester and 
diskette drive repair needs. Our 
new Electronics Industry Services 
capabilities include state-of-the-art 
Centralized Repair Centers, com­
plete with an east coast Class 
100 HEPA environment and 

a service history that is truly 
unsurpassed! 

Our repair centers are staffed 
with teams of factory-trained 
technicians. These experts have 
been trained by the same people 
who built your disk drives and 
have an established reputation for 
meeting and exceeding exacting 
OEM material and calibration spec­
ifications. This training and experi­
ence provides you with a full "No 
Questions" 90 Day Warranty on 
our repairs. 

For professional, fast disk drive 
repairs call TRW. The source for 
disk drive repair. 1-800-922-0897. 
Sefl us at Comdex Booth Nu. 872 

--~·· ,,,ww 
TQW customer Service 

TRW Customer Service 
15 Law Drive 
Fairfield, NJ 07006 

··~·· 
Nationwide 
Service From 
A Company 
Called TRW 

© TRW Inc. 1984 
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DON'T GAMBLE 
WITH YOUR SLOTS 
Play the only sure board level bet Plessey Microsystems 

Every time you fill a slot in your system, you 're betting on 
your board supplier. And the stakes are high. The perform­
ance and reliability of your system and your reputation are 
on the line. So why gamble? 

With memories and other board level products from Plessey 
Microsystems you've got a sure thing. Because the house is 
with you every time. Our boards are built to the toughest 

specs, tested on the world 's most uncompromising 
equipment, guaranteed for a full year, double sourced 

by Plessey both here and abroad, and backed by the 
worldwide technical support team that's your ace in the 
hole. Plus pricing that makes Plessey the odds-on favorite. 

Here 's the winning hand that never risks your reputation. 

Multlbus • Memories. EDC and parity memories 
up to 2 Mbytes on a single board, including 
non-volatile versions. 

VMEbus CPU's, Memories and I/O's, A full range of 
single board computers; memories; control -

lers, graphics and 1/0 boards and ready-to­
run development systems; plus software 
and firmware, including languages, drivers 

and operating systems. 

VERSAbus t Memories. Up to 4 Mbytes 
on a single board, EDC and parity versions, 
and full compatibility with 32-bit versions 
of the MC 68000. 

Multibus II and LBX Memories. Plessey's 
Memory Lane is leading to a full range of Multibus 
II and LBX memories. 

Plessey: the no-risk resource. The slots in your 
systems should be filled with performance. 
not risk. Plessey can stack the cards in your 

favor. Because when the chips are down on 
Plessey boards, your slots are never a gamble. 
For details, call or write Plessey Microsystems. 
One Blue Hill Plaza, Pearl· River, NY I 0965. 
(914) 735-4661 or toll-free f800J 368-2738. 

"" Intel t'" M otorola CIRCLE 226 

8 PLESSEY 
MICROSYSTEMS 

THE PLOY IS BACK! 
A price deal so good you 

have to call for details. 
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D P ER 
SYSTEMS 

Built to your requirements, 
shipped in just nine days. 

Save time and effort by having Acopian build your 
power supply systems for you. Promptly and at 
reasonable cost, even when you order only one. 

Simply list the de output voltages and currents 
you require, and determine the features and 
accessories (meters, controls, switches, handles, 
chassis slides, etc.) to be included. Then call our 
toll-free number and ask for the Power Systems 
Department. 

We'll discuss your requirements, assign a model 
number to your power system, and quote a firm 

price. If no unusual construction or components 
are specified, we'll ship your system, completely 
wired and fully tested, nine days after we receive 
your order. 

Additional information about Acopian power 
systems is contained in our 56-page catalog. 
It also describes our standard rack mounting 
supplies with outputs to 60 volts and to 60 amps, 
as well as redundant output power systems and 
a comprehensive line of modular power supplies. 
Write or call for your copy. 

/Arlplaj 

.. . ... 
,..,.., 

t!h .. 7 ... . 
... .. ' ,, . 

Corp., P.O. Box 638, Easton, PA 18044 • Toll·free number (800) 523·9478 
In Pennsylvania, call collect: (215) 258·5441 
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Keeps us the high temperature capacitor choice 

At Nichicon our capacitors are taking a lot of heat and 
our customers are loving every minute of it. Right up 
to 125°C. 
Because they've discovered that Nichicon h~s com­
bined high reliability performance with a price that's sure 
to help any cost reduction program work. 
Nichicon PC, BB, BE and PK Series capacitors are 
available now, ready for delivery and come in your 
choice of standard bulk, taped and reeled or ammo­
pack packaging. 

NICHICON HIGH RELIABILITY ALUMINUM ELECTROLYTIC CAPACITORS 

Series Lead Series Op. Temp. Rated Voltage Capacitance 
Type Style Feature Range(°CJ Range (V.OCJ Range (µF) 

PC Radial (U) Extended Temp. Range 55-+105 6.3-100 0.1-10.000 
Axial (T) Miniature Size 40-+105 

BB Radial (U) High Temp. Range 40-+105 10-100 0.47-1 ,000 
Axial IT) High Reliability 

(+105°C. 3,000 hrs.) 

BE Radial (U) High Temp. Range 
Axial IT) High Reliability 40-+ 125 10-50 0.47-470 

(+ 125°C. 2.000 hrs. ) 

PK Snap-in High Temp. Range 40-+105 200,250 150-1 ,000 
(HS) 1+105°C) High 

Ripple Capability 

Check out the specs in the chart, and then call your Nichicon representa­
tive or distributor to find out how these space, time and money saving 

axial and radial lead capacitors can stand up to your demand-
ing needs. 

We're ready with detailed data sheets, technical 
assistance, samples, pricing and delivery dates 

to become your capacitor choice. 
We're Nichicon (America) Corporation, 

927 E. State Parkway, 
Schaumburg, IL 60195. 

Phone (312) 843-7500. 

• L• nae acone 
The capacitor choice. 



Nichicon gives you your capacitor choice 
Miniature Aluminum Electrolytic Capacitors -8::' - ~ D.C.=-c.- l ~ =~ C~Jr ~ 

LB • Smaller Standard Size -40-+85 0.03CV1A·1 Radial IU) 6.3 - 100 0 .1-10.000 =20(11!)_ 
• Greater CV Density (4,.A Min.-U) Axial(T) 6.3-100 0.47-33.000 =20(M) 
• General Purpase (3,.A Min.-T) 

HU • High Voltage -25-+85 0.06CV +10(C•) Radial (U) 180-450 1-100 - 10-+50('ll 
Axial (T: 180-450 1-470 -10- +50(T) 

BU • Compact Size -40 - +85 0.03CVIA•) Radial (U) 6.3-100 880-33,000 =20(M ) 
• 3-Lead or 2-Lead Type 

VS •VH • Low Profile Design -40 - +85 0 .01CV(A•) Radial IUI 6.3-50 0.1-3.300 •201 MI 
• Small Diameter Design 13,.A Min.) 

KB • Low Leakage -40-+85 0.002CV IB•) Radial IUI 6.3-100 0.1-100 :~\~ • Tantalum Replacement 10.4,.A Min.-U) 
11,.A Min.-T) Axial {T) 6.3-100 0.47- 100 =201 MI 

=101Ki 

SA • Super Miniature (4x7 mm Min.) -40-+85 o.01cv1B·1 Radial IUI 6.3-63 0.1- 100 =20( M) 
• Tantalum Replacement 13,.A Min.) 

SL • Super Miniature (4x7 mm Min.) -40-+85 0.002CV I B•) Radial IUI 6.3- 63 0.1-100 •201MI 
• Low Leakage 10.4,.A Min.) 
• Tantalum Replacement 

MA • Ultra-Miniature Size -40-+85 0.01CV IB•) Radial IUI 4- 50 0.1-100 =201MI 
• Smallest Size 4x5 mm 13,.A Min.) 
• Tantalum Replacement 

EB • Non-Polarized -40-+85 0.03CVIC•) Radial IUI 6.3-100 0.47 - 1.000 ±201Ml 
13,.AMin.) Axial IT) 6.3-100 0.47 - 3,300 =201 MI 

Miniature High Temperature Capacitors 
IB • High Temp. t + 1os0 c1 -40-+105 0.03CVIC") Radial (U) 6.3-100 0.1- 10.000 =201 Ml 

• General Purpose 13,.A Min.) Axial IT) 10-100 0.47-6.800 =20( M ) 
BB • High Temperature -40-+105 o.002cv1c·1 Radial (UI 10-100 0 .47- 1,000 •20(M) 

• Low Leakage (2,.A Min.) Axial (Tl 10-100 0.47- 1.000 =20 Ml 
BE •High Temp. (+125°CJ -40-+125 0.002CV IC") Radial IUI 10-50 0.47-470 =20(M 

• Low Leakage 12,.A Min.) Axial (Ti 10-50 0.47-470 =20(M 
PC •Low ESR -55-+105 0.03CVIA"I Radial (Ul 6.3-100 0.47 - 10.000 =20(M ) 

• Wide Temp. Ran e (4,.A Min.) 

Miniature Special Application Capacitors 
DB • Bi-Polar For Audio -40-+85 0.03CV(C•1 Radial (U) 50 1- 100 =20(M 
F8 Crossover 13,.A Min.) 
GB 

Axial IT) 50 1-68 =20(M) 

TM • For Timing Circuits -40 - +85 0 .001CV +1,.A Radial IUI 10-50 1-470 =20( M) 
• Very Stable at H1 h Temp. IB") =10(K 

PA • Low ESA. Switching Regulators -55-+105 0.002CV IC") Radial (U) 6.3-200 1- 1.000 =20(M) 
• High Ripple . High Frequency (2µA Min.) 

HU • High Voltage -25-+85 0.06CV +10IC•1 Radial IUI 200- 250 10-680 -10 - +50(T) 
• For Switching Regulators Axial (T) 200- 250 10- 880 -10 - +50(T) 

PX •Low ESR -55-+105 0.03CV IA") Radial IUI 6.3-63 22- 2.200 • 201Ml 
• Smaller Package 
• High Ripple 

Can Type Lytlcs 
KO • Lug Terminal -40 - +85 Can Ill 16-500 22- 68 ,000 - 10-+501T) 

116- 100V) 3v'cV 1c·1 
-25-+85 

(180- 500V) 
HL•LL • Snap-in Terminal for -40-+85 Can (LI 16-200 220 - 15.000 -10-+30(0) 

P.C.B . Mount 116-100V) 3v'cV 1c·1 
-25-+85 

1180-2oov1 
NW • Computer Grade -25-+85 Can IL) 6.3-450 120-1 .000.000 -10- + 100 (T) 
NK 3v'cV 1c·1 11 F) -10-+501TI 
NS -10- +100(W) 
NH -10 - +75 (U) 

PS : ~~~~~~t~~~;~~,a~~~nt -40-+85 
3v'cV IC ' ) 

Can (Li 180-450 47-1 .000 -20 - +20(M) 

• High Ripple . Switching Reg. -40-+105 Can ILi 200-250 150-1.000 -20 - +20( M) 
PK • Extended Temp. Range 3v'cV 1c·1 

• Snap-in Terminal 

GM • High Ripple . Switching Reg. -25-+105 Can Ill 180-450 47- 1,000 -20-+201M) 
• Extended Temp. Range 1400V) 3v'cV 1c·1 
• Snap-in Terminal -40-+105 

1180- 250V) 
FL • Low Profile 40-+85 Can ILi 180-250 82-270 -20- +20IMI 

: ~~~g-~~t~~i;"~~ulators 3v'cV 1c·1 

Class Ill Semlconductlve Ceramics R-- ~ T.C. 
~ 

H 12 Y5S 0 .022-0.47 =20% IM), +80-20% IZI 0 .022-0.1µF-1 Min. a112V 
0.22µf-0.5 Min. a112V 

0.33µF-0.33 Min. at 12V 
0 .47µf -0.25 Min. at 12V 

25 Y5T 0.01 - 0.1 ±20% IM). +80-20% IZ) 1 .000 M in. at 25V 
50 Y5V 0.01 - 0 .1 Y5V: +80-20% (ZI 1,000 Min. at SOV 

Y5T Y5T: +20% (M). +80-20% IZI 

c...-- -- D.F. 
100 0.001-0.47 =5% IJ), ±10% (K). ±2% (M ) 9,000Mn Min. 1.0% Max. at 1 kHz 

QXM IRadtal) 250. 400. 630 0.01-2.2 ±5% (J). ±10% (Ki. ±20% (M) ,;0.33µf -9,000 Mn Min. 1.0% Max. at 1 k H z 
OAM (Axia l) 250. 4(\(). 630 0.15-10 =5% IJ). = 10% (K). =20% IM) 2().33µf -3,000 MOMin. 

DAL 125V. AC 0.0047-0.22 = 10% IK), ±20% (Ml 9.000MnMin. 
at 100V. DC 1 Min. 

1.0% Max. at 1 kHz 

(A")= Leakage Current after l minute (8")= Leakage Current after 2 minutes (C*)=Leakage Current after 5 minutes 

. L. n1.c: 1.c:on"' 
The capacitor choice. 

NICHICON (AMERICA) CORPORATION 
927 EAST STATE PARKWAY 
SCHAUMBURG. ILLINOIS 60195 
PHONE· (312) 843-7500 TELEX· 20-6577 



ALUMINUM ELECTROLYTIC CAPACITORS ~ I 
FOR SWITCHING REGULATORS- SNAP-IN TERMINAL 
GM • PK SERIES 

. •-. ~ n1.cn1.con ~ 
0 

Replaces CAT.NAC- PK102 HIGH TEMPERATURE 

CAN TYPE-TYPE L-GM •PK SERIES 

The Nichicon GM and PK Series of can type aluminum electrolytic 
capacitors have been designed specifically to meet the high reliability 
and performance requirements of switching regulators. Both Series fea­
ture high temperature reliability and snap-in, positive contact leads 
which eliminate mounting hardware. 
The GM Series offers + 105°C reliability in case sizes comparable to 
+85°C units. The Series has a capacitance range of 47µF through 
1,000µF and a voltage range of 160V. DC through 400V. DC. Case 

PART NUMBERING SYSTEM L GM 20 471 

Type construction (Large Can Type T 
Aluminum Electrolytic Capacitor)~ 
Series type (GM Series)--------' 
Rated voltage code (200V)- - --------' 

Rated Voltage 160V 200V 250V 400V 

Code 2C 2D 2E 2G 

Nominal capacitance--------------~ 
The nominal capacitance value in microfarad (µF) is expressed by a 
three-digit number. The first two-digits represent significant figures and 
the last digit indicates the number of zeroes to follow. 

EXAMPLE: 470µF= 471 and 1.000µF= 102 

STANDARD: JIS C 5141 : Characteristic W 

OPERATING TEMPERATURE RANGE: 
GMSeries(160 250V)-40- + 105°C 
GM Series (400V) -25 - + 105°C 
PK Series (200V, 250V) -40 - + 105°C 

CAPACITANCE AND TOLERANCE: Capacitance measurements 
shal l be made by the bridge method at a frequency of 120Hz:':. 'gHz. A 
maximum of 1 volt RMS shall be applied during measurement. 
The capacitance shall be within the specified tolerance of ±20% of the 
standard GM or PK Series. 

sizes range from 22 x 25mm to 35 x 50mm. The 400V. units are ideal 
for switching regulators which will be used for European export. 

The PK Series offers twice the ripple capability of Nichicon·s popular 
PS Series. Yet, the PK Series offers real estate saving advantages with 
unit case sizes of just 25 x 25mm through 35 x 50mm. The PK Series 
features: Operating temperature, - 40° C through + 105°C; Capacitance 
range, 150µF through 1,000µF; Voltage range, 200V. and 250V. 

M HS A 

Code z A B c 
Dimensions -- 22 25 30 35 

inch .866 .984 1.181 1.378 

~------Terminal shape (Snap-i n terminal) 
~-----Capacitance tolerance ( M = -20 - +20%) 

LEAKAGE CURRENT: Measurement shall be made at rated DC 
voltage with an application of a steady source of power, such as a 
regulated power supply. A cu rrent-li miting resistor of 1,000 ohms shall 
be connected in series with each capacitor under test. Rated DC working 
voltage shall be applied to the capacitor for 5 minutes before making the 
leakage current measurements. 
The maximum leakage current for any capacitor shall not exceed the 
value determined from the following equation: 

I $ 3-v'CV 
where: I = Leakage current (µA) 

C = Nominal capacitance (µF) 
V = Rated DC voltage (V.DC) 

NICHICON (AMERICA) CORPORATION 
• I_• n1.cn1.con 

The capacitor choice . 

927 EAST STATE PARKWAY 
SCHAUMBURG, ILLINOIS 60195 
PHONE· (312) 843-7500 TELEX• 20-6577 



ALUMINUM ELECTROLYTIC CAPACITORS 
f 

FOR SWITCHING REGULATORS-SNAP-IN TERMINAL 
GM • PK SERIES 

• I_• n:acn1.con 

HIGH TEMPERATURE 

PK SERIES 

~~v. 200 250 

Surge \f 1---:::.: . 250 300 

Cap. Case Ripple Case Ripple 
(µ. F.) Dia. Dimensions Current ESR Dia. Dimensions Current ESR 

25 x 25 25 x 30 
150 A 

.984 x .984 
1.25 1.11 A 

.984 x 1.181 
1.30 1.11 

25 x30 25 x 40 
A .984 x 1.181 1.65 0.75 A .984 x 1.575 

1.80 0.75 
220 

30 x 25 30x 30 
B 

1.181 x .984 
1.65 0.75 B 1.181x1 .181 

1.80 0.75 

25 x 40 30x 30 
A .984 x 1.575 1.95 0.61 B 1.181 x 1.181 2.00 0.61 

270 
30 x 30 

B 1. 181x1 .181 
1.95 0.61 

30 x 30 25 x 50 
B 

1.181x1 .181 
2.20 0.50 A 

.984 x 1.969 
2.30 0.50 

30 x40 
330 B 1.181x1 .575 

2.30 0.50 

35 x 30 c 1.378x 1.181 2.30 0.50 

30 x 40 35 x35 
B 

1.181x1 .575 
2.50 042 c 1.378 x 1.378 

2.60 042 
390 

35 x 30 
c 1.378x1 .181 2.50 042 

30 x40 30 x 50 
B 

1.181x1 .575 
2.80 0.35 B 

1.181x1 .969 
3.00 0 .35 

470 
35 x 30 35 x 40 

c 1.378 x 1.181 2.80 0 .35 c 1.378 x 1.575 3.00 0.35 

30x 50 
B 

1.181x1 .969 
3.30 029 

560 
35 x 35 

c 
1.378 x 1.378 

3.10 0.29 

35 x 40 35 x 50 
680 c 1.378 x 1.575 3.60 0.24 c 1.378 x 1.969 3 80 0.24 

35 x 50 
820 c 1.378 x 1.969 

4.15 0.20 

35 x 50 
1,000 c 1 .378 x 1.969 

4.50 0.17 

mm 
DIMENSIONS: Diameter (Dd') x Length (L) = :--h 

me 

• I_• 
DI.CD.I.COD 
The capacitor choice. 

NOTE: 

Case Diameter Code = Code Nominal Case Diameter 

Ripple Current 

E.S.R. 

z 22mm/. 866 " 

A 25mm/. 984 " 

B 30mm/ 1 181 " 

c 35mm/ 1.378 " 

=Maximum Ripple Current in 
Amp-RMS (At 120Hz. + 85°C) 

= Maximum Equivalent Series 
Resistance in Ohms 
(At 120Hz. +20°C) 

RIPPLE CURRENT CALCULATIONS: Nichicon GM and PK Series 
electro lytic capacitors will withstand RMS ripple currents at the fre­
quency of 120Hz and a temperature of +85°C as listed in the standard 
products table. 

1. Where Nichicon GM and PK Series capacitors are operated at a 
temperature other than +85°C. the allowable RMS ripple current 
listed must be multiplied by the factor shown below: 

Maximum RMS Ripple Current Multiplying Factor vs. Temperature 

20°C 45°C 60° C 70°C 85° C 105° C 

1.50 1.48 1.42 1.30 1.00 0.50 

2. If Nichicon GM and PK Series capacitors are used at a frequency 
other than 120Hz. the rated 120Hz RMS ripple current listed must 
be mu ltiplied by the appropriate factor shown below: 

Maximum RMS Ripple Current Multiplying Factor vs. Frequency 

Series 60Hz 120Hz 1kHz 10kHz 50kHz 

GM•PK 0.8 1.00 1.50 1.60 1.63 (160- 250V.) 

GM 0.9 1.00 1.15 1.15 1.15 (400V.) 



ALUMINUM ELECTROLYTIC CAPACITORS 
FOR SWITCHING REGULATORS-SNAP-IN TERMINAL 
GM • PK SERIES 
HIGH TEMPERATURE 

STANDARD PRODUCTS TABLE - GM SERIES 

~v. 160 200 250 

Sorge Ir r---::.::..:· 200 250 300 

Capacitance Case Ripple Case Ripple Case Ripple 
(µF) Dia. Dimensions Current ESR Dia. Dimensions Current ESR Dia. Dimensions Current 

47 

68 

I 

22 x 25 z .866 x .984 0.66 

100 

22 x 25 22x30 z .866 x .984 0.82 1.66 z .866 x1 .181 0.88 
150 

25 x25 
A .984 x .984 0.88 

22 x 30 z 22 x 35 22 x 40 z .866 x 1.181 
0.98 1.13 

.866 x 1.378 
1.14 1.13 z .866 x 1.575 1.24 

25 x 25 25 x 25 25x35 
220 A .984 x .984 0.98 1.13 A .984 x .984 1.14 1.13 A .984 x 1.378 1.24 

30x25 
B 1.181 x .984 1.24 

22 x 40 22 x 40 25 x45 
z .866 x 1.575 1.42 0.75 z .866 x 1.575 1.50 0.75 A 

.984 x 1.772 
1.68 

25 x 30 25 x 35 30x35 
330 A .984 x 1.181 1.42 0.75 A .984 x 1.378 1.50 0.75 B 1.181x1 .378 1.68 

30 x 25 30 x 25 35x30 
B 1.181 x .984 1.42 0.75 B 1.181 x .984 1.50 0.75 c 1.378x 1.181 1.68 

22 x 50 25 x 45 30x50 z .866 x 1.969 1.90 0.53 A .984 x 1.772 2.08 0.53 B 1.181 x 1.969 2.22 

25 x40 30x35 35x35 
470 A .984 x 1.575 

1.90 0.53 B 1.181x1 .378 2.08 0.53 c 1.378 x 1.378 2.22 

30 x30 35 x 30 
B 1.181 x 1.181 1.90 0.53 c 1.378 x 1.181 2.08 0.53 

25 x 45 I 25 x 50 30x50 
A .984 x 1.772 2.20 0.44 A .984 x 1.969 2.28 0.44 B 1.181 x 1.969 2.54 

30x35 30x40 
560 B 1.181x1 .378 2.20 0.44 B 1.181 x 1.575 2.28 0.44 

35x30 35 x35 c 1.378 x 1 .181 2.20 0.44 c 1.378 x 1.378 2.28 0.44 

25 x 50 30x50 35 x50 
A .984 x 1.969 2.50 0.37 B 1.181 x 1.969 2.76 0.37 c 1.378 x 1.969 3.08 

30 x 40 35 x 35 
680 B 1.181x1 .575 2.50 0.37 c 1.378 x 1.378 

2.76 0.37 

35x35 c 1.378 x 1.378 2.50 0.37 

30x50 30x50 
B 1.181x1 .969 2.92 0.31 B 1.181 x 1.969 

3.08 0.31 

820 35 x 35 c 1.378 x 1.378 2.92 0.31 

30x50 35 x 50 
1,000 B 1.181x 1.969 3.40 0.25 c 1.378 x 1.969 

3.74 0.25 

I Case 
ESR I Dia. 

z 

A 

z 

A 

B 

2,50 z 

A 

B 

1.66 B 

1.66 c 

1.13 c 

1.13 

1.13 

0.75 

0.75 

0.75 

0.53 

0.53 

0.44 

0.37 

. ·~. n:acn:acon 

400 

450 

Ripple 
Dimensions Current ESR 

22 x30 
.866 x 1.181 0.36 10.6 

25 x 25 
.984 x .984 

0.36 10.6 

22 x40 
.866 x 1.575 0.46 7.30 

25 x30 
.984 x 1.181 0.46 7.30 

30x25 
1.181 x .984 0.46 7.30 

22x50 
.866 x 1.969 0.62 5.00 

25x40 
.984 x 1.575 0.62 5.00 

30x30 
1.181x1 .181 0.62 5.00 

30x40 
1.181x1 .575 0.84 3~ 

35x35 
-y 

1.378 x 1.378 0.84 3.30 

35 x50 
1.378 x 1.969 1.12 2.30 

DIM ENSIONS: DIAMETER (D¢) X LENGTH = _mmh 
me 



ALUMINUM ELECTROLYTIC CAPACITORS 
FOR SWITCHING REGULATORS- SNAP-IN TERMINAL 
GM •PK SERIES 

..... n1.c 1.con 

HIGH TEMPERATURE 

DISSIPATION FACTOR: Measured at a frequency of 120Hz '- 'g Hz. 
the dissipation factor shall be less than the values in Table 1. 

Table 1. 

Series Dissipation Factor (%) 

GM (160 - 250V) 15 

GM (400V) 30 

PK (200V, 250V) 10 

LOW TEMPERATURE CHARACTERISTICS: When capacitors are 
stored at the temperatures of -40°C '._g0 c (except 400V. GM Series). 
-25°C '-g0 c and +:?0°C ±2°C respectively, the ratio of impedance 
measured at each test temperature with the frequency of 120 Hz'._ 'gHz 
shall be less than the values in Table 2. 
The capacitance change for the GM (except 400V) and PK Series at 
-40°C shall be no more than 25% of the initial value measured at 
+ 20°C. 
The capacitance change for the 400V. Class GM Series at -25°C shall 
be no more than 30% of the initial value measured at + 20°C. 

Table 2. 

Ratio of Impedance 

Series 
z@ - 40°C z @ -25°C 
z @ +20°C z @ +20°C 

GM (160 - 250V) 15 4 

GM (400V) - 8 

PK (200V, 250V) 12 3 

HIGH TEMPERATURE CHARACTERISTICS: The capacitors shall 
be placed in an air-circulating thermostatic test chamber and be ex­
posed to DC voltage with applied ripple current for a period of 1,000 
hours for the GM Series and 2,000 hours for the PK Series at a tem­
perature of 105°C ±2°C (shielded from direct heat radiation). 
The capacitors shall then be removed from the test chamber and allowed 
to be stabilized at room temperature after which they shall meet each 
of the requirements listed in Table 3. 

Table 3. 

Leakage current Same as specif ied under Leakage Current 

Capacitance With in ±20% of initial measurements 

Dissipation factor 200% or less of values in Table 1. 

Appearance Free from leakage of electrolyte and/or 
other noticeable deformation 

SHELF LIFE TEST: Prior to testing, each capacitor in the test group 
is measured for capacitance, dissipation factor and DC leakage current. 
Capacitors are then stored with no voltage applied at a temperature of 
105°C ±2°C for 500 hours ±12 hours. Following this period the capacitors 
shall be removed from the test chamber and be allowed to stabilize at 
room temperature. Next they shall be connected to a series limiting 
resistor with DC rated voltage applied for 30 minutes after which the 
capacitors shall be discharged. After completion of these procedures, 
the capacitors shall meet each of the requirements as listed in Table 3. 

I NICHICON STANDARD TEST CONDITIONS: TESTING PERFORMED AT + 20°C I 

Bottom Plate Insulating Sleeve (PV.C.) 

+ 
-s 
0 

--'----+--l~-L ± 2 --1 L_ 
L ± .079 

PC. Board Spacing 

2-2¢ ± 0 .1 
.079-.079¢ ±.004 

6 .3 ± 1 
.248 ± .04 

~---11 f----
1 5 +0.2 

. -0.1 

.059 ~ :gg~ 

8 Negative Black 

Positive 

mm 
Dimensions = inch 

D
. . mm 
1mens1ons = inch 



NEW PRODUCTS 

SOFTWARE 

CAE software designs 
boards on IBM PCs 

A
s of tware package for 
the IBM PC makes it 
easy to design and lay 

out printed circuit boards. 
The Dasoft-16 design auto­
mation system includes a 
component library, a design 
entry and schematic gener­
ation routine, an automatic 
router, and utilities for gener­
a ting board artwork. The 
package, from Das oft Design 
Systems, can be used to de­
sign double-sided boards up 
to 12.5 in. square, with wiring 
on a 50-mil grid. 

The component library in­
cludes over 200 part types, 
both analog and digital. 

The design en try routine al-
1 ow s the designer to make 
selections from the com­
ponent library, place them on 
the PC's screen, and connect 
the devices by moving the 
screen cursor. All device pin 

Stephan Ohr 

numbers on network are dis­
played automatically; like­
wise, a net list is produced 
automatically. The plot sizes 
can be set for four different 
magnifications. 

Once the schematic has 
been entered, with all appro­
priate interconnections (in­
cluding power and ground 
lines), the automatic router 
takes over. 

The system requires an 
IBM PC (or clone) with two 
disk drives, 256 kbytes of local 
memory, and an X-Y plotter 
for output. The complete 
package costs $3750 and will 
be available by the end of the 
year. The schema tic en try 
portion, the Dasoft-168, is 
available separately now, for 
$2000. 

Dasoft Design Systems Inc., 
2550 Ninth St., Suit e 113, 
Berkeley, Calif 94710; Leslie 
Wieman, (415) 486-0822. 

CIRCLE 301 
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Programmable, 
Repeatable, 
Ultra·High Precision. 
• Full range of computer compatible linear, 

vertical and rotational positioners. 

• X, X-Y, X-Y-Z modes with rotation. 

• 0.1.u linear accuracy; 0.001 ° angular 
resolution . 

• Ideal for wafer probing, dicing, scribing, 
resistor trimming, mask alignment and 
thick or thin film measurement. 

• Computer controlled indexer provides full 
logic and drive input for unerring 
repeatable accuracy. 

• Versatile design permits use for electronic 
and electro-optical applications. 

Model CC1 Programmable Control/er. 

Send for Catalog 584. 

ICLinGER 
110·20 Jamaica Avenue 
Richmond Hill, NY 11418 
(212) 846·3700 

CIRCLE 229 



The SSI 501/502 devices ore the newest 
bipolar disk drive integrated circuits 
designed for use in high capacity, high­
performonce ferrite-head drives. They 
provide a law noise read path, write 
current control, and data protection 
circuitry for up to eight channels. 

The devices operate off standard 
+5Vond +12V power supplies, feature o 

programmable write current source, and 
they may be easily multiplexed for 
larger systems. Control signals ore TTL 
compatible, and both devices hove o 
·write unsafe detection· feature. The SSI 
502 differs from the SSI 501 simply by 
having internal damping resistors. The 
units ore offered in o 40-pin ceramic or 
plastic DIP, o 32-leod Flot Pock, or o 
44-leod Quad plostlc package. 

For more Information on these latest 
products in a complete line of read/write 
IC's and related data path, support logic, 
and motor control IC's for rigid and 
floppy disk and tape drives, contact: 
Silicon Systems, 14351 Myford Rood, 
Tustin, CA 92680. (714) 731-7110 Ext. 575. 

CIRCLE 230 

NEW PRODUCTS 

SOFTWARE 

8051 simulator-debugger 
runs on the IBM PC 

BBoB cpl c 
0861 d J nz R'4 , Do l oop 

dol oo p 
081 8 xch A. R2 
BB4~ •dd A, Ul 
8848 xch A, R2 

*004 C j b 11r1.~9 , Udl l1 dx 

BB4 F add A, R2 
Out Pl 

0050 mov Pt, A 
0852 J b DisB. MotSto r e 
0055 ac.- 11 St oreV.t I 

T
he Sim-8051 gives an 
IBM personal computer 
the ability to simulate 

and debug programs for the 
8051 single-chip microcon­
troller. The software, devel­
oped by Cybernetic Micro 
Systems, provides a powerful 
six-window display that 
shows display op codes and 
assembly codes, special-func­
tion registers, resister and 
stack pointer contents, pro­
gram flow graphs, and a com­
mand line. 

Similar to a previous pack­
age, the Sim-8048, introduced 
recently for the 8048 (ELEC­
TRONI C DESIGN, Sept. 6, 
p. 299); the program has been 
enhanced in several ways. 
One major enhancement is 
greater feedback when a local 
operation is requested: When 
a command is selected, the 
requested operation is dis­
played in the command 

Dave Bursky 
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Se IRB8 

8 
"otM u 

IR•P•i'+ 
oo J(R1 > 8 )I '" 
I 8803 I R4 , DoLoop 

window. 
Additionally, the software 

has been made very easy to 
use: When a programmer ac­
cesses any of the 128 fixed and 
128 variable bits of the 8051's 
Boolean processing section, 
the program provides an 
explanation of that bit, thus 
saving the time that would 
have been spent flipping 
through manuals for the ex­
planation. 

A special cycle counter also 
has been added to help keep 
track of the number of times 
the 8051's counter completes 
its cycle. That, in turn, per­
mits very long-count cycles to 
be examined. 

The simulator-debugger 
costs $395, and a demonstra­
tion disk and manual $39.50. 
Delivery is from stock. 

Cybernetic Micro Systems 
Inc., PO Box 3000, San Grego­
rio, Calif 9407 4; Ed Kling­
man, (415) 726-3000. 

CIRCLE308 





NEW PRODUCTS 

SOFTWARE 

Software lets PCs use CP/M diskettes 

A
software program 
gives IBM PC users ac­
cess to data recorded 

on 8-bit machines using the 

CP / M operating system with­
out specialized hardware or 
rerecording of the floppy disk. 
The program, which costs 

Every time NCR ships an "S" Series MOSFET switching power 
supply, it has already been certified to exacting international 
safety and EMI standards. UL, CSA, VDECTUVl, FCC and IEC 
set the design and performance requirements our products 
routinely meet. NCR also certifies custom designed and 
modified standard power supplies prior to shipment. 

We offer a wide choice of MOSFET switchers - single or 
multiple output, 100 watts and up, open frame or enclosed. 

If your application demands the latest in power supply 
technology, with safety and EMI standards 
already met, contact NCR for detailed 
specifications and price quotation. IIl~[i) 
NCR Power Systems, 584 S. Lake 
Emma Road, Lake Mary, FL 327 46. 
Phone 800/327-7612. Power Systems 

CIRCLE 232 

only $69.95, also lets users 
write data from the PC onto 
CP /M diskettes. 

Micro Solutions' Uniform­
PC is transparent to users, 
who simply insert a CP /M 
data diskette into the second 
drive of an IBM PC, PC AT, or 
PC XT (or compatible hard­
ware) and run the desired 
application program. The sys­
tem must use PC-DOS ver­
sion 2.0 or higher and have 
one drive, either floppy- or 
hard-disk, for the application 
software and a second drive 
for the data diskettes. 

The program works only 
with data diskettes, since 
many application packages 
use ROM calls or special­
function keys not found on 
PCs or compatible machines. 

The program is menu­
driven, with users indicating 
the system used when the 
diskette was recorded and the 
type of disk drive. 

All accesses and writes are 
made using PC-DOS com­
mands, and the recommended 
system capacity is 128 kbytes, 
although the translation pro­
gram requires less than that 
amount of system memory. 

When an error is detected, 
the system displays a mes­
sage on the screen and sounds 
a two-tone alarm. In addition, 
when the diskette is for­
matted, the program notes 
bad tracks and displays their 
location on the screen. 

The software is available 
from stock. 

Micro Solutions Inc., 125 S. 
Fourth St., DeKalh, fll 60115; 
(815) 756-3411. CIRCLE 319 
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Even in heat, humidity and 
stress situations. this liquid 
crystal display stays bright 
and sharp longer than 
other LCDs, longer than 
other types of displays. 

Class 4 (automotive and 
outdoor) environmental 
requirements. Low power. 
good readability at any 
angle. Inquire about our 
long life display. LXD Inc., 
24500 Highpoint Road, Literally years longer. 

Exceeds JEDEC _ _ _ _ Beachwood, Ohio, 
- ~ ~ ~ 44122. (216) 292-3300. ---==., 

CIRCLE 234 

IMAGINE! 
Everything you'll ever want­

or need-in circular 
• connector accessories. 

Glenair has the widest choice 
available in the industry. 

Every feature. Every design 
option. Every application. Glenair, 
the leader in connector accessories 
for over 25 years, has developed 
and tooled thousands of accessory 
designs - from simple wire bundle 
strain reliefs, backshells, dummy 
stowage receptacles and protective 
covers to advanced devices for 
EMl/RFI shielding, and more: 
• MIL-C-85049 backshells 
• Shrink boot adapters, w/wo 

EMl /RFI shield termination 
• Extender backshells 
• Pipe thread adapters 

• Shorting cap backshells 
• Non-environmental backshells 

w/wo EMl/RFI shield 
termination 

• Cable sealing backshells with 
immersion capability, w/wo 
EMl /RFI shield termination 

• TAG Ring® backshells for shield 
termination 

• Conduit backshells 
• Crimp ring backshells 
• Qwik ·'IY® strain reliefs 
• EMl/RFI G·spring backshells 

If you're having trouble making 
an existing accessory fit your needs, 
Glenair will design and produce a 
solution. Call or write: 

GLENAIR, INC. 
8 Registered trademark of Glenair, Inc. 

1211 Air Way · Glendale, California 9120!-2497 • (818) 247-6000 
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NEW PRODUCTS 

SOFTWARE 

Unix kit compiles 
C and Pascal programs 

The Amsterdam Compiler 
Kit is a package of C and 

Pascal compilers (and assem­
blers) for a wide variety of 
Unix-based host and target 
machines, including VAX and 
PDP-11 computers. The kit is 
designed to simplify the task 
of producing portable com­
pilers and interpreters need­
ed for micro and minicomput­
ers. Cross assemblers are 
provided for 8080, Z80, Z8000, 
8086,6800,6809,68000, and 
6502 processors. The full sys­
tem in source code is priced at 
$9950; selected binaries are 
priced at $4500. 

UniPress Software Inc., 
2025 Lincoln Hwy., Suite 
312, Edi son, N.J. 08817; 
(201) 985-8000. CIRCLE 333 

Fortran 77 runs on 
IBM PC and compatibles 

Providing mainframe fea­
tures on an IBM PC or PC­

compatible computer, F77L is 
a complete implementation of 
the ANSI Fortran 77 stan­
dard. F77L offers all of the 
features of Fortran 77 plus 
extensions that improve com­
patibility with IBM level H, 
such as being able to use a$ in 
a name and initialization in 
type statements. F77L's 
source file is free format; 
comments begin with an as­
terisk and continuation lines 
begin with an ampersand. 

Lahey Computer Systems 
I nc., 904 Si lver Spur Road, 
Suite 417, Rolling Hill Estates, 
Calif 90274; (213) 541-1200. 
$477. CIRCLE 334 
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Matrix Makes Switching 
as Easy as "OFF" or "ON" 

MATRIX MAKES 
SWITCHING A SNAP 
Whether you're switching VHF, HF, IF, 
video, audio or DC, Matrix Systems 
makes it a snap. That's because we 
can tailor a system to your exact 
needs using Reed , CMOS, or Pin 
Diode relays. The chart tells the story. 

It pays to deal with a company like 
Matrix who really understands the 
switching business. We've been 
designing and delivering state-of-the­
art systems for over 15 years to 
defense contractors, government 
agencies, the TV industry, ATE 
manufacturers - and more. Built to the 
toughest electrical and packaging 
specs imaginable. 

BUILT TO YOUR SPECS 
Don't spend months designing a 
custom switching system when we 
can uo it faster and for far less 
money. We assume total system 
responsibility, including computer 
compatibility, control panel , status 
indicators, scanning functions and 
power supplies. We can switch any 
type of cable system: coax, twinax, 
triax, common ground, floating ground 
or twisted pair. And because our 
systems are modular, repairs can be 
made in minutes. 

MATRIX COVERS THE 
WHOLE FREQUENCY 
SPECTRUM 

w 
a.. 

BALANCED AUDIO • • CMOS RELAYS 

BALANCED AUDIO 

~ --------. 
~ 
w 
ex: 

0 

COAX & TWINAX REED RELAYS 

IF, HF, VHF 
4 .. 

COAX PIN DIODE RELAYS 

FREQUENCY 300 MHz 

COMPUTER 
COMPATIBILITY 
Just apply a control input from your 
computer and the system will instantly 
route your signal to as many points 
as needed. 16 bit parallel interface is 
standard, and we also offer IEEE-488 
and RS232, all with status feedback. 

NEW PRODUCTS 
We have a lightweight portable 
system which is perfect for test, and 
service. Plus an ULTRA-FAST 
(microsecond range) pin diode coax­
ial system. 

LEAVE THE SWITCHING 
TO US 
Don't make switching a chore. Make it 
a snap. Matrix has the answers to 
your switching problems, no matter 
how tough they may be. 

000000 
000000 M AT R I x SYSTEMS CORPORATION 

•••• oo ooo• oo ooo• oo 5177 NORTH DOUGLAS FIR ROAD ooo• oo CALABASAS, CALIFORNIA 91302 
'-------~ (818) 992-6776 • TWX 910-494-4975 
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NEW PRODUCTS 

INSTRUMENTS 

System slashes the cost 
of computer-based 

calibration to $11,495 

A
computer-based cali­
bration system is the 
firsttocutthecostof 

high-resolution calibration 
by relying on automatic soft­
ware control coupled with 
digitally controlled instru­
mentation . Developed by 
Shepherd Scientific, the 
Model 7000 precision cali­
bration system delivers the 
performance of systems cost­
ing $30,000 to $40,000 for only 
$11,495, using the bus to cali­
brate instrumentation for de 
and ac voltage and current 
and for resistance values. 

An easily used interactive 
software package, the Auto­
matic Application Program, 
sets up the system calibration 
procedure during a dialogue 
with the user. It then executes 

Ray Weiss 
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the calibration sequences , 
prompting the technician 
when necessary. Semiauto­
matic or manual modes are 
also provided. 

The 7000 contains an HP 85 
computer. The HP 85 drives 
the ac-dc voltage and resist­
ance calibrator (the Model 
770), which drives a precision 
ac-dc current source (the 
Model 120). 

The measurement com­
ponents and software may be 
purchased separately and 
used with other popular 
microcomputers, including 
the IBM PC, the Compaq, the 
Apple Ile, and the HP 200. 

The voltage and resistance 
calibrator has a general reso­
lution of 1 ppm of the spec­
ified range. In the de voltage 
range of 1.2 to 12 V, the volt­
age and resistance calibra-

tor's accuracy will be held to 
6 ppm ( + 40 µ V) for 30 days; to 
8 ppm ( +40 µ V) for 90 days, 
and to 10 ppm ( +50 µV) for a 
year. The ac voltage in the 
same range will hold to 
0.005% ( + 1 m V) at 0.001 Hz, 
to 0.02% ( + 20 m V) at 10 kHz, 
andto0.15 % (+20mV)at100 
kHz. 

The frequency resolution 
is 0.1 % with an accuracy to 
within 0.01 % . Resistance 
range settings run from 120 n 
to 1200 Mn with currents of 
100 mA to 10 nA, respectively, 
and accuracy to within 30 
ppm to0.5%. 

The current source has full­
s cal e ranges in decade in­
crements of 2 mA to 20 A with 
accuracies to within 0.005 % 
( + 100 nA) to 0.02% ( + 1 mA) 
at de and to within 0.08 % 
( + 200 nA) to 0.15% ( +2 mA) 
at 10 kHz. The input voltage is 
specified from 0 to 20 V, with 
an input impedance of 1 Mn. 

Component prices are 
$5998 for the 770, $1495 for the 
120, and $385 for the Auto­
matic Application Program 
(IBM PC version). Delivery is 
in30days. 

Shepherd Scientific Inc. , 
7100 Convoy Court, San 
Diego, Calif. 92111; (619) 268-
9696. 
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* PROBLEM AREA 

* MTBF 

* COST TO REPAIR 

CPU BOARD FAILURE ANALYSIS 

Read The Fine Print. 
Letters . Numbers. 
Charts . Graphs. 
Fine curved or 
straight lines. 
Engineering 
drawings and 
presentation 

materials . On paper or film . 
The CH 5201 puts high quality color hard 

copy in your hands. 
With amazing consistency. Ask for 100 

copies and the last one looks as good as the 
first . No wash-out. And no color deviations. 
Lines remain parallel . Curves look like 
curves. And details don't turn into blobs. 
Whether you're using plain paper or trans­
parency film . 

There are no long waits, either. Because 

the 5201 is fast. In the time it takes most other 
copiers to produce a sheet. the 5201 can 
produce a stack ! Its built-in frame buffer 
captures the image and lets you make up 
to 99 copies . Without operator attendance. 
Plus, it frees your terminal. Which frees you 
from wasting a lot of time . 

Finally, the 5201 is a system manager's 
delight . Our Adaptable Video Interface 
(A VlF) accepts a wide variety of video 
inputs, making interface a breeze . 

For a demonstration of this rather inex -
pensive miracle contact your Seiko Instru­
ments representative, or us at 1623 Buckeye 
Drive, Milpitas, CA 95035, (408)943-9100. 

You 'll be amazed at how easy and 
inexpensive it is to read the fine print. 

SEIKO 
I N ST RUM E N TS -

© 1984Sei.ko lnstruments Us A . Inc .. GraphicDevices&SysternsDivision 

CIRCLE 238 



High· 
currentdc 
protection 

in a compact 
case. 

With a patent-pending design 
employing parallel sensing 
elements, the single-pole 
Heinemann® GJ1 P magnetic 
circuit breaker doubles or 
triples the current-carrying 
capacity of similar-size units­
up to 700 A at 65 to 160 Vdc. 
This design breakthrough also 
prevents nuisance tripping by 
equalizing the current flow 
through the parallel paths. 
A low-cost breaker for all 
high-current de applications. 
Priced well below competitive 
breakers handling the same 
current levels, GJ1 Pis great 
for telephone central-office 
battery bus distribution sys­
tems, computer-backup unin­
terruptible power sources, 
process systems, mining 
equipment, plating, aluminum 
processing. 
A breaker with brains. 
GJ1 P offers an optional cali­
brated metering shunt that 
puts out a millivolt signal pro­
portional to the carried load. At 
100% rated current, the signal 
is 25 mV. 

And when the signal is fed 
into a metering system or a 
micro-based control system, 
GJ 1 P becomes a vital control­
loop member. Call or write for 
Bulletin 83GJ1 P. 

HE!NEMANN~~iif~~ 
P.O. Box 6800, Lawrenceville, NJ 08648-0800 USA 

(609) 882-4800 • Telex 843431 

We keep you out of trouble. 

© Copyrighl 1984, Heinemann Eleclnc Company 7991 

NEW PRODUCTS 

INSTRUMENTS 

Multiplexer expands 
IEEE-488 systems 

llowing system de­
signers to go beyond 
the 15-instrument lim­

it specified for the IEEE-488 
bus, the 4840 bus multiplexer 
from ICS Electronics con­
nects 56 devices. The multi­
plexer also enables a single 
device to be shared among 
several bus controllers. 

In the switching mode, the 
4840 permits a single bus con­
troller to operate as many as 
four IEEE-488 buses, for a 
total of 56 instruments (the 
unit occupies one position on 
each bus). If more than 56 in­
struments is required, the 
multiplexer switches can be 
ganged together with an ICS 
4830B bus isolator, but with a 
significant degradation in 
system speed. 

In the multiplexing mode, 
the unit connects up to four 
bus controllers to one com­
mon resource, like an IC test 
system. Each controller can 
poll the multiplexer until it is 
not busy and then request 
connection to the common 
resource. In an emergency, 
the highest-priority control­
ler can use an override com­
mand to demand connection 
to the common resource bus. 
Should the primary control-

Curtis Panasuk 

ler fail, the multiplexer has a 
watchdog timer that will 
automatically switch the 
common bus to a backup 
controller. 

In either mode, the unit 
permits any device on its 
buses to request service on an 
as-needed basis, using a Ser­
vice Request interrupt. Nor­
mally, a controller will have 
to query every device on the 
bus to determine which device 
generated the service request. 
The 4840, however, auto­
matically identifies on which 
of the four buses the request 
occurred, which means that 
the controller needs to poll a 
maximum of only 14 devices. 

To prevent the occurrence 
of ground loops between the 
multiplexer's four individual 
ports, each is optically iso­
lated from the others and 
from the common port. The 
bus interface at each port 
meets IEEE-488-1978, and 
the 4840 is transparent to all 
IEEE-488 bus commands 
with the exception of Pass 
Control. 

The 4840 is available now 
off the shelf for $1895 in sin­
gle quantities. 

JCS Electronics Corp. , 2185 
Old Oakland Road, San Jose, 
Calif 95131; (408) 263-4844. 

CIRCLE 306 
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NEW PRODUCTS 

INSTRUMENTS 

Digitizer samples at 50 MHz 

may be stored (or, optionally, 
16,384), with the scope accom­
modating either one or two 
input channels. 

Typically, digital oscillo­
scopes with extensive 
signal-processing ca pa­

bili ty cover a relatively low 
frequency range. Thanks to 
the N4009 digitizer module, 
the user who needs the signal­
p r o c es sing power of Nor­
land's Prowler digital oscillo­
scope can now acquire and 
analyze data at sample rates 
of up to 50 MHz. 

When the N4009 digitizer module 
is installed in the Prowler digital 
oscilloscope, data can be ac­
quired at rates to 50 MHz. 

A pretrigger delay lets the 
user designate the exact por­
tion of a waveform to be cap­
tured prior to a trigger event. 
When combined with the 
unit's high sample rate, this 
feature allows fast transients 
to be analyzed easily. 

digitizer. 
All of the scope's five main 

processing functions-math­
ematical, trigonometric, util­
ity (such as rise-time and 
smoothing), statistical, and 
transfer (data memory ma­
nipulation)-work with the 

Featuring a bandwidth of 
de to 20 MHz, the module re­
solves 8 bits and is accurate to 
within ±1 % uptolOMHz. Up 
to 4096 data points/channel 

The module is priced at 
$2500. Delivery is in 60 to 90 
days after receipt of an order. 

Norland Corp., Norland 
Drive, Fort Atkinson, Wisc., 
53538; (800) 558-0158. 

CIRCLE 303 

THE TROUBLE ELIMINATERS 
Potrans Trouble-free Transformers 

We make UL·listed plug·in AC·to·DC 
and AC·to·AC transformers, both direct 
and indirect, regulated and unregulated. 
They can save your money: use one of 
our plugin transformers, and you can 
get immediate UL approval for your 
product because the unit doesn't have 
to be retested with the transformer in· 
side. That reduces space. heat, and 
lieakage flux in your design. We also 
welcome your custom designs for new 
transformers. For Details please call 
or write to: 

UL LISTED PLUG-IN CLASS 2 
TRANSFORMER 

MODEL 
OUTPUT OUTPUT 

VOLTAGE CURRENT 

WP350218 18V 0.1A 

WP350312 12V 0.25A 

WP350324 24V 0.1A 
WP410412 12.SV 0.3A 

WP410612 12V 0.5A 

WP410614 14V 0.4A 

WP410624 24V 0.25A 

WP481012 12V 0.83A 

WP481024 24V 0.42A 

WP571616 16V 1.0A 

WP571618 19V 0.84A 

WP572012 12V 1.67A 

WP572024 24V 0.83A 

WP572408 av 3.0A 

WP572412 12V 2.0A 

WP663021 21V 1.4A 

WP663322 22V 1.SA 

WP66401 2 12V 3.3A 

WP{;64012 24V 1.67A 
OPllON•t CONSlllOCllON ffAllJRES Sl/HI• SYS lEM 
r OUTPUT CENlUI U.PPfO 
G l~GINPVll'tUG 
II DtSCHAttGE FUSISlfll 8Ulll Elf!WffNINP\.11 OUIPVI 
OUTPUT c~ 011 <;C'llfW TrPM!NAI 

® G 'i\1 
(IO I POT RANB j POTRANS ELECTRICAL CORP., LTD. 

OFFICE: 5 FL-2 NO. 2 LANE 199, HSIN ·Yl ·RD. SEC. 4, TAIPEI, TAIWAN . 106 
TEL: (02) 701-6769, 707-7296. 707·8253 TELEX: 10905 POTRANS 

U.S.A. LIAISON OFFICE: 550 EAST PACIFIC COAST HIGHWAY SUITE 211 . 
SEAL BEACH CALIF. 90740 U.S.A. 

TEL: (213) 596·4456 TELEX: 656458 POTRANS USA 

CIRCLE 240 

THE BEST IN DPMs 
STILL 

COMES FROM WESTON. 

Despite rumors to the contrary, the finest digital panel meters are 
still available from Weston, the pioneers of the industry. From our 
new manufacturing plant in Ohio, you get traditional Weston quality 
in design and workmanship, competitive pricing and in-stock avail­
ability seldom seen in this business. 

SEND FOR OUR FREE NEW CATALOG TODAY! 

~~WESTON TT 
Division of Sycon Corporation 

P.O. Box 491 F ·Marion, Ohio 43302 ·Tel. 614/382-5771 
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SPRING ASSEMBLIES-
Instrument Specialties assumes all 
the headaches and guarantees quality! 
Instrument Specialties has long been known for the superb quality and performance of our 
beryllium copper springs and spring contacts. But our customers frequently assembled 
them into molded blocks in their own plants- with varying degrees of success. 
Now, we can eliminate this divided responsibility. We can supply your contact springs 
attached to molded bases, and guarantee to meet the specifications of the entire 
assembly! We'll take complete responsibility for producing the plastic block, 
manufacturing the springs to exact specifications, and then assembling the parts 
through heat staking, press fitting, or ultrasonic welding. We can also weld or solder 
springs to other metal components. 
Result: You eliminate many procurement and assembly headaches ... assemblies fit 
and work the way you specified ... and we guarantee it! 

We'll be happy to discuss your specific needs-just phone. Or, for a free catalog, write 
• today to Dept. ED-91. 

1 INSTRUMENT SPECIALTIES CO., INC. 
~ Delaware Water Gap, PA 18327 

Telephone: (717) 424-8510 

Specialists in beryllium copper since 1938 

INSTRUMENTS 

Instrument tests 
AS-TTL components 

T
he computer-controlled 
S-3225 logic tester of­
fers a full range of 

capabilities for thorough Ad­
vanced Schottky TTL com­
ponent testing. The system's 
hardware package comprises 
an integral equipment rack 
and a vertical test station 
that incorporates special pin­
driver electronics optimized 
for high-speed TTL devices . 
The logic tester also meets the 
high-throughput require­
ments of production testing 
with interfaces for wafer 
probers and automatic device 
handlers. 

Like other S-3200 series 
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NEW PRODUCTS 

test systems, the S-3225 uses a 
PDP-11 computer as the sys­
tem controller. Tektest III, a 
foreground/background-or­
ien ted test language, is used 
to facilitate testing, data re­
duction, and editing. 

Tektronix Inc ., PO Box 
1700, B eaverton, Ore. 97075; 
(503) 644-0161. 

CIRCLE 335 

Unit checks hard-disk 
read/write functions 

For testing hard-disk 
drives used with personal 

computers, an emulator pro­
vides almost total repeatabil­
ity of the read/write func­
tions of both standard and 

sub-5 1/ 4-in. Winchester 
drives. The nondegradable 
calibration tool, which stores 
one track of data, accepts and 
returns up to 10,416 bytes of 
data during a read/write 
operation. After a seek test, 
track zero's data is returned 
until a write operation is 
performed. 

The emulator includes pro­
grammable PROMs to recon­
figure track and head capaci­
ties, index timing, data 
recording capacities, seek­
complete timing, and power­
on-to-ready timing. 

Applied Circuit Technology 
Inc. , 2931 La Jolla St. , Ana­
heim , Cal if. 92806; (714) 
632-9230. $1895; 60 days. 

CIRCLE 336 



INSTRUMENTS 

Benchtop computer 
serves incoming test 

Designed to meet the spe­
cific needs of incoming 

test, the 2295 central station 
is a compact benchtop com­
puter that operates with the 
SCAN (Semiconductor Com­
ponent Analysis Network) 
software program. SCAN 
links the 173X series of IC test 
systems with the host 2295. 
Up to three VT-101 terminals 
and a total of four component 
testers can be connected to 
the2295. 

The computer is based on a 
PDP-11/23 processor with 
250 kbytes of RAM. It is also 
configured with a 65-Mbyte 
Winchester disk drive, an 

NEW PRODUCTS 

8-in. floppy disk, a serial 
printer, a VT-101 terminal, 
and cables to connect two 
component testers. 

GenRad Inc. , 300 Baker 
Ave., Concord, Mass. 01742; 
(617) 890-4900. $24,900 (in­
cludes SCAN software); No­
vember. CIRCLE 337 

Instrument tests 
microcomputer boards 

For production testing of 
microcomputer boards, 

the M8 combines a ROM 
simulator, a logic waveform 
generator, and a digital IC 
tester into one modular pack­
age. The M8 master produc­
tion tester checks 8-bit micro-

FLAT SPRINGS 

processor-based boards, 
while S8 slave testers can be 
cascaded to test 16- and 32-bit 
products. It is designed to 
operate with a host computer 
or terminal via an RS-232-C 
interface. 

Test procedures exercise 
the subject hardware (i.e., 
RAM, disk controllers, dis­
plays, and printers) and 
automatically display the test 
results. Up to 16 simulation 
logic waveforms can be gener­
ated, each independently 
menu-programmable. The 
M8 also performs pass/fail 
tests on digital components. 

Retrieval Service Base, 
10315 SW Clydesdale Terrace, 
Beaverton, Ore. 97005; (503) 
641-2564. $1595. CIRCLE 338 

from Instrument Specialties cut your 
product's cost and improve performance! 
Here's why: Precision beryllium copper springs from Instrument Specialties are more 
uniform, speeding assembly, because we heat-treat them in special fixtures, after forming. 
They can be delivered on strips eliminating tangling and saving you inspection time. Precise 
score lines permit easy, burrless detachment. Or, the strips can be designed for automatic 
assembly, virtually eliminating hand work. 

Moreover, Instrument Specialties springs improve your product's performance ... ensure 
longer life ... and protect your reputation-because they're precision-made of beryllium 
copper, with its inherently superior endurance life, stability, conductivity and reliability. 

Our catalog gives you complete information. It's free for the asking. Write today to Dept. 
e ED-90. 

1 INSTRUMENT SPECIALTIES CO., INC. 
~Delaware Water Gap, PA 18327 

Telephone: (717) 424-8510 
Specialists in beryllium copper since 1938 
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"Mil-Qual" Modular Power Supplies 
Today's requirements demand Tech· 
nipower " Mil-Qual" modular power 
sources. Specify as you would a com· 
ponent, and get precise, regulated 
power far more economically than 
with custom bullts. Choose from 
sealed and partly sealed Switchers; 
harsh environment Linears; partly 
sealed AC/DC Converters; lower cost, 
" Hi-Rel," sealed types; and custom 
modifications. Whatever the job -

harsh environment, EW/Defense, 
aerospace or computers - Techni· 
power does the job right! Send for 
details. 5 year warranty. 

You 'll Think They're Custom Built/ 

TECHNIPOWER 
A ,,._. COMPANY 

P.O. Box 222 , Commerce Park, Danbury. Conn. 06810 
Tel : 12031748 -7001 TWX : 710-456-9280 

CIRCLE 243 

CR:UTS N-0 q INTERACTIVE 3101 Hawthorne Road Tel: (6131521-0590 
$'¥STEMS LTD Ottawa. Ontario, Canada l.IG 3V8 Tlx: 053.3928 
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NEW PRODUCTS 

INSTRUMENTS 

Tester diagnoses 
component-level faults 

Capable of performing 
fault diagnosis at the 

component level, the AFD-48 
portable in-circuit tester is 
aimed at reducing the time 
and cost involved in trouble­
shooting pc boards. Since the 
commands are in English, no 
programming knowledge is 
required. The tester compiles 
programs from the manu­
facturer's truth tables, which 
may be modified for special 
conditions. 

The AFD-48 supplies all de 
power and logic levels to the 
board under test, while com­
ponents are checked via a 
cable-connected clip that is 
programmable for up to 40 
pins. The pass or fail condi­
tion of each component is in­
dicated both visually and 
audibly. An 80-character al­
phanumeric display isolates 
the faulty pins of a failed com­
ponent or directs the user to 
the next IC. Each testing step 
takes only 12 µs; 2.04 ms for a 
170-step pattern. Test pro­
grams are stored on standard 
cassette tapes. 

Roan Instruments Corp., 
5655 Lindero Canyon Road, 
Suite 421, Westlake Village, 
Calif 91362; (8 18) 889-8080. 
$22,500. CIRCLE 339 
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NEW PRODUCTS 

COMMUNICATIONS 

Digital interface chip 
works at 160 kbits/s 

for ISDN stystems 

14.etwork interface chip 
provides a full-duplex 
data communications 

link over a twisted-wire pair 
at rates of up to 160 kbits/s. 
Dubbed the MT8972 digital 
network interface circuit, the 
device is compatible with the 
recommended specifications 
of the CCITT's proposed Inte­
grated Services Digital Net­
work (ISDN) standard and 
achieves its high data rate by 
the first on-chip application 
of adaptive echo cancellation. 

Developed jointly by Mi tel 
and EB Communications (Os­
lo, Norway), the circuit em­
ploys differential biphase en­
coding and can transmit data 
up to 4 km at the 160-kbit/s 
speed and up to 5 km if the 
data rate is cut in half. 

Fabricated in CMOS to 
keep the power consumption 
low-typically just 10 mA 
with a 5-V supply-the chip 
can be used for mixed data 
and voice transmission, digi­
tal PBXs, and even as a low­
cost 80- or 160-kbit/s modem. 

Also, the chip includes Mit­
el's proprietary Serial-Tele­
com bus (ST-bus), a two-wire 
interface that the company 
uses to tie various chips to­
gether in a chip-to-chip net­
work without consuming a 

Dave Bursky 

large number of package pins 
(ELECTRONIC DESIGN, Oct. 4, 
p. 46). It thus provides a bi­
directional interface between 
the ST-bus and a full-duplex 
line that operates at either 80 
or 160 kbits/s. 

There are three serial ports 
on the chip-one for the ST­
bus interface; another that 
accepts control signals and 

1',1CLi5 
Co/TOK 

Fo(oul)/ACK 

MS. 
MS, 

MS, 

THI 

Rog C 

Transmitter 
Interface 

Ax 
channel 

Transmitter and Phase· 
recei\19f timing locked 

and control clock 

Sync 
detection 

data; and a third to handle the 
full-duplex line, which con­
tains the two B and single D 
channels as defined by the 
ISDN specifications. Data on 
the line consists of the combi­
nation of signals from both of 
the other ports. 

The ports' actual data rate 
is 72 or 144 kbits/s, as recom­
mended by the CCITT defini-

Address 

Otfferentlatly 
encoded blphaae 

transitter 

Echo cancellef 

Transmitter 
fllter and 
line driver 

Tx Receiver I--.++---------. 

OST.,.., 

CDST,....1 

channel tlmtng 

Receiver 
Interface 

Serving as the digital interface for systems conforming to the pro­
posed Integrated Services Digital Network standard, the MT8972 chip 
includes adaptive echo cancellation to insure error-tree communica­
tions. 
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COMMUNICATIONS 

tion of the ISDN U-bus. The 
remainder of the bandwidth 
is occupied by various over­
head signals required by the 
system. 

Three Mode Select pins are 
used to determine one of eight 
modes, which include master 
or slave operation, parallel or 
serial busing, and modem 
operation. For timing, the 
chip relies on an external 
10.24~MHz crystal for the 
internal oscillator. The oscil­
lator frequenc y is then di­
vided down to obtain the 
2.048-MHz timing needed for 
the ST-bus and other serial 
ports. 

The devices come in a 22-
pin package. Initially, how­
ever, it will be available only 

NEW PRODUCTS 

in the form of an evaluation 
kit consisting of two printed 
circuit boards and documen­
tation. The kit will be shipped 
starting in January, at a cost 
of $750 (U.S.). 

Mitel Corp. , Kanata, Ont. 
Canada K 2K 1X5; (613) 592-
2122. 

CIRCLE 318 

X.25 multiport PAD 
supports SNA clusters 

The PDN 5220, a multiport 
packet assembler I dis­

assem bler (PAD), acts as a 
gateway between SNA users 
and packet-switching net­
works that have interfaces 
complying with the CCITT 

X.25 standard. The PDN 5220 
providestransparentcoinmu­
nica ti on between the net­
work's remote SNA clusters 
and SNA host processors. 

In addition to automatic 
call-setup facilities, the 5220 
supports standard error­
recovery procedures for each 
comm uni cations protocol 
(SDLC, BSC, and Async). The 
unit is available with two, 
four, six, or eight ports. The 
basic two-port version sup­
ports one SN A cluster and a 
single virtual circuit. A four­
port configuration is quantity 
priced at $6500. 

Paradyne Corp. , 8550 Ul­
merton Road , Largo, Fla. 
33540; (813) 530-2000. 

CIRCLE 341 

What Design Engineers Should Know 
About Miniature Metal Tubing 

Parts Can Be Fabricated 
I 8 9 1 G · To Practically Any Requirement 

Cal l or wri te for complete catalog information 
covering seven families of quality pushwheel swit ches, 
the widest selection of codes, sizes, and termination 
types in the industry. 

Uniform Tubes produces and fabricates minia­
ture tubing for practically every industry the world 
over. 

Using more than 100 alloys and the machinery 
and manpower developed over many years , 
Uniform can help you to a practical , cost-effective 
parts solution. Phone today for fast action , or send 
for our Design Guide. 

Quality and Innovation 

1551 OSGOOD ST. NORTH ANDOVER , MA 01845 U .S.A . 
Tel ; 617-685-4371 TWX 710 342 0552 

CIRCLE 245 

UTI 
corp 

UNIFORM TUBES, INC. 
... a UTI company 
COLLEGEVILLE. PA 194 26 e PHONE. 2151539-0700 
TWX. 510-660-6107 Telex : 84-6428 

CIRCLE 246 



COMMUNICATIONS 

Millimeter detectors 
work down to -68 dBm 

Four series of millimeter­
wa ve detectors- avail­

able in nine bands ranging 
from 18 to 220 GHz-offer 
good tangential sensitivity 
for use in many applications. 
For example, fixed tuned 
units have a -55-dBm sensi­
tivity at 35 GHz. Biased-type 
detectors have a sensitivity of 
-68 dBm at the same fre­
quency. 

The 971 and 925D series of 
self-biased detectors operate 
over the full waveguide band 
without tuning. The 973 series 
provides a flat, self-biased 
response with a VSWR rang­
ing from 1.6:1 to 2:1 over full 
waveguide bands up to 60 
GHz. Its output is typically 
200 mV/mW at 35 GHz. The 
965D series offers the highest 
tangential sensitivity-from 
-48to -68dBm-and is sup­
plied with a battery bias 
supply. 

Alpha Industries Inc., 20 
Sylvan Road, Woburn, Mass. 
01801; (617) 935-5150. 

CIRCLE 342 

Security device 
needs no programming 

Unlike conventional com­
puter security devices, a 

random data-encryption sys­
tem relies on hardware cir­
cuitry design rather than 
software programming to 
scramble data transmissions. 
The self-contained device, 
called Arbiter, requires no 
programs, key locks, pass­
words, magnetic cards, or 
other accessories. 
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With one Arbiter unit con­
nected to the host computer 
and another connected to a 
remote terminal, real-time 
data is automatically trans­
mitted in an unpredictable 
pattern of ASCII symbols. No 

two transmissions are ever 
alike. 

Computer Security Systems 
Inc., 1 Huntington Quad, 
Suite 1C07, Melville, N. Y. 
11747; (516) 752-7790. 

CIRCLE 343 

SECONDS 
That's all you need to read this. From the 

most respected switching power supply 
manufacturer in Taiwan, 

comes the newly developed PSA·523BU 
series, compatible with the 
Winchester hard disk. 

switch and AC receptacle (input voltage 
selectable PCB ti iumper) is UL recognized and CSA .pending. With numerous 
disk drive companies already using this model , why not join the list of satisfied 
customers? Throughout the world we're becoming known for our high quality 
products . Our strict quality control , reliability , and modest prices all work to 
your advantage. Was 30 seconds enough? 
Please contact us at one of the addresses below and let us know. 

FEATURES 
• High efficiency 
• UL recognized, FILE No.E90675 
• FCC class B design 
• 100% burn in for 24 hrs 
• Dual input voltage 115/230 VAC 
• Over voltage protection 
• Short circuit protection 
• L bracket ' & boxed construction 

[ 
,.u .,O(MOUNTINGSCREW)c--.. 

2
-SOl6J.5) 

[g ~ - . 
ON/OFF ~ ~ 
SWITCH SK1 a~ + 

APPLICATIONS 
• Winchester hard disk 
•Terminals 
• Disk drive systems 
• Peripheral equipment 
• Testing Equipment 
• Microprocessor based systems 
• Other mixed logic applications 

OUTPUT CHARACTERISTICS 

Outpul Load 
Model Tolerance 

Voltage mlo surge 

PSA 
+SVDC 18A SA 6A ±2% 

523BU 
+ 12VOC 03A 25A 35A :t-5 % 
-121/0C OOSA OSA ±5% 

PSA +SVDC 20A SA 6A ±2% 
S22MU + 12voc 03A 25A 35A •S% 

PIN ASSIGNMENT 
SK1 RECEPTACLE 

SK2 P1+12 · SK3 P1+12 
P2 P2 - 12 
P3 GND P3 GND 
P4+5 P4+5 

PHIHONG U.S.A. INC. 

Output 
Rlpple 

50 mVp.o 
120mVp.p 
120 mVp-o 

50mVP<> 
120 mVP-C> 

TAIWAN PLANT: 27·12 TAYU ST .. SANCHUNG CITY. 
TAIPEI. TAIWAN 241 R.0.C. e PHIHONG ENTERPRISE CO., LTD. 

17936 E. BAILS PLACE AURORA, 
COLORADO 80017 

TELEX: 31182 PHIHONG 
CABLE: "PHIHONG" TAIPEI 
PHONE: (02)988-2126, 980-5255 
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COMMUNICATIONS 

Ethernet available 
tor Unix supermicro 

NEW PRODUCTS 

Intended for use with the 
Unix-based Samson super­

microcomputer, a local area 
network by the same name 

features front-end processing 
and comes with the Trans­
mission Control Protocol/ 
Internet Protocol (TCP I 
IP) package. Samson's front­
end Ethernet processing off­
loads the system CPU of 

SWITCHING 
POWER SUPPLIES 
FOR TOUGH 
APPLICATIONS 

·~ 
c ~~ 

California DC's 0
- • ' 

LR Series of 
multiple-output 
switching power supplies is 
working on tough assignments 
like portable computers, office 
and telecom equipment, pro­
grammable controllers and 
industrial instrumentation. 

Low component 
count, field 
MTBFs in excess 
of 100,000 hours, 
100% in-line test-
ing, elevated­
temperature burn-
in and high-
quality, long-life 
components give 
the user the 

rugged, reliable performance 
for these tough applications. 

LR SERIES FEATURES 
INCLUDE: INTERNATIONAL 
SAFETY STANDARDS• SURGE 
PROTECTION• OVERVOLTAGE 
PROTECTION • OVERPOWER 
PROTECTION • PLUS MORE 
THAN 100 MODELS FROM 20W 

TO 300W. 
California DC is 
a leader in high­
volume power 
supplies for tough 
assignments and 
environments. 
Send for our new 
Selector Guide or 
call our applica­
tions group. 

@l CALIFORNIA CC I 2150 Anchor Court, Newbury Park, CA 91320 
• (818) 706-8221 • (805) 499-3621 

CIRCLE 248 

transport, network, and data­
link protocols. It allows a var­
iety of protocol architectures 
to be used and combined and, 
by reducing the workload of 
the CPU, maintains perfor­
mance even during periods of 
heavy network activity. The 
Samson LAN meets the 10-
Mbit/s transfer rate of ver­
sion 1.0 of the Ethernet speci­
fication with 128 kbytes of 
buffer RAM. 

SGS Semiconductor Corp., 
Systems Division, 1000 E. Bell 
Road, Phoenix, Ariz. 85022; 
(602) 867-6241. Less than 
$200/user. CIRCLE 344 

1200-baud modem 
optimizes data transfers 

To improve the efficiency of 
a data transfer session, a 

1200-baud modem features 
automatic voice and data 
switching and is fully com­
patible with Bell 103, 113, and 
212A dial-up modems. The In­
fo Phone modem is available 
in a plug-in card version (the 
Model IPl-1200) that fits in­
side the IBM PC or in an ex­
ternal stand-alone style (the 
Model IPX-1200), designed 
for any computer using a 
serial RS-232-C interface. 

Both versions of the modem 
offer full-duplex 300/ 
1200-baud communications, 
with automatic dialing and 
answering functions. The 
units are compatible with the 
Hayes Smartmodem com­
mands and screen responses. 

Transend Corp., 2190 Para­
gon Drive, San Jose, Calif 
95131; (408) 946-7400. $370 
(IPI-1200) and $445 (IPX-
1200). CIRCLE 345 
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ANALOG 

Clocked v-f converter chip 
delivers 0.5 °/o accuracy, 

0.1 o/o nonlinearity at 1 MHz 

A one-chip voltage-to­
frequency converter 
derives its timing, and 

therefore its timing accuracy, 
from an external clock, rather 
than a one-shot multivibrator 
and its attendant external 
capacitor. This basic change 
from existing designs reduces 
initial gain errors of Burr­
Brown's VFClOOBG an order 
of magnitude to less than 
0.5 % of full scale. Changes in 
gain, in the past caused by 
changes in the now missing 
capacitor, is less than 50 
ppm/°C (ELECTRONIC DE­
SIGN, Sept. 6, p. 235). 

Furthermore, nonlinearity 
is under 0.1 % of full scale at 1 
MHz and less than 0.02 % at 
100 kHz, as good as anything 
available. 

The less precise AG and SG 
models give up very little to 
the BG. Gain error is under 
1 % and nonlinearity at 1 MHz 
is typically 0.025 %. At 100 
kHz, nonlinearity is guaran­
teed to be less than 0.025 % . 
Offset voltage for the BG 
version is under 2 m V and 
rises to only 3 m V for the 
other models. 

Both gain and off set errors 
can be reduced to zero with 

Frank Goodenough 

external potentiometers. Off­
set drift is 25 and 100 µ V /° C 
for the premium and lower­
grade units, respectively. 
Moreover, a simple autozero 
loop can keep the offset volt­
age at zero. 

Like most v-f converter 
chips, the VFClOO can be con­
nected to operate as a fre­
quency-to-voltage converter. 
Accuracy and linearity are 
similar when operated in 
either configuration. Addi­
tionally, if the same clock is 
used for two units in a data 
link, gain errors virtually dis­
appear. A laser-trimmed in­
put resistor and a precision 
5-V reference also contribute 

f c1oc k 

i n 

to gain accuracy. 
The open-collector output 

handles 10 mA at 30 V and the 
unit draws a maximum of 15 
mA from± 7.5-to ± 18-V sup­
plies. The AG and BG ver­
sions operate between -25 ° 
and + 85 °C and the SG be­
tween -55° and+125°C. All 
come in a 16-pin ceramic DIP. 
The VFClOO costs $8.85, 
$15.95, and $13.65 each in 
quantities of 100 units, for the 
AG, BG, and SG versions, re­
spectively. Small quantities 
are available from stock. 

Burr-Brown Corp., PO Box 
11400, Tu cson, A riz. 85 734; 
NareshShah, (602) 746-1111. 

CIRCLE 316 
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These 1200V [VCEX(sus)l Darlington 
Power Modules from Fuji can be con­
nected directly to a 480V line. They 
are designed primarily for reliable , 
480VAC PWM application . 

• 200A and 300A (le) 
Single-Darlington, 
50, 75, 100, and 150A (le) 
Dual-Darlington, 
Six-Darlington Modules 

• Low Saturation Voltage 
•High Gain 
• High Switching Speed 
• Wide RBSOA and FBSOA 
• Virtually Snubberless 
• Discrete-Chip, 

Fast-Recovery Diode 
• Electrically Isolated 
• Easily Paralleled 
• Also available: 500V & 1000V, 

~2:~~~~.:~.:.~-~~.~::.:~.~ (5 
Colmer Semiconductor, Inc. 
14368 PROTON • DALLAS, TEXAS 75244 • 214/233·1 589 
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ANALOG 

Fast 12-bit DAC 
has internal reference 

A12-bit digital-to-analog 
converter has a buried 

zener voltage reference (10 V 
± 1 % maximum) that has 
long-term stability and tem­
perature-drift characteris­
tics comparable to the best 
discrete or separate IC refer­
ences. Designated the 
DAC1265A, the converter' s 
reference temperature coeffi­
cient is ± 8 ppm/°C. The de­
vice offers a 10% to 90% full­
scale transition time of less 
than 35 ns and settles to with­
in 1/2 LSB in 200 ns. 

Applications for the con­
verter include CRT displays, 
precision instruments, and 
data acquisition systems 
requiring throughput rates as 
high as 5 MHz for full range 
transitions. 

National Sem iconductor 
Cor p. , 2900 Sem iconductor 
Drive, Sa n ta Clara, Cal if 
95051; (408) 721-5000. $12.95 
(100 units). CIRCLE 346 

CMOS op amp boasts 
low Vos error 

The TSC7650A chopper­
stabilized CMOS op amp 

offers a lower offset-voltage 
error than trimmed bipolar 
devices . The maximum 5-µ V 
off set-voltage specification, 
for example, represents a 
fifteen-fold improvement 
over the industry-standard 
bipolar OP07E. Further­
more, the op amp's 0.2-µ V /°C 
offset-voltage drift is more 
than six times lower than the 
OP07E. 

The TSC7650A is pin-com-
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patible with the ICL7650 de­
vice, but with a maximum 
supply current rating of 2.5 
mA-a 30 % reduction in 
maximum power dissipation 
when compared with the lat­
ter's 3.5-mA rating. A typical 
slew rate of 4.0 VI µs extends 
the TSC7650A's full power 
bandwidth by 60%. 

Teledyne Semiconductor, 
1300 Terra Bella Ave., Moun­
tain View, Calif 94043; (415) 
968-9241. $2. 75 and $4. 75 (100 
units); six to eight weeks. 

CIRCLE 347 

Latchable multiplexers 
are µ,P-compatible 

Two latchable multiplex­
ers, the DG526 and 

DG527, include on-chip inter­
face circuits that eliminate 
the need for external pull-up 
resistors, providing true com­
patibility with both TTL and 
CMOS devices. In addition, 
the ability to accept 300-ns 
write signals makes the de­
vices fully compatible with 
microprocessors. Analog 
switching and data latching 
minimize the hardware need­
ed to link the µP bus and ana­
log system being controlled. 

The DG526 performs 
16-channel single-ended mul­
tiplexing and demultiplexing 
of ± 15-V analog signals. The 
DG527 performs 8-channel · 
differential multiplexing and 
demultiplexing of ± 15-V 
common-mode and differ­
ential-mode signals. 

Siliconix Inc. 2201 Laurel­
wood Road, Santa Clara, Cal­
if 95054; ( 408) 988-8000. From 
$11.37 (100 units.) 
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POWER 

P-channel MOSFET drops 
threshold voltage to 2.4 V 

DRAIN CURRENT VS GATE TO SOURCE VOLTAGE 

GATE TO SOURCE VOLTAGE (VOLTS) 

A
p-channel MOSFET 
boasts the lowest 
threshold voltage in 

the industry. From Supertex, 
the TP02L has a maximum 
threshold voltage of 2.4 V and 
an on-resistance of 2 Q (mea­
sured at 10 V). 

The DMOS device can drive 
continuous loads of 1.7 A 
when packaged in a metal 
T0-39 can and 0. 7-A loads in a 
plastic T0-92 package; peak 
loads of 4.6 A can be driven in 
eith~r package. The tran­
sistor switches voltages of up 
to 40 V with a switching speed 
of 20 ns. 

Because of its low threshold 
voltage; it can be turned on 
with a low voltage. This capa­
bility is particularly impor­
tant in systems where 5 Vis 
the highest voltage available, 
since 5 V has not been enough 
to completely turn on existing 

Curtis Panasuk 

p-channel MOSFETs. 
To get around this problem, 

engineers have had to either 
use larger, more-expensive 
p-channel devices or build 
complex voltage boosters to 
increase the drive voltage. 
The TP02L can replace these 
larger MOSFETs and the 
booster circuits. 

A sister part, the TPOlL, is 
made from a smaller die, giv­
ing a higher switching speed 
of 10 ns but also yielding a 
slightly higher on-resistance 
of 4 Q (measured at 10 V). Both 
devices are available from 
stock. 

In quantities of 1000 units, 
the TP02L costs $1.72 each in 
a T0-39 can and $0.83 in the 
T0-92 package. In the same 
quantities, the TPOlL costs 
$1.34 and $0.46, respectively. 

Supertex Inc., 1225 Bor­
deaux Drive, Sunnyvale, 
Calif. 94089; (408) 744-0100. 

CIRCLE 310 
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Johnson 
delivers 

electronic 
hardware 
when you 
want it. 

No matter what hardware you need. no 
matter what your application, Johnson 
can meet your specifications-for 
both design and delivery . 

As a manufacturer, we can custom 
design and deliver hardware to meet 
your needs. Our network of more than 
250 distributors delivers product 
promptly from our comprehensive 
standard line and helps fulfill your 
prototyping needs . 

Write for your free catalog or call 
1-507-835-6307 . Telex : 290470. 
TWX: 910-565-2161. 

[~) ~9~~~s!!v2N 
E F JOHNSON COMP ANY WASECA M INN ~6093 
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RF 
• Analyze and optimize 

complete systems 
• Compute Noise 

Figure or 
Intercept Points 

• Simulate Specialty 
Circuit items, 
e.g., Wideband 
Transformers 

COMM 

PLL 
• Develop PLL designs 

in minutes, not days 
• Draw Schematics, 

complete Filter Systems 
• Optimize for Transient 

Response, VCO SSB 
Phase Noise 

• Simulate Dlgltal Systems 
• Evaluate Antennas 

Complete Dtgltal Fitter Designs 

A SENSIBLE COMBINATION 
FOR RF & MICROWAVE DESION 
THE PERFECT COMBINATION FOR: 

• Circuit Synthesis 
• Systems Optimization 
• RF & Microwave Analysis 
• Designed by Communications Systems Designers 

for Rapid, Accurate Synthesis and Analysis 
• Designed around the HP 9000 Series 200/500 

Work Stations 

HICH PRODUCTIVITY AT LOW COST 
ALSO SEE OUR CADEC™ COMPUTER-AIDED DESIGN SOFTWARE. 

COMING SOON: FIL TEA DESIGN KIT, MICROWAVE DESIGN KIT 

Write or call for our brochures. 

COMMUNICATIONS CONSULTING CORP. 
52 Hillcrest Drive, Upper Saddle River, NJ 07458 
(201) 825-7966 • Telex : 130073 
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POWER 

Rectifiers handle 
medium, high currents 

An extensive line of silicon 
Krectifier diodes comprise 
1/2 -in. press-fit and button 
types for medium- and high­
current industrial applica­
tions. A full range of perfor­
mance characteristics are 
available, allowing units to be 
designed to meet specific user 
requirements. Specifications 
for the 25-, 30-, 35-, and 50-A 
series include a peak repeti­
tive reverse voltage of 50 to 
400V,ratedat25°C. The max­
imum reverse current, rated 
at de reverse voltage, may be 
specified from 1 to 0.010 mA. 

Renard Manufacturing Co. 
Inc. , 3 131 NW 79thA ve. , 
M i ami, Fla. 3.3122; (8 00) 
327-7244 or (305) 592-1500. 

CIRCLE 349 

Regulator IC 
sinks 10 A 

Packaged in a standard 
3-lead T0-3 package, the 

LT1038 adjustable voltage 
regulator supplies 10 A of out­
put current over a 1.2- to 32-V 
output range. A current­
limiting circuit allows the de­
vice to supply up to 23 A for 
500 µs before current limiting, 
which makes it well suited for 
systems with large transient 
loads (such as solenoids). 

The reference of the LT1038 
is trimmed to ± 0.8 % ; line and 
load regulation are 0.01 % and 
0.04 %, respectively. 

Linear Technology Corp. , 
1630 McCarthy Blv d. , Mil­
pitas, Calif. 9503 5; ( 408) 
942-0810. $9.95 (100 units). 

CIRCLE 350 
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POWER 

SIP diode arrays 
take up little space 

Replacing many standard 
DIP configurations in or­

der to conserve pc board real 
estate, the DM3 series con­
sists of a variety of diode 
arrays in single-in-line pack­
ages. The SIP arrays can be 
configured with silicon or ger­
manium diodes to meet speci­
fic application requirements. 
The user may specify the 
number of diodes and the 
number of pins to be used in 
the array. One of the features 
of the DM3 series is that it can 
provide two arrays in one, 
with the common anode ter­
minal of one and the common 
cathode terminal of the other 
at the same pin. 

The product line is useful in 
a number of applications, in­
cluding computer memories, 
telecommunications, indus­
trial controllers, and clamp­
ing circuits. 

RPM Enterprises, 1583 E. 
Saint Gertrude Place, Santa 
An a, Cal if. 9 2 7 O 5; ( 7 14) 
556-8940. Stock to four weeks. 

CIRCLE 351 

Soft-recovery diode 
works at 6 kV 

A soft-recovery rectifier 
diode has a crest working 

voltage of 6 kV and a repeti­
tive peak reverse voltage of 
7.5 kV. The average forward 
current of the BXY90G-the 
latest entry in an extensive 
range of glass-encapsulated 
high-voltage diodes-is 550 
mA. With a reverse recovery 
time of 350 ns, the avalanche 
diode is suitable for applica-
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tion in high-frequency (20 
kHz) converters for X-ray 
equipment and in other high­
voltage equipment. The de­
vice is rated for operating 
temperatures of up to 165 °C. 

523, 5600 AM Eindhoven, the 
Netherlands; (040) 757005; 
Telex: 51573. 

A mperex Electronics Corp., 
230 Duffy Ave., Hicksville, 
N. Y. 11802; (516) 931-6200. 

Philips Elcoma, PO Box CIRCLE 352 

Schaf Iner EMC f ilters ... we 
make them better, so we can 
make this offee 

Buy a competitor's EMC filter and you may find some 
of those you test before installation not functioning up to 
spec. Sure they'll be replaced, but can you afford the 
delay? The resulting variations of attenuation can cause 
problems you don't need. 

At Schaffner, we've turned the EMC filter industry 
around with our automated manufacturing tech· 
niques. Advanced engineering ensures that all 
components and leads are fixed in place by design. 
What's more, our robotic assembly machines 
adhere to pinpoint accuracy ... piece· 
after-piece, after piece. Some 
call this attention to precision 
fanatical ... we call it quality 
. . . and it's at the heart of 
every filter we make. 

Schaffner EMC filters 
meet international 
safety agency stand· 
ards, are competitively 
priced, delivered on time 
and perform as promised. Here's how 
we prove it. 

WE'RE SO SURE OF OUR 
QUALITY, WE'LL MAKE YOU 
THIS 2 FOR 1 OFFER 
Order at least 1,000 Schaffner EMC filters from our 
wide selection , and for any one found to be defective, we'll 
send you two in return .* We 're not trying to make a deal . .. just make a 
point. Schaffner EMC filters are better by design. We promise ... and we deliver. 
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WE DARE YOU TO COMPARE Al'tY 
PROJECT MANAGEMENT SYSTEM TO 

PMS-II 

FEATURES: 
• 1-J Critical Path 
• Super· and Sub-Networking 
• Budget and Actual Cost Control 
• True and Free Float 
• Runs on Most Microcomputers 
• 2500 Activities per Network 

REPORTS: 
• Draws Activity Diagram 
• Complete Bar Charting 
• Funding Schedule and Graph 
• Earned Value Analysis 
• Subcontractor Billing Report 

PMS-II ($1295.00) 
Resource Management and Materials 
Management Subsystems also available 
($995.00 each) 

Our system satisfies the Corps of Engineers 
ER-J-J.J 1 and the DOD 7000-2 specs 

DEMO SYSTEMS AVAILABLE 
SEND FOR FREE LITERATURE 

NORTH AMERICA M ICA. INC 

5230Carroll Canyon Rd., Ste. 110, San Diego. CA 92121 

(619) 458-1327 
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Moving? 
1. For FASTEST service you must at­
tach old mailing label in space below. 

3. Mail to : 

3: 
LU 
z 

Electronic Design 
P.O. Box 1418 

Riverton , NJ 08077 USA 
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NEW PRODUCTS 

COMPUTER BOARDS 

S-100 computer board 
doubles as file server 

A
complete S-100 com­
puting system on one 
board gives the de­

signer the flexibility of using 
it as a file server. Designed by 
Teletek, the Systemaster II is 
based on a Z80B (6-MHz ) 
processor with no wait states 
and can also accept a Z80H (8 
N(Hz) with one wait state. 

The board runs under 
CP /M 3,0 as well as Turbo­
DOS 1.4, developed by Soft­
ware 2000 (Arroyo Grande, 
Calif.). The latter permits 
CP/M or PC-DOS application 
programs to run, with up to 16 
people using the processor. It 
also is capable of multitask­
ing. 

A systern master board 
ruqning under TurboDOS, 
however, can directly support 
only two users, since it has 
only two serial ports. For each 
additional user, a sister 
board, the SBC 86/87, must be 
added onto the S-100 bus. 

The Systemaster II can ad­
dress up to 128 kbytes of RAM 
by using bank switching, and 
and a Western Digital WE-

Curtis Panasuk 
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2797 controller allows the 
board to use 51/4- or 8-in. flop­
py-disk drives. 

The board has two RS-232 
ports and a 16-bit parallel 
port that can be used for gen­
eral I/O or as a Centronics 
printer interface. A DMA cir­
cuit handles automatic 
transfers across the S-100 
bus, and in January a daugh­
ter board will be available to 
interface the board with the 
SASI or the IEEE-488 bus. 

Another board , the SBC 
86/87, for use with the Syste­
master II in multiprocessor 
applications, has an 8086 (5 or 
8 MHz), an S-100 bus inter­
face, up to 512 kbytes of RAM, 
a Centronics parallel port, 
and an optional 8087. Both 
boards contain a 2-kbyte FIFO 
register to allow faster trans­
fers across the S-100 bus. 

The Systemaster II is avail­
able now for $679.50 each and 
the SBC 86/87 for $837 in 
100-unit lots. Delivery is from 
stock. 

Teletek Enterprise Inc. , 
4600 Pell Drive, Sacramento, 
Calif. 95838; (916) 920-4600. 
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COMPUTER BOARDS 

Dynamic RAM board 
elimiltates wait states 

Design ers of 8088- and 
8085-based systems can 

eliminate software overhead 
caused by wait states during 
RAM refresh with the Model 
7712 dynamic RAM card. On­
board circuitry enables com­
pletely transparent refresh of 
dynamic RAMs during push­
button resets, extended wait 
periods, DMA tr an sf ers, and 
normal MPU operations. The 
card eliminates wait states 
during any read or write ac­
cess and automatically ini­
tiates refresh during DMA 
operations. 

The memory board is avail­
able in four densities: 64 or 
128 kbytes (using 64k-by-1 
chips) and 256 or 512 kbytes 
(using 256k-by-1 chips). A 
dual 4-bit decoder allows the 
7712 to use the full 20-bit ad­
dress from an 8088 CPU, or it 
can be latched to steer data to 
the appropriate 64k memory 
block during a 16-bit DMA ad­
dress transfer. 

Pro-Log Corp., 2411 Garden 
Road, Monterey, Calif 93940; 
(408) 372-4593. From $490 to 
$1750. CIRCLE 353 
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1/0 boards serve 
PCs for only $1195 

A 
family of boards offers 
the least expensive 
way to add test and 

measurement capabilities to 
personal computers-as little 
as $1195. The two boards in­
troducing Burr-Brown's PCI-
4000 family plug directly into 
IBM PC and PC XT and the 
Compaq personal computer 
expansion slots. 

The PCI-4301-1 and the 
PCI-4301-2 analog-input 
boards contain 8 differential 
or 16 single-ended channels; a 
12-bit a-d converter; and five 
jumper-selectable voltage 
ranges of 0to10, -2.5 to + 2.5, 
-5 to +5, -10 to +10, and 0 
to 5 V. A digital 1/0 system, 
organized as two bytes that 
are jumper-selectable as in­
puts or outputs, is also includ­
ed on both boards. 

The PCI-4301-2, though, 
has an additional two-chan­
nel analog output section with 
two independent 12-bit d-a 
converters and offers the 

Heather Bryce 

same choice of output voltage 
ranges. It contains four event 
counters. Based on Intel 's 
8254 timer chip, the 16-bit 
counters have a maximum 
input frequency of 8 MHz and 
a minimum pulse width of 
60ns. 

The PCI-4901-1 software 
diskette helps the user write 
application programs. For 
the simplest data acquisition 
operations, the diskette pro­
vides complete menu-driven 
commands. 

Two termination panels of 
screw-terminal arrays, the 
PCI-4701-1 and PCI-4701-2, 
are available for the PCI-
4301-1 and the PCI-4301-2, 
respectively. 

The PCI-4301-1 costs $1195, 
the PCI-4301-2 $1495, and the 
PCI-4901-1 software diskette 
$425. The price of the PCI-
4701-1 is $185, and the PCI-
4701-2 costs $249. All prod­
ucts are available from stock. 

Burr-Brown Corp., PO Box 
11400, Tucson, Ariz. 85734; 
(702) 746-1111. CIRCLE 313 
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CMOS memory board 
works with iSBX bus 

Enhancing the reliability 
of Intel single-board com­

puters is a battery-backup 
memory module that is capa-

NEW PRODUCTS 

ble of storing up to 4096 bytes 
of data for five years. Desig­
nated the LS3032, the iSBX­
compatible board utilizes 
CMOS memory devices that 
draw as little as 0.1 µA, allow­
ing a single lithium cell to act 

BERTAN 
High Volta 

Power Sup 

CIRCLE 254 

as the standby power source. 
The LS3032 uses the ACLO 

signal from the power supply 
to protect the memory when 
power fails. On receiving the 
ACLO signal, it sends an in­
terrupt to the host, which 
then initiates power-fail rou­
tines. These routines can off­
load data for up to 4 ms until 
the LS3032 asserts the memo­
ry protection function. 

Computer Modules Inc. , 
1190 Miraloma Way, Suite Y, 
Sunnyvale, Calif 94086; ( 408) 
737-7727. $290 ( 10 to 24 units). 

CIRCLE 354 

Controllers display 
1024 by 1024 pixels 

Two new members of the 
Ultra-Res family of 

graphics controllers offer 
high-resolution graphics for 
IBM PC and PC-compatible 
computers. Designated the 
4-79 and the 4-111, the boards 
have a programmable resolu­
tion of up to 1024 by 1024 
inter laced pixels, chosen from 
a memory of 1or4 million pix­
els, respectively. 

Based on the NEC7220 con­
troller chip, the boards oc­
cupy a single slot in the host 
computer. Vectors, circles, 
and arcs are drawn at rates of 
up to 1 million pixels/s. Stan­
dard features include light­
pen input, windowing, scroll­
ing, zooming, and panning. 
The controllers have 9-pin D 
connectors for TTL direct 
drive, or they can generate an 
analog video signal. 

CSD Inc. , PO Box 253, Sud­
bury, Mass. 01776; (617) 
443-2750. $995 (4-79) and 
$2000 ( 4-111). CIRCLE 355 
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Disk controller 
mixes EDSl/SCSI 

The Champion disk con­
troller links 51/4-in. Win­

chester disk drives incorpo­
rating the Extended Small 
Disk Interface (ESDI) with 
the versatile SCSI bus. Up to 
two ESDI disk drives can be 
integrated with any computer 
through the use of an SCSI­
based host adapter at the 
CPU. The Champion is a sin­
gle 5. 75-by-8-in. pc board, 
which can be mounted on the 
disk drive or packaged within 
the subsystem chassis. The 
board employs a MOS micro­
processor and CMOS custom 
VLSI buffer controller and 
disk formatter chips. A 14-

Moving? 

NEW PRODUCTS 

kbyte data buffer, automatic 
error correction, and remap­
ping are among the Cham­
pion's standard features. 

Emulex Corp., 3545 Harbor 
Blvd., PO Box 6725, Costa 
Mesa, Calif. 92626; (714) 
662-5600. $395; 30 days. 

CIRCLE 356 

Disk controller has 
expandable cache 

Of particular interest to 
those running multi-user 

operating systems, the PM-
3010 disk controller offers a 
128-kbyte cache RAM that 
can be expanded to up to 16 
Mbytes. Unlike other control­
lers, it uses a true sector each-
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ing algorithm as opposed to a 
track cache. Up to 128,000 sec­
tors can be individually 
stored in the cache memory, 
with access times not exceed­
ing 400 µS. 

Up to four ST506-, SAlOOO-, 
or SMD-compatible Win­
chester-disk drives, plus four 
floppy-disk drives, can be con­
trolled by a single 51/4-in. form 
factor board. The PM-3010 
uses an SCSI link for commu­
nicating with the host com­
puter at an average data rate 
of 1 Mbyte/ s. 

Distributed Processing 
Technology, 132 Candace 
Drive, Maitland, Fla. 32751; 
(305) 830-5522. $740 in OEM 
quantities; first quarter of 
1985. CIRCLE 357 
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FACTORY AUTOMATION 

Vision system eliminates programming 

Treating vision sensing 
as a measurement 
function much like 

those of temperature and 

voltage, Pattern Processing 
Technologies' APP 90 vision 
system includes all necessary 
programming. All the user 

CIRCLE 256 

need do is manually train the 
instrument by means of a 
"show and label" procedure 
that sets parameter levels. 

The system then performs 
the measurement and 
analysis automatically. The 
result is a much simpler setup 
procedure and no cumber­
some programming. 

The APP 90 makes visual 
measurements over 64 levels 
of gray. It can inspect a part in 
as little as 20 ms. 

The vision system accom­
modates up to four cameras 
with a resolution of 320 by 484 
pixels, up to 128 independent 
images, and up to 256 kbytes 
of memory. It can handle up to 
256 user-defined randomly 
spaced windows. 

The system is priced at ap­
proximately $29,000 and is 
available within 60 to 90 days. 

Pattern Processing Tech­
nologies Inc., 511 llthAve. S., 
Minneapolis, Minn. 55415; 
Paul Kraska, (612) 339-8488. 

CIRCLE 314 
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Menus ease job 
of data acqujsition 

Operating in an IBM PC or 
Apple lie computer, a 

plug-in data acquisition and 
control module accepts up to 
16 inputs from temperature, 
pressure, strain, voltage, and 
current sensors without pro­
gramming. Through simple 
menus the system logs or dis­
plays data (including min­
imum, maximum, average, 
and difference) and triggers 
alarms at desired set points. 
Ranges from 50 m V to 10 V 
are automatically selected, as 
are linearization and cold­
junction compensation. 

Dubbed the Analog Con­
nection, the board offers 8 or 
16 digital 1/0 lines. A resolu­
tion of 0.4% to0.006% (8to14 
bits) is selected in software. 

Strawberry Tree Comput­
ers, 949 Cascade Drive, Sun­
nyvale, Calif. 94087; ( 408) 
736-3083. $889 (IBM PC)and 
$695 (Apple Ile); stock. 
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Low-cost robot 
handles small parts 

Priced under $10,000, the 
NND 88-5 articulating 

robot offers small parts han­
dling capability usually found 
in equipment costing up to 
four times as much. Five de 
servomotors with digital opti­
cal encoders ensure repeat­
ability to within ± 0.004 in. 
Movements with spe~ds of up 
to 20 in./ s can be made along 
the robot's five axes. 

The assembly robot has a 
six-program storage capaci­
ty, each with 78 set points. An 

NEW PRODUCTS 

RS-232-C interface connects 
the unit with a host computer 
for unlimited program capac­
ity, as well as for loading, 
editing, and saving. The 
rugged cast-aluminum robot 
is just 71/2 in. high by 7 in. wide 
by 11 in. long and weighs only 
11 lb. 

Advanced Technical Prod­
ucts Inc., 955 W River Pkwy., 
Grand Island, N. Y. 14072; 
(716) 773-0972. 
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Electronic interface 
has pneumatic output 

The SBX interface system 
accepts a digital signal 

from a microprocessor and 
converts it into a pneumatic 
output for a wide variety of 
industrial and process control 
equipment. The unit consists 
of a group of printed circuit 
boards that are plugged into a 
rack assembly. A typical 
19-in. rack contains up to 10 
modules, each having eight 
pneumatic I/O functions, for 
a total of 80 functions per rack 
assembly. The completely 
packaged, ready-to-install 
system typically requires 
one-tenth the space of 
conventional interfacing 
methods. 

SBX interface systems are 

plug-compatible with most 
programmable controllers 
and accept TTL and 12 or 24-V 
de inputs. Board modules in 
the series are completely in­
terchangeable for maximum 
flexibility. 

Parker Hannifin Corp., 2 
Lamar Park, East Pepper­
ell, Mass. 01437; (800) 
225-5008 or (617) 433-2721. 

CIRCLE 360 

Placement system 
handles surface devices 

The MCT 6000 is a se­
quential-type placement 

system that populates 
printed circuit boards with 
surface-mounted com­
ponents. The system com­
bines a fully distributed 
microprocessor-based con­
troller and a closed-loop servo 
drive system with automatic 
board and component han­
dling functions. 

Capable of operating with­
in a placement area of up to 12 
by 18 in., the MCT 6000 has a 
production rate of 6000 place­
men ts/hour. The system 
accommodates a wide variety 
and any mix of feeder and 
component types. A single 
placement head handles com­
ponents ranging in size from 
0.040 by 0.040 in. up to 1.2 by 
1.2 in. Presentation media 
available for the MCT 6000 in­
clude carrier tapes (8, 12, 16, 
24, and 32 mm), linear vibra­
tory magazines, and several 
IC feeders. 

Micro Component Technol­
ogy Inc., 3850 N. Victoria St., 
St. Paul, Minn. 55164; (612) 
482-5100. 

CIRCLE 361 
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Controller expands 
to 120 1/0 channels 

Both low cost and a modu-
1 ar design make the 

Mini- V-12 programmable 
controller suitable for small 

NEW PRODUCTS 

applications. With the Mini­
V-12, the user may configure 
a simple 16-I/O system and 
expand it to a full 120 I/O 
channels as needed. 

The basic system consists 
of a control module, a power 

THE IBEX 
MAINSTREAMER™ 

At $1850* the price is the 
least of the breakthroughs! 

This IBM format-compatible 9-track tape drive weighs 
60% less than any equivalent system available. And occupies 
25% less space. (Save up to $200 on freight costs alone!). 
It's simple and reliable. Fewer moving parts. No automatic 
threading failures. No noisy blower. And look at all you get: 

• Storage of up to 136 M bytes per reel 
• Transfer rates of 20 K to 160 K bytes I second 
• 800 bpi NRZI, 1600 and 3200 bpi PE 
• Cipher I Pertee interface 
• Internal diagnostics 
• Mounting options: Door, Drawer or Table Top 

The IBEX MAINSTREAMER. Right for the times. 

Call, TWX or write today for the rest 
of the story. And for the telephone 
number of the sales office nearest you. 

"OEM quantities, 1600 bpi PE format 
domestic prices. 

I B E X 
Right tor the times 

Phoenix : ASA-NM , (602) 949-8293 • Loi Angeles: Gemini Associates, (213) 594-9618 • Rochester, NY: 
Ossman Group, (716) 424-4460 • San JoH: Reptek - No. Calif .. (408) 947-0622 • Chicago: SEA, Inc .. 
(317) 846-2591 • WHhlngton, D.C.: Scott Data Corp., (703) 765-7901 • Orlando: Southeast Data Prod., 
(305) 788-3666 • Union , NJ : Stearns Associates. (201) 686-2980 • Boston: Stu rd y Corp., (617 ) 
235-2330 • Dayton : Swenson Associates, (513) 866-3233 • Dallas: Thorson Company, (214) 233-5744 
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module, and a programmer, 
with I/O modules added to 
suit the application. The pro­
grammer has an LED display 
and a touch-pad keyboard, as 
well as built-in self-diag­
nostics. 

The miniature controller, 
which mounts on a standard 
DIN rail, features a 944-word 
programming capacity. In ad­
dition, 352 internal relays and 
32 counters and timers permit 
flexible program design using 
seven simple instruction 
types. 

Veeder-Root Co., 70 Sar­
geant St., Hartford, Conn. 
06102; (203) 527-7201. 

CIRCLE 362 

Temperature controller 
cuts start-up time 

Atemperature controller 
reduces start-up time by 

automatically calculating 
proportional band, rate, and 
reset values prior to the com­
pletion of warm-up. Since the 
unit sets all parameters be­
fore the process reaches set­
poin t, temperature cycling 
and over-/undershoot are 
eliminated. 

The Series 6050's param­
eter ranges include propor­
tional band values from 0.5% 
to 100%, rate values from 5 to 
240 seconds, and reset values 
from 0.5 to 24 minutes to con­
trol a broad variety of pro­
cesses. It also provides drift­
free temperature control (0° 
to 1400°F) that is accurate to 
within ± 0.2% of span. 

Athena Controls Inc., 5145 
Campus Drive , Plymouth 
M eeting, Pa. 19462; (215) 
828-2490. CIRCLE 363 
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Does your copy of Electron1cDes1gn 
ever look like this? 

Probably, if you're a pass-along reader. 
Which means you're getting the latest new 
technology information secondhand. 

Take our cover stories, for example. 
Each cover story delivers the first design 
details of an important new product or 
technology being announced exclusively 
in Electronic Design. 

Or a major staff-written report, 
followed by a comprehensive package 
of related articles by-lined by leading 
authorities at important design centers. 

If you're a pass-along 
reader, why not be second to none? 
By subscribing to Electronic Design, you 'll 
receive 26 issues of the latest new 
technology, products, and applications. 
Every time. On time. 

There's a subscription card bound 
in this issue. Send it in today. Because the 
time it takes other readers of your 
next copy to sift through and evaluate 
the latest industry breakthroughs may be 
all the time your competitors need. 
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FACTORY AUTOMATION 

Graphics interface 
links work cells 

Sealed in a NEMA-12 en­
closure and air-condi­

tioned to protect it from the 
factory floor, the CIM Fac­
tory Manager is the graphic 
link between islands of auto­
mation in a computer-inte­
grated manufacturing net­
work. It is supplied with a 
30-Mbyte Winchester disk 
drive and a 51/4-in. floppy-disk 
drive. The system also has full 
Unix capabilities and sup­
ports all Cadlinc software. 

As part of a flexible manu­
facturing network, the CIM 
Factory Manager presents a 
graphic preview of parts 
running in the work cell. It al­
lows the operator to review 
and update the status of work 
at his station; check the 
status of the next job, along 
with all of its tooling and fix­
tures; and communicate with 
other work cells on the floor. 

Cadlinc Inc., 700 Nicholas 
Blvd., Elk Grove, Ill. 60007; 
(312) 228-7300. CIRCLE 364 

µP-based machine winds 
limitless coil types 

A microprocessor-control­
led coil winder, the Model 

7000-MPC winds virtually all 
coil types, including special 
types such as tapered or pyr­
amid bobbin coils, variable 
pitch windings, and dual lat­
eral windings. It can also han­
dle applications where a pre­
set number of layers and 
turns/layer decrease, giving a 
valley opposite the bobbin 
flange to secure finish leads. 
The counter-control system 
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can automate and program 
many complex coil winding 
functions in any combination 
or sequence. 

The system is designed to 
handle wire sizes of 24 to 50 
A WG, round coils up to 9 in., 
and rectangular coils up to 4112 
in. The maximum traverse for 
any continuous winding is 6 
in., with 20 in. optionally 
available. 

Geo. Stevens Manufactur­
ing Co. Inc. , 6022 N . Stevens 
Ave., Chicago, Ill. 60646; (312) 
588-1300. Approximately 
$32,000; 8 to 10 weeks. 

CIRCLE 365 

Position sensor has 
digital interface 

An absolute linear position 
K sensor, designated the 
11000 series, interfaces di­
rectly with single-chip micro­
computers without the need 
for an a-d converter. The 
transducer can be interro­
gated by event counters, and 
both the transducer and the 
microcomputer operate from 
the same supply voltage. Posi­
tion measurement within a 
variety of media is possible 
since the sensing elements 
are inductively coupled 
through the sealed wall of the 
transducer body. 

The device offers a sensing 

range of 3 to 25 mm (0.12 to 1 
in.), depending upon the 
model. It also has a non­
linearity of ± 0.5 %. Supply 
voltage requirements for the 
11000 series are not critical; 
supply current drain at 5 V de 
is 5 mA. The device operates 
in temperatures ranging 
from -40° to + 125°C. 

Technar Inc., 205 N. 2nd 
Ave., Arcadia, Calif 91006; 
(818) 447-1187. $65 (100 units); 
four weeks. CIRCLE 366 

Variable-speed saw 
dices chip capacitors 

Used for dicing chip capaci­
tors, a computer-con­

trolled saw with program­
mable X-stepping capability 
f ea tu res a variable-speed 
3000-to-10,000-rpm spindle 
and a hydraulic cylinder that 
controls material feeding at 
rates from 0 to 8 in.ls. The 
fully automatic Accu-Cut 
Model 5255 is capable of step­
ping over a 6-in. range in 
0.0005-in. increments. The 
saw dices chip capacitors 
0.020 by 0.020 in. and 0.025 by 
0.025 from 2-by-2-by-0.025-in. 
gold-coated alumina sub­
strates. Aremco provides the 
necessary materials for per­
forming the dicing procedure, 
including temporary adhe­
sives, ceramic blocks for 
mounting the substrates, and 
dicing wheels. Both resin­
bonded and metal-bonded di­
amond blades are available. 

Aremco Products Inc., PO 
Box429, Ossining, N. Y.10562; 
(914) 762-0685. Approximate­
ly $16,000 (depending on ac­
cessories); 10 weeks. 

CIRCLE 367 



NEW PRODUCTS 

COMPONENTS 

EL membrane switches 
illuminate keyboards 

Using a unique process to 
maximize the contrast 

enhancement of the graphic 
overlay, a family of screen­
prin ted electro! uminescen t 
backlit membrane switches is 
a cost-effective alternative to 
keyboard illumination. In 
contrast to the pinpoint light 
of LEDs and incandescent 
bulbs, the panels offer full 
even illumination-from 5 to 
60 fL. Moreover, they can be 
designed for selective lighting 
of individual switches, groups 
of switches, or for border illu­
mination. 

While the electrolumines­
cent panels perform best with 
a dc-to-ac driver, they can 
also run on line current. Use 
of the panels permits flex­
ibility in keyboard design, in­
cluding tactile and nontactile 
configurations; en vironmen­
tal sealing; and ESD, EMI, 
and RFI shielding. 

Dorman Bogdonoff Corp., 
Willow Pond, Andover, Mass. 
01810; (617) 470-0001. 
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Card-edge connector 
is IBM PC-compatible 

The latest addition to the 
7000 series of card-edge 

connectors, the VL 7000-62 is 
designed to meet the require­
ments of the IBM bus system. 
The connector-which has 31 
contact pairs on a grid spac­
ing of 0.100 by 0.200 in. -
comes with full or semibel­
lows-type contacts and is 
available in a wide range of 
termination styles and plat-

ing options. Between-contact 
polarization prevents pc 
board mismating, and insu­
lator standoffs permit easy 
flux removal in solder appli­
cations. The connector is 
rated for 3 A, with a maxi­
mum contact resistance of 60 
m Vat rated current. 

Midland-Ross Corp., 205 
Gateway Place, Suite 300, San 
Jose, Cal if. 9 5 11 O; ( 4 O 8) 
993-8000. $1. 77 (1000 units); 
stock to four weeks. 
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Surface-mount LEDs 
come in SOT -23 housing 

One of the first surface­
mounted LED lamps to 

come in a SOT-23 clear plastic 
package can be used in touch 
keyboards as an optical fail­
ure indicator on a printed cir­
cuit board. The rectangular 
dimensions of the 1-mm-thick 
SOT-23 housing are a mere 1.3 
by 3 mm. In addition to con­
serving pc board real estate, 
the tiny lamps ·afford a wide 
viewing angle of 140°. 

The subminiature series, 
designated the LDX23XO, of­
fers a choice of three single 
LED parts-high-efficiency 
red (LDH2310), yellow 
(LDY2320), and green 
(LDG2330)-and a double­
diode red/ green (LDR2340). 
In quantities up to 5000, the 
latter unit costs $0.47, while 
the former devices are priced 
at $0.45. Delivery is within 
eight weeks. 

Siem ens Components Inc. , 
Optoelectr onics Division, 
19000 Homestead Road, Cup­
ertino, Calif. 95014; (408) 
257-7910. CIRCLE 370 
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miniature 

wideband 
amplifiers 

10 to 2000 MHz 
only $179 

IN STOCK . . . IMMEDIATE DELIVERY 

• 22 dB gain , flat ±1.5 dB 
• 40 dB isolation 
• meets MIL-STD-202 
• operates from - 55°to +100°C 
• boost signal/sweep generator 

output to 50 mW 
• achieve broadband isolation 

• use as amplifier driver 
• SMA connectors 
• rugged 1.25 in ., sq . x 0.75 in. 

RFl-shielded case 
• one-year guarantee 

ZFL-2000 SPECIFICATIONS 

FREQUENCY 
GAIN 
GAIN FLATNESS 
OUTPUT POWER 

1 dBcompr. 
NOISE FIGURE 
INTERCEPT POINT, 

3rd order 
VSWR, 50 OHMS 
DC POWER 

Call or write for 64-page 

10-2000 MHz 
20dB 
± 1.5dB 

+17dBm 
?OdB 

25dBm 
21 
+15V, 100mA 

RF Designers Guide or refer to EEM, 
EBG, Gold Book , Microwaves & RF Directories . 

finding new ways .. 
setting higher standards 

r::J Mini-Circuits 
A 01v1s1on of Sc1ent1flc Components Corpora11on 

World 's largest manufacturer of Double Balanced Mixers 

P.O. Box 166, B'klyn, N.Y. 11235 (718) 934-4500 
C98-3 REV ORIG 
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NEW PRODUCTS 

PRODUCT NEWS 
Single and dual op amps need single supply 

I
n addition to the MC3407 4 single-supply op amp, Motorola 
Semiconductor Products Inc. (Phoenix, Ariz.) is offering 
similar devices in single and dual versions-the MC34071 

and the MC34072, respectively. The op amps, which operate 
from a supply of 3 to 44 V, have a full power bandwidth that is 
typically 200 kHz for a 20-V swing. At that speed, they have a 
total harmonic distortion of 5%. The 13-V I µs slew rate, as well 
as the bandwidth, is an improvement over other single-supply 
op amps. The average temperature coefficient of offset is 10 
µ V l°C, and the common-mode rejection ratio is typically 97 dB. 
The prices for the devices in plastic, specified for the commer­
cial temperature range, are $0.45 for the single op amp and 
$0.65 for the dual op amp (in quantities of 100). 

CIRCLE 371 

Mini relays switch 5 and 10 kV 

E
specially suited for application in digital antenna cou­
plers, laser systems, and numerous industrial high-volt­
age switching systems is a family of ceramic vacuum 

relays recently announced by Kilovac Corp. (Santa Barbara, 
Calif.) . Available in SPST, SPDT, fail-safe, and latching config­
urations, the K40 series of relays includes both 5-kV and 10-kV 
rated models with current-carrying capabilities of 15 A at de 
and 3.8 at 32 MHz. The devices also offer switching times as fast 
as 4 ms. Weighing only 1 oz, the miniature relays are offered in a 
low-cost commercial version and a military version that con­
forms to MIL-R-83725B specifications. 

CIRCLE 372 

8052 employs on-chip Basic interpreter 

Intel Corp. (Santa Clara, Calif.) has released a soft­
ware-on-silicon version of its 8052 microcontroller, which 
features a complete Basic interpreter stored on-chip in 8 

kbytes of ROM. Furthermore, the interpreter is 2.5to10 times 
faster than Tiny Basic, available in chips currently on the 
market. Designated the MCS Basic-52, the package offers full 
8-digit floating-point arithmetic, a built-in capability to pro­
gram an EPROM and EEPROM, and a user-accessible func­
tion library, as well as the 8052AH. Especially useful in time­
critical industrial control applications, the MCS Basic-52 
enables nonsoftware-oriented users to program the chip with­
out knowing its architecture. 

CIRCLE 373 
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NEW PRODUCTS 

MLC capacitors offer negative TC 

S FE Technologies' Electric Division (San Fernando, 
Calif.) is producing highly stable multilayer ceramic 
capacitors with negative temperature coefficients. All of 

the specifications for the N080 and N150-including environ­
mental, electrical, and packaging-are identical to those of 
the standard NPO series with the exception of the negative 
temperature coefficients, -80 ± 30 and -150 ± 30 ppm/°C, 
respectively. Typical specifications for the two capacitor lines 
include an operating temperature range of -55°to+125°C; 
voltage ratings of 25, 50, 100, 200, and 500 V; and tolerances of 
1%,2%, 5%, 10%, and 20%. Chips and radial- or axial-leaded 
devices are available in bulk or industry-standard tape-and-
reel packages. CIRCLE 374 

256k DRAMs come in three configurations 

T
ailored to meet the specific application needs of design­
ers in various fields, NEC Electronics Inc. (Mountain 
View, Calif.) is bringing to market 256k dynamic RAMs 

in three different configurations. The products include: the 
uPD41256, a 256k-by-1 page-mode device now in production; 
the uPD41257, a 256k-by-1 nibble-mode part that is available 
for sampling in a ceramic package; and the uPD41254, a 
64k-by-4 chip that is also being sampled in a ceramic package. 
The 64k-by-4 part is especially suited for terminals, personal 
computers, and video applications, while the 256k-by-1 devices 
are designed for mainframe computers and telecommunica­
tions. All three dynamic RAMs off er access times of 150 and 
200 ns and are implemented in NMOS with double poly inter­
connects. In quantities of 100, the 41256, 41257, and 41254 are 
priced at $27.50, $30, and $33, respectively. CIRCLE 375 

SO package increases board density 

N 
early doubling the number of chips that can be placed on 
a printed circuit board is a small-outline (SO) dual-in­
line packaging option from Gould AMI Semiconduc­

tors (Santa Clara, Calif.), which is available for its standard 
products, as well as its custom and semicustom designs. A 
28-pin SO IC is a maximum 0.419 in. wide (including the gull­
wing leads), compared with the 0.610-in. maximum width of 
the DIP. What's more, the 1.470-in.-long DIP is more than 
twice the length of the SO package, which is a mere 0.712 in. 
long. The leads of the SO IC are 50 mils apart, as opposed to the 
usual 100 mils. Devices can be surface-mounted using auto-
matic pick-and-place equipment. CIRCLE 37& 
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Discover the 
Setretsof 

Better BASIC 

Secrets of Better BASIC 
Ernest E. Mau 

Reveals the sop histicated programming 
techniques used hv professional software 
authors to write more effective program~. 
Also discloses professional secrets for 

.~ • testing & debugging 
~-y.J -y_;_ programs 
:::\ ~{ ~~' 1~ • using memory efficientlv 
~ ~ • executing loops & 

~:::::. subroutines 
• creating disk files 

Helps you overcome the limitations of RASIC 
programming, improve program execution 
time, handle files more easily, and format 
your programs for easy reference. 

#6254, $14.95 

Order By Phone· l-800-63f-0856 
operator FE63 •In NJ 201-368-2202, e:rt. 19 

Dept. FE63 •Hayden Book Company, Inc. 
JO Mulholland Dr., Hasbrouck Hts., N.J. 07604 

Please send me Secrets of Better BASIC. If I am 
not completely satisfied, I may return the book 
undamaged within IO days for a complete refu nd. 
Please add $2.00 to cover shipping and han­
dling. 
D Enclosed is my check or money order. 
Please bill my D Visa D MasterCard 
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-------- 1 
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NEW PRODUCTS 

PRODUCT NEWS 

Shaft cutter is easier to use 

R
edesigned from the ground up by Turnex International 
(Newport Beach, Calif.), the Model 85 shaft cutter is 
not only 18% faster to use, but it requires a lower cutting 

force as well. Moreover, the tool can cut shorter device shafts­
to a minimum of 1/4 in. The guillotine-type cutting tool has 
seven holes for accommodating shaft dimensions of 1/4, i/s, and 
1/16 in., as well as 6, 5, 4, 3, and 2 mm. The Model 85 is priced at 
$140 and is delivered from stock. CIRCLE 377 

Memory testers get additional tape drive 

A
second tape drive for the J386A and J386A-8 memory 
test systems-from the Semiconductor Test Division 
of Teradyne Inc. (\V oodland Hills, Calif.)-allows 

program generation and compiling to be done on the test sys­
tem itself rather than on an off-line controller. The second 
drive also enables the user to employ tape editing, compiling, 
and file-management functions. The unit is available as an op­
tion or as a field-upgrade package. Delivery of the latter will 
begin late this year; delivery of the drive as an option on a new 
system will begin in the first quarter of 1985. CIRCLE 378 

Switcher configurations suit Winchesters 

The MASS 210, Elpac Power Systems' (Santa Ana, Calif.) 
most popular magnetic amplifier switcher, is being offered 

in five configurations to give systems designers greater 
flexibility. Power combinations of± 5, ± 12, +24, and +28 V 
are compatible with the.requirements of Winchester disk 
drives, and the isolated outputs provide instantaneous peak 
loading capabilities without degradation of regulation charac­
teristics. The main + 5-V output delivers up to 20 A of con tin­
uous power. The semiregulated fourth output is floating from 
ground. CIRCLE 379 

HP anatiyzer and sweepers cost less 

W
ide market acceptance of the HP 8756A scalar net­
work analyzer has prompted Hewlett-Packard Co. 
(Palo Alto, Calif.) to reduce the price of the instru­

ment to $8500. The company has also lowered the costs of the 
two broadband sweep-oscillator rf plug-ins that are most often 
used with the analyzer. The HP 83592A, which has a frequency 
range of 10 MHz to 20 GHz, now sells for $20,500-a reduction 
of $3070. Spanning the frequency range of 2 to 20 GHz, the HP 
83590A carries a price tag of $17,700, down from $20,310. 

CIRCLE 380 
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Fast response testing. 
Both 4 and 5 inch wafers. 

Now Comdial also offers fast 
response scheduling of automatic 
testing for four and five inch 
wafers. And a full array of test 
services, including engineering 
rental time. 

Test facilities include Series 
20 LSI and Series 10 LSI testers, 
Electroglas 2001 XMA wafer 
sorters with auto alignment, 
Symtek 7936 HC-48 handler for 
dual-in-line packages. 

Automatic handling, increased 
throughput, higher yields­
testing scheduled to fit your 
production requirements. 

All part of Comdial 's commit­
ment to responsiveness , from fast 
turn film photoplate coordination 
and prototype fabrication through 
scheduled volume production 
and packaging. 

Comdial handles it all-at your 
convenience. Fast. Responsive. 

Call Gary Kennedy, Vice 
President and General Manager, 
for information . 

COM DIAL 
Technology Division 
Semiconductor Services 

U.S. 
1230 BORDEAUX DRIVE 
SUNNYVALE, CALIFORNIA 94089 
TELEPHONE (408) 744-1800 
TWX (910) 339-9307 

CIRCLE 260 



NEW PRODUCTS 

NEW LITERATURE 
Transistors 

and MOSFETs 

A power s up ply design 
package comprises data 

sheets, a selection guide, and 
a cross-reference list for 
Super E-Line and high­
voltage Super E-Line tran­
sistors, plus more than 150 
MOSFET types. Product de­
scriptions, quality assur­
ances, technical data, key pa­
rameters, and application 
notes are contained within. 

Ferranti Electric Inc., 
Semiconductor Products, 87 
Modular Ave. , Cammack, 
N. Y. 11725; (516) 543-0200. 

CIRCLE 381 

CIM industrial 
computer board family 

Presenting the CIM (CMOS 
industrial microcompu­

ter) computer board family is 
a 16-page pamphlet that pro­
vides an overview of the mi­
croCMOS process-a process 
that offers both the speed of 
NMOS and the power and 
noise immunity of CMOS. In 
addition to overview informa­
tion, the brochure discusses 
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why the CIMBUS is the most 
functional bus structure for 
CMOS applications. It also 
contains a buy-vs-build cost 
comparison on board devel­
opment. 

National Semiconductor 
Corp., 2900 Semiconductor 
Drive, Santa Clara, Calif. 
95051; (408) 721-5000. 

CIRCLE 382 

Male and female 
headers 

Line drawings and specifi­
cations are given for male 

and female headers in a 
12-page selection guide. The 
three-holed 81/ 2-by-ll-in. 
pu blica ti on contains two 
spreadsheets on each of the 
header series, detailing 
straight and right-angle con­
figurations, as well as single 
and dual-row options. 

Aptronics Corp., 9450 Pi­
neneedle Drive, PO Box 270, 
Mentor , Ohio 44060; (216) 
354-9239. CIRCLE 383 

Reference card 
saves design time 

Useful for the design or re­
pair of electronic circuits, 

a handy reference card pre­
sents the operating basics for 
a variety of components­
from op amps to program­
mable unijunction transis­
tors. Nondigital functions 
readily available in a single 
monolithic package are cov­
ered, including 13 diode types, 
6 types of transistors, 5 fami­
lies of thyristors, 4 types of 

light emitters, 9 types of light 
receivers, plus a-d and d-a 
converters, amplifiers, com­
parators, multipliers, tone 
decoders, VCOs, and more. 
Na mes of parts, signal names, 
detailed operation, and exam­
ples of key specification pa­
rameters are given on the 
two-sided plastic card. 

Micro Logic Corp., PO Box 
174, 100 2nd St. , Hackensack, 
N.J. 07602; (201) 342-651 8. 
$5.95, plus $1for postage. 

CIRCLE 384 

Connectors for 
coaxial cable 

TNC and BNC connectors 
for more than 70 RG / U 

cable types are listed in a 
36-page catalog. More than 
330 TNC and almost 500 BNC 
plugs and jacks are described 
in single-crimp, dual-crimp, 
and commercial dual-crimp 
versions. The catalog also 
lists TNC and BNC connec­
tors for semirigid coaxial 
cable. 

Amp Inc., Harrisburg, Pa. 
17105; (717) 564-0100. 

CIRCLE 385 



NEW PRODUCTS 

Digital multimeters 
and accessories 

Comprehensive informa­
tion is given in an 18-page 

color brochure for handheld 
and benchtop/portable digi­
tal multimeters. Featured in 
the literature is the 70 Series, 
which combines both a digital 
readout and an analog bar 
graph in one handheld pack­
age. A full line of accessories 
complementing the DMM line 
is also described. 

John Fluke Manufacturing 
Co. Inc., PO Box C9090, 
Everett, Wash. 98206; (206) 
342-6300 or (800) 246-0361. 

CIRCLE 386 

Ultra-thin 
keyboards 

A product bulletin (No. 364) 
describes 1/10-in.-thick 

keyboards that utilize snap­
dome contact systems. Com­
plete electrical ratings and 
characteristics of the stan­
dard graphic overlays are 
included, along with their res­
pective prices. Special graph­
ic designs and color combina­
tions are depicted. 

Grayhill Inc., 561 Hillgrove 
Ave., La Grange, Ill. 60525; 
(312) 354-1040. CIRCLE 387 

FCC emissions 
specifications 

Entitled Eight Short Ques­
tions and Answers, this 

brochure provides informa­
tion on the FCC's emissions 
specifications for inter-

f erence reduction. To further 
assist the engineering com­
munity, TKC has established 
an EMI answer line at (813) 
544-2595 to answer questions 
related to FCC, VDE, MIL­
STD, and Tempest specifica­
tions. 

TKC Publications, 8609 
66th St. N, Pinellas Park, Fla. 
33565; (813) 544-2594. 

CIRCLE 388 

Joysticks, mice, 
and trackballs 

Positioning and tracking 
controls for the man­

machine interface are illus­
trated in a 24-page catalog. 
Hundreds of input controls 
and options are described­
including joysticks, force­
sticks, control grips, track­
balls, and mice-with a wide 
selection of interface circuits. 

Measurement Systems Inc., 
121 Water St., Norwalk, Conn. 
06854; (203) 838-5561. 

CIRCLE 389 

Load cells and 
strain transducers 

More than 50 models of 
load cells and strain 

transducers, plus a line of dig­
ital displays, are presented in 
a 16-page brochure. The docu­
ment includes photographs, 
specifications, dimensional 
drawings, technical support 
data, and application notes. 

Alphatron Inc., 334 Clark 
St., POBox367, North An­
dover, Mass. 01845; (617) 
687-2371. CIRCLE 390 
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frequency 
doublers 
+ 1 to+ 15 dBm input 

l to 1000 MHz 
only $21 95 (5-24) 

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY 

•micro-miniature , 0.5 x 0.23 in. 
pc board area 

•flat pack or plug-in mounting 

• high rejection of 
odd order harmonics, 40 dB 

• low conversion loss , 13 dB 

• hermetically sealed 

• ruggedly constructed 
MIL-M-28837 performance• 
*Units are not OPL lis ted 

SK-2 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
INPUT 1-500 
OUTPUT 2-1000 
CONVERSION LOSS, dB TYP. MAX. 

1-100 MHZ 13 15 
100-300 MHz 13.5 15.5 
300-500 MHz 14.0 16.5 

Spurious Harmonic Output, dB TYP. MIN . 
2-200 MHz F1 - 40 -30 

F3 - 50 -40 

200-600 MHz F1 - 25 -20 
F3 - 40 -30 

600-1000 MHz F1 - 20 -15 
F3 -30 - 25 

For complete specifications and perfo rmance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory , the Goldbeck or EEM . 

finding new ways ... 
setting higher standards 

r;;::JMini-Circuits 
A D1v1s1on of Sc1ent1f1c Components Corpora r1on 

World's largest manufa cturer of Double Balanced Mixers 

2625 E. 14th St. B'klyn , N.Y. 11235 (718) 769-0200 
C78-3 RE V. A 

CIRCLE 261 



NEW LITERATURE 

Temperature 
measurement 

The TemperatureMeasure­
ment Handbook and En­

cyclopedia lists and specifies 
a multitude of products in 
such categories as computer 
interface equipment, infrared 
radiation pyrometry, porta­
ble handheld instruments, 
laboratory monitors, control­
lers, and data loggers. The 
718-page manual also con­
tains an expanded technical 
data section on temperature 
measurement and control. 

Omega Engineering Inc. , 1 
Omega Drive, PO Box 4047, 
Stamford, Conn. 06907; (203) 
359-7613. CIRCLE 391 

Data converters and 
MIL-1553 products 

A n eight-page bulletin 
.K presents various data 
conversion products and MIL­
STD-1553 components. Speci­
fications and technical data 
are given for analog-to­
digi tal, digital-to-analog, 
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synchro-to-digital, and 
digital-to-synchro con­
verters. Other products in­
clude sample-and-hold and 
track-and-hold amplifiers, 
plus units that perform spec­
ial functions (i.e., control 
transformers). 

ILG Data Device Corp., 105 
Wilbur Place, Bohemia, N. Y. 
11716; (516) 228-7324. 

CIRCLE 392 

Sockets for 
microcircuit packages 

Complete dimensions and 
specifications are provid­

ed in an eight-page brochure 
for a line of proprietary sock­
ets for JEDEC chip carriers 
and other multilead micro­
circuits, plus standard 64-pin 
DIP packages. Socket types 
include through-board and 
surface-mounted chip-carrier 
sockets, lever-action eject 
sockets for pin-grid array de­
vices, LIF sockets, and special 
socket covers. 

Methode Electronics Inc., 
Interconnect Products Di­
vision, 1700 Hicks Road, Roll­
ing Meadows, Ill. 60008; (312) 
392-3500. CIRCLE 393 

Broadband 
communications 

Broadband communica­
tions products are the 

subject of a 308-page catalog 
that includes: distribution 
equipment, broadband data 
products, coaxial cable, satel­
lite receiving equipment, off­
air antennas, head-end equip­
ment, subscriber products, 
and minicable/SMATV sys-

terns. The catalog also de­
scribes product support ser­
vices. 

Scientific-Atlanta Inc., PO 
Box 105027, Department A/R, 
Atlanta, Ga. 30348; ( 404) 
449-2000. CIRCLE 394 

Rf testing 
accessories 

A ccessories for rf testing 
.Kare presented in a 12-page 
brochure that provides device 
features, advantages, illus­
trations, performance speci­
fications, and dimensions. 
The literature covers broad­
band antennas, TEM cells, 
field-sensor telemetry sys­
tems, directional couplers, 
power combiners/ dividers, 
matching transformers, com­
puter interface modules, and 
system assembly kits. 

Amplifier Research, 160 
School House Road, Souder­
ton, Pa. 18964; (215) 723-8181. 

CIRCLE 395 

Computer supplies 
and accessories 

Perkin-Elmer has entered 
the mail-order computer 

supply and accessory busi­
ness with the introduction of 
a 40-page color catalog. The 
P-E/Prompt catalog features 
a broad range of brand name 
and selected products includ­
ing "specials," competitively 
priced and ready for ship­
ment. 

Perkin-Elmer, Data 
Systems Group, 2 Crescent 
Place, Oceanport, N.J. 07757; 
(201) 870-4156 or (800) 
732-1632. CIRCLE 396 





A VERY FAST UPDATE ON 
MOS ROM DEVELOPMENTS. 

We have nine different 150ns MOS ROM circuits-from 16K to 256K. 



VLSI from SigQ~ti~ 
800-227-1817 Ext. 916 C 



NEW LITERATURE 

Integrated 
circuits 

'L ,1 

~' 
~~~:.:! 

<.,1,~1 .. 1>1nl l< !'""''"''' t;.,,.1,. 

The 36-page Standard IC 
Product Guide highlights 

a full range of integrated cir­
cuits for telecommunications, 
data conversion, referencing, 
instrumentation, and con­
sumer applications. It con­
tains an overview of the tech­
nological developments of 
each group, along with circuit 
diagrams of individual 
devices. 

Ferranti Electric Inc., 
Semiconductor Products, 87 
Modular Ave., Cammack, 
N.Y. 11725; (516) 543-0200. 

CIRCLE 397 

TMOS power MOSFET 
data manual 

Featuring data sheets for 
more than 300 standard 

devices, a TMOS power 
MOSFET data manual (DL 
135) includes theory, applica­
tions, selector guides, and a 
cross reference. The manual 
covers all of the device types 
(comprising eleven different 
package configurations) cur­
rently available from Moto­
rola. Additionally, the book 
contains a section on small­
signal TMOS devices and a 
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glossary of terms, symbols, 
and definitions common to 
power MOSFETs. 

Motorola Literature Distri­
bution Center, PO Box 20924, 
Phoenix, Ariz. 85036. $4 (one 
to nine copies). CIRCLE 398 

Power supplies 
for CRTs 

Ten families of regulated 
high-voltage power sup­

plies for color and mono­
chrome high-resolution CRTs 
are described and specified in 
a 20-page ca ta log. Mono­
chrome supplies offer anode 
voltages of 1 to 20 kV; a color 
shadow-mask supply has a 
30-W rating at 25 kV. 

KeltronCorp.,High Voltage 
Division, 225 Crescent St., 
Waltham, Mass. 02154; (617) 
894-8700. 

CIRCLE 399 

MOS memory devices 
and bubble memories 

Consisting of 13 detailed 
chapters, a memory data 

book provides complete speci­
fications for MOS dynamic 
RAMs, static RAMs, 
EPROMs, EEPROMs, and 
RO Ms, as well as various bub­
ble memories. The data sheets 

cover a broad range of topics, 
such as pin connections, elec­
trical characteristics, testing, 
and applications information. 
A master index lists the 96 de­
vices in the memory product 
line. 

Motorola Literature Distri­
bution Center, 616 W. 24th St., 
Broadway Bldg. # 1, Tempe, 
Ariz. 85282; (602) 994-6561. 

CIRCLE 400 

Series 10000 
terminal blocks 

A 16-page booklet details 
the Series 10000 terminal 

blocks-modular units that 
combine a circuit function to 
eliminate installation and 
wiring of separate electronic 
assemblies. Complete specifi­
cations and diagrams facili­
tate device selection. 

Cogenel Inc., Entrelec Di­
vision, 2 Ram Ridge Road, 
Spring Valley, N. Y. 10977; 
(914) 425-7460 or (800) 
431-2308. CIRCLE 401 

General-purpose 
touch switches 

Wild Rover touch switches 
and switch capsules are 

the subject of a six-page bul­
letin (WRTS-8-84). Complete 
with illustrations and dimen­
sional diagrams, the docu­
ment provides data on switch 
ratings, contact resistance, 
life expectancy, actuation 
force, and other pertinent 
specifications. 

Refac Electronics Corp., PO 
Box 809, Winsted, Conn. 
06098; (203) 379-2731. 

CIRCLE 402 



NEW LITERATURE 

PROM and logic 
device programmers 

P. ROM and logic device pro­
grammers are presented 

in a product guide, which in­
cludes a system that programs 
over 1200 devices in either a 
stand-alone configuration or 
under the control of a person­
al computer. Specifications 
for all products are included. 

Data I/ O Corp., 10525 Wil­
lows Road NE, PO Box 97046, 
Redmond, Wash. 98073; (206) 
881-6444 or (800) 426-1045. 

CIRCLE 403 

Microelectronic 
artwork patterns 

A dhesive-backed patterns 
ff used tocreateartworkfor 
high-density printed circuits 
are illustrated in a 37-page 
catalog (No. 601). Included 
are patterns for hybrids, 
surface-mounted devices, 
chip carriers, small-outline 
transistors, small-outline 
packages, and custom micro­
electronic patterns. Also f ea­
tured in the literature are 
grid patterns and other de­
sign and drafting accessories. 

Bishop Graphics Inc. , 5388 
Sterling Center Drive, West­
lake Village, Calif 91359; (818) 
991-2600. CIRCLE 404 

NEW PRODUCTS 

Overcurrent 
protection devices 

Con taining basic back­
ground information on 

fuses and circuit breakers, a 
116-page handbook assists in 
the device selection process. 
The largest section of the 
book offers Reliance fuse 
product information, along 
with curves and ratings. The 
handbook also provides sizing 
information , a glossary of 
terms, and formulas. 

Reliance Electric Co., 25001 
Tungsten Road, Cleveland, 
Ohio44117; (216) 266-6013. 

CIRCLE 405 

LCD and LED 
display products 

A320-page display prod­
ucts catalog contains in­

formation on a full family of 
liquid-crystal displays, LCD 
dot-matrix modules, LED 
lamps, and LED displays. 
Application notes, a glossary 
of terms, industry cross­
ref erence information, and 
other useful data are included 
in the helpful reference 
manual. 

A.N.D., 770 Airport Blvd., 
Burlingame, Calif. 94010; 
(415) 347-9916. CIRCLE 406 

Card lists products 
and manufacturers 

A handy reference card 
lists products from 226 

different manufacturers of 
equipment used by the elec­
tronic processing industry. 
Tools, systems, and equip­
ment for electronic assembly 

include those for surface 
mounting, production, IC in­
sertion, and pc board assem­
bly. Alphabetical listings are 
organized both by man u­
facturer and by product cate­
gory. 

H enry Mann I nc., Mann 
Road, Huntingdon Valley, Pa. 
19006; (215) 355-7200. 

CIRCLE 407 

Multibus boards 
and subsystems 

Over 75 products for the 
Multibus-from single­

board computers to multi­
tasking systems-are de­
scribed in a 16-page booklet. 
Products include 8085-, 8086-, 
and 80186-based CPU boards; 
disk drive controllers; serial 
and parallel 1/0 boards; and 
enclosures. 

Zendex Corp., 6700 Sierra 
Lane, Dublin, Calif 94578; 
(415) 828-3000. CIRCLE 408 

MIL-specified 
storage peripherals 

S pecifications and applica­
tions for rugged MIL­

specified computer storage 
peripherals are detailed in an 
updated catalog. Products in­
clude a dual Winchester disk 
drive, a removable hard-disk 
system, a bubble-memory re­
corder, digital and analog 
cartridge tape recorders, plus 
controllers for interfacing 
with the MIL-STD-1553B bus. 

Genisco Memory Products 
Corp., 10874 Hop e St. , Cy­
press, Calif. 90630; (213) 
537-4750 or (800) 821-3693. 

CIRCLE 409 
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Recruitment Advertising 
Electron1cDes1gn 

YOU CAN REACH ENGINEERS WITH TITLES LIKE THESE 
• Test Engineer • Systems Engineer • Digital Engineer • Quality 
Assurance Engineer • Software Engineer • Analog Engineer • Director of 
Engineering • Data Commuhications Engineer • Hardware Engineer 
• Project Engineer • Software Development Engineer • Microwave Engineer 
• Reliability Engineer • R & D Engineer • Operations Manager 

Circulation 111,580 
Total Readership 350,000 

RECRUITMENT CLOSING DATES 

Electronic Design is mailed every two weeks . Because of its timeli­
ness, personnel recruitment advertising closes only two weeks be­
fore each issue's mailing date . 

Issue Date Closing Date Mailing Date 

Nov. 29 Nov. 9 Nov. 23 
Dec. 13 Nov. 23 Dec. 7 
Dec. 27 Dec. 7 Dec. 21 
Jan. 10 Dec. 21 Jan. 4 
Jan. 24 Jan. 4 Jan. 18 
Feb . 7 Jan. 18 Feb. 1 

RADAR 
ENGINEERS 

The Navy's major research , development, 
test and evaluation activity, located at 
the foot of the Sierra Nevada, has 
immediate openings for RADAR 
ENGINEERS to work on : 

RADAR TARGETING 
FIRE CONTROL SYSTEMS 
RADAR SYSTEMS SIGNAL 
PROCESSING 
WAVEFORM DESIGN 
RF TARGETING FORMULATIONS 

Applicants with a BS or graduate degree 
in Physics or Electronics and experience 
in RADAR, SIGNAL PROCESSING, AND 
AVIONICS are encouraged to apply by 
30 November. 

SALARY TO $47,000 

Naval weapons center 
ANN 092·J15·t 
China Lake, CA 9JS55 

AN EQUAL OPPORTUNITY EMPLOYER 
U.S. CITIZENSHIP REQUIRED 

8ectrolllcDeslQ RECRUITMENT ADVERTISING RATES 

1 5% commission to recognized agencies supplying off set film nega 
tives . Net 30 days . Four column makeup . 

DIMENSIONS 
SPACE Wide Deep COST 

One column inch 1-3 /4 .. 1 " $91 
1 /8 page 1-3 /4 .. 5 .. $451 
114 page 1-31 4 .. x 10" Vert. $901 

3-1 /2 .. 5" Hor. 
112 page 3-1 12 .. 10" Vert. $1,802 

7 .. x 5" Hor. 
314 page 5-'/. .. x 10" $ 2, 703 
1 page 7 .. x 10" $3,604 

Rates 1X 4X 7X 13X 19X 26X 39X 52X 
Per Column Inch $91 $89 $83 $77 $74 $71 $70 $68 

COLOR RATES 
Second color . per page or fraction $430 Matched color , per page or fraction $73~ 
Additional insert ions, same form 31 O Additional insertions , same form 43( 
3 & 4 color , per page or fraction 780 
Additional insertions , same form 460 

Sheen inks , per page or fraction 
Additional insertions , same form 

83~ 
43C 

Camera-ready film !right reading negatives, emulsion side down) or camera­
ready mechanicals must be received by deadline. Or, if you wish us to set your 
ad (typesetting is free) simply pick up the phone and call our RECRUITMENT HOT 
LINE - (201) 393-6000/6076. Ask for : 

Gail Goldstein 
RECRUITMENT ADVERTISING MANAGER 

ELECTRONIC DESIGN 
10 Mulholland Drive , Hasbrouck Heights, New Jersey 07604 

Personal computer users: 

FOR FREE 
ACCESS TO A 
BmERJOB 
CALL CLEO. 
EASTERN U.S. : (201) 688-5599 
(301) 982-0224 
WESTERN U.S.: (213) 616-8600 
(406) 294-2000 (415) 482-1550 
(619) 224-6600 (714) 476-8800 
(818) 991-6900 
300 BAUD, Full Duplex, 
ASCII code 
For 1200 BAUD ll 's and access 
assistance: (213) 618-1525 
Advertisers call (800) 621-9147. 
In California, call 
(800) 328-2263. 

CLEB 

• Aerospace • Defense • Electronics 
• Analog / D1g1tal Design • ATE 

• Commun1cat1ons • CAD / CAM • Robotics 
• Software / Hardware • LSI / VLSI 

• Optics • EI W • Image Processing 
• Microwave Systems • Sonar 

• Microprocessors ( Hardw / Sftwrl 

EXECU TIVE SEARCH SPECI ALISTS 

P.O. Box 5325 •Baltimore, Md. 21209 • 301 /433·6610 

H/ W & S/ W Engineers & Managers 
Our clients have need for you r 
background. Please send resume to: 

~· SEARCH NORTHWEST 
..... ASSOCIATES 

Ports O'Call -Swan Island 
4505 N. Channel , Portland, Oregon 97217 
Phone : 15031 288-6560 
Keith Nyman or Doug Jansen 
All Fees Employer Paid 

* South & Southwest * 
Engineering I Management 

send resume or call 
Bob Hogue; Sr. Mbr. IEEE 

~'Ulut 7u,,.(~ 
P.O. Box 33070 San Anton io , Texas 78265 

15121 650·0988 * * Clients Pay All Fees * * 
Sunbelt Opportunities 

in Electronics 
1 ·800·428·4406 

Toll free 

Nationw1 e pemngs m 
Defense , Electron ics , Telecomm Com· 
munications, ATE. Avionics, MIS , Hard· 
ware / Software , Aerospace , Computer 
Systems & Prag , QA / QC, CAD /CAM , 
VLSI / LSI 

ALL FEES COMPANY PAID 
William Bell 

CAREER OPPORTUNITIES INC . 
734 Walt Whitman Road 

Melvi lle, NY 11747 
4 - 4 

••••••••••••••••••••••••••••• 
• MAKE SURE YOU KNOW : 
: ABOUT EVERY POSITION : 
• USA' s larg es t pe rso nne l syste m for eng inee rs • 
• We can help you 1n every ci ty, every sl ate • 
: New Pos1t1ons da ily. Cont1oen11at an o no lees : 

: lingi•llr1D0~ } 
--•'-------------- •e ••• Box 252 L1!h1m , New York 12110 t t • • 
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The technology has been with 
us for some time. Now Martin 
Marietta is applying its vast 
technological resources and 
engineering talent to solving 
some of the unique problems 
in packaging millimeter wave 
seekers at affordable costs. 
This is an example of Martin 
Marietta Orlando Aerospace's 
commitment and energy to 
unlock secrets that open new 
doors to new discoveries in 
millimeter wave technology. 
Now, we're headed off in 
new directions that are mov­
ing millimeter wave radar into 
diverse multi-mode systems 
applications. Our engineers are 
providing the world with solu­
tions and answers to some of 

the most challenging problems 
in Pattern Recognition and 
Target Classification applied to 
a wide variety of customers 
and needs. 

Our current opportunities are: 

ANTENNA DESIGNERS 

SYSTEMS TECHNOLOGY 
MANAGERS 

SYSTEMS DESIGN ANALYSTS 

LEAD ENGINEERS 

SENIOR ENGINEERS 

SYSTEMS SOFTWARE 
ENGINEERS 

There's never been a better 
time to consider the unique 
opportunity to join this excep-

/lllARTIN /lllARIETTA 

tional team of engineers in 
pursuit of technological exami­
nations that will have a signifi­
cant impact for the future . 

Martin Marietta Orlando 
Aerospace offers competitive 
salaries and excellent benefits. 
Interested and qualified can­
didates please send your 
resume in confidence to: 
Martin Marietta Orlando 
Aerospace, Mr. Bruce 
Czarnlak, Employment 
Department, ED-I I I 5, 
P.O. Box 5837, MP #24, 
Orlando, Florida 32855. We 
are an equal opportunity 
employer. U.S. Citizenship Is 
required. 



The most cost effective recruiting source is getting better. 
More viable recruits more meaningful resumes, more applicants 
ready to relocate, more satisfying hires at TECH FAIR. 

1985 SCHEDULE OF 
RECRUITING OPPORTUNITIES 

San Jose ... .... ... .. . .. January 14-15 
Washington, D.C./Baltimore January 21 -22 
Boston .... . . . . ... .. . .. . January 28-29 

•Anaheim - AFCEA . .... . . January 30-31 
St. Louis . ... .... ... .... February 11 -12 
Dallas/Fort Worth . . . . . . .. February 25-26 
Los Angeles . . ..... .. .. .... . March 4-5 
Minneapolis . . . . . . .. . . .... March 11-12 
Phoenix .... . . . . .. ... . .. .. March 18-19 
Washington, D.C./Baltimore . March 25-26 
Orlando .. . .... ... ...... . ... . April 1-2 
Long Island ..... . .... . .. . . . April 15-16 
Boston . ... ... . .. . .. .... .. . April 22-23 
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San Jose ......... . .. .. ... . April 29-30 
Chicago . .. . .... ........ . .... May 6-7 
Denver .. ..... . ..... . ... . . . May 13-14 
Seattle ... ..... ..... . . .. .. . May 20-21 

*Washington, D.C./ 
Baltimore - AFCEA . . .. . ... . .. June 5-6 
Los Angeles/Irvine .. . .. .. . .. June 10-11 
Raleigh/Durham .. ... . ....... July 15-16 
Boston . .. .... . .... .. . . .. . . July 29-30 
Dallas/Fort Worth . ....... .. . August 5-6 
Long Island . . ......... . . . August 12-13 
Phoenix . .. . . . . .. .. . .. . .. August 19-20 
San Jose ... . . . . .. . ... ... August 26-27 
Denver . . ..... . .. ..... . September 9-10 
Orlando ... .. ... .. . .. . September 23-24 
Minneapolis . . .. ........ Sept. 30-0ct. 1 

Chicago .. . . . ........... . . October 7-8 
Los Angeles . . ..... . .... . October 21-22 
Washington, D.C./Baltimore October 28-29 
San Jose ........ . ..... November 11-12 
Boston . . . .... . .. . .. . . November 18-19 

·Feature Fairs Schedule subject to change 

REMAINING 1984 TECH FAIR DATES 
Boston .. .. . . . . .... . ... November 12-13 
San Jose . . . . . .. . .. .... . November 19-20 
Los Angeles .............. December 3-4 

A Special Career Event for the 
EXPERIENCED Technical Professional 

... Engineer and ComJ:!uter 

Attention Recruiting Managers: 

iECH Ml"R .. 
can work for you ... 

go with number one! 
Reserve now from schedule. 
Limited booth space available . 

Call 1-800-328-4032 
(In Minnesota: 612/370-0550) 

for more information 

• 

Sponsored nationally by 
BUSINESS PEOPLE INC 
100 North Seventh St 
Minneapolis . MN 55403 

" We are not an employment agency" 



ACHIEVEMEN1'S IN FLIGHT 
Working with the newest fighters is within your reach at Northrop Aircraft Division . 

A California leader zs within your reach. 
Within California·s extensive aerospace industry. the achievements of one bold and 
imaginative organization stand out. 

For over 40 years. Northrop Aircraft Division has developed and produced many of 
America's most advanced aircraft and airborne systems. The accomplishments continue. 

We are supporting advanced proiects and studies in developing new materials as well as 
exploring new design and manufacturing techniques. And further innovation is evident 
here in virtually all areas of aircraft technology. With new programs and continued growth. 
there are many small project team opportunities in our modern mile-long $100 million com­
plex . And California's weather, leisure time attractions and diversity of lifestyle choices are 
definite advantages. 

We have openings now for the right people in the following disciplines: 

• Aerosc iences Technology • Flight Simulation 
• Structures Technology • Aerosciences Laboratory 
• Advanced Design • Integrated Simulation & Systems Laboratory 

The involvement . scope and dimension of these career pursuits are further heightened 
through some of the most tangible. comprehensive benefit arrangements available. 

Your future position in an exciting area of flight is at Northrop Aircraft Division now. Please 
call (800) 527-2061 or send your resume to : Peter Herrera , Northrop Aircraft Division , 
Employment Office, P.O. Box 2282 , Dept . 1222/80, ED 17457, Hawthorne, CA 
90251-2282. 

Proof of U.S. Citizenship Required . Northrop is an Equal Opportunity Employer 
M/F/H/V. 

We're within your reach. 

NORTHROP 
Aircraft Division 
Aircraft Group 
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Electronic Design's 
recruitment newspaper 

is now reaching 
195,000 engineers 

professionally and personally 
on the move 

1985 CAREER EXTRA ISSUES TO GO MONTHL YI 
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Software Professionals 

We make them happen! 
Creating superior softwa,re for superior ~)'stems is the everyday charter of the Software 
Systems Laboratory of Raytheon's Equipment Division. From air traffic control, weapons 

direction, fire control. communications and missile guidance to tracking and data gathering, 
space surveillance, range instrumentation and laser applications, we have the applications 

and environment to make your ide;L<; happen. All within one of the fastest growing and most 
exciting divisions of Fortune-100 Raytheon, a company internationally recognized 

for excellence in electronics. 

Software Systems Engineers 
Software engi neers at Raytheon are kq• phtyers in these front·end activities 
that translate system re4uir<:mcnl' into ,;<>ftwarc perfomunce spedfications. 
We seek cxpcricnce and/ or intcrcst in the following area.': 
• Re4uiremenl' Analysis 
• Software/ liardware Tradc:-otfs 
• Modeling of Critical Performancc Chamc:tc:ristics 
• Interface Definition 
• Data Processing Art·hitecture Definition 
• Software: Test Specification 
• Performancc Specification Preparation 

Radar Systems Software Engineers 
Radar '')'Stems play a key role in Ra)1heon's product mix. and major software 
challenges exist in this area. We seek experic:ncc in thc following art"L' : 
• Radar Data Proet'Ssing 
• ( lhject Cla.,sification and Discrimination 
• Real-Time Control Systems 
• Emhcdded Computer Systems 
• S)'Stem- and Unit-lxvd Diagnostics 
• Meteorological Applications 

Air Traffic Control Software Engineers 
Raytheon is currently engaged in sevc:r:tl Air Tr:tffic Control program arcas. 
domestic and foreign . including c:xisting and plannc:d enroutc: and tc:nninal 
ATC S)'Stems. for hoth domestic and intcrnational applications. aircraft / 
controller digital communications and dynamic simulation/ tr-Jining. We: sec:k 
c:xperienced candidates in the fo llowing areas: 
• Radar Data Processing/Track File Management 
• Flight Plan Processing 
• Channel Management 
• lntcfl"< >mputt:r Cc>mmunkati<ms 
• Mosaicking 

Assig11111e11/s in //JI! Washing ton. /JC area also a1•ailah/e. 

Computer Diagnostics Software Engineers 
Raytheon ha.' hcen engaged in the design and dcvelopmcnt of advanced 
militarized computers cmploying the latest in tcchnolO!,')' for fault toler-Jnt 
tcchniques and high speed architectural concepts. Cu rrently under develop­
ment are several general purpose militarized super minicomputers employing 
,;<>phisticated huilt-in test drcuitry and high speed parallc:I pipelined architec­
turt·s. We seek experiencc in the following area.': 
• Micro and Macro Diagnostics for fault detection and isolation 
• Automatic Test Systems 
• Intelligent Control Pand System Development 

Communications System Software Engineers 
Ra)1hc:on is a leading company in the dewlopment of advanced satellite: com­
munications terminals employing sophisticated microproct-ssor technolO!,')' 
for pron'Ssing and system control. We st'Ck experienced candidates in the 
followinJ!. art'as: 
• Antenna Pointing Systems 
• Ephc:meris Data PrcKc:ssing 
• Multi·Al'l'c:ss Algorithm' 
• Auilt-in Tcst and Diagnostics 

Graphics Software Engineers 
Ra)1heon"s (;raphics Group develops real-time interactive: display softwan· 
that will comprise: the nc:xt gent'ration of "user-friendl)'' man/ machine intcr­
facl'S in radar. sonar. communications. air tr.tffic control and image pnKess­
ing. Wt· sec:k c:xperienn·d candidatt'S in the following area.': 
• Real-timt' Software Dt'Sign (C. PASCAL FORTRAN or Assemhly Language) 
• Cursive: and R>L,ter (;raphics Tc:c:hni4ut-s 
• Data Communications and Nc:"1ork Proux:ols 
• Signal/ Image Processing Tedmolo!,')' 
• Mc:tt·orological Applications 

System Programmers 
To support our various applications. Wt' are undertaking a ma~>r expansion of 
our System Software Dc:partment. We seek experienced applicants in the 
following are«': 
• ( lperating S)'S tems. t•xpedally VMS. I 'N IX and RSX-I I 
• l"1nguagt'S. including C. P«,cal. FORTRAN . .JOY1Al.!J7 .~ . and Ada 
• lkvelopment of Microprocc:s,;<1r Cross-Compilers, Assemhlers. and Loadcrs 
• Perfom1ancc: Ml'•L"'urc..·mt·nt and Pn.·dktion 
• t lst·r fa.lucat ion anti Assistanct:' 
• Real-time Opc:rating S)'Stems Devdopment 
• lmprovc:mc:nt of Software: lkvdopmc:nt Tcc:hni4ucs 

·1ne prt:'<..·c<ling positions requirt' a dt:g.n .. -c: in enginet'ring o r computer sd· 
c:nc:e. at lea.'t .~ years of directly related t·xperic:nc:e. a mind open to new 
idc:as. and a willingncs.' to work hard. If you meet these re4uirements. wc 
will provide you with a stimulating and congenial environmcnt. pay you a 
competitive salary. and give: you a.' much a responsihilil)' a.' you are ready to 
handle. We are loc:atcd in tht· Boston suhurhs. an arca that many consider to 
ht' among the finest in the count ry in which to livc and work. 

For further information concerning the aforementioned positions, 
please direct your resume, including current salary, in strictest confi­
dence to: Ann Loven, Dept. 11, Raytheon Equipment Development 
Laboratories, 528 Boston Post Road, Sudbury, MA 01776. 

RAYTHEON COMPANY 
EQUIPMENT DIVISION 

D Air T1aff ic Control D Shipboa1d and Ground Rada rs D Computers and Displays D Missile 
Guidance D Milit ary Communications D Electro·Optics D Fire Control Systems 

An Equal Opportunity Employer 
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~---•Education--

No college 
1% 

1 out of 
4issues 

2% 

93% of Electronic Design readers 
have a college degree. 57o/o have a 
postgraduate degree 

2 out of 
4issues 

3 out 
4issues 

11% 



..-----.,.._ A 
ENGINEERS 

Software, Hardware & QA 
"-.r \l 

Do You Qualify? 
We have more /Obs Jhan we can lill lor graduate 
engineers with experience 1n the computer 
commun1cat1ons . aerospace and md1tary 
electronics fields. Many US locations Interview 
relocation and agency lee paid by companies 
Send resume & latest salary or call for 
conf1dent1a1 appl1cat1on toll free . 7 days1 
24 hours J800152l2906. in PA J2t51735·•908 

•· Al Krasnow iUSNA. MITI 
Electronics Department 
Atomic Personnel. Inc 

&tlll Suite 0·2. 1518 Walnu t 
Im\ Philadelphia . PA 19102 

Engineers Helping Engineers since 1959 

HOW 
TO 

PLACE 
YOUR AD 

CALL THE 
RECRUITMENT 

HOT LINE 

Camera-ready film (right 
reading negatives, emulsion 
side down) or camera-ready 
mechanicals must be re­
ceived by deadline. Or, if 
you wish us to set your ad 
(typesetting is free) simply 
pick up the phone and call 
our RECRUITMENT HOT 
LINE -(201 )393-6000/6076. 
Ask for: 

Gail Goldstein 
Recruitment Advertising 

Manager 
10 Mulholland Drive 

Hasbrouck Hts .. N.J. 07604 

Are you engineer enough to contribute 
to projects like the ring laser gyro? 

You belong at Kearfott. 

What's the climate for achievement like at 
Kearfott? To begin with , we have 66 years 
of technical " firsts " -first operational air­
borne computer , first Doppler radar 
navigation system, first synchros accurate 
to 1 second of arc, and firsts in a dozen 
other areas ... like gyros, for example. 

Kearfott has over 8 years of concentrated 
experience in RLG technology. We alone 
are producing full -up RLG inertial 
navigators with more than 3 years of flight 
tests for cruise missiles. 

We 're also delivering JTIDS terminals for 
simultaneous linking of air , ship and 
ground units. In short , we have many on­
going hardware and software-intensive 
projects that demand exceptional 
engineering creativity. If you welcome in­
volvement in programs and technologies 
that command the respect of the scientific , 
engineering and defense 
communities, you belong at Kearfott. 
A BS degree and a background in one of 
the following areas could be your key to 
very realistic career growth: 

• Digital Signal Processing 
• Communication Systems Analysis 

• Navigation Systems Analysis 
• Digital Logic Design 
• RF Communications 
• Computerized Avionics 
• Microwave Circuitry 
• Realtime Computer Systems 
• Power Supply Design 
• Advanced Manufacturing 
• Electro Optics 

We look forward to describing the triple 
career-path options we can offer, our 
superior technical resources , on-site 
Masters Degree program , and highly com­
petitive salaries and benefits. Please send 
your confidential resume, including salary 
history and requirements to : Mr. J. 
DeGennaro, Kearfott Division , Singer 
Company, Mail Code 1OA11 , 1150 
McBride Avenue, Little Falls , NJ 07424. 
U.S. citizenship required . An equal oppor­
tunity employer, m/f, who creates 
opportunities. 

[Kearfott[ 
a division of The SINGER Company 
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quick ad1 New and current products for the electronic designer presented by their manufacturers . 

Ideal for applications such as computers, filter net­
works, delay lines and transistor circuitry, Series 
?OF RF chokes are designed for reliable perform­
ance up to 3922 mA. Inductance values range 
from .1 uH to 500 mH. Over a million standard coils 
in stock; Catalog on request. J.W. MILLER DIVI­
SION, Bell Industries, 19070 Reyes Ave., Rancho 
Dominguez. CA. 90221 (213) 537-5200. 

Subminiature RF Chokes 272 

[@1ERSO 

CIC8049 8-blt single chip microcomputer 

FIRST IN SOUTHEAST ASIA. FEATURES 
NMOS Technology• Internal Memory-2K x 8 
ROM • 128 x 8 RAM • Internal Timer/ Event 
Counter • Single level interrupt • Single 5-volt 
supply • Over 90 instructions. 70% Single 
Byte• Timer / counter interrupt available 
• Reduced Power Consumption • Compatible 
with Intel's MCS-80/ 85 peripherals • Easily 
Expandable Memory and I / 0 • Up to 1.36 
µsec instruction cycle (11 MHz operation), all 
instructions 1 or 2 cycles . ERSO / ITRI 8th Fl. 
No. 315, Sung Chiang Rd ., Taipei , Taiwan, ROC 
Telex 12974 ERSO ITRI Tel (02) 542-8212. 
SINGLE CHIP MICROCOMPUTER 275 

AFFORDABLE ENGINEERING SOFTWARE 
ACNAP2 Fast Circuit Analysis, 200 parts 30 
nodes, chained circuits, 1/ 0 impedance, full 
circuit editor, $69.95. DCNAP DC Analysis, 
worst-case, power dissipation , $59.95. SPP 
Transient Signal Processing, FFT, LaPlace, 
$59.95. PCPLOT-Pixel resolution graphics, 
linear-log, 2 Y-axes, full labeling, $59.95. 
PLOTPRO General purpose graph printing, 
$49.95. MSDOS-CP/M-PCDOS-TRSDOS. BV 
Engineering, 2200 Business Way 11 207 , 
Riverside, CA 92501 (714) 781 -0252 

ENGINEERING SOFTWARE 278 
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68008 Single Board Computer. 100 by 
160mm Eurocard. 3 RAM / EEPROM / EPROM 
sockets for 2K-64K byte devices (2K RAM 
in cluded) . 6 8-bit Bi -Dir 1/ 0 ports with 
handshake and individually vectored inter­
rupts. 4 16-bit timers. Dual async serial RS232 
ports. 256b nvRAM. Diagnostics LEDs. Multi ­
tasking kernal option. $295 / unit. Quantity 
dis count s available . Heritage Systems 
Corporation, P.O. Box 10588, Greensboro. NC 
27404. (919) 274-4818. 

32BIT SINGLE BOARD COMPUTER 273 

VIDEO INSERTER WITH TITLING, 
GRAPHICS, AND TIMING 

The VI CCUR inserts alphanumeric time code 
and titling and graphics, initializes its battery­
backup clock (which maintains millisecond 
resolution) from IRIB-B timing, and generates 
one or two box or crosshair cursors. Eight 
analog inputs, binary video insertion, cursor 
readout, and keyboard input optional. RSl 70 
(A)/ CCIR / PAL. $1 500 standard board ; pack­
aged versions available. K-Systems, Inc., 3902 
Lilac, Las Cruces, N.M. 88005, 505-526-3209. 
800-525-5797. 276 

Maximize IC density with MINI/BUS.® Rogers 
MINI / BUS® PCB bus bars let you create 
higher density boards without the added 
design time and expense of multilayer. 
Because they eliminate on-board power and 
ground traces. And save valuable real estate 
for maximizing ICs and signal interconnections. 
All at about half the cost of 4-layer PCBs. Call 
(602) 830-3370. Or write: Rogers Corporation, 
5750 East McKellips Road, Mesa, AZ. 85205. 

BUS BARS 279 

Logic 
Simulation 

System 
Interactive Logic Simulation System. A fou 
state unit delay simulator. (1 , 0, unknown, hi 
z.) Standard ASCII files or keyboard entry 
User defined macros, signal sources, patterns 
Output is timing diagram (screen or printer: 
loading report (fanout) . Circuit, macros anc 
externals. Signal sources are periodic anc 
aperiodic, user defined. It is easy to use anc 
handles errors gracefully. Full documentation 
is provided . For microcomputers running 
CP/ M or MS-DOS. Price: $175.00. Tatum 
Labs, P 0 . Box 698, Sandy Hook CT 06482, 
203-426-2184. 
SIMULATION SYSTEM 27~ 

Need to Program Chips? GTEK's outstanding 
Model 7956 Gang Programmer with intelligent 
algorithms can copy 8 EPROMS at a time! The 
7956 will program all popular chips on the 
market through the 27512 EPROMS. It also 
supports the Intel 2764A and 27128A chips. 
The 7956 also programs single chip processors. 
$879 stand alone; $1099 with RS232 option. 
GTEK, Inc., P.O. Box 289, Waveland, MS 
39576; 601-467-8048. 

GANG PROGRAMMER 277 

Solve virtually all your STD system problems 
w/a single card. The MCPU-900 provides 4 
MHz Z80A, 64K RAM, & up to 16K ROM . 1797 
disk controller handles four floppy drives 
w/ all-digital data separator. Also on board 
are a serial port & 24 bit parallel port that may 
be used for SASI / SCSI control w / the SASl-100 
board . Three 10 MHz counter / timers & 
Centronics printer port round out the interfac­
ing capabilities. The $795 price includes 100 
hour burn -in & 200 pg. manual. Miller 
Technology, Inc., 647 N Santa Cruz Ave., Los 
Gatos, CA 95030, (408) 395-2032. 
STD MICROSYSTEM 280 



quick ad1 New and cu rrent products for the electronic designer presented by their manufacturers. 

ELECTROSTATIC METER: For locating and 
measuring electrostatic voltage. An accurate, 
compact instrument that detects presence, 
magnitude and polarity of static electricity. 
Use to locate static problems or to position 
static eliminators for effectiveness. A detach­
able ground wire assures a reading accurate to 
±5%. Chapman Corp., 125 Presumpscot St., 
P.O. Box 10700, Portland, Maine 04104 (207) 
773-4726. 

ELECTROSTATI C METER 281 

EMI PROBLEMS? Let Eagle Magnetic FIND 
your magnetic shielding problems! For more 
information write or call: Eagle Magnetic Co., 
Inc., P.O . Box 24283 • Indianapolis, Ind . 
46224. Phone (317) 297-1030. 

MAGNETIC SHIELDING 284 

THE MICROWRITER-Six keys do the work of 
six\) standard keys. You operate it with one 
hand and it takes only an hour to master. It 
weighs 2 lbs, is handheld, and redefines the 
word 'portable .' It is a sophistica ted and 
powerful word -processor. Upload and down­
load from RS232C computers or printers. 
$499. MICROWRITER INC., 251 East 61 St., 
New York, NY 10021-Phone: (800) 654-4001 
or (212) 319-8602. 

FREE USER'S MANUAL 287 

6502 SINGLE BOARD COMPUTER with 16K 
CMOS RAM , sockets for two 2532 EPROM 8K. 
Real time calendar clock using MM58167, one 
RS232 serial port using a 6551ACIA and four 
parallel ports using two 6522VIA. Uses a single 
5 volt power source at 600MA 5.5 x 7 inches. 
Assembled and tested. $389.00. 5 volt. 1 amp 
SWITCHING POWER SUPPLY with floating 
battery backup circuit. Input 115VAC or 10 to 
15VDC, 3 x 7 inches PCB. Assembled and 
tested. $79.00. Custom Programming Group, 
Inc., 47-2A Marchwood Road, Exton . PA 
19341. (215) 363-8840. 
CUSTOM PROGRAMMING GRP , INC. 282 

HEAVY-DUTY RACK-MOUNT ENCLOSURES 
TRACEWELL'S CH SERIES FEATURES: Preci­
sion die-cast handles • Universal mounting 
rails standard • Captive fasteners top/ bottom 
• Four EIA heights: 3 '1?' , 51/.i", 7", 8%" • Two 
depths 19" and 12" standard • Complete 
enclosures from $145 (1 -4 pcs) • Tracewell 
Enc losures, 7032 Worthington-Galena Rd , 
Columbus, OH 43085 (800) 848-4525, in Ohio 
(614) 846-6175. 

RACK MOUNT ENCLOSURES 285 

ROLYN OPTICS CO. supplies all types of "Off 
the Shelf" opti cal components . Lenses, 
prisms, mirrors. irises, microscope objectives 
and eyepieces and many others. All from 
stock. We also supply custom products and 
coatings in prototype or production quantit ies. 
75 page catalog describes products and 
prices. ROL YN OPTICS CO., 738 Arrowgrand 
Circle, Covina, CA 91725 (818) 915-5707 & 
(818) 915-5717. TELEX: 67 0380. 

OPTICS 288 

6800/6809 Micro Modules. OEM 6800/ 6809 
MICROCOMPUTER MODULES for dedicated 
control and monitoring. Interfaces for sensors, 
transducers, analog signals, solenoids, relays, 
lamps, pumps, motors, keyboards, displays, 
IEEE-488, serial 1/ 0 , floppy disks. Wintek 
Corporation, 1801 South Street, Lafayette, IN 
47904-2993. (317) 742-8428. 

MICROCOMPUTER MODULES 283 

RELIABLE 0.1 AQL SOLID STATE RELAY. 
Conditioning screen at 80°C prior to shipping 
yields ultra-reliable 0.1 AQL SSR. UL recognized 
(File #55197) ; CSA approved. 615V meets VOE 
& IEC standards. The 615 series features AC 
load ratings to 40 amps @250VRMS, optical 
isolation to 3750 VRMS, logic com patible 
input, & zero voltage turn-on. Constant current 
input from 3 to 32VDC. Incorporates custom 
IC's to reduce component count. From $10. 75 
ea . in production quantities. Teledyne Solid 
State Products, 12525 Daphne Ave., Hawthorne, 
Ca. 90250 (213) 777-0077. 
RELAYS 286 

Dual, ult ra Low Noise FET CD860 

VDD + 

voo -

This dual FET is designed for low level 
amplifiers with input noise voltage typically 
l.4nV ,,/Hz at 1 kHz. Device has min . Gm of 
25,000 µMho per side, assuring voltage gain 
of 25 min. with 1 K drain load. The lOmA 
operating point is easily held due to low pinch­
off voltage, as source follower, CD860 has 
typica l output impedance of 24 ohms. Gm is 
matched to ± 5% and VPO to ± 25mV. 
Teledyne Crystalonics. 147 Sherman St .. 
Cambridge. MA 02140. Tel. (61.7) 491-1670 • 
TWX: 710-320-1196. 

DUAL FET 289 
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quick ad1 New and current product s for the electronic designer presented by their manufacturers. 

EPROM PROGRAMMER. Model EP-2 B-87 
comes with RS-232 and 20 Ma . current loop. 
Programs 2708, 2716, 27Cl6, TMS2716, 
2732, 27C32, 2732A, 2532, 2764, 2764A, 
27C64, 27128 , 27128A , 27256, 2564, 
MCM68764 EPROMS; 2816A 2864 EEPROM; 
8751 , 38E70 MPU. Intel, Motorola, and 
Tektronix formats. Stand alone copy, edit, 17 
RS-232 commands. Price, $575 for 8K buffer. 
Personal ity modules $18 to $36. Optimal 
Technology, Earlysville, Va . 22936. 804-973-
5482. 

EPROM PROGRAMMER 

MICROCOMPUTERS 
AND 

INTERFACES 

• 
290 

We have six single board computers, two video 
boards and interfaces for the IBM -PC and 
APPLE li e computers. You can use our 
products for security systems, heat control, 
light control, automated slide show, traffic 
lights, irrigation systems, home computer 
systems. automated process control, and 
robot control just to name a few. OEM prices 
available. For catalog ca ll or write to: JOHN 
BELL ENGINEERING, INC. 400 OXFORD WAY. 
BELMONT, CA 94002. (415) 592-8411. 

MICROCOMPUTER/ INTERFACE CATALOG 293 

25AMP MIL SOLID STATE AC RELAY . 
Teledyne's 652 AC relay features load rating of 
25A at 250VRMS over 45 -440Hz frequencies. 
Synchronous "zero voltage" turn-on & zero 
current turn-off result in lower EMI levels 
compared w/ mechanical relays. Highly im­
mune to transients. Optical isolation 1500VRMS. 
Control range 3.8 to 32VDC @ lOmA. Logic 
compatible . Case is 1.57" x 2.41" x 1.30" 
QPL to MIL-R-28750/10. Meets MIL-STD-
704B. Model 653 is DC version . Teledyne 
Solid State Products, 12525 Daphne Ave., 
Hawthorne, CA. 90250. 213 777-0077. 
RELAYS 296 
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NEW COMPUTER •Saves you time and 
money In developing your application. 
M1g1tel"1 Ou1rk lm:r11au power. speed I vel'llllltty wllllt 

reducing llZI I COIL 

' . 
, c.o 
. \_. c 

. 
" i;;;< • • 

All this on one small board. Hardware: 6 MHZ 
Z80 • ST -506 Hard Disk & Floppy Disk 
Controllers • 2 Serial Ports • 4 Parallel Ports • 
128/256K RAM Graphics/Alpha Video Control ­
ler • 1/ 0 & EPROM Expansion • Only $495. in 
OEM quantities Software : Ready to boot 
up • Floppy & Hard Disk Drivers • Peripheral 
Hardware Independent • Fully User Configur­
able; Graphics/Alpha Terminal Drivers • Source 
Code Provided • CP/ M 2.2 & 3.0. For more 
details call us today. (416) 745-7214 Megatel -
1051 Clinton Street, Buffalo, NY 14206 

MEGATEL QUARK BOARD 291 

HIGH SPEED CUTTING MACHINE. The ATC-
10 and ETC-10 High Speed Tube Cutting 
Machines cut any kind of plastic tubing such 
as vinyl , teflon, shrinkable, etc. Equipped with 
6 digit counter. Can be operated with coiled 
tubing or straight section tubing. ATC-10 is air 
operated and cuts tubes from 0.40 to 1.20 
inches in length and up to 0.43 inches in 
diameter, 13,000-16,000 pcs/ hour. ETC-10 is 
electrically· operated, 10,000-12,000 pcs/ 
hour. DAVLE TECH INC., 2-05 Banta Place, 
Fair Lawn, New Jersey, 07410, tel. 201-796-
1720. 
TUBE CUTTING MACHINES 294 

Z8000'" MULTIBUS'" SBC.Z8001 or Z8002 16-
bit CPU (6 MHz); 32K or 128K DRAM 
(upgradable to 512K); up to 48K static RAM or 
EEPROM; up to 128K EPROM ; 2 RS-232 ports 
(Z8030 SCC); 40 parallel 1/ 0 lines. six 16-bit 
counter-timers (Z8036 CIOs); vectored inter­
rupts. EPROM Debug Monitor, MICRO CON­
CURRENT PASCAL, C, FORTH, VRTX. Dev. 
Z8000 software on IBM PC, PDP-11, Intel MOS, 
Olivetti M20 or 8080/ 280 CP/ M system. 
Z8000'" Zilog, Multibus'" Intel Corp. SINGLE 
BOARD SOLUTIONS, 7669 Rainbow Dr ., 
Cupertino, CA 95014. 408-253-0181. 
SINGLE BOARD SOLUTIONS 297 

ELECTRO-OPTICAL COMMUNICATION: 
DICTIONARY: Dennis Bodson & Dan Bote; 
Eds., Never be at a loss for words with thi 
complete reference to the most ·commonl 
used terms in electro-optical communicatiom 
Send $22.95 plus $2.00 to cover postage I 
handling to Hayden Book Company, l! 
Mulholland Dr., Hasbrouck Hts. , NJ 07604 
Reference number 0961 must be included or 
your check or money order. If not satisfied 
return the book undamaged, within 10 days fo, 
refund . 

COMMUNICATIONS DICTIONARY 29~ 

VME 68000 FAMILY MODULES Full MOTOROLA 
compatible but reinforced 8MHz / lOMHz CPU 
modules with battery backed-up RTC & on­
board CMOS RAM, 512KB and 2M B DRAM 
memory modules. Static 64KB RAM, ROM, 
Floppy l / F, Hard Disk l / F, Serial l / F modules. 
AMPERE, INC. Asahi Bldg., 5-chome, Nishi­
Shinjuku , Shinjuku-ku, Tokyo Japan Telex 
J33101 AMPERE PHONE 03-365-0825. 

CPU MODULES 295 

SERVICING HOME VIDEO CASSETTE 
RECORDERS: Marvin Hobbs, Save time and 
money by fixing a VCR yourself! Covers the 
circu itry and mechanical features of typical 
Beta and VHS format recorders. Send $15.95 
plus $2.00 to cover postage & handling to 
Hayden Book Company, 10 Mulholland Dr., 
Hasbrouck Hts., NJ 07604. Reference number 
0652 must be included on your check or 
money order. If not satisfied, return the book 
undamaged, within 10 days for refund. 

RECORDERS 298 
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The Earth from 22,300 mi les in space. (Photo: Courtesy of NASA) 

Clarke's proposed 
3-satellite system. FINDING NEW WAYS ... 

In 1945, Arthur C Clarke- a British mathematician , wire­
less operator and creative science fiction writer found a 
better way to beam communications signals around the 
world. He theorized that an artificial satellite, carried by a 
rocket to an orbit 22,300 miles above the earth's equator 
and traveling at 6879 mph (the speed at which the earth 
rotates on its axis), would appear motionless to an ob­
server on earth. From that height, Clarke reasoned , a radio 
relay station could cover one-third of the earth 's surface; 
three such satellites, placed in geosynchronous orbit 
around the equator could provide worldwide communica­
tions . In 20 years , advances in electronics , miniaturization 
and rocketry made Clarke's dream a reality and gave the 
world improved communications capability. 

finding new ways. 

Likewise, in 1969, Mini-Circuits made its total commitment to 
serve the emerging communications market . .. by replacing 
expensive, custom RF signal-processing components with 
low-cost, catalog units with unparalleled reliability. 

Our dream, like Clarke's, has come true. Over 1,000 catalog 
items available with such Mini-Circuits innovations as our ex­
clusive HTRB burn-in testing, the world 's only 3-year guaran­
teed mixers, computer-automated performance data (CAPD) 
to eliminate design guesswork ... just to name a few. 

Mini-Circuits' products have become the industry stan­
dard . We are actively dedicated to the pursuit of further 
improvements in product cost/performance, quality and 
reliability for more effective worldwide communications. 

setting higher standards 

CIRCLE 132 

0 Mini~~,,c~m~•~c1~ 
World 's largest manufacturer of Double Balanced Mixers 
P.O. Box 166, Brooklyn , New York 11235 (718) 934-4500 

Domestic and International Telex 125460 International Telex 620156 F79 Rev Orig . 



U DS modems are designed 
for CONSERVATIVE OEMs 

When computer and peripheral OEMs select UDS 
modems for on-board application , you know they 're 
conservative! They expect their modems to be as 
reliable as the other elements of the equ ipment they 
produce. 

UDS modems are conservat ively designed-from 
board layout to component selection , every choice 
reflects the OEMs' concern for reliability, economy 
and maintenance simplicity. 

UDS modems are conservatively manufactured ­
automated equipment and exhaustive product 
testing have earned the confidence of the most 
demanding OEMs. 

UDS board-level modems are available at speeds 
from .3 to 14.4 kbps. Some are synchronous while 
others are asynchronous. Depending on the models 
selected , they can access either dial-up or dedicated 

lines, and they offer a wide choice of auto-dial, 
auto-answer and self-test features . And, for the 
first time, many models are avai lable in the popular 
"Eurocard" form factor. 

If you 're a conservative OEM who insists on the 
best when you bu ild in a modem, ask for specs and 
prices from Universal Data Systems, 5000 Bradford 
Drive, Huntsville, AL 35805. Telephone 205/837-8100; 
TWX 810 -726-2100. 

Universal Data Systems 
® MOTOROLA INC. 

lnfonnation Systems Group 

Inquiry Hotline: 800/633-2252, ext. 361 

UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area. 
DISTRICT OFFICES: Atlanta, GA, 404/998-2715 • Aurora, CO, 303/368-9000 • Bellevue, WA, 206/455-4429 • Blue Bell, PA, 215/643-2336 • Boston, MA, 617/875-8868 
Columbus, OH, 614/895-3025 • East Brunswick, NJ, 201/238-1515 • Glenview, IL, 312/998-8180 • Houston, TX, 713/988-5506 • Huntsville, Al, 205/837-8100 
Mesa, AZ, 602/820-6611 •Minnetonka, MN, 612/938-9230 •Mountain View, CA, 415/969-3323 •Richardson, TX, 214/680-0002 •Silver Spring, MD, 301/942-8558 
Tampa, Fl, 813/684-0615 • Thousand Oaks, CA, 805/496-3777 • Tustin, CA, 714/669-8001 • Willowdale, Ont, Can, 416/495-0008 • Ypsilanti, Ml, 313/483-2682 
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