


YOUR CRT. 
AMD's CRT controller family wrings every 

last drop of performance out of your video screen. 
You get a dazzling, attractive display your 

customers will find irresistible. 

The Am805i. You'll wonder where 
the flicker went. 

Thanks to on-board DMA and triple row buf­
fers, you get vertical and horizontal split screens, 
with smooth-scrolling windows. All flicker-free. 

You even get double-height and double­
width characters, superscripts and subscripts. 

The Am815iA /53A. Make your display 
look its sparkling best. 

You get cleaner, crispier characters with the 
lOOMHz video system controller. And propor­
tional spacing down to two pixels. 

No other VLSI chip set gives you as much. 
And to top it off, the chips even take over 

many of the functions of the CPU. Like linked 
list manipulation for easier editing. Your CPU 
has better things to do. 

We'll put you as far ahead of the 
competition as we are. 

Controllers. Bipolar a-Pd MOS micro­
processors. Communication circuits. Signal proc­
essors. Nobody makes as many peripherals for 
as many microprocessors as AMD. 

And every single chip meets or exceeds the 
International Standard of Quality. 

If you want the 
most out of your 
tube, put the 

ftii\S!D squeeze on 
J.I.'~ AMD. We'll show 

you several ways to put the sparkle in your 
customer's smile. 

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. 
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Sl JRl'RISE! 
Now, designing in bar code capability is fast 

and easy with HPs new decoder IC and wands. 
HP offers a variety of 
bar code solutions. 
OEM's who want to help 
meet the needs of end­
user customers are add­
ing bar code reading 
capabilities to their prod­
ucts. And HP offers you 
a one-supplier solution 
to make these new design­
ins fast and easy. Our 
new decoder IC and digi­
tal wands, as a product 
set, offer a complete com­
ponent solution for bar 
code reading. Or, the 
wands are available sep­
arately. And HP can fill 
your orders now. 

HP's new decoder IC 
simplifies designs. 
HP's new decoder IC can 
save you considerable 
time and money in bar 
code software devel­
opment. Both parallel and serial 
ASCII interfaces are available, so 
the IC is easy to use with most com­
mon microprocessors. It fits easily 
onto your PC board. There's no need 

to develop your own decoding soft­
ware, or use up time on your host 
microprocessor. And since the IC 
performs the functions of the typical 
decoding box, you eliminate that 
piece of equipment altogether. 

Moreover, the new decoder IC 
gives you decoding capability for 
standard industrial and commercial 

CG08405A 

bar codes-the 3-of-9, Interleaved 
2-of-5, UPC, EAN and JAN codes­
all on a single chip. And it's been 
optimized to use with either our 
new HBCS-2000 or HBCS-4000 
series wands. The decoder IC and 
a wand are available together in the 
HBCR-1000 series Component Bar 
Code Readers. 

HP's new sapphire tip wands 
feature rugged construction. 
HP's two new digital wands are 
designed for high performance bar 
code scanning in both industrial and 
commercial applications. They fea­
ture tough, replaceable sapphire ball 
tips, rugged construction, a variety 
of resolutions and a standard digital 
TTL interface. Each wand can be used 
at scanning angles up to 45 degrees 

F//OW HEWLETT 
a:~ PACKARD 
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for improved reading 
performance. 

For your heavy indus­
trial and LOGMARS 
applications, select from 
the new HBCS-4000 
series sealed metal wands. 

And for commercial 
or light industrial uses, 
choose from the HBCS-
2000 series polycar­
bonate-cased wands. 

For pricing and deliv­
ery, contact your local 
Hewlett-Packard autho­
rized components dis­
tributor. In the U.S., call 
Hall-Mark, Hamilton/ 
Avnet or Schweber. In 
Canada, call Hamilton/ 
Avnet or Zentronics, Ltd. 
For more information, 
call your local HP sales 
office listed in the tele­
phone directory white 

pages and ask for the Components 
Department. 

HP: The right choices 
for bar code 
solutions. 

Electronic Design • January 10. 1985 1 



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, 
traveling at 6879 mph (7x 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. 

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 
(CAPO) 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 . 

finding new ways . . . 
setting higher standards 

CIRCLE 3 

t;;J Minjo~~i~Yil~ 
World 's largest manufacturer of Double Balanced M ixers 

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

P
redicting events in the electronics indus­
try is somewhat akin to tracking the mo­
tion of subatomic particles. Quantum 

mechanics states that the behavior of individu­
al particles cannot be pinpointed, but statis­
tical group behavior can. The greater the num­
ber of particles included, the more accurate 
and dependable the prediction. 

Similarly, opening an arbitrarily small win­
dow to the world of technology can leave utter­
ly the wrong impression. Try to anticipate the 
behavior of a single segment-the computer 
sector, for instance. Which computer architec­
ture, which storage peripheral, which semicon­
ductor processing technology-even which 
competing nation-will emerge on top is any­
body's guess. 

Even worse, watch nontechnical industry 
events one by one, and a bleak image may de­
velop. At any given moment, a billion-dollar 
computer house may go bankrupt; the Federal 
government may indict a semiconductor test 
cheater; an established company may sue a 
start-up to recover stolen secrets; a trusted 
employee may pilfer hard-to-get ICs or help 
smuggle sensitive products into the forbidden 
Eastern Bloc. 

But open the viewing port to panoramic pro­
portions, lump together all industry events­
technical and otherwise-and the composite 
picture gives a far truer glimpse of the future. 
The outcome is 99% certain, and the some­
times dismaying events do not seem to count 
individually. 

By the end of the decade, the electronics in­
dustry clearly will be among the top two or 
three in the U.S. It will be propelled by contin­
uously evolving products calculated to over­
come the stubborn problems of low productiv­
ity, obsolete factories, and short supplies of 
skilled labor. Its overall nature will undergo 
some striking changes: startlingly different 
computers, highly intellectual software, con­
tinually shrinking parts and packages. 

For the enterprising participants and those 
who enjoy the fruits of their efforts, the elec­
tronics industry of 1990 will open some 
remarkable new vistas. 
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95 International Meetings 

460 Index of Advertisers 
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27 News pulse 

Newsfront 
39 One-chip µCs adopt off-the-shelf OS for 

real-time tasks 
39 Configurable RAM cell boosts array 

flexibility 
42 CMOS process mingles high-quality 

analog, digital parts 
42 Graphics accelerator cruises along at 

400,000 operations/s 
44 Software front end links Lisp machine 

to industrial world 
48 Channelless cells optimize silicon use in 

semicustom chips 

Conference Preview 
59 New languages and techniques drive 

advances in simulation 

News Analysis 
65 Makers of semicustom ICs greet bit-

slice devices and µPs with open arms 

Viewpoint 
77 High resolution , full color will character-

ize future nonimpact printers 
78 Even with semicustom CMOS chips 

closing in, TTL bus drivers are still 
ahead of the game 

91 International Newsfront 
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1985 Technology Forecast 
110 Introduction 

112 Expert systems 
Leaving the realm of pure research , artificially intelligent systems 
are now the focal point of intense design and execution efforts. 

142 Testability 
The question is not whether testability measures should be taken 
on a particular IC design, but rather how that testability will be 
accompl ished. 

174 RISC machines 
While most of the electronics industry is gearing up for complex­
ity, the RISC camp is quietly staking its claim on simple comput­
ers of the future. 

190 Telecommunication ICs 
In the midst of a transformation from analog to digital switching , 
the "plain old phone service" has some surprises in store. 

232 Surface-mounted packaging 
By the end of the decade nearly half of all components will be de­
signed for surface mounting. In the meantime, some obstacles 
must be eliminated. 

261 Ten views from the top 
Ten scientists, each a pioneer in his own field , predict some in­
triguing scenarios for the rest of the decade. 

Design Entries 
289 Primed by a processor, an analog comparator 

chip can run its own show 
With on-chip logic adjusting the comparator 's threshold, the main 
processor in a data retrieval system is free to raise throughput. 

303 Memory management and 1/0 prove 8-bit 
processors cannot be counted out 
What seems like another 8-bit CMOS microprocessor actually in­
cludes a memory management unit plus a OMA controller and a 
range of 1/0 functions. 



319 Microprogram sequencer handles a system's 
interrupts in real time 
Having a 100-ns cycle time and a range of functions, a control IC 
makes use of microcode to sequence programs for micropro­
grammable systems. 

335 The 32-bit 68020's power flows freely through 
a versatile interface 
A system interface may hold back a processor 's power, but the 
68020 goes to extra lengths to optimize its link to other chips. 

349 Systolic arrays fill the bill as data-base 
management heads for gigabyte range 
Parallel-processing building blocks with distributed memories 
offer speed and ease of use in systems where von Neumann ar­
chitectures would falter . 

363 Design Solution: Logic-triggered amplifier 
upgrades scope for digital troubleshooting 
A vertical amplifier module plugs right into an oscilloscope, giving 
it the triggering skills to track and analyze digital system faults. 

Cove• photography and opening spreads by Ken Schroers 
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In The Next Issue 
• Technology Report: Electrolytic capacitors 

• Network debugger sorts through Ethernet 
software and hardware 

• A chip set for bus control 

• The 68020 's dynamic bus 

New Products 
Analog 

375 A-d converter makes speed/accuracy 
tradeoffs under software control 

376 Low-cost hybrid op amp slews at 3000 
V/µs, reaches beyond 100 MHz 

377 A-d converter chip carries its own filter 
378 Unity-gain buffer slews at 2500 VI µS 

Software 
399 Fortran engineering arrives for the PC­

in full battle dress 
400 Schematic entry software also programs 

logic 

Digital ICs 
403 Preprogrammed µC directs speech chip 

for simple, compact voice 1/0 

Components 
407 Thin-film heads serve 1200-tpi drives 
408 Easily mounted wire-form connectors 

have dual contacts 

Instruments 
416 Programmer handles 99% of device types 

Computer Boards 
421 SMD drive controller slashes access times 

Computer Peripherals 
425 Hard-disk subsystem stores 1.4 Gbytes 

396 Packaging & Materials 
429 Computer Systems 
431 Communications 
433 Factory Automation 
435 Product News 
437 Application News 
438 New Literature 
388 International New Products 
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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 

Cal l or write for 64·page 

10·2000 MHz 
20dB 
±1.5dB 

+ 17 dBm 
7.0dB 

25dBm 
2:1 

+ 15V, 100 mA 

RF Designers Guide or refer to EEM, 

EBG, Gold Book, Microwaves & RF Directories . 

. .. . u111y 11t:W WdyS .. 

se tting higher standards 

t::I Mini-Circuits 
A D1v1s1on of Sc1ent1f1c Components Corporation 

World 's largest manufacturer of Double Ba lanced Mixers 

P.O. Box 166, B'klyn , N.Y. 11235 (718) 934-4500 
CIRCLE 4 C98·3 REV ORIG 

CONTENTS SPOTLIGHT 

1985 Technology Forecast 110 

E
ngineers have long been accustomed to making de­
mands on technology. But 1985, as our Technology 
Forecast predicts, will force them to do an about-face: 

Never before has technology demanded so much of engi­
neers. Take our report on software, expert systems to be 
specific (p. 112). As they move out of the lab and into the 
commercial realm, system designers will have to become at 
least proficient in software if not experts in it. Testing, too, 
will undergo wide-reaching changes (p. 142). Test engineers 
will be drawn into design matters; designers will shoulder 
more of the burden for instilling testability into their 
chips, boards, and systems. As for computers themselves, 
reduced-instruction-set machines (p. 174) will challenge the 
traditional view of system architectures, proving that big­
ger may not always be better. 

Even something as mundane as the telephone system, as 
our fourth Technology Forecast discusses (p. 198), will keep 
enterprising designers busy preparing telecommunication 
chips and systems for a monumental goal-all-digital 
transmission and switching. Our last Technology Forecast 
explores a relatively new area but one that is here to stay: 
surface-mounted packaging (p. 232). Chip designers, process 
experts, test engineers, and makers of automatic test equip­
ment all will have to learn new tricks. 

Backing up those predictions, and making a few of their 
own, ten leading scientists foresee a new look in electronics, 
computers, communications, and instruments (p. 261). All 
agree that software-once the domain of a few-will be the 
driving force behind any advances. 

The 68020 microprocessor 335 

F
ew microprocessor developments have inspired system 
designers as much as full 32-bit chips. But reality, in 
the form of peripherals with interfaces 8 and 16 bits 

wide, sometimes barges in. The 68020 shrugs that off, 
thanks obviously to its speed and power and less obviously 
to a unique mechanism that adapts the chip's 32-bit data 
bus to the width of a peripheral's bus . 
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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, )'.'.OU could be designing the 
exceRtion. 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~ .. 'J\ Complete 
Guide Tu Solenoid Selection" with a solenoid order­
ing check list and "Design Data Sheet" 

GUARDIAN ELECTRIC MANUFACTURING CO. 1550 W. Carroll Ave., Chicago, IL 60607 • 312/243-1100 
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Gould AMI ... Innovation and Quality in Semiconductors 

The double-metal answer 
to sluggish gate arrays. 



What are you waiting for? Move into the world 
of 1 to 3 ns gate delays. 

Gould AMI 3µ double-metal HCMOS tech­
nology opens up applications once considered 
too fast for CMOS gate arrays. Now, you can 
have low cost and power consumption 
without giving up speed. 

Fast circuit design and delivery. 
These double-metal arrays don't just work 
faster-they're designed faster. One reason is 

Gould AMl's growing library of macro cells. Over 
100 popular functions-predefined and pretested­
allow you to avoid wasting time and money 
reinventing the wheel. 

Also, Gould AMl's fully integrated CAD soft­
ware places and routes each programmable level 
automatically. More than fast, it can util ize over 
98% of available gates! 

Gould AMI offers 3µ double-metal arrays 
from 1100 to 4000 gates. (Later this year, our 2µ 
family will provide up to 10,000 gates.) Delivery in 
production quantities takes just 5 to 7 weeks from 
prototype approval. 

Service just as fast and flexible. 
We can do everything from design through fabri­
cation-or any part of the job you wish. Gould 
AMI CAD software runs on Prime® and VAX'" 
computers. Our macro cells are available on 
major workstations. We can train your designers. 
And there's second sourcing, of course. 

You're invited to find out more about the Gould 
AMI gate array program. Call us at 408-554-2311 , 
or return the coupon. Because if the job is making 
CMOS gate arrays faster, Gould AMI is right for 
the job. 
Prime" is a registered trademark of Prime Computer, Inc. 
VAX'" is a trademark of Digital Equipment Corporation . . ----------------------------

Yes, I want faster gate arrays-fast! 
Tell me all about Gould AMl's: 

D Complete gate array 
line. 

D Complete standard cell 
line. 

D CAD software programs. 

Name 

Title 

Company 

Address 

City/State/ Zip 
( ) 
Phone No: 

D Macro cell libraries. 

D CAD training program. 

D Send your enlightening 
case history, "Gate 
Arrays- The Hidden 
Cost Savings." 

M/S 

Mail to: Gould AMI Semiconductors 

ED 1-10 
Gate Arrays Marketing 
3800 Homestead Road 
Santa Clara, CA 95051 

-} GOULD 
AJMIJ Semiconductors 



Our little magnetic latching T0-5 
relay simply never forgets. Once it 's 
set with a short pulse of coi l voltage, 
Teledyne's Maglatch T0-5 will retain 
its state until reset. Even if system 
power fai ls or is shut off. 

Because holding power is not 
requ ired, the Maglatch T0-5 uses 
less energy than any other relay you 
can buy. This makes it ideal for any 
situation where power drain is cri tical. 
And its tiny footprint makes it ideal 
fo r high density printed circuit boards. 

For RF switching applications, the 
Maglatch's low intercontact capaci­
tance and contact circuit losses pro­
vide high isolation and low insertion 
loss up through UHF 

The Maglatch T0-5 is available 
in SPOT and DPDT styles. And it 
comes in commercial/industrial 
versions as well as mi litary versions 
qualified to "L:' "M:' and "P" levels 
of MIL-R-39016. 

Teledyne is an industry leader. 
We have been for over twenty years . 

We've used our technical and manu­
focturing know- how to create the 
world 's best subminiature electro­
mechanical and solid state re lays. 

lf you'd like complete technical 
information about our Maglatch 
T0-5 re lay, or applications assistance, 
please ca ll or write today. We're here 
to help you. 

, ... TELEDYNE RELAYS 
T he best little relays in the world. 

12525 Daphne Ave., Hawthorne, California 90250 • 12131 777-0077 
U.K. Sales Office: Heathrow House, Bath Rd., Cranford. Hounslow, Middlesex, TW 5 9QQ • 01-897-2 501 

European Hqtrs: Abraham Lincoln Strasse 38-42 • 62 Wiesbaden, W. Germany 06121-7680 
Japan Sales Office: Nihon, Seimei Akasaka Building• 8-1-19 Akasaka, Minato-Ku Tokyo, 107Japan103) 403-8 141 

CIRCLE 6 



ON REFLECTION 

On-the-job obsolescence: 
Engineering schools 
must assume some blame 

A 
number of recent surveys not only have 
confirmed and discredited some widely 
held beliefs but have revealed some 

startling information about engineers and 
their careers. For instance, the Massachusetts 
High Technology Council found that American 
engineering schools leave students ill­
prepared for a long and healthy career. In fact, 
it found that engineering managers consider 
their charges beyond their prime at the age of 
33, and engineers themselves put the apex of 
their careers at age 37. 

One eminent MIT professor suggests the 
reason: An engineer's specialties quickly be­
come obsolete nowadays. Overspecialization­
to the extent that CMOS designers can bump 
NMOS designers-is considered ludicrous 
nearly everywhere except the United States. In 
most European companies, for example, an 
engineer must be a generalist, able to switch 
readily from logic design to quality control and 
then to production. 

As ELECTRONIC DESIGN'S Career Survey re­
vealed (Oct. 31, p. 137), most readers concur 
that knowledge of computers and software is a 
prerequisite for today's engineers and engi­
neering managers. On the other hand, they 
shatter the contention that engineering 
schools overemphasize computer science at the 
expense of, say, analog design or mathematics. 
In fact, the one category in which respondents 
confessed to being inadequately prepared is 
software: A whopping 78% felt that software 
had gotten short shrift at their alma mater. 

What should our engineering schools do to 
give their alumni a fairer break? Primarily, 
they must raise their standards. In Europe, 
only 25% of high-school graduates-all 
stringently prepared-get into college; the 

ratio in America is 60%. Our universities then 
must spend a year filling in the gaps in the stu­
dents' knowledge. 

In addition, all engineering schools must 
learn to resist industry pressures to simply 
crank out computer fodder-graduates who 
can sit down at a terminal and design an 8-bit 
shift register the first day on the job. In some 
cases, the American EE averages 1500 to 2500 
hours of classroom time before graduation, 
compared with twice that or more elsewhere. 
Obviously, that is not enough time for learning 
both basic and immediately salable skills. 

I remember a teacher in the bombed-out 
ruins of postwar Europe, who put it succinctly: 
"It won't be easy to teach you about the world 
without books or laboratories. But we can 
teach you one thing that is more important 
than even physics. We can and will teach you 
how to learn." Perhaps one problem of our 
engHi.eering schools is too much equipment. In 
other countries, engineers must make do with­
out gadgetry and learn timeless skills instead. 

In that regard, many American schools do a 
dismal job. Engineers who know their physics 
and master the art of learning never become 
obsolete. Of course, it does not hurt if they also 
are taught how to write software-in other 
words, how to express their thinking clearly­
because that raises their chances of being 
hired and being kept. 

Max Schindler 
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If YOU DON'T HAVE 
MULTl·USER DEVELOPMENT 

TOOLS,YOURTEAM CAN 
STILL PULL TOGETHER. 



Eveiy which way. 
Wasting time and money 
running around sharing 
data the old, inefficient, 
unreliable way. By hand. 
And foot. 

With Intel's multi­
user development tools, 
you'll never run that risk 
Whether you work on a 
VAX; network your Intel 

workstations or both, 
Intel tools can get your 
team together. 

With Intel NDS-II net­
working, files are centrally 
stored. Work and inform­
ation are easily shared 
through electronic mail. 

Project coordination 
becomes easier and more 
efficient. 

You can even stop 
woriying whether your 
investment is used to 
potential. Because the 
Network Resource Man­
ager seeks out idle work­
stations and uses them. 
Keeping your tools and 
development team 
productive. 

With NDS-II, you'll 
never run the risk of proj­
ect members accidentally 
destroying or interfering 
with each other's soft­
ware. Because program 
management tools and 
a hierarchical file system 
provide you with built-in 
file security. 

If you're a VAX user, 
you can't find better cross­
compilers than Intel's. 
They' re engineered to 
produce the same quality 
code and debug records 
as the compilers on our 
own workstations.You 
can even connect your 
VAX to the NDS-II. 

Last but not least, our 
newest multi-user tool, 

e> ·1934 Intel Corporation. 
•vAX is a registered trademark o f Digital Equipment Corp. 
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Series IV Use it as a two­
user, stand-alone system, 
or as a powerful work­
station on your NDS-II 
network. 

Best of all, Intel's 
multi-user development 
tools are just part of a 
fully integrated set of 
tools built to support 
iAPX microprocessor 
development from prod­
uct conception to com­
pletion. So you can work 
on your project. Not 
your tools. Total support 
you can't get anywhere 
else. Debupgers 

lnleRrated tools tbat n'liuce deuelopment risks. 

Intel development 
tools. Another great rea­
son to choose Intel 
advanced technology 
microprocessors. Find 
out more about how 
to reduce your design 
risk Call us today toll free 
at (800) 538-1876. In 
California, (800) 672-1833. 
Or write Intel Corpora­
tion, Lit. Dept. W-49, 3065 
Bowers Ave. , Santa Clara, 
CA95051. 

And get Intel pulling 
for you. 

inter 



In your system or on the bench ... 

the latest HP counter delivers all the 
right nUlllbers. At the right price. 
A new standard for 
your system. 

The HP 5334A is quickly becoming 
the new system standard. And for 
good reason: Full HP-IB programma­
bility is included in our low price of 
$2,800ot: That means it's a natural for 
fully automatic systems. Add to that 
automatic peak amplitude measurements 
and our exclusive auto attenuation for 
a real counter breakthrough in this 
price range. Plus easy interfacing to 
computers, such as the HP Series 200. 
And the HP 5334A can even help 
boost your overall system performance. 
That 's because its internal processor 
performs math functions and automatic 
measurements, which lower your 
system overhead. 

Fast and easy measurements 
on your bench. 

Bench users will like the way this 
counter speeds manual measurements. 

At the push of a button, you'll make 
waveform measurements such as peak, 
pulse width, rise and fall...automatic­
ally and fast. And its ability to store 
up to ten front-panel setups in its 
non-volatile memory will save you set­
up time and trouble. 

Measure for measure, you 
get more for less. 

You get a lot of performance in this 
counter bargain. Single-shot resolution 
of 2 ns, 100 MHz frequency opera­
ation is standard or 1.3 GHz C-channel 
optional. Fast, unformatted throughput 
of 150 measurements/second. There's 
even an optional 4-digit, autoranging, 
auto-polarity DVM. And naturally, 
it's fu lly compatible with the IEEE 
Recommended Practice for Code and 
Format Conventions of IEEE-728. 

Whether you need precise mea­
surements of oscillators, generators, 
transmitters, system clocks or other 

frequency or time-related applications, 
the HP 5334A comes up with the 
right numbers . 

The quickest way to get 
our number. 

For more information on the HP 5334A 
Universal Counter or the full range 
of solutions to your time interval or 
frequency measurement problems, 
request our data sheet and our com­
plete counter brochure. Call your local 
HP sales office listed in the telephone 
directory white pages. Ask for the 
electronic instruments department. 
• U.S.A. lis1 price only. 

CIRCLE 8 

r//dl HEWLETT 
~~ PACKARD 

U201405 



READER FEEDBACK 

A notable 
omission 

The Product Report 
"Focus on Board-Level 
Modems" in the Dec. 13 

issue [p. 25], although illu­
minating, fails to mention one 
of the technical leaders in the 
modem industry: Cermetek 
Microelectronics Inc. 

Our company makes a 
great many board-level mo­
dems. Indeed, we serve the 
OEM market with a compre­
hensive range of vertical 
standard-modem products, 
from IC components to fully 
packaged modems, and have 
over the years been responsi­
ble for a number of signifi­
cant technical innovations, 
including the first component 
technology to allow an OEM 
to design a modem in to a 
product. 

Our board-level modems 
support the full range of IBM 
products using the latest mi­
croprocessor and LSI technol­
ogy. We also make customized 
300- and 1200-bi t/ s modem 
boards for a variety of OEMs. 

Howard A. Raphael 
President 
Cermetek Microelectronics 

Inc. 
Sunnyvale, Calif. 

Setting a 
comparison straight 

I 
would like to take issue 
with the data cited in the 
Nov. 29 On Reflection by 

Mark Brownstein, "Optical­
Disk Drives May Soon Rival 
Winchesters, Floppies" [p. 

11]. Mr. Brownstein says that 
8-in. Winchesters hold up to 
100 Mbytes and their access 
time is roughly 30 ms. He also 
states that although improve­
ments are expected, they will 
be storing under 300 Mbytes 
for many years to come. 

I would like to point out 
that we have been marketing 
a 212-Mbyte 8-in. Winchester 
for the past two years, with an 
access time of about 25 ms. I 
would also like to refresh Mr. 
Brownstein's memory that 
your Nov. 15 issue carried an 
article (under my byline) de­
scribing both 330- and 660-
Mbyte 8-in. Winchesters 
["Highest-Capacity 8-in. 
Drive Presents Chioce of In­
terfaces," p. 271], which we 
currently have in preproduc­
tion. The access times for 
these drives are an average of 
18 ms or less. 

Now, I realize that Mr. 
Brownstein is trying to make 
a case for optical-disk drives; 
however, I feel that his prem­
ise of their being rivals for the 
Winchesters and floppies is a 
bit far-reaching, particularly 
in view of the fact that his in­
formation on Winchesters is 
obviously sadly outdated. 

Clyde Czernek 
President 
MegaVault Memories 
Woodland Hills, Calif. 

Preventing 
undesirable frequencies 

I 
tis true that the Design 
Solution circuit on p. 330 of 
the Nov.15 issue ["Pseudo­

Sine-Wave Circuit Generates 
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Analog Solutions 

Losing 
your peak? 
AH503/ AH504: 200nsec max 
acquisition time peak sense and hold 

~ Acquire + 10V peak in 200nsec 

~ Capture 30mV to 10V peaks 

~ Reduced size 5030A 

~ 500nsec max gate and reset times 

~ $88.10 in 100's (AH503DK) 

P.O. Box 11140, Tucson, Arizona 85734 
Phone 602-624-8358, Telex 910-952-1283 
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Check out the numbers on our 
new Cardinal Video Terminal Board. 

___.. If you're a systems designer looking to save space 
~ ~ .o... and money, Standard Microsystems has your 

o, number: the new Cardinal Video Terminal Con-
troller Board . The Cardinal meets the Eurocard Form 

Factor (3.9" x 6.3") and is priced below $200. Yet, it has 
a host of big system features, including thin and wide 

graphics, smooth scrolling, video attributes, full/half duplex 
operation and a menu-driven setup mode stored in 
a non-volatile memory. In fact, the Cardinal is so 
advanced, you only have to add a power supply, STANDARD MICROSYSTEMS 
keyboard and video monitor to build a complete CORPORATION !liiiiiiiiiiiiiiiii 
video display terminal. To find out more, contact 
Standard Microsystems Corporation, 35 Marcus 
Blvd ., Hauppauge, NY 11788. (516) 273-3100. 
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READER FEEDBACK 

FSK Tones without Disconti­
nuities"] will allow phase­
continuous frequency-shift­
keyed zones to be generated, 
but undesirable frequencies 
can still be produced during 
the transition from one fre­
quency to the other. This can 
happen when the binary input 
is making a transition simul­
taneously with the load pin of 
the counter, a point at which 
an invalid binary number 
could be loaded. May I suggest 
that either the data should be 
synchronized with the load of 
the counters or the data in­
put should be sampled and 
latched on the falling edge of 
the 7 4C193 clock. 

Richard Arndt 
Stromberg-Carlson 
Business Communications 

Systems 
Maitland, Fla. 

Th e author replies: Mr. 
Arndt is absolutely correct in 
his recognition of a potential 
problem in my circuit, and his 
suggestion is an improvement. 

Although the probability of 
the data inputs' containing a 
false state coincident with the 
short load pulse (less than 
1 µs) is low, his synchronizing 
scheme will eliminate it under 
most circumstances. The con-
8equ enc es of an incorrect 
load, should it occur, would 
last for only 1/16 of the period 
of the output pseudosinusoid 
but would have the effect of 
shortening or elongating that 
1/16 period. In those cases 
where this is a potential prob­
lem, I would certainly recom­
mend Mr. Arndt 's solution. 
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The Elmwood 3600 Series T0-5 
Thermal Switch provides a tost­
efficient solution to solid stGlte 
technology's most rapidly 
growing chal­
lenge - ther­
mal density. 

3600 Series 
Thermal Switches 
are SPST (Single-
Pole, Single-Throw), J 

bi-metallic, snap-action, thermal 
devices specifically developed for 
printed circuit board mounting. 

Designed for logic level cir­
cuits, each quality-engineered 
thermal switch provides reliable 
temperature control insurance 
against damage caused by hazard­
ous temperatures that can result 

from thermal density of compo­
nents on PCB's, backplanes, 
flexible circuitry and sophisticated 

time-base units. 
All 3600 Series 

Thermal Switches are 
packaged in a stand­

ard JEDEC T0-5 
transistor housing 

and are the first 
hennetically sealed devices 

to be wave solderable - a valuable 
labor-saving feature. 

As with all Elmwood 
quality-manufactured temperature 
controls, 3600 Series T0-5 Ther­
mal Switches are manufactured of 
the finest materials and undergo 
rigid quality control procedures to 
live up to your highest perfor-

mance expectations. 
For more on "the world's 

first T0-5 Thennal Switch," or our 
complete line-up of Precision, 
Commercial, 314" and High 
Reliability/Military Thermostats, 
Definite Purpose Contactors and 
Thennal Cut-Offs, contact: 
Elmwood Sensors, Inc., 
500 Narragansett Park Drive, 
Pawtucket, RI 02861. U.S.A. 
Tel. (401) 727-1300. 
TOLL FREE: 1-800-ELMWOOD. 
Telex: 681-4066. European Divi­
sion, Elmwood Sensors, Ltd., 
England. 
Telex: 
53284. 

~Elmwood Sensors Inc. 
S Subsidiary of <if Asco® 
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Whatever you're building can now be 
smaller, faster, and more powerful . .. 

if you use our new 75 ns 256K CMOS ROM 
With our new 23C256-the fastest 256K in the world­
you'll get those great design ideas of yours off the 
drawing board and into production. You'll also get fast 
delivery. With our late mask programming, you'll get 
prototypes in just 3 weeks, production orders in 7. 

You'll be getting world-class speed too-with 
access times as fast as 75 ns under typical operating 
conditions. Over the commercial temperature range, 
you can get parts with worst case access times of 100 
and 120 ns. Or industrial and military temperature 
range devices with 150 ns worst case. All this speed and 
low power too-100 µ W typical standby power and 
35 mW typical operating power. 

Improve your computer designs 
Design the 23C256 into your knee-top and desk-top 
computers to cut size and weight ... increase the 
number of applications programs in resident firmware 
. . . or reduce system software development time by 
writing your programs in high level languages. You'll 
keep your system design simple and flexible too, 
because the 23C256 has a 28 pin JED EC 
approved pinout. 

Design the car of the future 
The 23C256 will let you improve and expand your 
engine control capabilities . . . and build in a whole new 
range of dashboard convenience features. 

Enhance your 
telecommunications equipment 

Drop the 23C256 into mobile cellular radios . .. call 
processing systems ... and voice/ data PBX switching 
systems ... to boost both speed and capability without 
increasing board size. 

Add military might 
Use military temperature versions of our 23C256 (150 
ns worst case) in critical avionics systems .. . torpedo 
guidance systems .. . "smart" missiles ... field portable 
communications equipment . . . and build in a whole 
new range of high speed processing capabilities. 

Get a fast head start 
Don't wait for your competitors to force your hand. 
Call 215-657-8400 now. Solid State Scientific Inc. 
3900 Welsh Road, Willow Grove, PA 19090 

~ Solid State Scientific 
~~CMOS ResponsAbility TM 
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U.S. MEETINGS 

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

Caldon West '85, Jan. 14- 17. Anaheim 
Convent ion Center, Anaheim, Calif. 
Morgan-Grampian Expositions Group, 
2 Park Ave., New York, N.Y. 10016; 
(800) 782-0009. 

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

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

Rf Technology Expo '85, Jan. 23- 25. 
Disneyland Hotel, Anaheim, Calif. K. 
Kriner, Cardiff Publishing, 6530 S. Yo­
semite St., Englewood, Colo. 80111; 
(303) 694-1552. 

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

Communication Networks Confer­
ence and Exposition, Jan. 28- 31. 
Was h ingto n Co nve ntio n Ce n ter, 
Washin gto n, D.C. Louise Mye r ow, 
CW / Conference Management Group, 
375 Cochi t uate Road, PO Box 880, 
F a rmingha m, Mass. 01701; (617) 
879-0700 or (800) 225-4698. 

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

Conference on Optical Fiber Com­
munication(OFC '85), Feb. 11- 13. 
Town and Count ry 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 
York Hilton Hotel, New York, N.Y. 
Lewis Winner, ISSCC, 301 Almeria, 
Co r a l Gab les, Fl a . 33134 ; (305) 
446-8393. 

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

Compcon Spring '85, Feb. 25-28. San 
Fr ancisco, Calif. Linda Patte rson, 
Compcon Spr ing '85, Lawrence Liver­
more National Laboratory, PO Box 808, 
MS L-72, Livermore, Calif. 94550; (415) 
422-4260. 

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

Nepcon West '85, Feb. 26-28. Con­
vention Center, Anaheim, Calif. Nep­
con West '85, 1350 E Touhy Ave., Des 
Plaines, Ill. 60018; (312) 299-9311. 

American Institute for Design and 
Drafting (AIDD) Exposition, March 
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. 

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

(continued on p. 21) 
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The new SSI 204 Dual Tone Multiple 
Frequency (DTMF) receiver Is the first 
high-performance low-cost DTMF IC 
designed for subscriber voice and data 
communication products.TheSSI 204 meets 
performance requirements for central 
office applications, but spares you the 
unnecessary expense of using DTMF's 
designed specifically for central offlce, 
PBX, and other complex ,appllc~tlons. 

The 14-pin SSI 204 is a complete DTMF. 
It detects all 16 standard digits, with excel­
lent speech immunity and no front-end 
filtering. To operate the 204, the only 
externally required components are an 
Inexpensive 3.58-MHz frequency refer-

. ence crystal and a bias resistor. The 204's 
· 5-volt power requirement and 3-state 
outputs make it Ideal for micraprocessor­
based systems. 

To find out more about the SSI 204 and 
!he rest of our complete family of DTMF 
receivers, contact: Slllcon Systems. 14351 
Myford Road, Tustin, CA 92680, 
(714) 731-7TIO, Ext. 575. 
" Toucn-Tone is o registered trademark al AT&T 
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U.S. MEETINGS 
(continued from p. 19) 

Integrated Services Digital Net­
works Exposition (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; (6 17 ) 
232-3111. 

National Design Engineering Show 
& ASME Conference, March 11-14. 
McCormick Place, Chicago, Ill. National 
Design Engineering Show, 999 Summer 
St., Stamford, Conn. 06905; (203) 
964-8287. 

1985 ACM 13th Annual Computer 
Science Conference (CSC), March 
12-14. New Orleans Marriott Hotel, 
New Orleans, La. Della T. Bonnette, 
Computing & Information Services, 
University of Southwestern Louisiana, 
Lafayette, La. 70504; (318) 231-6306. 

Picosecond Electronics and Op­
toelectronics Meeting, March 13-15. 
Hyatt Lake Tahoe, Incline Village, Nev. 
Optical Society of America, 1816 Jeffer­
son Place NW, Washington, D.C. 20036; 
(202) 223-8130. 

International Computer and Tele­
communications Conference (Comtel 
'85), March 18-20. Infomart, Dallas, 
Texas. Comte! '85, 5080 Spectrum Drive, 
Suite 707E, Box 17, Dallas, Texas 75248; 
(214) 631-6482. 

Robotic End Effectors: Design and 
Applications Seminar, March 19-20. 
Holiday Inn Li vo nia-West, Livonia 
(Detroit), Mich . John McEachram, 
SME, 1 SME Drive, PO Box 930, Dear­
born, Mich. 48121; (313) 271-1500, ext. 
382. 

Topical Meeting on Machine Vision, 
March 20-22. Lake Tahoe, Nev. Optical 
Society of America, 1816 Jefferson 
Place NW, Washington, D.C. 20036; 
(202) 223-8130. 

1985 Eastern Similation Conference 
(ESC), March 24-29. Williamsburg 
Hospitality House, Williamsburg, Va. 
Charles A. Pratt, SCS, PO Box 2228, La 
Jolla, Calif. 92038; (619) 459-3888. 

Robotics and Automation, March 
25-28. St. Louis, Mo. IEEE Computer 
Society, PO Box 639, Silver Spring, Md. 
20901; (301) 589-8142. 
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H igher frequency applications 
put new demands on compo­
nent test equipment. ES! 

meets these demands with the new 
2150 and 2160 VideoBridges, our 
most flexible , most accurate bridges. 
Now you can test capacitors, 
resistors and inductors from 20Hz to 
150kHz so you know they work at 
their higher operating frequencies . 

Yet with all this capability, we've 
made the VideoBridge very easy to 
use. Setup is a snap with simple 
keyboard commands or fully auto­
matic with the 2160's built-in tape 
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drive. To make sure test setups are 
correct, you can see critical test con­
ditions displayed with test results 
on the CRT monitor. 

Step into the next generation of 
high freq uency LRC testing. Call 
us today for a data sheet. 

Putting Precision 
To The Test. 

Electro Scientific Industries 
13900 NW Science Park Dr., Ponland. OR 97229 

1 800 547 1863 (lnOregon call 
- - - 503-64 1-4141 ) 

Small Tubing 
for Your 
Demanding 
Design 

When the finest miniature 
tubing in the world is put into 

the minds of creative designers 
and the hands of fabrication 

experts, cost-effective problem 
solving parts result . 

Send for our pocket guide on small 
and miniature tubular parts design ... join 

companies the world over wh o use tubular 
parts from Uniform Tubes for assured 

quality and reliability . Design potential is 
practically unlimited , alloy selection from 

simple to exotic , and tolerances unmatched. 

• ·· - UNIFORM TUBES, INC. 
UTI Collegeville, PA 19426-0992 •Telephone: 215/539-0700 

TWX: 510-660-6107 • Telex: 84-6428 
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Sometimes the best tool for the 
job is the one that simply packs more 
functions into the smallest package. 

Honeywell Gale Arrays 
address a diversity of high· 

performance functions. 
they lead to reduced system size, 
reduced power, and simplified 

Army knives like the one shown have won a 
reputation for doing more with less. 

So have Honeywell gate arrays. 
For instance, our HT5000 packs 5,000 

gates onto a single chip. About twice what fits 
on other bipolar arrays . 

And our HE2000 array is not only 
compact, but it features 0.3 nanosecond gate 
delays. And uses half as much power as other 
ECL arrays . 

We even have the fastest completely 
radiation-hardened bipolar gate array avail­
able. Our HMlOOOR has post-

assembly. And our exclusive Software 
Toolkit "' package, designed for use with 
Mentor Graphics work stations, slashes system 
design time and costs. 

For more information on the industry's 
most compact and reliable custom and 
semi-custom gate arrays (including special 
macrocells for digital signal processing), 
VHSIC !C's, and rad-hard !Cs , talk to the 
company that has been in this industry since 
before it was an industry. 

Honeywell Digital Product Center, 
1150 East Cheyenne Mountain Blvd. , Colorado 
Springs, Colorado 80906. 1-800-328-5111 , 

rad gate delays of only 
0.8 nanosecond. Together, we can find the answers. 

extension #3402 . (In 
Minnesota , call 

Not only are these 
gate arrays reliable, but Honeywell 
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1-612-870-2142 
extension #3402 .) 



PERSONALLY SPEAKING 

What 1985 holds in store 
lays the groundwork 
for the next five years 

I
n an industry characterized by a forever 
changing profile, making yearly predictions 
could be considered a chancy venture.Yet 

events occurring within the electronics indus­
try this year will not only set the stage for the 
remainder of the decade but also reveal some 
clues to the next one. Since tradition prevails 
at this time of year, some soothsaying is in or­
der. 
• Bubble memories will be reborn, with 4-Mbit 
devices going into volume production and 
16-Mbit ones on the horizon. Manufacturers 
have solved many problems that hindered the 
proliferation of bubble memories, and this 
year will see some new peripherals circuits 
such as increased compatibility with popular 
microcomputer buses. 
• The introduction of a VLSI chip that can 
handle both floppy and Winchester disks will 
dramatically simplify the control electronics 
within disk drives. As a result, it will eliminate 
separate controller boards-each with 70 or so 
IC packages-for each drive type. Moreover, 
the new controller chip will be compatible with 
industry-standard interfaces. 
• The VMEbus will seriously challenge Multi­
bus II, as well as popular bus structures for 16-
and 32-bit microcomputers. Part of the bus's 
strength will come from diverse support hard­
ware, including new power supplies and data 
converter subsystems. 
• Robotic systems will get a shot in the arm 
when a standard interface is agreed on for 
linking robots to their vision systems, 
programmable controllers, and other periph­
eral equipment. The interface-cosponsored 
by the Electronic Industries Association, the 
National Bureau of Standards, and the Robot 
Institute of America-will specify how various 

pieces of robotic equipment pass files and what 
form the data will take. 
• The family of IBM PC personal computers, 
already setting de facto standards in hardware 
and software, will become a major force in in­
tegrated test and measurement systems. 
Tightly coupled to the computer, popular in­
struments will become essentially system­
level peripherals. The arrangement will elimi­
nate much redundancy in displays, user inter­
faces, and internal processing power. The inte­
grated system will be able to test products, log 
and simulate data from multiple channels, and 
act as inexpensive controllers. 
• Though system designers are eager to put 
their hands on 32-bit microprocessors, very 
few chips will be released in anything but sam­
ple form this year. The stumbling blocks in­
clude advanced CMOS processes, which have 
not yet been used widely in volume production, 
and the shortage of peripherals circuits such 
as memory management units. 

With these predictions acting as stepping 
stones, the imagination can easily leap to the 
1990s. Changes in memories, microprocessors, 
and peripherals will shape the next decade, 
filling it with sophisticated robots, artificially 
intelligent systems, and multiple-processor 
computers executing more than 100 million in­
structions a second. 

Martin Gold 
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... 

A revealing look at the new and remarkably 
affordable Gates® Gyclon® monobloc. 

It's easy to see why our 
Cyclon monobloc is the best 
combination of price and 
performance on the battery 
market. The basic design 
allows us to eliminate 70% 
of the cell parts required 
for a conventional 6-volt 
battery without sacrificing 
performance. 
Yet like our proven, 
technologically advanced, 
rechargeable sealed lead-acid 
cell, Cyclon monobloc features 
the same patented absorbed 
electrolyte system that 
recombines gases to prevent 
water loss and the escape of 
acid vapors. 
Like the Gates cell, Cyclon 
monobloc's other character­
istics are as impressive as 
they are numerous. 

• Recovery from over­
discharge 

•Float life of 8to10 years at 
23°C (before falling to 80% of 
rated capacity) 

• Cycle life of 200 to 2,000 
cycles depending upon depth 
of discharge 

• A self-resealing safety valve 
that will vent under over­
charge conditions 

• Sealed design allows safe 
use in any position close to 
delicate electronic circuitries 

• Absolutely no "memory" 
effects 

CIRCLE 39 

Gates Cyclon monobloc comes 
in 4- and 6-volt modules of 2.5 
and 5 ampere hour capacities, 
and can be interconnected to 
meet your specific energy 
needs. A9ditional sizes will be 
available in the near future. 

Find out more about the new, 
remarkable, affordable Gates 
Cyclon monobloc battery and 
our complete line of Cyclon 
cells. Call, or write, 
Gates Energy Products, Inc., 
1050 S. Broadway, Denver, 
co 80217. (303) 744-4806. 

~Energy 
':Win' Products 

One-piece plastic top eliminates the 
need for individual cell tops 

Self-sealing safety vent allows internal 
pressure release under abusive 
overcharge 

Direct thru-the-wall intercell 
connections eliminate individual cell 
terminations and interconnections 

One-piece plastic case eliminates 
the need for individual cell containers. 

Same patented terminal seal design 
proven in Cyclon D and X cells 

Pure lead design provides long float 
life of 8 to 10 years at 23°C 

Pure microfiber glass separator 
allows gas recombination preventing 
acid spray and water loss 

Spirally wound, thin-plate element for 
low impedance ~md high performance 



TECH NOLOGY NEWS 

NEWSPULSE 

CMOS logic array cuts propagation delay to 25 ns 

A CMOS programmable logic array with a minimum propagation delay of 25 
ns-10 ns less than its bipolar equivalents-will soon be making its debut. The 
array, from Cypress Semiconductor Corp. (San Jose, Calif.), is based on a 

two-transistor UV EPROM cell in which one transistor is optimized for reading, the 
other for writing. Traditionally, EPROMs have used one transistor to tackle both tasks. 

The cell's read transistor is roughly 1.5 times the size of its write transitor. Thus 
a larger signal is sent to a sense amplifier, enabling it to quickly determine the cell's 
state. Further, the smaller dimensions of the write transistor mean that a lower 
programming voltage is needed. The logic array is built with an n-well structure, one 
layer of metal, two layers of polysilicon, and 1.2-µm feature sizes. The array will be 
pin-compatible with Monolithic Memories' P AL-20 series and should be ready for 
sampling within a few months. 

Special coating boosts coercivity on new-generation floppies 

For the first time, coercivity on new-generation floppy disks has been virtually 
doubled-600 Oe, compared with the conventional 300 to 350 Oe on 51/4-in. 
disks-by using a proprietary cobalt-doped gamma-ferric oxide coating. 

Developed by Xidex Magnetics Inc. (Mountain View, Calif.), the coating makes it 
possible for 5114-in.floppies to reach track densities of 96 tpi and a capacity of 1.2 
Mbytes, and 31/2-in. disks to hold 135 tpi and up to 1 Mbyte. Normally, lower coercivities 
precluded such capabilities. 

Add-on board teams up IBM PC and Unix 

0 ne of the few boards to take advantage of National Semiconductor's 32000 chip 
family has added to the limited number of coprocessor cards that turn the IBM 
PC personal computer into a Unix workstation. The plug-in board, from Opus 

Systems (Los Altos, Calif.), carries the 32016 CPU, 32082 memory management unit, 
and 32081 floating-point processor. It runs the company's version of Unix System V 
and will be unveiled at Uniforum '85, which will be held in Dallas (Jan. 21-25). 

Bonding display drivers to glass halves connections 

0 ne of the first techniques for directly mounting driver chips to the glass 
substrate of a de plasma display cuts in half the number of connections typically 
associated with these units. Fewer links, of course, translate into greater 

reliability. In practice, the circuit traces are silk-screened onto the back of a glass 
panel, and the anode and cathode driver chips are directly bonded to it. Thus a circuit 
board is eliminated, along with the often touchy task of stringing leads from the board 
to the glass. The scheme has been put to work in a 224-by-480-line display from Dale 
Electronics Inc. (Columbus, Neb.). The unit, which stands 7.66 by 3.54 in., will be 
available in the spring. Prototypes will be released in February. 
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Thick films stand in for copper in multilayer boards 

R
eplacing most of the copper in multilayer pc boards with polymer thick films 
eliminates plated through-holes and lets passive components be printed as the 
layers are created. The scheme, devised by Dynacircuits Inc. (Franklin Park, 

Ill.), works with a single coating of copper as the board's base. Ten layers of circuit 
traces are then laid down with the thick films, or inks. These can be customized to 
exhibit a range of electrical and mechanical characteristics. They also create resistors, 
potentiometers, and edge connectors. Finally, sans much of the metal, the boards are 
lighter than their traditional kin. 

IPI group looks to vary lengths of disk blocks and gaps 

The American National Standards Committee's X3T9.3 working group is 
investigating recording formats that will allow its recently introduced-and 
widely acclaimed-Intelligent Peripherals Interface to handle variable-sized 

blocks and gaps. The approach lets controllers skip over defects in a disk's surface, a 
problem that will be encountered more frequently as bit densities increase and track 
widths narrow. The current IPI level 2 review document (BSR X3.130-198x) already 
specifies a format 0 for proprietary recording and a format 1 for fixed blocks and gaps. 
If adopted, the new recording scheme will become format 2. It will not affect the 
previously approved IPI physical interface. The subcommittee counts IBM, Control 
Data, Sperry, Century Data, and Xylogics among its members. 

Continuous speech capabilities packed into 16 kbytes 

A continuous speech board aimed at OE Ms squeezes a speech-recognition 
vocabulary of250 speaker-dependent words (or 20 speaker-independent words) 
plus voice response and store-and-forward capabilities into a mere 16 

kbytes of memory. The board's speech buffer requires 2.3 to 3 kbytes of RAM for 
every 1.5 to 2 seconds of input. A proprietary speech algorithm is stored in ROM. 
The SSB 1000, from Audec Corp. (Saddle Brook, N.J.), uses a phonetic approach to 
recognize either isolated words or short phrases. Voice response is user-programmable. 
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Data I/O's new 298. 
More than just a new paint job. 

Outside, we gave our new 29B 
universal programmer a fresh coat 
of paint. 

Inside, we gave it the technology 
to make it a universal programmer 
you can count on having around for 
a longtime. 

You see, the 29B's multi-func­
tional programming system gives you 
complete flexibility to build your pro­
gramming capacity as your needs 
grow. 

With a now standard 64k x 8 RAM 
and its proprietary programming elec­
tronics, the 29B can program over 1,000 
devices in commercial production today, 
and be expanded to support the more 
complex devices of the future as they are 
developed. 

Efficiency in a host of different 
programming applications. 
The 29B's design allows use of 

interchangeable modules for many dif­
ferent programming applications. With 
a UniPak 2™ , the 29B programs over 
700 MOS, fusible link, and AIM PROMs. 
And with a Gang Pak™ , it can program 
a set of eight MOS EPROMs with dif­
ferent data patterns at the same time. 

With the LogicPak™ you can pro­
gram, design, and test a wide range 
of logic devices. Or, by using ABEL™ 
software, you can specify logic designs 
for IFL, PROM, and PAL® devices 
using any method or combination of 
state diagrams, Boolean equations 
or truth tables. 

Select integrated or 
stand alone operation. 

The 29B's twenty-seven 1/0 formats 
enable you to interface with virtually 
every development system available. 
You can enjoy the ease of menu driven 
operation because the 29B's optional 
software driver allows you to interface 
with IBM®PCs. Yet, it's important to 

know the 29B is a completely self­
sufficient system. So, if your needs 
don't require interfacing with a PC, the 
29B can operate on its own. 

A unique combination 
of price and performance. 
The 29B is just one example of 

Data I/O's commitment to giving you 
state of the art programming tech­
nology. And you can get it with the 
performance of 64k x 8 RAM for less 
than ever before. Like all our products, 
the 29B is backed by a worldwide net­
work of field sales and service offices. 

.All things considered, the 29B is 
the best combination of price and per­
formance in a universal programmer 
today. And tomorrow. 

Now, that's an achievement. 

~uniPak, GangPak, LogicPak, and ABEL are trade­
marks of Data 1/0 Corporation. "'PAL is a registered 
trademark of Monolithic Memories. Inc. , and IBM"' of 
International Business Machines. Copyright © 1984, 
Data 1/0 Corporation. All rights reserved. 

Data 1/0 Corporation, 10525 Willows Road N.E .. P. 0 . Box 97046. Redmond. WA 98073-9746. For immediate action. contact us 
directly. CALL TOLL FREE: 1-800-426-1045. In Washington. Alaska and Hawaii, call 206-881 -6445. Europe: Vondelstraat 50-52. 

1054 GE, Amsterdam, The Netherlands. Tel : (20) 186855. Germany G1]1bH : Bahnhofstrasse 3, 0 -6453 Seligenstadt. DATAl/O West Germany, Tel : (6182) 3088. Japan : Gmza Orient Building 6 -F, 8-9 -13. Ginza Chuo-ku, Tokyo 104, Japan, Tel : (03) 574-0211 . 
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TURNING YOUR PC INTO A 
FASTER TOOL FOR MODERN TIMES. 

IBM® and other compatible PC computers are 
fast enough for general home and office use. But, 
for hardware and software development applica­
tions, the gears turn slowly 

What you need is a faster "gear" to co-process 
with the Intel 8088 inside IBM's PC. Like 2ilog's 
28001 ®CPU. Now; there's a way to increase through­
put for the IBM PC-as well as test the performance 
of the 28001 CPU for your high-performance 
applications with a 28001 CPU-based board called 
the "Trump Card" from Sweet Microsystems. And 
it proves dramatically how powerful 2ilog's 16-bit 
CPU really is. 

This is the 3rd in a series of technical papers from Zilog. designed 
to give engineers new insights into Zilog microprocessors-what 
advantages they p rovide for particular p roducts and why they are 
the choice among engineers who need optimum pertormance. 

The new device is a peripheral b oard that 
plugs into any expansion slot on an IBM PC or 
compatible PC computer. Trump Card is addressed 
as an I/O device that communicates through the 
expansion bus. It is powered by 2ilog's 28001 CPU. 

The Trump Card increases the computational 
power of the IBM PC, and provides maximum 
performance with a minimum of board space. 

The Trump Card. shown from the front.The left side of the 
board contains 512 K-bytes of type-4164 dynamic RAM: the right 
side contains the Zilog 28001 and an interface to the IBM PC 
1/0-expansion bus. 



Z8001 COMPILER BASIC IS 80 TIMES 
FASTER THAN IBM INTERPRETIVE BASIC. 

Essentially a monolithic minicomputer central 
processing unit, the 28001 CPU is characterized by 
an instruction set more powerful than many mini­
computers. As the programmer sees it the 28001 
contains sixteen 16-bit general-purpose registers 
(for addresses or data) that may a lso be used in 
groups to form as many as eight 32-b it registers or 
four 64-bit registers. The low-order halves of the 
registers may be used for byte operations. thus the 
28001 CPU is able to manipulate data in 8-, 16-, 32-, 
and 64-bit pieces. 

The 28001 CPU running at 10 MHz. can execute 
the same programs 4 to 10 times faster than the 
Intel 8088. What's more, the 28001 CPU with its large 
8-megabyte memory range, makes the 'Ih.lrnp 
Card's 512K bytes of memory easy to design with. 
(To use this memory in the card. you simply load a 
BASIC. CP/ M-80, or C program from PC-DOS and 
type "RUN'.') 

224 222 189 190 2.4 

A comparison ot execution times (in seconds). Running on IBM's 
interpretive BASIC. a Sieve program takes 190 seconds to execute. 
Running the same program under TBASIC on the Trump Card 
Compiler takes only 2.4 seconds. 

The eight addressing modes are register, 
indirect-register, direct-address, indexed, immedi­
ate.base-address, base-indexed , and relative­
address. The instruction set utilizes data types 
ranging from single bits to a 32-bit long word. 
What's more, the processor executes 110 distinct 
instruction types that, when permuted by all the 
addressing modes and data types, create a set of 
more than 400 instructions. 

INSTRUCTION 
EXECUTION 
CONTROl 

A Z8000 CPU functional block diagram of the internal structure 
of the Zilog ZBOOO family ot high-performance microprocessors. 

ALLTHEPROPERSUPPORTFOR 
512K BYTES OF MEMORY. 

The wide range of software written for the 
28001 CPU is proven by all the programs you can 
run on the 'Ih.lrnp Card. With the 28001-based 
Trump Card, you can run the following software 
on your IBM or other compatible PC: 

BASIC Compiler-TBASIC is PC BASICA­
compatible. Most instructions are implemented 
without modification. 
CP/M -80 Emulator-Allows you to run CP/ M-80 
280 assembly language programs directly 
Just download your 280 programs and run 
them. 
C-Compiler-The industry standard version of 
C is available. 
Debugger- Intended to aid in program devel­
opment you can examine and change 
memory and register contents and more. 
Screen-editor-Has many word processing 
features, including ASCII text file development. 
Multilevel Language Compiler-Allows 
Pascal-like control and data types, arithmetic 
expressions with automatic or specified 
allocations of registers. and more. 
RAM Disk- Can allocate l 28K to 38 7K bytes of 
on board memory to function as an intelligent 
RAM disk. 

COPROCESSING IS JUST PART OF THE STORY. 
The 28001-based Trump Card is just one 

example of a successful application design for the 
28001 CPU. But there's far more to the 28000 family 
than this. 

Today; 28000 CPU's are used in a wide range 
of applications. from industrial and medical 
p roducts to computers and graphics imaging 
machines. And 2ilog stands behind every applica­
tion with service and software support that makes 
your 28000-based products get to market on time. 

Find out for yourself how much power 2ilog 
packs into every 28000 CPU by turning your IBM PC 
into a faster tool for modern times. 

To get your own Trump Card and complete in­
structions. call Sweet Microsystems at (401) 461-0530. 

For information about the 28000 CPD. send for 
our complete overview or call our Literature Hot Line 
at 800-272-6560. For seminar dates and locations. 
or information on 2ilog training, call 408-370-8091 . 
Or write: 2ilog, Inc., Technical Publications. 1315 
Dell Avenue. M S C2-6, Campbell, CA 95008. 
The 280. 28000. 28001 are registered trademarks of Zilog. Inc. 
CP/M is a registered trademark of Digital Research Inc. 
IBM is a registered trademark of International Business Machines 
Corporation. 

ZilOg Pioneering the Microworld. 
an affiliate of 
E'f(ON Corporation 
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Gould ... Innovation and Quality in Logic Analyzers 

When bugs attack, it's kill or be 
killed. You have to strike fast. Or your 
project ends up on the casualty list. 

That's where we come in. Gould 
Biomation logic analyzers. The 
heavy artillery, if you will. The only 
analyzers to earn the reputation for 
helping you take on the toughest, 
deepest, most critical logic 
problems. 

And now you can go to battle 
with the right weapon in hand. 
Because we're supplying the whole 

arsenal. Including the K205. A brand 
new analyzer that's unrelenting in 
its search to capture enemies of 
gate array, bit-slice and discrete 
circuit logic. And which, by the way, 
is easy to arm and use. 

So bring your arms to bear. 
Check the weapon you're interested 
in. Then tear out the page, attach 
your business card and send it to 
our headquarters. 

We'll fire back more information 
before the dawn's early light. 



D K105. The micro­
processor analyzer. 

Provides the speed and 
width you need. Plus hard­
ware/software integration 
tools. Noise margin analysis 
and tolerance compare. 
Sophisticated triggering 
and microprocessor 
disassem biers. 

D KSOO. The analyzer 
that's faster than the 

system you 're designing. 
Races along at 500MHz! 
For very high speed main­
frame logic design. 
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D K205. Our newest. 
With Auto Save and 

Tolerance Compare functions. 
Plus more than enough 
100MHz channels for in-depth 
analysis of discrete logic. 

D K100/T12. The industry 
standard general pur­

pose analyzer, now with T12 
remote communicator. Allows 
off-site remote diagnostics. 

Gould Inc., 
Design & Test Systems 
4650 Old Ironsides Drive 
Santa Clara, CA 95054-1279 
Call toll-free (800) 538-9320. 
In California, call (800) 662-9231 . 

-} GOULO 
Electronics 
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These specially configured, 
specially priced measurement 
packages based on the 300 
MHz 2465 deliver capabllltles 
well beyond what you're used 
to now. Quicker measurements. 
More precision. More value. They 
bring unprecedented manual/ 
programmable efficiencies to 
a spectrum of measurements in 
manufacturing, design or ser­
vice applications. 

At the top is the 2465 DYS 
with integral GPIB Interface, 
DMM, CountermmertTrtgger­
Word Recognizer and Video 
measurement capabilltles. 

The GPIB interface lays the 
groundwork for a programmable 
semiautomatic measurement 
package with extended capa­
bilities. Result: you use computer 
power and human pattern recog­
nition to best advantage in 
your test and measurement 
applications. 

The Counter-Timer-Trigger 
(CTI)-Word Recognizer com­
bination, also programmable, is 
ideal for measuring frequency, 
period, pulse width, time 
between events and more­
automatically. And for the first 
time in a portable scope­
Boolean triggering. 

The 17-bit Word Recognizer 
probe, enabling you to count, 
trigger and determine the fre­
quency of word occurrences, 
is a valuable tool in digital 
applications. 

The fully program- Features 2465 DYS 2465 OMS 2465 CTS 
mable 4 Y2 digit, GPIB STD STD STD 
autoranging DMM CounterfTimer/Trigger-
provides dC and ac Word Recognizer STD STD STD 
(RMS) volts and P6131 (4 probes) STD STD STD 
current, dBm, dBV, DMM STD STD 
resistance and tern- TV STD 

Rackmount" perature. All mea­
surements can be 
averaged and 
smoothed for CRT 
display or bus trans­
mission. 

•Available at time of order and can be configured with the other 
capabilities. 
NOTE: Extended measurement capabilities may be ordered on 
either the 150 MHz 2445, or 300 MHz 2465 oscilloscopes. 

For television waveforms, 
including "high definition," the 
2465 DVS enables easy display 
of any line or field regardless of 
protocol. Other unique features 
are a back-porch clamp and 
CRT readout of the triggering 
field and line numbers. The step, 
frequency and phase response, 
and overdrive recovery are com­
parable to waveform monitors. 

The GPIB, a talker/listener, 
provides programmability for the 
scope and all its extended mea­
surement capabilities. It can 
transfer readout displayed mea­
surements and accept operator 
prompting messages. 

The 2465 OMS and 2465 CTS 
are special editions with differ· 
ent feature sets. The 2465 OMS 
provides all the capabilities of 
the DVS except TV. The 2465 
CTS provides all the features of 
the DVS except TV and DMM. 

1heae new 2465 Special 
Editions are baaed on every­
thing that made the 2465 the 
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world's most popular high 
performance portable scope. 
You get auto level "hands-off" 
triggering. True four channel 
capability with 300 MHz band­
width at the probe tip. ~-Time 
delayed sweep accuracy up to 
0.5%. On-screen vertical and 
horizontal cursors. Extensive 
CRT readouts, including time, 
voltage, phase, ratios and trig­
ger level. 

Plus, the industry's first 3-year 
warranty on all parts and labor, 
including the CRT. 

See refinements in produc­
tivity, automation, accuracy 
and performance like you've 
never seen before. call your 
Tek sales engineer today for a 
demo. For literature call the Tek 
Literature Center toll-free at 
1-800-547-1512. (In Oregon, 
1-800-452-1877). Ask for bro­
chure number 38W-5738. 
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One-chip µCs adopt 
off-the-shelf OS 
for real-time tasks 

In just 368 bytes of program memory, 
a standard operating system handles task, 
time, and interrupt management functions. 

U
n like nonprogram­
mable random logic, 
today's single-chip 

microcomputers need soft­
ware, and OEMs generally 
spend a significant part of the 
design cycle creating it. Now, 
OEM designers can get a head 
start in product development 
with an operating system 
that manages tasks, prior­
ities, and interrupts in real 
time. Even more important, it 
squeezes all those functions 
into a mere 368 bytes of pro­
gram memory-well within 
the limited RAM found on 
single-chip microcomputers. 

Single-chip microcomput­
ers must handle both internal 
and external signals arriving 
at unpredictable intervals 
and respond to them as close 
to real time as possible. Thus, 
interrupts with microsecond 
reflexes are needed. At the 
same time, dedicated control 
functions are occurring in 
parallel, so multitasking­
the concurrent operation of 
tasks-is a necessity. 

Micro/OS-A, developed by 
Micro Computer Control 

Corp. (Hopewell, N.J.), sets up 
a priority-based, preemptive 
scheduling scheme for up to 
16 concurrent tasks. It auto­
matically allocates hardware 
resources to the highest­
priority "ready" task, pre­
empting any tasks with lower 
priorities. Ready tasks de­
pend on the completion of 
time delays, interrupts from 
external or internal sources, 
or commands from other 
tasks. A preempted task is 
resumed whenever it again 
becomes the highest-priority 
ready task in the system. 

A series of built-in service 
procedures gives the designer 
control over all tasks. With 
them, he can relocate task 
data structures in RAM, es­
tablish a basic system time 
unit, and create new tasks. 
Task synchronization and 
time delays are implemented 
with resume-and-wait pro­
cedures. Handlers activate in­
terrupt flags, thus alleviating 
the need for user-developed 
interrupt source code. 

The service procedures act 
as the intermediary between 

application-specific software 
and the control functions . 
They are accessed by call in­
structions. 

For example, Set Address 
(SETADR) sets the RAM 
base address for task control 
blocks, allowing the system to 
adapt to available on-chip 
RAM. Another call, Create, is 
used to define a task with an 
assigned priority, starting 
address, and initial start-up 
time. Similarly, other calls 
set the system time units, 
suspend a calling task for a 
specified number of those 
units, and also reschedule 
waiting tasks. 

The operating system, 
which is commercially avail­
able on disk or in EPROM, is 
fully tested and documented 
for the Intel 8048 and 8051 and 
the Zilog Z8 and is now being 
adapted to other popular 
microcomputer chips. Ver­
sions compatible with Isis 
and CP / M are now available 
in hexadecimal or binary ob­
ject code under an OEM soft­
ware license agreement. 

Carole Patton 

Configurable RAM 
cell boosts 
gate-array flexibility 

A
programmable array 
of RAM cell permits a 
gate array to be de­

signed that incorporates var­
ious memory options, in­
cludes I/O cells, and leaves 
uncommitted a reasonably 
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large number of logic gates. 
Though the resultant ECL 
array is not the first to blend 
logic and memory, it lets 
engineers set up dual-port in­
terfaces, access RAM inter­
nally or externally, and vary 
the width of the data word. 

The array, under devel­
opment at Applied Micro Cir­
cuits Corp. (San Diego, Calif.), 
consists of 1600 gates and 
1280 bits of RAM. In addition, 
memory access times and 
gate propagation delays are 
adjustable-within limits 
and with tradeoffs in power 
dissipation. 

The RAM contains a stan­
dard memory core divided in-

Mode 

Internal 
Bit 

Select 

External 
Bit 

Select 

Internal 
Data 

In 
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to two 640-bit blocks. Normal 
row-address coding is used, 
but the column decoding and 
the number of I/O data ports 
are both variable. A data­
word configuration matrix, 
which sets the number of bits 
in the word, allows the RAM 
to be tailored to any applica­
tion (see the figure). Words of 
4, 8, 16, 32, and 40 bits already 
exist as library macrocells, 
and others can be created. 

The matrix makes it 

The secret of the RAM's 
programmability is a config­
uration matrix that lets the 
output of each data column be 
ANDed with a column select 

External 
Data 

In 

Internal 
Data 
Out 

External 
Data 
Out 

Select Bit and block 
select ion 

configuration 
matrix 

Oat input multiplexer 
and 

Read/write control 

Data output selection 
and 

sense amplifier 

Internal 
Address 

Input 
address 

External multiplexer 
Address 

Column 
address 
decoder 

Row 
address 
decoder 

Data-word configuration matrix 

Memory core 

To make the memory as flexible as possible, decoding logic is pro­
grammed during metalization. The logic determines the word width 
and the widths of the memory core's on- and off-chip interfaces. 
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line. Which select line is tied 
to each column is left to the 
designer and is established 
when the final metal mask is 
customized. At the same time, 
the outputs of the column 
AND gates are wire-ORed to 
the appropriate sense ampli­
fier. Similarly, the data in­
puts are customized using the 
same procedure. 

The control lines for select­
ing I/Obits can be blocked off 
in a variety of ways, allowing 
data words to be read or writ­
ten in their entirety or in sec­
tions. Also, the matrix can be 
programmed to permit the 
RAM to be accessed through 
an external port-and that 
port does not have to be the 
same width as the word. Thus 
a host can, say, load or unload 
the RAM through a narrow 
port, while the internal array 
logic can be set up to process 
wide words. 

Juggling the figures 

Further, designers can pro­
gram the RAM cells and logic 
gates for various speed-power 
products to optimize critical 
paths and minimize overall 
power dissipation. The latter 
topsoutat4 W. 

Finally, the RAM's access 
time can be adjusted from 6 to 
8 ns (worst case over the com­
mercial temperature range). 
The gate delays can be set 
from 0.28 to 0.7 ns. 

The array will operate over 
the full military temperature 
range and has 104 universal 
I/O cells in addition to the 
gates and RAM. Those can be 
configured to link directly to 
TTL, ECL lOK and lOOK, and 
mixed I/O systems. 

DaveBursky 



Only our Logic Analysis 
Workstation can pass 

this screen test. 

Why? Because ifs the first system and database functions for filtering , 
that combines logic analysis with an analysis and custom graphing. Or 
integrated software package on the create co-resident programs for special 
new IBM PC AT*, PC XT* or IBM PC*. applications. You can even place 
The µAnalyst LAW from Northwest important data right into engineering 
Instrument Systems. documentation and send it to other 

And what a logic analyzer! The computers using the integral vvord 
µAnalyst brings you the industry's most processor and 
powerful analyzer for under $10,000. Up communications 
to 80 channels of state acquisition with packages. 
15 trigger levels. 16 channels of 100 How well does 
MHz timing acquisition, both conventional and transitional. it work? Very well , indeed. Contact us 
Correlated state and timing displays. 8, 16, and 32-bit for a free application note on how the 
disassembly. µAnalyst LAW vvorks with Lotus 

But thafs only the beginning. Once you've acquired your software to provide unique and 
data, the personal computer can go to vvork on it. valuable engineering insights. While 

Using our Lotus-Link™ software, data can be loaded into you're at it, ask for free technical 
Lotus Symphony™. Once there, use the resident graphics literature and a demonstration. =s NORTHWEST 

1-800-547-4445 Ext. 201 I INSTRUMENT 
"For logic analysis, you can't beat the LAW:' SYSTEMS, INC. 

The µAnalyst LAW is also available for purchase, P.O. Box 1309 
CIRCLE 26 lease. rental or service from ElectroRent. Beaverton, OR 97075 

'IBM PC, IBM XT and IBM AT are trademarks of International Business Machines 
• µAnalyst and Lotus·Link are trademarks of Northwest Instrument Systems · Lotus and Symphony are trademarks of Lotus Development 
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CMOS process 
mingles high-quality 
analog, digital parts 

A 
CMOS technique in the 
final stages of devel­
opment lays down a 

weal th of high-speed, low­
power analog and digital cir­
cuits on the same chip. Until 
now, most CMOS approaches 
delivered the goods for one or 
two high-performance ele­
ments but failed to meet the 
mark where others were con­
cerned. 

The technique, devised 
by Sierra Semiconductor 
Inc. (Sunnyvale, Calif.), 
creates 1 o~ V analog circuits, 
EEPROM cells, switched­
capacitor building blocks, and 
other circuitry on one piece of 
silicon. It goes with a modular 
approach of independent but 
compatible steps that speeds 
production and uses 3-µm fea­
tures fabricated in an n-well 
bulk process. 

Contributing factors 

A single layer of metal and 
two of polysilicon form the 
interconnections. Late in the 
year, the company expects to 
drop chip geometry to 2 µm 
and add a second layer of 
metal. 

To obtain the 10-V break­
down voltage for the analog 
elements and a 20-V on-chip 
generator for the EEPROM 
cells, a variant of a transistor 
with a lightly doped drain is 
employed. And a proprietary 
implementation sequence al­
lows the structure to be cre­
ated without extra mask 
steps. 
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To prevent latch-up-the 
nemesis of all CMOS circuits 
-guard rings are used 
around the transistors, com­
ponents are carefully placed, 
and routing is handled judi­
ciously. As an additional pre­
caution, the latch-up holding 
current is characterized to 
make certain that the holding 
voltage is higher than the 
supply voltage. 

The precision analog pro­
cess should readily yield 
12-bit analog-to-digital con­
verters and high-quality 
switc hed-capacitor fi lters 
that meet the needs of 
1200-baud modems and dual­
tone multifrequency deco­
ders. On the digital side, gate 
delays of just 2 to 4 ns are 
possible, and the EEPROM 
cells should make reconfigu­
rable logic a snap. 

Dave Bursky 

Graphics accelerator 
cruises along at 
400,000 operations/ s 

A
dedicated bit-slice pro­
cessor, multiple bus 
structure, and heavily 

pipelined system architecture 
give an add-on graphics accel­
erator the power to plow 
through 400,000 clipping 
operations and transforma­
tions a second. That is about 
2 to 4 times faster than most 
graphics display systems­
speedy enough to manipulate 
images almost instantane­
ously. 

Developed by Cadnetix 
Corp. (Boulder, Colo.) for its 
family of workstations 

(ELECTRONIC DESIGN, Nov.15, 
p. 169), the accelerator em­
ploys a microcoded graphics 
processor with an 88-bit-wide 
writable control store and 
pipelined register. Its pipe­
lined architecture tackles as 
many tasks in parallel as pos­
sible, coming through with a 
cycle time of just 120 ns. And 
sometime in 1985, the cycle 
time will be cut by 20 ns, 
delivering an accelerator that 
processes 500,000 transfor­
mations a second. 

Half and half 

About half of the bits in the 
microcoded word control data 
manipulation; the rest handle 
such housekeeping functions 
as generating addresses con­
trolling jumps, and the like. 

The graphics processor ac­
tually comprises two subpro­
cessors (see the figure). One 
subprocessor is made up of a 
16-bit ALU, 16-bit multiplier, 
a register file, and auxiliary 
memory used for stack space 
and constant look-up. The 
second consists of what the 
company calls a system 
memory access machine-a 
block that oversees fetching 
primitives from the main sys­
tem memory. 

Dual-ported memory 

To generate the 1024-by-
800-p i xel, 64-color bit­
mapped display, the graphics 
display generator also con­
tains a con troll er that is simi-
1 ar to the system memory 
access machine. It pulls in­
formation from the system 
and shifts data words into a 
local memory built from 
dual-port TMS 4161 dynamic 
RAMs. Each of the six planes 



Now Harris gives you low-power programmable 
logic to tie your CMOS system together. 

New CMOS HPLs from Harris move your designs to a '· 
higher leyel of integration by replacing multiple SSI/MSI 
devices with a single logic circuit with on-chip test circuitry. 

These static CMOS HPLs are pinout and function­
compatible with bipolar HPL/PALs™ yet draw only 5% of 
the power. 

Their cooler operation allows you to shrink board size by 
eliminating fans a.,nd vents, and reducing power supply 
requirements. · 

And all HPL products feature VOCAL™ (patent pending) 
- exclusive Verification of On-Chip Array Logic - that 
gives you complete AC/DC and functional testing of blank 
devices. This cal) eliminate the need for exhaustive post­
programming vector testing. 

They're the fogical first choice in harsh environment ap­
plications, in portable battery-operated systems, in all your 
low-power/sealed-enclosure applications. 

Why wait tO complete your total CMOS system designs. 
CMOS HPLs are available now to give your system the 
perfect fit. ' · · 

H.E.L.P., HPL and VOCAL are trademarks of Harris Corporation 
PAL is a registe~d trademark of Monolithic Memories, Inc. 

Harrie CMOS HPLs 
Part I Pin I Supply 

Number I Configuration Current 
(mA) 

HPL-16LC8 t Replaces t- 5 mA/MHz ~ 
16L8, 16P8 
10L8, 10H8 

HPL-16RC4• T Repl~es 
16R4, 16RP4 

f- HPL-16RC6• i Replaces 

5 mA/MHz 

5 mA/MHz 

Product 
Highlights 

• CMOS/TTL 
Compatible 

• Programmable 
Output Polarity 

t 16R6, 16RP6 
t-- HPL-16RCs· Replaces 

16R8, 16RP8 
5 mA/MHz 

' • 5 mA Output 
Drive (IOH ,IOL) 

'Available Ql 1985. 

Harris CMOS HPLs are supported by 
H:E.L.P.™ - Harris Enhanced Language for 
Programmable Logic - the first easy;to-use 
programmable logic support software. 

For more information, contact: Harris Semiconductor 
Digital Products Division, P.O. Box 883, MS 53-035, 
Melbourne, Florida 32902-0883. 

Harris Semiconductor: Analog · Bipolar Digital 
CMOS Digital · Gallium Arsenid~ · Semicustom - Custom 
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of the bit-mapped memory is 
organized as 64 kwords of 16 
bits each. 

The dual-port dynamic 
RAM makes the memory sub­
system available to the over­
all system 95 % of the time, in 
turn making for very rapid 
screen updating. And as men-

~ .. 16-bll I bus 

TECHNOLOGY NEWS 

tioned , a number of ope r ­
ations are handled in parallel. 
For example, all features of a 
vector can be loaded , and 
writing to the screen can take 
place independently of t he 
CPU-just supply the start­
ing location, angle, color and 
begin. Dave Bursky 

1 _. 
~ " T ~ " "'- ..... 

System memory ~I 
" 32-blt 
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machine 

system 
memory ~ ~ .. bus 

Sequencer 
Reri lster 

~ " lie 
(256 x 16 bits) 

~ ~ I 
CPU Writable 

Interface control .... ..... 
~ store ..... ..... ..,.. (4096 x 

ERSAbus 88 bits) "~ v 

16-blt ALU 

"' 
.j " 16 x 

16 bit 
Pipelined multiplier CRT 
register controller 

~ " '' ... ' I 
I 
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Syatam ALU memory I " memory (4096 x I 
acceaa 16 bits) I machine I 
' - J 

I I 
88 bits for I 

system control 1_6-blt 0 bus .j " ~ " l 
Graphics processor 

Software front end 
links Lisp machines 
to industrial world 

S 
ystem designers gener­
ally consider Lisp ma­
chines most appropri­

ate for developing software, 

... ~ I 

~ 
Display 
memory 

write 
register 

1sfl1s 

Parallel Parallel 
Input output Video 

lookup 
Serial 

~ 
table 

output 
64 out of 

Dual-port 4096 
bit mapped memory possible 

colors (built from 
TMS4161S) 

I ~.~ green, 
blue 

~I 
Timing 

Video and 
access d-a 
control converters 

logic 

...a.. CRT 
sync 

Horizontal and " signals 
vert ical timing 

, 
Graphics display generator 

An internally pipelined multiproceaeor and multiple-bus architecture helps the graphics and display 1ub-
1y1tem of a graphics accelerator handle 400,000 clipping operations and transformations each second. At 
that speed, images can be manipulated almost instantaneously. 
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In low- 1se op amps, 
e choice is cleay 

Clean up your most demanding signal conditioning and 
instrumentation circuits. 

Replace your existing dual and quad op amps with pin­
compatible Harris Low Noise Op Amps-the new ones 
with lower noise and higher performance! 

They're available now in four great models with wide 
bandwidths and high slew rates (see table). And with ex­
ceptionally low noise-only 4.3 nV/--/Hz at 1 kHz! 

Their input specs are every bit as impressive. Ready? A 
mere 2 mV offset voltage and 30 nA offset current. Very 
modest power consumption (90 mW/package for duals; 
just 150 mW/package for quads). And operation from a 
single +5V supply, if you want. 

Put the low noise and high signal purity characteristics 
of new Harris Low Noise Op Amps to work in your most 
demanding circuits-audio amplifiers, active filters, 

Performance that's truly sensational! 
instrumentation amplifiers, integrators and signal 
generators. 

For full details, write: Harris Semiconductor Analog 
Products Division, P.O. Box 883, MS 53-035, 
Melbourne, Florida 32902-0883. 

Harris Low Noise Op Amps Product Summary 

Part Number HA-5102 HA-5104 HA-5112 HA-5114 

Configuration Dual Quad Dual Quad 
Slew Rate 4V/µS 4V/µS 20V/µS 20V/µS 
Bandwidth BMHz BMHz 60 MHz* 60 MHz* 
VOitage Noise 4.3 nV/../Hz 4.3 nV/../Hz 4.3 nV/../Hz 4.3 nV/../Hz 

*Uncompensated (Minimum closed loop gain of 10) 

Harris Semiconductor: Analog - Bipolar Digital · 
CMOS Digital · Gallium Arsenide · Semicustom · Custom m HARRls 

For your information, our name is Harris. 
CIRCLE 228 
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conducting research, and cre­
ating expert systems. Rarely, 
however, do they think of 
them for real-time process 
control. Those views will un­
doubtedly change when a 
front-end software package 

Serial stream 

Shared 
array 

(common data) 

Library of 
algorithms 
(operators) 

TECHNOLOGY NEWS 

puts the control of real-time 
industrial systems in the 
hands of the user. 

RTIME, as the package is 
called, acquires external data 
and, at timed intervals, pro­
cesses it for transmission to a 

Lisp 
communicator 

Execution 
shell 

1/0 driver 

(Compile function) 

Real-time 
process control 

equipment 

1. A front-end package adds real-time capabilities to a Lisp-based 
system through a communicator, an execution shell, and an 110 driver. 
Each processing point, or node, is listed within a descriptor table, and 
a library of algorithms contains the C code for the system's basic 
operators. 

Lisp 
processor 

RTIME 
running 

on 68010 

Process 

System diagnostic unit 
and bus controller 

Multibus 

Video 
interface 

Interface 
board 

Measurements 

2. RTIME is designed to run on a 68010 coprocessor, which is part of 
the Lambda machine. It allows users to program real-world events in 
Lisp. The package interfaces with sensors and process controllers 
through the Multibus, with a host system through Ethernet. 
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host processor. The user pro­
grams the front-end package, 
developed by Lisp Machines 
Inc. (Culver City, Calif.) for 
its Lambda system, through a 
Lisp processor by defining the 
nodes-that is, the points of 
processing-and the pro­
grams for them. 

A peek inside 

The internal structure of 
the front end is key to its oper­
ation (Fig.1). One portion, the 
Lisp communicator, is actu­
ally the receiving and trans­
mitting point for data flowing 
between the host and the 
front end. It also prepares the 
node for the execution shell, 
another section of the front 
end. 

The shell scans RTIME's 
node descriptor table and 
schedules nodes for immedi­
ate processing or, if they are 
awaiting incoming data, for a 
read-wait state. The final 
part of the front end, the I/O 
driver, handles the real-time 
communication with external 
equipment. A standard driver 
is supplied for Ethernet, as 
are tools for creating Multi­
bus-compatible drivers. 

Each program in RTIME is 
compiled into a set of code 
pointers, which refer to de­
fined blocks of operator code 
within a library. Reminiscent 
of the earlier Fortran com­
pile rs and Forth systems, 
that "threaded" code min­
imizes system overhead. 

Familiar concepts 

Each node consists of an in­
dex, a name, timing data, and 
a function . The last of those is 
a program made up of prede­
fined operators, including as-



"The PM 3305 
digital storage scope - an engineers dream machine" 

"In the fast paced digital world, most 
digital scopes lack the speed to capture 
glitches shorter than the sampling time. 
Not any more : From the Philips' fast lane 
comes the PM 3305. This extraordinary 
digital storage scope can catch a glitch only 
10 ns wide even ata sweep speed of5 s/div. 
But trapping is only one of the features 
found in the PM 3305. 

Test & Measuring 
Instruments 

Howabout4 channels, dual slope trigger­
ing, 4 K pre-trigger ability, and a selective 
memory expansion of up to 40 times? 
They're all there including an added bonus, 
the PM 3305 doubles as one of the finest 
conventional 35 MHz scopes available today. 
Why not contact your local Philips organi­
zation and find out how you can get your 
hands on the engineers dream machine. 

CIRCLE 30 

Philips S&l, T &M Dept., TQ 11l-4-62, 
5600 MD Eindhoven, The Netherlands. 
In the USA caU:800-631-7172exceptHawaii, 
Alaskaand New Jersey. In New Jersey call 
collect(201)529-3800orwrite to 85 McKee 
Drive, Mahwah, NJ 07430. 
Germany (0561) 501484 
Great Britain 0223-35 8866 
France 01-8301111." 

PHILIPS 
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sign men ts ( +, - , *, log, and 
so on), special processing 
operators (lag, delay, rate), 
and program constructs like 
"If . . . then" and "If ... alert." 
The latter construct notifies 
the host of real time condi­
tions through software inter­
rupts. 

The front-end software 
runs on a 68010, which acts as 
a coprocessor within the 
Lambda system (Fig. 2). Lisp 
Machines plans to adopt the 
software for Picon, an expert 
system that will be able to ad­
vise operators of process con­
trol equipment in real time. 
Currently RTIME runs under 
Unix 4.2 BSD, but soon it will 
be running under its own 
operating system, thereby 
cutting processing overhead. 

Ray Weiss 

Channelless cells 
optimize silicon use 
in semicustom chips 

S emicustom circuits 
have obvious advan­
tages, but rarely can 

they match the economical 
silicon use of hand-crafted 
designs. A compact layout is 
a touch goal to reach with 
gate arrays and even with 
standard cells. Now, however, 
a standard-cell technique 
draws on an unusual chan­
nelless structure, developed 
last year for gate arrays, to 
eliminate dedicated wiring 
channels. 

Each standard cell is de­
signed with a fixed height and 
width, but its internal metal 
connections can be varied, de-
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pending on the desired circuit 
layout. That feature is the 
strongest contributor to the 
cell's high wiring density: As 
with the channelless gate 
array, wires can be routed 
through the standard cells in­
stead of filling dedicat~d 
channels surrounding them, 
as is common with most stan­
dard cells. 

Developed by California 
Devices Inc. (San Jose, Calif.), 
the standard cells are fabri­
cated with a 3-µm CMOS pro­
cess that employs two layers 
of metal. The basic cell con­
sists of transistor pairs whose 
geometries are the same for 
every cell-a factor that sim­
plifies circuit simulation. 

Building a chip 

With support software, the 
designers can create a chip 
containing about 10,000 gates, 
piecing together blocks of 
2000 to 3000 gates. Automatic 
placement and routing soft­
ware can handle standard­
cell blocks of various sizes and 
shapes, and a congestion 
analysis routine helps max­
imize the circuit density (see 
the figure). 

Once the user has captured 
a design and filed a net list, 
software chooses either the 
channelless gate array for 
quick turnaround or a stan­
dard cell for more customized 
circuitry. 

Novel traits 

Supercells-ROMs, RAMs, 
and programmable logic ar­
rays-will be the first mem­
bers of the family. The PLA 
supercell, for instance, has an 
unusual set of characteris­
tics: It can be configured by 

WHERE CAN I FIND 
PERFORMANCE? 

PMI North American 
District Sales Offices 

Boston, Massachusetts 
(617) 655-8900 

Chicago, Illinois 
(312) 885-8440 
(800) 323-87 5 5 

Dallas, Texas 
(214) 341-1742 
(800) 223-6147 

Los Angeles, California 
(714) 666-0140 

Philadelphia, Pennsylvania 
(215) 639-9595 

Santa Clara, California 
(408) 727-6616 

PMI North American 
Authorized Distributors 

Anthem Electronics 

Bell Industries 

Future Electronics 

Gerber Electronics 

Hall-Mark Electronics 

Intek Electronics Ltd. 

Merit Electronics Corp. 

Pioneer Electronics 

Semi Dice Inc. 

Zentronics 

Over 90 locations in 
North America. 



PERFORMANCE Precision Monolithics is one of 
those rare companies that would 
rather help you than sell you. We 
know if our analog !Cs 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 950501 USA. 

A Bourns Company. 



The high degree of sensitivity of the 
NTC Thermistor makes Keystone 
surface mount temperature 
sensors ideal for low cost temper­
ature measurement and control. 
These sensors, available in the 
styles illustrated, can beaccurateto 
better than ± 0.5° c. 

Get more information ; write for data. 

\Ke~!!'!!!'! 
Thermistor Division • St. Marys, PA 15857 
Phone 814-781-1591 • Telex No. 91-4517 

Keystone Thermistors are d1str1bu ted by 
Al lied Electronics Phone: 817 /336-5401 
Newark Electronics Phone: 312/638-4411 
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the user and programm ed, 
through metal interconnec­
tions, as either a P LA or a 
ROM. A special option per ­
mits the user to set up a dou­
ble-ended structure so t hat 
the array can be entered from 
either end. That alone trans­
lates into significan t reduc-

Verified customer design 

l 
Library 

of gate-array 
macrocells 

I 

J 
Net-list 

Ille 

1 

l 
Automatic 
placement 
and routing 

i 
Maek data and 

final timing 
verification 

tions in signal routing and 
thus a trimmer chip. 

Supplementing the super­
cells, which will be introduced 
this spring, are the earlier 
members of California De­
vices' gate array library. Cus­
tom I/O cells will be added 
later this year. Dave Bursky 

_I I 
l :I 

Library 
of standard cells I-' 

t-' 

J 
Layout and 
congestion 

analyzer 

Software make• the bHI choice between atandard cell• and gate 
array• once a circuit'• net llat haa been created. In either caae, the 
deaigner geta the benefit• of a channelleaa atructure, which yield• 
denae wiring and thua extremely compact chlpa. 
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LOW ESR&MORE. 

SDD A ~GUE Sprague Type 550D Solid-Electrolyte Tantalex® Capacitors, designed for use in power 
£ ~ supply filters at frequencies to 100 kHz, feature extremely low ESR and high ripple 

TA 1\. TT A T ·UMS MEE current capability. Maximum ESR for a 300 µF, .J..1'..1 ~ .J..~ 6 VDC unit is only 0.0450 at 100 kHz. 
· Additional advantages include small size, long 

life, exceptional capacitance stability and 
• hermetic sealing to withstand severe 

environments. Capacitance values: 5.6 to 330 µF. Voltage ratings: 50 to 6 WVDC. Write for 
Engineering Bulletin 3548 to Technical Literature Service, Sprague Electric Company, a Penn 
Central unit, 347 Marshall St., North Adams, Mass. 01247. 
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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 11 , 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 
cant say it all here. So we·ve put together an 
information 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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Visit us at Nepcon West, 
Booth 2452 & 2453 and 
Southcon '85 Booth 1537, 
39 & 41 

®INTERCONNECTION 
SYSTEMS 

Quality and Innovation 

40 Perry Avenue, P.O. Box 1037, Attleboro, MA 02703 (617) 222-2202 TWX 710-391-0644 
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Introducing Benchmark 20: first and 
complete evaluation of the 32-bit MC68020. 

System designers racing to use the new 
32-bit MC68020 MPU now have an 
excellent testbed for system evaluation: 
Benchmark 20. 

This MC68020-based system package 
provides the hardware and software 
tools to allow streamlined benchmarking, 
code development and debugging. 
Packing 32-bit evaluation into a standard 
19" wide box, the Benchmark 20 system 
contains an MC68020-based single-board 
microcomputer plus an auxiliary 
I-megabyte RAM module, al] configured 
with powerful debug/monitor firmware 
in a 4-slot chassis. 

Benchmark 20 is ready to use alongside 
an appropriate software development 
host to drastically cut your schedule for 
MC68020 benchmarking and code 
debugging. The result? You smartly com­
press the time-to-market for your new 
32-bit system product. 

In addition, you can preserve your invest­
ment by using a part of your Benchmark 
20 in a new 32-bit VERSAmodule system 
product to be available in 1985. 

Development software to fine tune 
the OEM "engine'.' 

To help you quickly evaluate the 
MC68020, the Benchmark 20™ system 
package uses the 020bug™ Debug/ 
Monitor firmware package to allow you 
to do benchmarking and to debug 
code. The 020bug resident package per­
mits quick execution of system and 
user-developed programs running on the 

Benchmark 20 system package. Its 
powerful software and system debug com­
mand set allows access to all I/O, con­
trol, and memory facilities plus the full 
4-gigabyte direct address range of the 
VERSAbus™ system bus. 

VM04: first with the MC68020 
on board. 

At the heart of the Benchmark 20, the 
VM04 VERSAmodule™ processor 
board uses the MC68020 microprocessor 
to provide the throughput required for 
such performance-intensive applications as 
bit-mapped graphics manipulators, 
scientific data acquisition systems and arti­
ficial intelligence machines. 

Applications that, before this, required 
mainframe machines. 

With a maximum clock rate ofl6.67 
MHz, the MC68020 microprocessor 
allows the VM04 to operate at a sustained 
rate of 2 to 3 MIPS, with burst rates 
exceeding 8 MIPS, challenging the speed 
of some mainframe computers. 

16K bytes of instruction/data cache on 
board helps reduce off-board memory 
accesses to ensure top performance. When 
off-board access is needed, the VM04 
calls on the interface capabilities of 
Motorola's MC68020-specific RAMbus™ 
to eliminate most arbitration overhead 
and speed memory transfers. 

The VM04 monoboard is the first 
MC68020 processor board to offer paged 
memory management, plus an inter-
face to support the soon-to-be-available 
MC68881 floating point math co-processor. 

The companion VM13 dynamic RAM 
module provides lMbyte of random 
access memory dual ported with both 
RAMbus and VERSAbus. A perfect 
system mate for the VM04 32-bit mono­
board, the VM13 RAM board has error 
detection and diagnostic capability. 

Solid design-in support. 
Motorola has the design-in support 

that can reduce your design time. In fact, 
we've just tripled the number of our 
field application engineers. 

One's near you. An application engineer 
who can match new semiconductor 
technologies and products to your require­
ments so that, with your unique designs, 
you can perhaps leapfrog your competition. 
Fast. 

Motorola's Benchmark 20 is also 
supported by our professional field service 
network offering technical assistance, 
parts, repair service and regular soft­
ware updates. 

For more detailed information on the 
Benchmark 20 evaluation system, mail 
in the coupon or call 
your local Motorola \!Ve're 
semiconductor sales 

office, authorized ~n~our 
systems distributor or es· . 
systems representative. l n-1n 

te m. 

®MOTOROLA 

Benchmark 20, VERSAmodule, 0 20bug, VERSAbus and RAMbus a re tradem arks of Motorola Inc. 

r----------------------------------------------------------------, 
To: Motorola Semiconductor Products, Inc., P.O. Box 20912, Phoenix, AZ 85036 
Please send me more information on the Benchmark 20 evaluation system. 

214ED011 285 

Na me .. ---
-~ -- ~ T itle 

Company 

Address 

City Sta te Zip 

Call Me( 





Reach 
beyond the ordinary. 
Unique ultrabright and low current 2 mA LED lamps 

broaden your capabilities. 

LEDs are tools in a designer's bag. They're 
not fancy. But they get the job done. 

Often, a new tool... or lamp ... is called for. 
That's a good time to turn to the LightHouse. 

A DAZZLING DISPLAY 
OF ULTRABRIGHT LEDS. 

If you like to play the millicandela game, our 
new family of ultra-brights gives quite a performance 
- two to three times our high efficiency material. 
Using advanced chip technology, our HLMP-3750 
lamps crank out 4.5x the brightness of a normal, 
non-diffused MV5752 lamp with no increase 
in power. 

That makes them ideal for telephones, 
keyboards and other high-bright backlighting 
applications. 

ULTRABRIGHT FAMILY FOR BACKLIGHTING 

SIZE COLOR DEVICES 29 1/2 
** 

I, TYP 

Red HLMP-3750, MV3750* 
T-1 3/4 Yellow HLMP-3850, MV3350* 24° 150 med 

Green HLMP-3950, MV3450* 

Red HLMP-1340 
T-1 Yellow HLMP-1440 40° 60 med 

Green HLMP-1540 

*Without Stand-Off **At 20 mA 

Typical brightness is 60 med in T-1 and 150 med 
in T-1 3/4, both at 20 mA. 

They're available in red, yellow and green in T-1 
and T-1 3/4 water-clear packages. And they're pin-for­
pin replacements for HP products at a substantially 
lower cost. 

But wait. 
You say low current is your thing? You're 

thinking ahead. Most products three years from 
now will use low current lamps. 

NEW GENERATION LEDS DRAW 
A SKINNY 2 mA. 

We designed a lamp with a new chip that's 
optimized for low power drain. Result? With an 
HLMP-4700 you get comparable brightness to 
a MV5753 lamp at many times less current. 

Our 2 mA lamp family is even compatible with 
CMOS, making it ideal for portable equipment. 

The lamps are tinted diffused and intended for 
direct view. They come in red and yellow T-1 and 
T-1 3/4 packages (and other packages on request). 
And they're identical replacements for HP products 
at, of course, a lower price. We've also made a green 
T-1 3/4 lamp to complete the family! 

2 mA FAMILY FOR DIRECT VIEW STATUS INDICATION 

SIZE COLOR DEVICES 2e112 ** 
I, TYP 

Red HLMP-4700 
T-1 3/4 Yellow HLMP-4719 50° 3.0 med 

Green MV2454* 

Red HLMP-1700 
T-1 Yellow HLMP-1719 50° 4.0 med 

*At 3.5 mA 35° **At 2.0 mA 

SEND FOR FREE WALL CHART. 
Never say the LightHouse doesn't help show 

you the way. Our 22"x 36" four color LED lamp 
selector is a terrific design aid. It's yours for the 
price of a stamp or phone call. 

For more information call the plant or our sales 
reps and distributors. General Instrument, Optoelec­
tronics Division, 3400 Hillview Avenue, Palo Alto, 
CA 94304. (415) 493-0400. TWX: 910 373-1767. 
European Headquarters: Moutstraat 104/106, 
B 9000 Gent, Belgium. Telephone: 091/22.57.91. 
TELEX-12686. 

GENERAL 
INSfRUMENT 
Optoelectronics Division 
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CUSTOM BUILT 
or STANDARD PACKAGE, 

Vector designs, manufactures and delivers 
a wide variety of top quality electronic 

hardware to fit your needs. 

Vector's unique design and engineering capability provides 
rugged products of precision construction in finely finished materials. 

CHOOSE from Vector's reliable product line in >kit form, 
>complete assemblies >with or without backplanes >desk top or rack mount. 

COMPLETE YOUR PACKAGE with Vector supplied >motherboards > circuit 
boards )>-daughter boards >covers )>-hinged panels >extenders >connectors. 

VECTOR HAS THE HARDWARE TO HOUSE YOUR SOFTWARE! 
@vector Electronic Company , 12460 Gladstone Avenue, Sylmar, California 91342-0336. Telephone (818) 365-9661. 
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CONFERENCE PREVIEW 

New languages and 
techniques drive advances 
in simulation 
When a conference on computer simulation 
gets into gear, concurrent Prolog, time 
warping, and graphics will take the lead. 

S
oftware and systems 
with the potential to 
extend the power of 

simulation will be the prime 
focus at 1985's Society for 
Computer Simulation Con­
ference (San Diego, Calif., 
Jan. 24-26). Developments for 
simulation in Prolog, graph­
ics, and distributed systems 
will come under scrutiny as 
well. 

Prolog, the centerpiece ar­
tificial intelligence language 
of the Japanese fifth-genera­
tion system, holds a great deal 
of promise for discrete event 
simulation. A high-level, ma­
chine-independent language, 
it treats data and program 
material the same; has log­
ical, declarative semantics; 
and offers flexibility in the 
binding of variables to pro­
cedures. 

Beyond rules 

Prolog has much power be­
yond factual statements and 
"if ... then" rules. Recursion, 
backtracking, and a database 
search mechanism are among 
its other capabilities. For 
simulation, time can be added 

as a variable in the state­
ments and updated in discrete 
increments. However, for 
large simulations the speed of 
Prolog becomes a problem. 

At the present time, work 
in the Prolog field is concen­
trated in two major areas: 
concurrency-that is, a non­
sequential, parallel version 
(ELECTRONIC DESIGN, Dec. 13, 
1984,p.73)thatincreasesexe­
cution speed-and the addi­
tion of features such as inter­
process communication and 
time handled for process sim­
ulation. 

One approach was tried at 
the Hungarian Institute for 
Coordination of Computer 
Technologies (Budapest), 
where M-Prolog was devel­
oped. A concurrent version 
based on M-Prolog called TS­
Prolog breaks down a simula­
tion into component pro­
cesses. Predicates were built 
in to define components and 
set up communication chan­
nels between them. Only one 
process or component is ac­
tive at a time. In the case of 
failure or deadlock, back­
tracking is invoked and an-

other solution is found. 
Additional built-in predi­

cates were added to create 
processes, handle communi­
cation mechanisms, and in­
troduce time as a factor in the 
simulation. 

Another type of concurrent 
Prolog simulation is being 
developed in Japan under 
MITI's watchful eye. It 
achieves parallelism by re­
fusing to allow backtracking. 
T-CP, a variation of concur­
rent Prolog, has been devel­
oped by researchers at the 
University of Calgary (Alber­
ta, Canada). It uses delay or 
time expressions and takes 
theform: 

A :- G1 ... Gn <:delay:> 
81 . . . Bk 

Clause A is true if the guard 
clauses G 1 ... Gn and clauses 
Bl ... Bk are true and the de-
1 a y time has passed. The 
guard clauses precheck Bl ... 
Bk and are checked concur­
rently against possible solu­
tions. Each sentence is a pro­
cess with a delay time for its 
simulated action. 

One very interesting soft­
ware technique for simula­
tion is the time warp mech­
anism. Developed by Rand 
Corp. (Santa Monica, Calif.) 
under Air Force funding, it 
ingeniously simulates dis­
tributed discrete events by 
utilizing the concepts of mes­
sages, antimessages, annihi­
lation, and roll-back. 

To use the mechanism, a 
simulation is decomposed in­
to a collection of interacting 
processes or objects. Each ob-
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j ect keeps its own time, re­
ferred to as local virtual time 
(LVT). The objects interact 
with one another by sending 
event messages that are time­
stamped with the sending ob­
ject's LVT and the receiving 
object's execution LVT. 

Each object will charge 
ahead and execute its portion 
of the simulation. Event mes­
s ages are interchanged 
between objects for coordi­
nation. The received event 
messages are placed in a 
queue and executed in time­
stamp order, with each object 
periodically checkpointing its 
processing and saving the 
state information. 

The time warp mechanism 
can set a large number of pro-

NEW PRODUCTS 

cesses in motion that are co­
o rd i na ted by interchanged 
messages. If the messages are 
delayed or a later message 
cancels an earlier message, 
the object out of sync can 
simply roll back to an earlier 
event and resume processing. 
Furthermore, a message 
placed in queue or executed 
earlier can be canceled by 
sending its antimessage to 
the object. In effect, the 
mechanism embodies a kind 
of optimistic risk taking, 
judging that it is better to ex­
ecute now than halt and wait 
for a cooperating process to 
catch up. One interesting side 
effect of this approach is that 
it never reaches a deadlock 
-it will always roll back for 

PRESSURE 
TRANSDUCERS 
- SEALED/ABSOLUTE 
Model SA Pressure Transducers feature a corrosion­
resistant stainless steel outer case and pressure 
chamber that provide protection against harsh envi­
ronments and pressure media. Our SA transducers 
have high overload capabilities and proven long-term 
zero and span stability. You get pressure transducers 
that are interchangeable and fully calibrated an 
temperature compensated. · 
• High output voltage: 5V span 

another try under different 
conditions. 

Graphics animation has 
proved to be effective for the 
simulation of distributed pro­
cesses. The University of Cal­
gary's Mona was developed on 
the Jade distribution proto­
typing system as a tool for the 
animation of message inter­
actions between concurrent 
processes. Each system is as­
signed its own icon, and pro­
cesses within that system use 
that shape. Interaction 
among communicating pro­
cesses in dissimilar systems 
can be displayed simulta­
neously on a single CRT, pro­
viding a tool for distributed 
processing debugging. 

Ray Weiss 

• Internal voltage regulator 
• Reverse polarity protection 
i RFI protection available 
• OEM pricing 

Call us today at 
(617) 861-7450. 

JuSt Vz-in. wide. they're the slimmest plug-in heat 
sinks made for T0-2205. Series 5768 heat sinks 
save PC board space, and save labor. They quickly 
plug in without time-consuming fastening. Four 
spring-action clips assure the tightest possible fit 
between the T0-220 and heat sink for maximum 
heat dissipation. 

A A 
:.r 
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Send for evaluation sample 
and new 76-page catalog. 

v I D AAVID ENGINEERING, INC. 
30 Cook Court, Box 400 
Laconia, New Hampshire03247 
(603) 524-4443 
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THE DIFFERENCE 
BETWEEN NIGHT AND DAY. 

1 No other logic 
analyzer lets you 

clearly see what your 
hardware and soft­
ware are doing at the 
same time. 
Only a correlated dual 
timebase allows true 
interaction analysis. 
Only Tek has it. 
As your digital designs 
become more com­
plex and you sub­
divide your design, 
only the 1240 lets you 
obtain an accurate 
picture of real-time 
interactions between 
independently­
clocked modules. 
By defining triggers 
based on the data 
from both time bases. 
you can easily monitor 
the interaction 
between hardware 
and software or the 
relationship of two 
dual processors ­
with information 
displayed in a time­
aligned manner. 
Stark contrast to the 
jumble of data or 
jerry-built clocking by 
any other system of 
acquisition . 

Copyright © 1984. Tektronix , Inc 
All rights reserved LAA- t 46 



2 No other logic analyzer offers 
such complete performance 

analysis. For software. And 
for the entire system. 
By combining its dual timebase 
with the high-resolution, 10ns tim­
ing you need to look at hardware 
events, the 1240 adds a new, 
more powerful dimension to per­
formance analysis: complete 
systems analysis. 

In software analysis alone, the 
1240's multilevel trigger takes you 
well beyond the limited , continu­
ous event analysis of other logic 
analyzers. Want to look at time 
spent in multiple interrupts during 
execution of a software module? 
Only the 1240 can measure, 

~====:.: EXECUTE ------1 
START STOP AUTO 

compare and graph the event 
distributions. 

3 Only the Tek 1240 offers so 
much triggering capability 

for both hardware and software 
analysis. 
For software analysis, the 1240 
combines 14 levels of conditional 
triggering with data flow and pro­
gram flow qualification. You can 
pinpoint where your software went 
wrong right away. Without wading 
through mountains of data. 
For hardware analysis, counters, 
timers and duration filters allow 
you to quickly locate problems 
that result from the time charac­
teristics - as well as the state­
of the hardware. 

---· SCROLL·--~ 

Moreover, only the 1240's dual 
timebase lets you combine all 
these capabilities to analyze the 
interaction of both hardware 
and software. 

ro 

4 Every logic analyzer claims 
to be easy. Only the 1240 

is as easy as you want it to be. 
Easy is no bargain if it comes at 
the expense of performance. So 
the 1240 lets you select from four 
distinct levels of operation , adding 
more advanced features only as 
your design challenges require. 

Other user conveniences are 
obvious at first glance: the unique 
touch display lets you select 
menu items without ever taking 
your eyes off the screen. Key­
strokes are minimal and logical. 
And , proving that buttons aren't 
always the best answer, the 
smooth, flicker-free scrolling of the 
big front panel knob proves to be 
one of the 1240's most pleasing 
user features. 

(Continued next page) 



5 No other logic analyzer is as 
modular, expandable or 

versatile, to keep your costs low 
and compromises few. 
No competition here. The 1240 
supports all major micro­
processors. It includes three 
types of disassembly, so you can 

make the format fit the job. 
With any of 14 combinations of 
acquisition cards, plus memory 
chaining , you can configure the 
best data width (up to 72 chan­
nels), memory depth (up to 2K), 
and sample rate (up to 100 MHz) 

CIRCLE 41 FOR LITERATURE 

for each application. You can add 
ROM Packs for data analysis; 
RAM Packs for data storage; 
COMM Packs for various RS-232 
and GPIB communications 
environments, including a wide 
range of printer support; and a 
master/slave capability that 

makes teleservicing eminently 
practical by allowing two 1240's to 
communicate via phone lines. 
In black-and-white, the 1240 is 
your best guarantee that problems 
will never evolve beyond what 
your logic analyzer can handle. 
For more reasons, on-paper 
or in a personal demonstration, 
why the 1240 is the best of the 
best-selling logic analyzers, call 
1-800-547-1512. In Oregon, call 
1-800-452-1877. Or contact your 
local Tektronix Sales Engineer. 

COMMITTED TO EXCELLENCE 
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NEWS ANALYSIS 

Makers of semicustom ICs 
greet bit-slice devices 
and µPs with open arms 
Builders of standard cells and gate arrays 
turn to microprocessors and bit-slice 
cores to cram computer systems on a chip. 

S emicustom technology 
has advanced to the 
point that chip manu­

facturers can now supply 
functional blocks that emu-
1 ate processors. These 
blocks-incorporated with 
existing semicustom memo­
ries and proprietary circuits 
-squeeze what is essentially 
an entire computer system 
onto a single chip, slashing 
size while keeping a lid on 
cost. 

Generally, standard-cell li­
braries are seizing on micro­
processors as their main­
stays, and their gate-array 
counterparts are looking 
mostly to bit-slice processors. 
In both technologies, though, 
viewing processors as core 
elements is becoming in­
creasingly common. 

Interest running high 

The interest in incorpo­
rating these complex blocks 
into standard-cell libraries is 
running so high that at least 
one company, National Semi­
conductor Corp. (Santa Clara, 
Calif.), not only intends to add 
a processor to its library, but 
also is planning semicustom 

spin-offs for all processors 
now entering the design cycle. 
Indeed, it has the same in­
tention for all of its new com­
ponents. 

One of the most common 
reasons for semicustom IC 
manufacturers' preoccupa­
tion with processors is the 
reduced size that comes with 
combining control circuitry 
and custom memory config­
urations, I/O, and other pro­
prietary circuits. Equally im­
portant, but less obvious, is 
the boost in speed that comes 
with the drop in external ac­
cesses inherent to the ap­
proach. Finally, the finished 
chip is more difficult to re­
verse-engineer, since there 
are fewer I/O pins. 

One microprocessor core 
intended for standard-cell de­
signs is a CMOS version of the 
6502. Compatible with exist­
ing NMOS parts, the device 
adds 14 instructions to the 
standard set. (These instruc­
tions control standby and 
sleep modes, as well as other 
functions specific to CMOS.) 

The cell, from NCR Corp.'s 
Microelectronics Division 
(Fort Collins, Colo.), is built 

with 3-µm design rules and is 
roughly 13,000 mils 2

• It is 
small enough that a variety of 
other circuits can be built 
alongside it without making 
a chip so large that its cost 
would be prohibitive. For 
example, one chip, about 
50,000 mils2

, weds the cells to 
3 kbytes of ROM, 64 bytes of 
RAM, a timer, and other pro­
prietary logic circuits (Fig. l). 

The 8085 is the cornerstone 
of another standard-cell li­
brary. Fabricated in CMOS 
and using 3-µm design rules, 
the processor is expected to 
come in at about 37,000 mils 2 

when it becomes available lat­
er this year. Like NCR's 6502, 
the circuit, from Calmos Sys­
tems Inc. (Kanata, Ont., Can­
ada) maintains compatibility 
with existing components but 
adds to the regular instruc­
tion set. 

With RAM on board 

Another standard-cell 
manufacturer takes a slightly 
different tack, featuring an 
8049 processor cell that car­
ries 128 bytes of RAM and 
2 kbytes of ROM. Designed by 
Zymos Corp. (Sunnyvale, Cal­
if.) and built with 2.8-µm 
rules, the entire cell takes up 
about 40,000 mils 2

• To sim­
plify testing (which can be 
difficult since the processor 
does not have the customary 
I/O pins), the company has 
built in a test port through 
which pregenerated pro­
grams can be run. 

Though most standard-cell 
libraries are built around mi­
croprocessors, one was just 
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unveiled that centers on a bit­
slice processor. It is also one 
of t he fir s t to incorporate 
EPROM. 

A well-stacked library 

Th e CMOS library, from 
Wafer Scale Integration Inc. 
(Fremont, Calif.), uses 2-µm 
technology, allowing multiple 
processors to be shoehorned 
on a chip to increase speed or 
bus width. A single bit-slice 
processor matches the per­
formance of a bipolar bit-slice 
chip; four processors com­
bined on a chip with carry and 
look-ahead circuitry will run 
5 % to 8 % faster than the 
same circuit built using dis­
crete bipolar chips-with an 
attendant reduction in power. 

Although performance is 
the library's strong suit, it is 
also relatively flexible and 
compact. A 4-bit-slice pro­
cessor can be placed on a sin­
gle die (57,600 mils2

) with a 
sequencer, carry and look­
ahead logic, status and shift 
registers, and 20 kbits of 
EPROM. 

For controllers too 

The flexibility of bit-slice 
processor cells has also prov­
en beneficial in developing 
disk and CRT controllers and 
modems. Because it is easier 
to modify the timing and in­
struction set of a bit-slice 
core, Silicon Systems Inc. 
(Tustin, Calif.) has taken that 
approach . In addition, by 
combining processors on a 
single chip, duplication is 
eliminated. 

The bit slice macro function 
of LSI Logic Inc. (Milpitas, 
Calif.) takes 744 equivalent 
gates, making it small enough 

66 Electronic Design • January 10, 1985 

TECHNOLOGY NEWS 

to fit four functional 2901s on 
a single chip. A chip with 
3,000 gates, enough for 4 bit 
slice processors and I/O, mea­
sures 240 mils per side using 
LSI's 2 micron technology, or 
300 mils/side using 3 micron 
processes. 

Standard-cell designers of-

Interval 
timer 

UART and bit-
rate generator 

1/ 0 

fer a mixed bag of bit-slice de­
vices and microprocessors, 
but gate-array manufac­
turers are nearly unanimous 
in their choice of bit-slice 
technology. The notable ex­
ception is Calmos, which will 
use its 8085 standard cell as 
the core of a gate-array li-

Programmable 
peripheral 
interface 

Control 
logic 

Peripheral 
Interrupt 1/ 0 
controller 

FIFO 
buffer 

Oscillator 

1. Using NCR's standard-cell library, including its recently introduced 
CMOS 6502 microprocessor core, a semicustom chip- complete with 
analog functions, 110, and all the components necessary for running 
the microprocessor-fits onto a single 50,000-mil2 chip. 



Today's video, audio and data acquisition systems demand high­
speed switching capability. Our SD5000 and SD21 O families provide 
the solution. · r 

These versatile devices are monolithic arrays of single-pole, single­
throw analog switches. Available as a single-channel FET (SD210-215) 
or four-channel IC (SD5000-5002), they feature low ros(on)-70Q 
max-and low input/output capacitance with virtually no crosstalk. 
And they can pass audio and video signals beyond 500MHz. 

Fabricated using Siliconix 's sturdy polysilicon-gate DMOS process, 
the 505000 and SD210 bring you faster, more stable switching than 
their metal-gate competitors- with no distortion. But the best part is 
they 're available now. In stock. And in volume. For more information 
send us the coupon . Or call (408) 988-8000 ext. 2066. Siliconix 's 
505000 and SD210. Because the performance sh ift is on . 

Corporate Headquarters, 2201 Laurelwood Road, MIS 5, Santa Clara, CA 95054; 
European Headquarters, Morriston SWANSEA SA6 6NE, Un ited Kingdom; 
Far East Headquarters, Hong Kong; Nippon-Silicon ix, Tokyo, Japan. 

,-------------------
Siliconix incorporated, P.O. Box 4777, H-1 
Santa Clara , CA 95054 

I'm ready to shift my system performance into 
high speed . Please send me: 

(ba) 0 S05000 data sheet. 
(bb) 0 S0210-215 data sheets. 
(d ) 0 IC data book. 
(f) 0 MOSPOWER design catalog. 
(e) 0 Small Signal FET design catalog. 
( j ) 0 CMOS Gate Array brochure. 

0 Have an applications engineer call me. 
Name _____________ _ 

Position ____________ _ 

Company ____________ _ 

Address ____________ _ 
City ______________ _ 

State ________ Zip ____ _ 

Phone ( 

ED 1/10/85 
Exp iratio n date 6/ 30/ 85 



NEWS ANALYSIS 

brary. The approach allows a 
designer to place a number of 
gates around the core pro­
cessor with relative ease. 

Nevertheless, the company 
agrees that designing a mi­
croprocessor using gate ar­
rays is impractical, but notes 
that a union of standard-cell 
(for laying down the pro­
cessor) and gate-array tech­
nology delivers the flexibility 
and advantages of a gate 
array. 

Most semicustom houses 
turn to CMOS for their gate 
arrays, but there is still a need 
for the blazing speed of bi­
polar ECL. Applied Micro 
Circuits Corp . (San Diego, 
Calif.) opted for this ap­
proach. Although the arrays 
can easily be used with other 
high-speed ECL circuits, they 
are also compatible with 
parts operating at TTL levels. 

When one of the company's 
Q3500 family of bit-slice 
arrays is coupled with a single 
2901, about 2000 gates are left 
uncommitted. That is enough 
to include a sequencer, carry 
and look-ahead logic, and the 
necessary registers. When a 
pair of processors is used, 
some of the control and sup­
port circuitry can be shared, 
still leaving room for addi­
tional circuitry. 

The increasing emphasis on 
standard-cell micropro­
cessors is also evident in the 
support circuitry beginning 
to appear in cell libraries . 
Just introduced this week is a 
library that does not include a 
processor but nonetheless un­
derscores both the emphasis 
on complex standard cells and 
the increasing use of this 
technique. 
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The 2.5-µm CMOS standard 
cell family, from Harris 
Corp.'s Semiconductor Sec­
tor, includes an 8259 priority 
interrupt controller, an 8254 
interrupt timer, and an 8252 
UART with a bit-rate gener­
ator. Joining some or all of 

these circuits with some 
random logic on a single chip 
(Fig. 2) makes it easy to re­
place multiple DIPs with pin 
counts in excess of 100 with a 
single semicustom package 
with 68 pins or less. 

Terry Costlow 

2. The support circuits for the 8086 or 8088 can be constructed on a 
single chip using both new and existing standard cells. This configura­
tion cuts the pin count to 68, from the over 100 pins associated with 
discrete components. 





ONE OF THE GREATEST 
ARCHITECIURAL BREAKTHROUGHS 

IN MEMORY 
At last, you can get a MOS ROM with on-board 
latches: 
The 2665.AMROM™ from Signetics. 
Now, your 8-bit microcontrollers won't have 
to go out of their way to access the memory. 
Which will save them time. 
It will also save you space. We squeezed all 
64K into a 20-pin thinline 300 mil DIP. 
Making it take up half the room of standard 
8Kx8ROMs. 

That means more parts on your PC board. Or 
less real estate for your present system. Either 
way, you're going to cut costs. 

But you won't be cutting performance. The 
1 2665's address time is less than 150 ns. When 

deselected, it gets off the bus in less than 45 ns. 

How did we get so much into so little? By 
multiplexing the address/ data. And our ALE 
is programmable. That makes the AMR OM 
compatible with a variety of byte-wide micro-



controllers and MPUs. 
Quality is built in, too. AOQ level for 1984 is 
under 100 ppm. Next year, below 50 ppm. 
1985 will be a big year for AMROMs. Our 
128K and 256K parts are on the way. Count 
on us to help you deliver more and more 
advanced 8-bit systems, while using smaller 
and smaller boards. 
Get on board now. Call us toll-free for the 
name of your nearest salesperson. Ask for data 



SUPPOSE YOUHADAVH Of YOUR OWN. 
If you could have all the 

power of a VAX™ computer in a 
workstation dedicated just to 
your work, what could happen? 

You could bring more good 
ideas to life faster, with less effort. 
And you wouldn 't have to wait 
for others to do their work before 
you do yours. Because with a 
VAX of your own, you 'dhaveall 
the computing power you need, 
any time you need it, right at your 
desk. 

VAXSTATION I -
THE VAX YOU CAN 
CALL YOUR OWN. 

The VAXstation I workstation 
gives you complete VAX com­
puting capabilities in an afford­
able desktop package. The 
MicroVAX I 'M processor and 
MicroVMS'M operating system 
are built in. So VAXstation I can 
run many VAX applications. 

Memory is expandable to 2 
megabytes. A 31 megabyte 
hard disk and dual 400 Kbyte 
floppy diskettes are standard. 

You can choose the periph- oratory instrument controllers, 
erals you need. Our economical interfaces and devices. 
LA/50 ,'M LA/100'M and our new O 
LA/21 OIM d t t . . t DESIGNED f, R 0 ma nx pnn ers can THE HUMAN SIDE OF 
produce hard copies of diagrams, HIGHER PRODUCTIVITY. 
images and text, iust like you • 
see on your screen. In addition, You can do a lot more with a 
the VAXstation I system's 0-BUS'M lot less effort when you have a 
backplane options provide comfortable working environ­
support for many types of lab-

VAX 

ment. That's why the VAXstation I 
workstation comes with such an 
impressive list of ergonomic fea­
tures. 

The monitor, for instance, not 
only tilts, swivels and minimizes 
glare - it gives you a large work­
ing area with its 19-inch bit­
mapped black and white dis­
play. What's more, it provides 
exceptional image clarity with its 
960 by 864 pixel resolution. The 
refresh rate is 60 hertz and the 
display is non-interlaced, so it's 
virtually flicker free. 

Windowing software lets you 
view and control multiple proc­
esses at the same time. You can 
overlay windows and move be­
tween them easily. You can even 
create highly integrated applica­
tions that dedicate multiple win­
dows to a single process, and 
scale windows up or down 
in size. 

It's easy to create windows, 
move between windows and ma­
nipulate your display. Because 

o; Drgrtal Equrpment Corporalron 1984 VAX VAXslalon MrcroVAX MrcroVMS. VMS LA150. LAl100 LAl210 0 bus and DECnet are trademarks al Drgrtal Equrpmenl Corporatron Teklronrx 4014 rsa lradem3rk of Tektronrx Corporalron 
SNA is a trademark of International Busmess Machines Corprn at1on 



the VAXstation I workstation sup­
ports a "mouse" pointing device. 

database on your system. Then system. Then you can download variety of industry-standard 
you can submit completed sche- VAX applications to individual protocols to choose from . 

YOU COULD 
FORGET YOUR 
DRAWING BOARD. 

matics to design rule ~ " VAXstations I's. 
checking programs , 'f._. 2..5 JJ 

You can develop software 
that lets you use the VAXstation I 
as an electronic drafting board. 
So if you 're a layout designer, 

-..J 

you can create your 2-D dia­
grams on the VAXstation I work­
station. And if you're designing 
electrical schematics, VAXstation I 
can capture them directly from 
logic generated interactively at 
the workstation. 

that automatically identify errors 
or inconsistencies. 

The VAXstation I workstation YOU COULD ACCESS 
gives you a complete environ- ANY RESOURCE 
men! for many Computer Aid- ANYWHERE. 
ed Engineering applications The VAXstation I workstation 
because it supports the GKS never forgets that you work as 
(Graphics Kernel System) 1ndus- rt f t DEC t™ 1 try-standard graphics application pa ko a e~m. 

1 

;e neh­
interface language and Tektronix wor ing .so ware e s yous are 
40141Mterminal emulation. 1nformat1on with others 1n your 

But VAXstation I lets you do a ~~~~~~j~~i~~~ :~~~pes of 
lot more than merely create eng1- For example, you can use 
neering diagrams of your prod- an Ethernet local area network 
ucts. It lets you validate your de- to link all your VAXstation I work-
s1gns through software because stations together with your VAX 
you can ma1nta1n a design rule 

You could also create a local 
area network of VAXstations that 
share access to a library of 
graphic routines maintained on 
your VAX system. Each design 
engineer could copy just the in­
formation he or she needs at any 
time. Once copied , the informa­
tion can be modified and en­
hanced at the workstation. 

You 'll have an open line to the 
rest of the world , too, because 
DECnet software provides gate­
ways to external communica­
tions environments such as 
packet-switched X.25 and SNA™ 
networks. You 'll also have a wide 

BEST ENGINEERED 
MEANS ENGINEERED 
TOA PLAN. 

Digital 's VAXstation I work­
station, like all Digital hardware 
and software products, is engi­
neered to conform to an overall 
computing strategy. This means 
our systems are engineered to 
work together easily and expand 
economically. Only Digital pro­
vides you with a single, inte­
grated computing strategy 
direct from desktop to data 
center. 

For more information on VAX­
station I workstations, contact 
your local Digital sales office. 
Or for a copy of the VAXstation I 
brochure, call 1-800-DIGITAL, 
ext. 240. 

THE BEST ENGINEERED 
COMPUTERS 
IN THE WORLD. 



The new TMS4161 Multiport Video 
RAM from Texas Instruments is the first 
high-density dynamic RAM with two 
separate and independent ports. You can 
quickly move data out of or into the 
memory through the serial port at the 
same time the C PU is accessing the 
memory through the random-access port. 
Thus, the TMS4 l 6 l can supply video 
data to a bit-map display at the same 
time the graphics processor updates the 
video memory. This breaks the "bottle­
neck" of conventional DRAMs. 

A 256-bit shift register is built in on 
the chip. As a result of this unique 
architecture, display refresh overhead 
consumes as little as 4% of available 
memory accesses rather than the typical 
70% required by systems with standard 
DRAMs. This effecti vely eliminates 
memory contention problems inherent in 
computer graphics systems. 

You also quadruple memory update 
bandwidth through the random access 
port. And the separate serial port can 
supply video data to support pixel rates to 
beyond 150 MHz-with a resolution 
exceeding 1, 280 pixels per line. 

These performance advantages are 
responsible for the Data General 
DS/4200 advanced engineering work 
station shown here, which has more 
functionality packed into an extremely 
compact system. 

Proven technology 
for greater reliability 
The TMS4l6l Multiport Video RAM is 
built using the same proven high-volume 
technology as Tl's industry- leading 
TMS4l 64 64K DRAM . Timing for 
the TMS4 l 6 l is compatible with the 
TMS41 64- meaning that both of these 
top-quality memories can be mi xed in 
the same memory system. Address pin 
locations are also the same on both 
devices, making PC board layout easy. 

<11111 Improved memory efficiency is pro­
duced by the unique multiport architec­
ture of Tl's new TMS4! 6 l Video RAM. 
It increases memory system functional­
ity while reducing system size and cost 
for applications such as this advanced 
Data General engineering work station. 

27-4972 
©1984 Tl 



video memory bandwidth 
with Tfs new Multlport RAM. 

CONVENTIONAL MIXED TEXT AND GRAPHICS SYSTEM 

r·-----------------------------------~ 

I I :- --- --+ I 

.:=omR-------'::::~ 
I DllAll 

.. --. • ( -
llOMITDR 

NEW UNIFIED TEXT AND GRAPHICS SYSTEM 
USING THE TMS4161 MULTIPORT VIDEO RAM 

llOMITOft --& 

Major reductions in system component count and board area are achieved by using the 
TMS41 6 1 Multiport Video RAM in the unification of graphics and text into a totally 
bit-mapped system. 

Design higher ... performance 
graphics systems using fewer parts 
with new Multiport Video RAM. 

Because Tl's TMS4161 Multiport Video 
RAM integrates the shift register and 
associated control logic onto the memory 
chip, you can reduce your overall system 
parts counts dramatically. Thus, system 
reliability is substantially improved. 

As illustrated in the charts above, Tl's 
Video RAM helps unify and consolidate 

memory arrays, simplifying system design 
even more. This unification of memory 
makes feasible new system architectures 
not possible with single-port memories. 

The most significant advances are in 
the area of bit-mapped graphics. The 
higher update bandwidth of the 
TMS4 l 61 allows a major step forward in 

CIRCLE 20 

graphics system design-the treatment of 
characters as graphic elements in a 
totally bit-mapped display. 

Tl's TMS4 l 6 l will allow the develop­
ment of even higher-performance graph­
ics systems, with a more efficient use of 
memory resources. Your designs will gain 
simplicity, flex ibility, and improved per­
formance with reduced system costs and 
increased reliability. 

Nonvideo uses, too 
The dual-ported architecture and the 
ability to move data rapidly make the 
TMS4 l 6 l ideal for other, nonv ideo 
applications such as image processing of 
video data streams, bulk data transfers 
between disk and main memory, radar, 
and even laser printers. 

Call 1-800-232-3200, Ext. 131 
Detailed applications information on Tl's 
unique new TMS4161 is available in a 

series of five Application Notes. For your 
set, plus a data sheet and reprints of 
Video RAM articles, call the telephone 
number above. For additional technical 
information , contact the TI field sales 
office or Regional Technology Center 
nearest you. 

TEXAS ~ 
INSTRUMENTS 

Creating useful products 
and services for you. 



EDl's High Speed S 

~~,··~ 

The high density. fast 
memory arrays that you need 
are avai lable now, from EDI. 

In SIP and DIP packages, 
you wi ll see density improve­
ments of as much as 8:1 
over monolithics. 

EDI'S High Speed 
SRAM Modules 

Org Speed Package 
to 

64Kxl 35 ns 26 pin SIP 

8Kx4 45 ns 22 pin DIP* 

16Kx4 35 ns 26 pin SIPt 

4Kx8 45 ns 24 pin DIP 

8Kx8 45 ns 28 pin DIP 

16Kx8 45 ns 28 pin DIP 
BOO mils w ide package 
•also available 1n 22 pin DIP 

And, all are avai lable in both 
NMOS and CMOS. 

BYTEWIDE 
COMPATIBILITY 

EDl's unique line of 
bytewide compatible SRAMs 
are fully upgradable to next 

CIRCLE 43 

generation monolithics and 
EDI modules, insuring long 
product life. 

If you need tomorrow's 
high density memory, 
whether DRAM, SRAM, or 

• 

EPROM; commercia l, 
military or custom, EDI has 
the solution .. . today. 

For more information 
contact: 

ELECTRONIC DESIGNS INC. 
35 South Street 
Hopkinton, MA 01748 
(617) 435-9077 
or 
ELECTRONIC DESIGNS 
EUROPE LTD. 
Shelley House 
The Avenue Lightwater 
Surrey GU18 5RF 
U.K., 0-276-726-37 
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VIEWPOINT 

High resolution, full color 
will characterize 

future nonimpact printers 

Keishi Kubo 
Ricoh Co. Ltd . 
Numazo, Japan 

The past few years wit­
nessed only the begin­

. ning of some remark­
able advances in nonimpact 
color printing technology, de­
clares Keishi Kubo. "We have 
gone from nonimpact color 
printers with seven colors and 
relatively low resolution to 
systems that can print be­
tween 8 and 64 colors with 
relatively high resolution." 
Augmenting that, Kubo is 
sure that "we are on the verge 
of a new generation of print­
ers that will produce picture­
q uali ty copies with 64 colors 
cir more at the speed expected 
of today's office copiers." 

High-quality printing is es­
sential since top-quality, full­
color copies will be needed to 
supplement CRT displays. Al­
ready CRTs are wi.dely used in 
remote sensing, image pro­
cessing, and computer graph­
ics, and the prospects for even 
wider app lications exist in 
many other areas. 

Along with more sophisti­
cated computer-oriented ap­
plications, the demand for 
color printers is shifting from 
t he simple, multicolor type, in 
which colors remain separate, 

to the full-color type, which 
have continuous color. Kubo 
goes on to explain that ther­
mal print heads are one of the 
leaders in this evolution. In 
fact, they are advancing so 
quickly that they will soon be 
able to print two complete 
letter-sized sheets a minute, 
with a resolution of 16 dots/ 
mm or more. 

The real technical chal­
lenge, he stresses, lies in pro­
ducing an image that looks 
smooth and uniform to the 
human eye. To do that, a 
printer would have to lay 

Keishi Kubo has been a develop­
ment leader in electrophotog­
raphy, thermography, and imag­
ing processes for Ricoh's R&D 
division. He graduated from Ja­
pan's Nihon University. 

down at least 64 pixels/ mm, 
with each pixel about 250 µm 
in size and made up of four 
dots apiece. Pixels smaller 
than 300 µ,mare generally in­
discernible to the naked eye, 
although visual resolution ob­
viously can vary from person 
to person. 

"To produce a good color 
image," Kubo believes, "there 
must be at least 64 density 
modulations [darkness levels 
avai lable for each color].'' 
Right now, most people use 
area gradation, a method that 
produces multiple density 
modulations by changing the 
number of recorded dots 
within a specified area. This 
tends to produce coarse­
looking images. · 

But there are differing ap­
proaches to area gradation. 
For instance, jet-ink printers 
usually use a dispersion-type 
method, in which the re­
corded dots in each matrix are 
dispersed or decentralized. 
Thermal transfer printers, on 
the other hand, centralize the 
recorded dots in a matrix. 

"Right now, multiple densi­
ty gradation is very attractive 
because it creates full-color 
Images," Kubo contends. "I 
believe that it can be used for 
a fu ll-color printer capable of 
64 density modulations-

Electronic Design • January 10, 1985 77 



VIEWPOINT 

without increasing the reso­
lution of the recording head. 
We already have a novel ther­
mal-transfer, color-reaction 
paper that can yield images 
through density gradation. 
But right now it is capable of 
producing only 10 density 
modulations." 

TECHNOLOGY NEWS 

In order to get 64 density 
modulations with 4 pixels / 
mm, says Kubo, "we will need 
64 density modulations for a 
thermal head with a 4-dot/ 
mm resolution and 16 density 
modulations for one with a 
resolution of 8 dots / mm. 
Also, the head must be able to 

form a matrix of 4 dots for 
each pixel (one for each pri­
mary color and one for black). 
Kubo believes that when 
more companies realize this, 
research in nonimpact print­
ing technology will focus 
more sharply on density mod­
ulation. Carole Patton 

Even with semicustom CMOS chips 
closing in, TTL bus drivers 
are still ahead of the game 

Ray Becker 
Product Planning Manager 
Digital Products Unit 
Fairch ild Camera and Instrument 
Corp. 
South Portland , Me. 

D
esp i te t h eir strong 
presence now, discrete 
logic circuits are being 

used less and less frequently," 
states Ray Becker, "and t hey 
may soon be just a fond mem­
ory." 

Swallowing up t hose ran­
dom logic functions will be 
the growing families of cus­
tomized circuits-gate ar­
rays, standard cells, and 
hand-crafted designs. 

"A few holdouts will re­
main," he adds. "There are a 
handful of standard logic cir­
cuits will be around long after 
bulk TTL-type chips have dis­
appeared from designer's 
shelves." TTL-based bus driv­
ing circuits in particul ar, 
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explains Becker, will not only 
remain, but will experience 
explosive growth over the 

Ray Becker, currently product 
planning manager for Fairchild's 
Digital Produc ts Unit, has held 
positions in engineering, sales, 
and marketing at both Fairchild 
and Texas Instruments. He holds 
a BSEE from Carshalton in 
London. 

next five years. "Since t hey 
actually interconnect sub­
systems, bus driving ICs like 
transceivers, multiplexers, 
and buffers form the back­
bone of almost every comput­
er system built today. They'll 
continue as such tomorrow." 

Driver I Cs, Becker believes, 
cannot be translated eco­
nomically into custom chips, 
largely because their output 
power and speed demand 
more silicon area than semi­
custom approaches can ac­
commodate . Nevertheless, 
Becker urges, manufacturers 
"should think carefully about 
the design of driver ICs and 
how they will affect the de­
sign of future circuits. Other­
wise they could lose semi­
custom's gains in size, speed, 
and power dissipation." 

Converting large portions 
of random TTL circuitry to 
CMOS, for instance, would 
bring few benefits if the req­
uisite driver circuits consume 



500 KHz to 1 GHz from $395 

hi-rel and industrial 

SRA-1 

SBL-lX 

SBL-1 

miniature, flatpack, and low profile 
MODEL FEATURES 

SRA-1 * the world's standard .. . HTRB tested 
hi-rel 3 year guarantee 

TFM-2* world's tiniest hi-rel mixer 
only 4 pins for plug-in/flatpack mouting, 

SBL-1 world's lowest cost industrial 
mixer, only $4.50, metal case 

SBL-lX industrial grade, rugged 
all-metal construction 

ASK-1 world's smallest DBM 
flatpack mounting, plastic case 

LMX-113* rugged flatpack, hermetici~ tested 
thermal shocked to MIL-S D-202 

*meets MIL-M-28837/lA performance 
units are not QPL listed 

t LO = + 7dBm 

Freq. (MHz) t Converslon Loss (dB) L-R Isolation (dB) 
one octave 

LO-RF IF bandedge 

.5-500 DC-500 5.5 typ. 

1-1000 DC-1000 6.0 typ. 

1-500 DC-500 5.5 typ. 

10-1000 5-500 6.0 typ. 

1-600 DC-600 5.5 typ. 

5-1000 DC-1000 6.5 typ. 

CIRCLE 44 

total lower mid upper Price/Qty. 
range bandedge range bandedge 

6.5 typ. 50 typ. 45 typ: 35 typ. 11 .95 {1 -49) 

7.0typ. 50 typ. 40 typ. 30 typ. 11.95 (6-49) 

6.5 typ. 50 typ. 45 typ. 35 typ. 3.95 (100) 
4.50 (10-49) 

7.0typ. 50 typ. 40 typ. 30 typ. 11.95 0-9) 

6.0typ. 50 typ. 35 typ. 30 typ. 5 .95 (10-49) 

7.0typ. 50 typ. 40 typ. 35 typ. 14.95 (6-24) 

finding new ways 
setting higher standards 

r;;:;;1 Mini-Circuits 
A Division ol Scientific Components Corporalion 

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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VIEWPOINT 

a lot of power. Says Becker, 
"Designers would have to 
make do with large computer 
packages to dissipate heat, 
even though semicustom 
chips might have been able to 
reduce the overall system size 
severalfold." 

Recently the industry has 
seen a new breed of high­
speed driver circuits that are 
compatible with CMOS semi­
custom technology. Unfortu­
nately, claims Becker, they 
still have a way to go before 
they can beat trusty low­
power Schottky circuits. "The 
new circuits have a propaga­
tion delay of 12 ns and can 
drive only 8 mA; the older log­
ic circuits have delays of 10 ns 
and can drive 24 to 48 mA . 

TECHNOLOGY NEWS 

Moreover, the newer ones end 
up costing twice as much as 
their traditional counter­
parts." Considering those 
specifications, Becker is sure 
that "if you look into any 
high-volume personal com­
puter, you'll find low-power 
Schottky drivers, not the lat­
est generation of CMOS­
compatible devices." 

Yet the future of bus driv­
ers is bright. "The failure of 
that new series is due largely 
to its 4-µm fabrication tech­
nology. A 2-µm process, now 
being explored by many semi­
conductor manufacturers, 
may solve some of the prob­
lems, combining the nec­
essary speed, high driving 
capability, and low power 

consumption with a modest 
price." 

Though Becker is sure that 
TTL driver functions will re­
main strong for five to ten 
years, he speculates that 
CMOS logic may well usurp 
their territory by the begin­
ning of the century. "By then," 
he claims, "drivers will be 
built in CMOS, thanks mostly 
to improvements in packag­
ing and design." Spurring 
that conversion will be VLSI 
technology, which will con­
tinue to lower the number of 
subsystems sharing a bus. 
With less-demanding drive 
requirements, concludes 
Becker, "CMOS bus drivers 
will fit right in." 

Curtis Panasuk 

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

DISK~DBIVI POWIB 
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q 
Execute and debug code for popular single chip micro· 
computers on your IBM PC. Dynamic display with windows 
for source code, control flow, registers , flags , memory, 
commands, and morel Set breakpoints, traps, etc. Cross· 
assembler & EPROM programmers, too. 

8048 8051 7000 ZS 

X·Assembler v' v' v' v' 
EPROM Prog v' v v' v' 
Simulator v' v' v' 

$195 
$245 

$395 

Demo disk 
and manual 
for simulator 
only $39.50 

~ ~~~~n:;~!~~i~~?.,~ra,~e"~s \!3 (41 5) 726·3000 • Telex 17 1-135 Attn Cybernetics 

CIRCLE 45 

130 
Watts 
9.6"long 

- 5.0"wide 
2.8"high 

The 130CT series is designed to provide 130 watts of DC 
power for single and dual disc drive systems. These four 
and five output units power both floppy and fixed disc 
memory systems. 

OFSX 13QCT •POWER FAIL SIGNAL 
115/230VAC, 47/440HZ INPUT •STREAMING CARTRIDGE POWER 
Output no. 1: SVDC@ l OA •ALTERNATE VOLTAGES AVAIL. 
Output no. 2: 12VDC@ .SA •FLOPPY DRIVE POWER 
Output no. 3: 12VDC@ .SA •ALTERNATE CURRENTS AVAIL. 
Output no. 4 : SVDC @ 3A •WINCHESTER DRIVE POWER 
Output no. 5: 24VDC@ 2A •PRINTER POWER 

Call or write for our new catalog, 100 to 3000 watts! 

SWITCHING POWER INC. 
3601 Veterans Highway, Ronkonkoma, NY 11779 
Telephone516/981-7231•TWX510 220 1528 

s~15>---n 
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(r--P IB~ Model 3655 
~ • Analyzing Recorder 

ELEC'TRIC 

ELEC'TRONICS 

ACOUS'TICS 

CIVIL ENGINEERING 

ELEC'fRIC MACHIN.ER¥ 

MACHINERY 

AU'TOMOBILES 

AERONAU'TICS 

MARINE ENGINEERING 

IN.DUSCfRIAL CONCfROLS ~ • PE'fROLEUM 

CHEMI.s<TRY 

Abundant 
Multifunctions 
YEW Fields a Mainstay 
~ Recorderfor 
A1 ~ -one Ev~r_ybody's 

F1elcf. 

Spotlighting analysis of 
fast-changing temperature. 

CH A 

I r g 

,-~-~-~-·,~::."'"" -
t \7 I 3655 

l Test material l Analysis of quenching temperature 
:'.'~~e~~u_:~c~:~ by using thermocouples 

• OO . O ·t ,----,----,---- -------, 
•oo.o·· ~----~----
•oo.:i·c 

o. ooo 
o.ooo 

N o matter what your 
field , you can benefit 
from YEW's powerful 
multifunction Model 
3655 Analyzing Recorder 
for measuring 
temperature, power, 
strain, displacement, 
rotational speed, 
vibration, pressure, 
acoustics, etc., etc. The 
YEW All-in-One design 
gives you everything in 
a single cost-efficient 
instrument that weighs 
only l 7kg- DC to 
lOkHz measurement, 
powerful computing 
functions , a 7" CRT 

An example of 3655 plotting waveform display with 
zooming and scroll , and a 4-color digital plotter that will give you a 
hard copy of the CRT display faster than you can say, "simultaneous 
measurement, display and plotting of up to four channels all in one 
instrument." You have a choice of two or four input channels -
± 60mV to ±60V and 5 types of TC 's. 
The buffer memory gives up to 32K words/ channel. Available 
options are a 32K word data memory module, FFT module, and 
GPIB interface. Your field is well covered with the Model 3655. Real 
time and memory modes, and simple menu programming round out 
the promise of performance it makes industry-wide. For more 
information, contact Yokogawa Corp. of America, (404) 253-7000. In 
Europe: Yokogawa Electrofact B.V. (The Netherlands), (0) 33-10543. 
In Japan: Yokogawa Hokushin Electric Corp., (03) 349-0621. 

YOKOGAWA HOKUSHIN ELECTRIC 
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"Its easy to spot the difference between our 
IBM PCT~based frame grabber and the others:' 

High performance and affordable cost, just $1495 for 
a single plug-in board. 

Unlike other video 1/0 sys­
tems, the new DT2803 provides 
real-time image capture capabil­
ities, digitizing a 6-bit video field 
every 1130 second. An on-board, 
memory-mapped, dual-ported 
frame store memory (256 x 
256 x 8) makes it ideal for 
the IBM PC's 64K buffer size. 
And for real number crunching, 

SPECIFICATIONS: DT2803 

the DT2803's external 
ports interface to high speed 
co-processors. 

With our software 
package, VIDEOLAB;· the 
DT2803 is easy to use for 
image operations like aver­
ages, histograms, and convo­
lutions. 

So, if your application is 
manufacturing/automatic inspec­
tion, robotics, or medical research, 

our new high per­
formance video 1/0 

Call for our new 
576 pg. catalog/ 
handbook or see it 
in Gold Book 1985. 

AID Input 
Frame Grab 
LUT's 

RS-170 (CCIRR). 6-bits at 5MHz 
1130 (1 /25) second per field 
8, 64 x 8 input; 4, 256 x 12 output 

board will really open your eyes-at 
an unbeatable price. 

DIA Output 
Frame Memory 

64colors x 64 intensities. R-G-B; 64greylevels, monochrome Call ( 617) 481-3 700 
256 x 256 x 8 (2-bits for graphic overlays) 

World Headquarters: Data Translation , Inc., 100 Locke Dr., Marlboro, MA 01752 (6 17) 481 -3700 Ti x 951646. 
European Headquarters: Data Translation , Ltd., 430 Ba th Rd., Slough, Berkshire SU 6BB England (06286) 34 12 Tix 849 862. 
In Canada : (416) 625-1907 · I BM PC is a registered trademark of I BM . VI DEOI AB is a reei stered trademark of Data Translation , Inc. 
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Introducing the World's First 
MIL·C-28876 Fiber Optic 
Connector. 

Now, mil spec relia~1lity in a rugged, sea­
going, multi-channel fi r optic connector. 
Developed to meet strifl ·~mt Navy requirements, 
these connectors incorporate all the qualities 
you 'd expect and the Navy demands in a ship­
board fiber optic connector. 

• Environmental sealing, corrosion resistance, 
fluid immersion protection 

• Mechanical shock/vibration resistance 

• Maximum cable range accommodation/cable 
strain relief 

• Hughes exclusive, field-proven contact 
alignment system yielding repeatable low 
insertion losses 

For more information about our new mil 
spec fiber optic connector, or any of our other 
first-with-the-military multi-channel types, phone 
Tom Cobb at 714-660-6710. In England, call 
Hugh Mclnally at 932-47262. 

HUGHES 
AIRCRAFT COMPANY 

CONNECTING DEVICES DIVISION 
Industrial Electronics Group 

CIRCLE 49 
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Before you waste any more time, you 
may want to read about this. 
VRTX~ That being the real-time 

operating system packaged in silicon. 
From Hunter & Ready. 

It's a versatile kernel, efficient I/O 
system and flexible file manager. 

Or to put it another way, it's every­
thing you'd want in a multi-tasking 
operating system. 

But not in the usual all-or-nothing 
sense of the word. 

Fact is, you can use as much­
or as little - as you like. And 
yes, then take as many 
years off as you like. 

A good place to start is 2 Years 

the VRTX kernel. Because with it, 
you can subtract two years 
from a lengthy design 
cycle. 

Think of it as task 
management, real­

for life. Or tie you to one type of I/O 
and file management forever. VRTX is 
compatible with all major processor 
families and all standard types of file 
management and I/O. 

And with that choice, we' re back 
to the count. 

Meaning if you don't want to spend 
time on I/O, take off another two years. 
Since our IOX component works with 
VRTX to take care of all block, disk 
and character I/O. 

And right along with that goes 
our FMX file manager. And another 
two years off Besides which, 
FMX includes all the things you'd 
want in a hierarchical file system. 
Concurrent file access. Random and 
sequential access. And compatibility 

with standard file systems, 
including none other 
than PC-DOS. 

time clock support, 
dynamic memory allocation, 
basic I/O, interrupt handling 

4 Years 

We could go on. But 
it's now time for our 

final summation. 

and fast pinpoint timing 
- all rolled into a neat 
4Kof 
memory. 

OK, 
sounds like 
a lot, but not 
quite two years? 
You're right. That 6Years 

doesn't just come from design time. 
But from what makes VRTX as reliable 
as a quartz watch. 

100,000 manhours of debugging and 
testing. The stuff nights and weekends 
can be made of. 

Still you'll be happy to know, for all 
VRTX takes off, there's not much to 
give up. 

Unlike other operating systems, 
it doesn't lock you into one processor 

A total of six years if you 
want it all off (VRTX, IOX 
and FMX). Two or four years 

if you'd like a 
real-time 

head start. 
Or if 

you'd like 
to know 

more before 
you decide, 

write Hunter & Ready, 445 Sherman 
Avenue, Palo Alto, CA 94306. Or call 
(415) 326-2950. 

There should always be more than 
one way to buy time. 

HUNTER 
~READY 

We've taken the hard part out of operating systems. 
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Even our civilian trimmers 
have to pass a military physical. 

A ll our trimmers. even our industrial grade. have to pass 
stringent testing requirements before they can join M epco// 
Electra's ranks! From rigorous immersion testing to 100% 
electrical tP) ing of every trimmPr- - we test 'em t011gh, so 
they'll perform for you . Our trimmers are easy to adjust and. 
once set. deliver unfaltering long-term load stability. 

Our level of military reliability is so high that we were 
the first to attain 'R' level failure rate approval on our RJR 24 
and RJR 26 trimmers over two years ago. And today every 
trimmer we manufacture is produced to M il Spec quality. 

We use premium materials. precise processing and 
computer-controlled, in-plant laser technology in both military 
and industrial trimmer production. So the industrial user gets 
true Mil Spec quality without pwiog~premium for it! 

Rely on our quality. For fast delivery of cermet trimmers 
call our San Diego. CA facility (619) 453-0332. For complete 
information regarding our entire trimmer line. send for the 
1984 Resistor/Capacitor Data Book. Mepco//Electra. Corporate 
Headquarters. Columbia Road. M orristown. NJ 07960. 
(201) 539-2000. TWX 710/986/7437. 
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Mepco//Electra Cermet 
Trimmer Product Line 

Serles Mii Style Slze(ln.J 

8014 -- 1/4 dia. 

8024 RJ24 
RJR24 

318 sq. 

8026 RJ26 1/4 sq . 
RJR26 

8035 -- 3/4 long 
rect. 

8038 -- 318 sq. 

8050 RJ50 1/4 dia. 

No.of 
turns 

1 

25 

12 

15 

1 

I 

Reliability across the board™ 
Mepco# Electra 

A NORTH AMERICAN PHILIPS COMPANY 



INTERNATIONAL NEWSFRONT 

Purely optical switch 
positions itself 
for fiber-optic telecomm 

Based on prisms and liquid dielectric film, the 
optical switch suits tomorrow's fiber-optic 
telephone trunks and video systems. 

A.though broadband 
optical fibers are ex­
tremely efficient for 

transferring data quickly 
from point to point, switching 
data over fiber-optic trunk 
lines proves to be a sticky 
matter. The most common 
solutions-mechanical or 
electro-optical switches ­
may soon be displaced by a 
purely optical switch based nn 
prisms and liquid dielectric. 

The new component, 
dubbed Lidos for liquid di­
electric optical switch, can 
switch between laser beams 
with diameters of 500 µm to 
2 mm in less than 40 ms, far 
faster than mechanical parts. 
But like those parts, it can 
easily work with a broad 
variety of fiber sizes. As such, 
it is perfectly suited to fiber­
optic telephone trunks and 
video links. 

The conventional fiber­
optic switch relies on mirrors 
or prisms which are mechani­
cally moved or rotated, a rela­
tively slow technique that is 
subject to mechanical errors 

Mitch Beedie 

and special setup considera­
tions. Other switches, electro­
opti cal in nature, generally 
convert the data on light 
beams into electrical signals, 
switch them, and then return 
them to optical form . That 
method requires many costly 
active components, yielding 
an expensive system that is 

Optical 
fiber 1 

Glass\prism ---+'--Collimating 

- '"" 

Optical) 
fiber 3 

Dielectric 
liquid film 

The laser beam being switched 
is guided by an optical fiber, ter­
minating with a collimating lens, 
to one side of the first prism. 
When the liquid dielectric is 
placed in the path of the incom­
ing light beam, the beam passes 
ultimately to the optical fiber. 

prone to failure. 
A more modern electro­

optical switch is based on the 
change in a liquid crystal's 
refractive index when voltage 
is applied. However, the 
change is so small that the 
technique becomes ineffi­
cient. Moreover, the switch 
demands polarization of the 
light, possibly losing up to 
50% of the light's intensity. 

Switching to the new 

Inside the new, purely op­
tica l switch-developed at 
Thomson-CSF's Central Re­
search Laboratories (Orsay, 
France)-are two prisms, 
separated by 10 to 30 µm. 
When the switch is deacti­
vated, the monomode or mul­
ti mode laser beam coming 
from the optical fiber is fo­
cused by a collimating lens 
on to one face of the first 
prism and is then reflected at 
right angles (see the figure) . 
The narrow gap between the 
two prisms is partially filled 
with a liquid dielectric film. 

Moving liquid 

When the optical beam is 
reflected at right angles, the 
fluid is outside the beam area. 
When the liquid is shifted di­
rectly into the beam's path, it 
switches the beam straight 
through to the second output. 
Since t he fi lm has the same 
refractive index as the 
prisms, the two prisms to­
gether act like a single win­
dow, enabling light to pass 
straight through. Moreover 
the identical refractive index 
keeps the switch's total in-
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sertion loss down to 0.5 dB. 
Two parallel faces of the 

prisms are coated with trans­
parent electrodes that form 
two capacitors, one of which 
lies in the path of the incom­
ing beam. When a voltage 
pulse is applied to the other 
capacitor, the liquid flows be­
tween the capacitors, setting 
up an electric field that po­
larizes the liquid dielectric 
and causes electrostriction in 
the liquid closest to the field. 
That electrostriction in­
creases local pressure, sub­
j ecting the meniscus on one 
side of the droplet to higher 
pressure than on the other 
side. 

Since the liquid cannot be 
compressed, the droplet is 
pulled toward the source of 

TECHNOLOGY NEWS 

the electric field. Once it 
reaches the activated capaci­
tor-and thus switches the 
light beam to the relevant 
output-the voltage can be 
removed. As a result, the 
switch can be controlled with 
a voltage pulse only 500 ms 
long. 

Determining factors 

The response time of the 
switch depends on several 
factors, including the size of 
the capacitors and the drop­
let, physical parameters such 
as viscosity and surface ten­
sion of the dielectric liquid, 
and the operating voltage. 
The 40-ms switching time 
(measured from 10% to 90% 
intensity) was achieved on a 
laboratory model with 30-V 

pulses for light beams with 
diameters of 500 µ,m. The 
switch is a cube measuring 
10 mm per side, with the elec­
trodes having a surface area 
of 0.25 to 30 mm; a smaller 
version is planned for pro­
duction next year. 

The same principle has 
been used by Thomson to pro­
duce multipole switches. In 
that case, the light beam is di­
rected onto the face of the 
first prism at an angle and is 
then reflected at 8 or l&capac­
itors on the internal faces of 
the prism. The position of the 
liquid dielectric determines 
the point from which the light 
beam emerges. Several of 
these devices can be cascaded 
to switch more than 64 light 
beams.o 

Moving? ID-RF.SB. & W. MONITORS 
1.6 Million Pixels Non-Interlaced 

1. For FASTEST service you must attach 
old mailing label in space below. 

• 100MHz 3 Bit Video Amp-Drive 
3 Bit Planes direct (no D-A required) 

• 100MHz Composite/Linear Video 

• Ca ailabl 

Shouldn't You be looking at US? 

• -=--......_., -~ _,_.._. ___ __. _ _ _): ~-~: - .:~ ~~ - -: 
CORPORATION 

59 Fountain Street Framingham, MA 01701 
(617) 875-6958 
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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 AVAi LAB LE 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! 



t > 1984 Fuji tsu Microe lectronics . Inc. 

CAS 
before 

Page TRAC/ RAS 
IOOns 120ns 150ns Mode TCAC refresh 

FWITSU yes yes yes yes 2:1 yes 
Tl no no yes yes 1.66:1 no 

INMOS yes yes yes no 1.66:1 yes 

FUJITSU 
MICROELECTRONICS. INC. 
Technology that works. 
3320 Scott Boulevard, Santa Clara, CA 95051 · 4081727-1700 

FMI Sa les Off ices.Atlanta 404/449-8539.Aust in 512/ 343-0320. Boston 617/964-7080. 
Chicago 312/885-1500. Dallas 214/669-1616. Houston 713/784-7 111. Minneapolis 
61 2/454-0323 New York 516/361-6565 No Cali f 408/866-5600 S Calif 714/720-9688. 
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INTERNATIONAL MEETINGS 

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, Logi5tics, 237 Park A' · .. 
21st flvor, New Yurk, N.Y. 1Wl i; \2.i ..:.J 
551-3530. 

. American Federation of Information 
Processing Societies Inc. (AFIPS­
Asia '85), l"t:b. 14-March 2. h l.V. V.. vi ta 
Wide Expo, Tokyo, Osaka, Kitakyushu, 
Taipai, Hong Kong and Singapore. AF­
IPS, 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. 

Componentes 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. 

International Exhibition on Elec­
tronic Testing, Measuring Instru­
ments and Production Technology 
(ChinaTronic '85), March 14-19. Tian­
jin Exhibition Centre, Tianjin, Peoples' 
Republic of China. Asdale Exhibition 
Services, 109-111 Gloucester Road, 21st 
floor, Wanchai, Hong Kong; 5-8920511. 

Comte! '85, March 18-20. Infomart, 
Dallas, .Texas. Comte! '85, International 
Computer & Telecommunications Con­
ference, 5080 Spectrum Drive, Suite 
707E, Box 17, Dallas, Texas 75248; (214) 
631-6482. 

Automatic Tesung aud Test Mt:ai.­
urement '85, March 19-21. Rhein­
Main-Halle, Wiesbaden, West Ger­
many. Network Events Ltd., Printers 
Mews, Market Hill, Buckingham, MK18 
1JX, England; \U~dUJ iSl ti226. 

Networking '85, March 23-31. Tokyo, 
Japan. Brad Ketchum, INC. Publishing 
Curµ .. 3h Con1;i.crdai Wharf Br.. l_,1,, 
M.:.~~. U..:.ilu, ( ol ;) .:::.::'i-4 ilJV l1i AKI 1 su 
rukame, Pacific Catalyst Group, 650 
Grand Ave., Suite 1004, Los Angeles, 
Calif. 90017; (213) 614-0049 . 

11'.1!.E i111 .. .,01;1 &.> , M ai c h 2. .> -· .!.&. 
Washington, D.C. Celia L. Desmond, 
IEEE Infocom '85, Room 1855, 160 Elgin 
St., Ottowa, Ont., Canada KlG 3J4; 
(613) 239-4510. 

Bit '85 Computer Show and Confer­
ence, March 26- 29. National Ex­
hibition Centre, Birmingham, England. 
Cahners Exhibitions Ltd., Chatsworth 
House, 59 London Road, Twickenham, 
London TW1 3SZ, England; (01) 891-
5051. 

Comdex In Japan, March 26-28. 
Tokyo International Trade Center, 
Tokyo, Japan. Milton Berns, The Inter­
face Group Inc., 300 First Ave., Need­
ham, Mass. 02194; (617) 449-6600. 

32nd International Electronics, En­
ergy and Aerospace Exhibition (Rie­
na), March 26- 31. Rome, Italy. Riena, 
Via Crescenzio 9, 00193 Rome, Italy; (06) 
6569343/ 4/ 5. 

Internepcon/Semiconductor Inter­
national, March 27- 30. Korea Ex­
hibition Center (Koex), Seoul, Korea. 
Cahners Exposition Group, 7315 Wis­
consin Ave., PO Box 7007, Washington, 
D.C. 20088; (301) 657-3090. 

Unix Systems Expositions '85, April 
2-4. Palais des Congres, Paris, France. 
Networks Events Limited, Printer 
Mews, Market Hill, Buckingham, MD18 
lJK, England; (0280) 815226. 

Electronics and Electrical Engineer­
ing Exhibition, April 17-24. Hanover, 
West Germany. Hanover Fairs, PO Box 
338, Whitehouse, N.J . 08888; (800) 
526-5978 or (201) 534-9044. 
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2-way90° 

splitters 

1.4 to 450 MHz 
frOill $12~5 to-48) 

IN STOCK ... IMMEDIATE DELIVERY 

• over 50 models available 

• uC La t; w J(J I 1ci1 1 v ,\/ - bc..t1 ,cJ llv..:> l\::jl ' " 

• 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 0.4 dB typ. 

• 90° phase deviation <2 deg. typ. 

• amplitude unbalance < 1.2 dB typ. 

Freq. Range 
MODEL MHz 

PSCQ-2-1.5 1.4 - 1.7 
PSCQ-2-3.4 3.0-3.8 
PSCQ-2-6.4 5.8-7 .0 
PSCQ-2-7.5 7 0-80 
PSCQ-2-10.5 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 

Cal l or write for 64-page 
RF Designers Guide or refe r· 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;;;:I Mini-Circuits 
A 0 1v1s1on of Scientific Components Corporation 

World 's largest manufacturer of Double Balanced Mixers 

P.O. Box 166, B'klyn , N.Y. 11235 (718) 934-4500 
C99·3 REV . ORIG. 
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TheHD68450 

Providing high performance 
direct memory access 
capabilities in state-of-the­
art systems ... multiuser, 
multiprogramming general 
purpose computers, real 
time control systems, robotics, 
data communications, 
high-speed data acquisition. 

By combining innovative new DMA 
protocols, the HD68450 Direct 
Memory Access Controller simplifies 
the design of high performance 
systems. This high level of integration 
opens the door for the design and 
construction of more sophisticated 
systems. 

•Original Hitachi design, 
second sourced by Motorola 

• Enables efficient and easy 
hardware and software design 

•Memory-to-device, device-to­
memory, and memory-to­
memory transfers 

•Continue mode and array 
chained, linked array chained 
operations 

• Four independent channels with 
programmable priorities 

• Handles byte, word, and longword 
data sizes 

• External request mode and auto 
request mode 

• Maximum transfer rate of 
5 megabyte/sec. 

• 64-pin package 

•8and10MHz 

• HD68000 bus compatible 

• Interfaces directly with 
HD6800/HD68000/MOTOROLA 
MC68008* 

This highly "intelligent' device 
can meet different data transfer 
requirements for your newest 
product design. For more in­
formation about the new Hitachi 
HD68450 DMA Controller, call your 
local Hitachi Representative or 
Distributor Sales Office. 

Programming Model** 

Channel Status Register 

Channel Err0< Register 

Device Control Register 

Operation Control Register 

7 0 Sequence Control Register 

I General Control Register J Channel Control Register 

(One Per DMAC) Normal Interrupt Vector 

Error Interrupt Vector 

Channel Priority Register 

Memory Function Codes 

Device Function Codes 

15 Base Function Codes 

[ Memory Transfer Counter 

f Base Transfer Counter 31 

l Memory Address Register 

[Device Address Register 

l_Base Address Register 

•• 4 Sets (1 Set Per Channel) 

Hitachi also offers a complete line 
of memory, logic, 4 and 8-Bit Single 
Chip (CMOS 6301 Series), 8 and 
16-Bit Microprocessor, and state­
of-the-art peripherals (68450, 
2-micron CMOS graphic chip and 
hard disk controller). 

•Registered trademark al Motorola Inc. 

HitachiS 

CALL TOLL FREE 
1-800-842-9000, EXT. 6809 
Use Hitachi's Fast Action toll-free 
number to obtain technical data, 
or to arrange for your Hitachi 
Representative to call about the 
Hitachi HD68450. Ask for literature 
number708. 

Hitachi America, Ltd. 
Semiconductor and IC Sales 

and Service Division 
2210 O'Toole Avenue 
San Jose, CA 95131 
1-408/942-1500 



Super D -Controer 

@HITACHI 
A World Leader in Technology 
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Whenyouwant more Iron 



yourconnectorcompany ••• 
Step up to Midland·Ross. 
We,11 go that extra step for you! 
Over the past two years we've 
marshalled the combined 
strengths of Cambion, 
Hollingsworth Solderless 
Terminals and SAE Connectors 
to become a force in the 
connector marketplace. This 
outstanding combination of 
strengths means more than a 
connector line that 's second 
to none. It means a long term 
commitment to the highest 
level in field sales and appli­
cations support. 

We're not complacent. To 
get your business we'll out­
perform the rest; in quality, 
reliability, delivery, and com­
petitive pricing, with the 
strongest distributor network 
in the industry and field sales 
and applications know-how 
that's all action! 

We offer you over 80,000 
printed circuit board inter­
connect devices, solderless 
terminals , splices and a 
complete line of electronic 
hardware. Our SAE IDC 
(Multi-Term TM ) , two-piece 
connectors (Modcon TM) , 

edgecard connectors and 
cylindrical connectors offer 
price, quality and reliability 
advantages that are hard to 
find anywhere else in the 
industry. Our combined 
Cambion and SAE product 
offering of IC sockets is 
broader than ever before, 
with the same outstanding 
quality and reliability you've 
come to depend on ; and our 
Hollingsworth Solderless 
Terminals cover all of your 
loose piece, tape mounted 
and strip , terminal and splice 
needs. We're ready to bring 
you the best in connector 
products and service. Give us 
a try. You 'll find our product 
breadth stacks up with the 
best of them. And our quality, 
pricing and service goes that 
extra step! 

Midland-Ross Corporation 
Electronic Connector Division 
Cambion • Hollingsworth•SAE 

One Alewife Place 
Cambridge, MA 02140 

617 - 491-5400 

MIDLANDR099 
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TMI 
The Innovator in Clad 

And 
what makes 
TMI so unique? 

You. 
Your ideas. 

Your imagination. Your 
commitment to break with 
the traditional and create new 
advances in electronics. 

Pioneers Of Specialty 
Materials Systems 
TMI shares your commit­

ment. We are at the leading 
edge of clad metals techn<?logy 
for electrical and electromc 
applications. And our i~nova~ 
tions will provide you with reli­
able, cost-effective solutions to 
your tough design and engi­
neering problems. 

We're The Experts In 
Clad Metals 

Our superior metallurgical 
engineering staff puts us in a 
unique position to improve 
your cost-performance. We'll 
work closely with you to dra­
matically reduce product costs 
and improve quality. The bene­
fits of this person-to-person 
association are many. 

TMIIs A 
Cost-Effective 

Alternative , 

TMI 
can help 
you do 
your job 
more effec­
tively. We 
will consult, 
quote, 
produce, 
and ship­
based on 
your needs. 

TMI's 
advanced 
technologies allow us to pre­
cisely control the location and 
dimensions of the precious 
metal areas. Therefore, our 
processes help eliminate pre­
cious metal waste and save money. 
We have available·special 
alloys, such as TMI 305 
(diffused gold/ palladium 
silver), as alterna-
tives to the standard 
24 Kt. gold. Numer­
ous other contact mate­
rials are also available to 
meet your demands on mate­
rial performance. 

And TMI's cladding tech­
nologies help reduce labor costs 
because there are fewer manu­
facturing steps from stamping 
to assembly. Yet the quality of 
the end product is superior. 

Increase Your Flexibility 
By using TMI's advanced 

clad metals technology, you are 
able to design components with 
optimum efficiency and economy. 
Your flexibility as a designer allows 

you to use our technologies 
in many diverse elec­

trical and electronic 
applications. 

telecommuni­
cations, automo­
tive, semiconductors, 
connectors, switches, 
cameras, and other 
components. But the 



Metals Tecbnolo~_ 
possibilities are endless. 
TMI's technology is only lim­
ited by your imagination. 

TMI Offers You More 
We off er more cladding 

technologies than any other 
company. 

OnlyTMI 
has the in­
house capa-

~~~l!~ll~ bilities ~ for pro-
ducing 

inlay clad, 
multi-gauge, 

selective solder 
coating, EB welding, 

and zone anneal­
ing. A wide 

variety 

, 
----Precious & non·precious 

metal inlays Skived precision 
as thin as .000010" multi-gauge strip 

of precious and non-precious 
metal inlays are also available 
from TMI. Our many innova­
tions allow us to approach a 
problem from different direc­
tions. Together, we can find the 
solution that's right for you. 

We Have Your Solution 
Call on your experts in 

clad metals technology. Our 
resources will help you solve 

Thick / thin solder ref/ow 
in stripes or overlays 

Electron beam-welded 
duo/ 111eta/ strip 

your design problems. Your ideas 
are valuable. And we'd like 
to help you make them work. 

BECAUSE RESOURCES ARE 
100PRECIOUS10 WASTE. 

For more information write 
or call: 
3 NI TECHNICAL 
k 1 MATERIALS, INC. 
5 Wellington Rd ., Lincoln , Rhode Island 02865 \ 
Telephone: (401 ) 333-1700 Telex 701 -384-0600 
Subsidiary of Brush Wellman, Inc. 



Are you tired of getting a 
salesman when you need 
technical help? 
My name is Derek Brooke. 
I am the Technical Services 
Manager at Prem Magnetics. 
We sell magnetic -~. 
components !~ 
such as .~ 

IPower Trans-
formers, Audios, Miniatures, 
CRT Magnetics, Telephone 
and Interconnect Magnetics, 
Inductors and Toroidal 
Assemblies. We have sales 
personnel and an ~-
ad agency to ~ _ -
tell you about 
our quality, pricing 
and the other benefits we of­
fer with our custom and 
catalog transformers. 

That's not my job. I'm here 
to assist you e 
when you are - · 
ready to get :- - ~ 
down to the 
nitty-gritty; when you need 
to talk to someone about 
performance and physical 
size requirements;~ 
about the suita-
bility of a ca ta- :.. 
log or custom 

I am not a 
salesman. 

transformer to your specific 
needs; about modifying one 
of our many standard pro­
ducts to meet your exact 
requirements. 

The telephone 
on my desk 
permits me to 
put you in con­
tact with our Chief Engineer, 
Mike Markut or one of our 
special project engineers. We 
have engineering special­
ists for CRT Display Mag­
netics, VOE Power 
Transformers, -
Switch-mode 
Transformers 1 
and Inductors, 
Ge11era l Power Transformers 
and Inductors and 
Telephone In- ~ 
terconnect Mag-
netics. I 

So why 
not call me at 
cs l b-385-2100 a1 id tap-in 
directly to Prem's technical 
and engineering talent. Or, if 
you like, circle the number 
below and our people in 
sales will send you Prem's 
catalogs. 
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Speaking for myself and 
our .six design I 
engineers, 
we're ready 
to assist you ~ 

whenever you need us. 

"The tough new kid on the board" 

Pl![~® 
MAGNETICS, 
INCORPORATED 
3521 North Chapel Hill Road 
McHenry, IL 60050 
(815) 385-2700TWX 910-642-3763 



Quality. Quantity. 
Through advanced 
manufacturing technology, 
we're keeping an eye on 
quality without letting 
production costs get out 
of sight. 
Look to Omron for th e 
s tate-of-the-a rt in cnm pnn£'n t 
manu fac turing . 

Our to tally au tnm <1ted <1ssemhl v 
lines are helpin g us p rod uce 
more than 700,000,000 re l<tys ;ind 

switches per ve<t r . Adva11<:cd com­
pu ter monitorin g systems are 
"Cilnni ng con tinuous ly fo r the 
s li gh test v<triations be tween p rod­
ucts at every stage of production . 
Th rough our ad vanced Q.A. sys­
tems , we' re holding tolerances 
sn tight that , in ma ny cases, 
we've compl ete ly e lim in <tted a 
custo mer's need for incoming 
inspections. 

O ur exp erti se in hig h-volume p ro­
duction of "standa rdized " com­
ponents he lps us hold the linE on 

cos ts. And those manuiactu rir.g 
efficiencies are refl ected in the 
quality and cos t-savings wP pa~s 
on to our cus tom ers . 

How an electronic component is 
made te ll s you a lo t about per­
fo rmance, re liability and cost . 
Tha t' s w hy we'd like to sh ow you 
a short video presenta tion of ou r 
manufacturing capabilities. Please 
call 1-800-621-6413. 
In Illinois: 312-262-7783. 

om Ron 
map-action, thumbwheel, illuminated , key, DIP switches· printed circuit board , general purpose, power, solid-state relays • photomicrosensors 

c1RcLE s1 FOR MORE INFORMATION c1RcLE 74 FOR v10Eo PRESENTATION We're in control 





Since STEP Engineering has always been 
a ''Step Ahead" in quality high-speed 
processor development support. it's only 
natural to be the first with these 
emulators. The STEP-27. a complete 
development station. includes the 
following : 
Disassembler? The First For the 
Microprogrammer! No need to 
convert ones and zeros into mnemonics. 
Poly-Meta-Symbolics (PMS)™ does it for 
you. It even enters your patches 
symbolically. 

Fast, Bug-Free Programs? Simple! 
STEP-27's powerful logic analyzer 
includes a 20-MHz. 16-level-state 
machine with five. 54-bit matchword/ 
qualifiers for each level. The 4K buffer 
uses PMS to disassemble and display its 
contents in mnemonics. 

Software? The Best! In addition to 
full software support for either a local 
or a remote host. STEP provides a 
general-purpose meta-assembler. 

Poly-Meta-Symbolics (PMS) is a trademark of STEP Engineering. 
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Writable Control Store (WCS)? The 
Fastest! STEP's ten nanosecond WCS 
provides real-time execution of the 
most demanding high-speed designs. 
With any number of arrays (each up to 
512-bits wide by 64K deep). the 
STEP-27 supports the largest micro­
program requirements. 

Communications? Of course! Using 
an RS232 linkup. the STEP-27. with a 
unique. general-purpose. menu-driven 
communication program. easily 
interfaces with the IBM® PC. VAX.®. 
PDP-11 ® or CP /M®-based and other 
operating systems. 

PDP-11 & VAX are registered trademarks of Digital Equipment 
Corporation. 

CPM is a registered trademark of Digital Research Inc. 

Are We Interested In Your Questions? 
You Bet! Our sales engineers quickly 
respond to all inquiries. Mail coupon or 
call Toll Free (800) 538-1750: in 
California (408) 733-7837. 

D Please send more D Please schedule 
information. STEP-27 demo ASAP. 

Name ____ _________ ~ 

Title _ _ ___________ _ 

Company ___ _ _____ M_s __ _ _ 

Street ______ ___ _ __ ~ 

City ____ _ State _ _ _ Zip __ 

Phone _____ ________ ~ 

Post Office Box 61166 Sunnyvale , Ca. 94088 



The microSystem NX from Hon~ell. 
Quite possibly the most cost-efficient, full-featured 

UN~based workstation. 
Power. versatility. networking. and performance 

are all a part of the microSystem NX UNIX-based 
workstation from Honeywell. Featuring the 
MC 68000** processor, the NX is a super-micro 
engineered to compete with larger, more expen-

. sive multi-user systems. 
The Professional 's Workstation 

microSyst~m NX is designed for engineers and 
other professionals who require sophisticated 
applications and a powerful tool for software 
application design and development, documen­
tation support and technical research support. 

Extensive System Development Tools 
microSystem NX features a rich set of devel ­

opment tools that includes compilers. linkers, 
editors, formatters and debuggers. In addition, 
the system provides a "C" compiler, font editor. 
Fortran 77, and Pascal for enhancing commer­
cial software packages and developing custom­
ized applications. 

Powerful Applications Software 
microSystem NX also provides application 

packages which take ful l advantage of the power 
of UNIX and include: a menu processor; a highly 

versati le word processor: extensive spreadsheet 
capabilities; a 3-dimensional graphics package: 
and a window manager that allows you to run 
up to 6 applications concurrently. 

Advanced Networking 
microSystem NX incorporates an advanced 

networking architecture that employs a local area 
network to provide a versatile UNIX-to-UNIX 
communications link between workstations . 

UNIX-based Operating System 
microSystem NX is driven by an enhanced ver­

sion of the UNIPLUS + operating system, with a 
complete set of utilities, development tools, net­
working options, and the ability to support a wide 
range of 3rd party applications software. 

The new Honeywell microSystem NX. A sophis­
ticated hardware/software system that gives the 
professional computer user more computer power 
for less money. 

For complete information call 1-800-328-5111 
ext. 2743 (in Minnesota call collect 612-870-2142 
ext. 2743) or write: Honeywell Information 
Systems, Inc. MS 810, 300 Concord Road, 
Billerica, MA 01821. 

Together. we can find the answers. 

Honeywell 
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MOS Miljl _. CMOS control lopc. 
The inherent low power consumption and hip speed performance of these technolopea proYi8 
solutions for printen (inkjet/electrostatic), facsimile, displays (flatt 
panel E.L., LCD and plasma), automatic test equipment, ultrasound 
imaging and telecommunications. 

PRODUCT VOLTAGE LOGIC 

ANOI Array 200 to 400V No logic 
APOI Array 200 to 400V No logic 

HVOI IC 60V S/ R* and 4 bit 
D-A converter 

HV02 IC 200V S/ R 
HV03 & 05 JC 200V S / R & latches 
HV04 &06 IC 90V S/ R & latches 
HVI0-18 IC 170V S / R & latches or 

decoder and latches 

Leaders/tip in CMOS and DMOS T«Molofles 
1225 Bordeaux Drive, Sunnyvllle, CA '4116 
(408) 744-0100 TLX 6839143 SUPTX 

OUTPUT STRUCTURE 

8 N-channel Common Source Drivers 

8 P-channel Common Source Drivers 

16 Push-Pull Drivers with I6 level 
volt.age control 

16 Open Drain Switches 

64 Open Drain Switches 

64 Push-Pull Drivers 

4 or 8 Bilateral Switches 

HV30 IC 180V 7 seg. decoder & latches 7 Segment Open Drain E.L. Digit Driver 
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Electronic Design's January 24 issue 

brings special coverage of components 

technology to our readers 

l'ulltsu: World-Class 
Components 
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FUJITSU 

Low-Profile 
Keyboards 

world-ciai~;~~!c~~!f~~ 11111111111111111111111111111111111111111111111111111111111111111 ~~j~i£~iA~~r!'.~~i~l~f J~~~~l~~~~259 



Plus: A Special Report on Supercapacitors 

A Special Conference Preview of 
Mini/Micro West 

AND THESE DESIGN AilTICLES 

Communications Network I Cs 
Test and Measurement 
Instruments Technology 
Memories 

orld-Class Components Update: 

~~£~@£rn~rn@®~~rn@~®IB~ 

e connectors are not equal. 
difference. The difference Is Fujitsu. 

For example, take the U-contact for terminating 
the flat cable. Fujitsu's exclusive design gives 
you four cutting edges. These edges pierce 
the insulation twice in the same place to 
make certain the insulation has been re­
moved where the U-contact makes 
connection to the flat cable. Fujitsu's 
U-contact maintains very tight toler­
ances to ensure the reliability of the 

Du•l· BHm 
Conlact 

CIRCLE 66 

connection between 
the flat cable and the con­
nector. Fujitsu IDC connectors 
will accept 28 AWG stranded 
or 30 AWG solid wire. 
Another example of Fujitsu's 
reliability is our own dual beam 
contact design. This design 
assures you a positive contact 

World-Class Components 
Part of Tomorrow's 

Technology 

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
FUJITSU 

11111111111111111111111111111111111111111111111111111111111111111 

ith the mating connector 
time. The connector housi 

and other insulating parts 
are fabricated from a flame­

retardant, UL94V-O rated 
PBT. This plastic resin-used 

in the insulating connector 
components-is impervious to 

chemical cleaning agents. 
Fujitsu's FCN-700 Series offers 

you a wide variety of connectors, including 
headers, sockets, transition connectors, card 

edge connectors, a full line of D Subminiatures 
and Delta ribbon connectors. 

Fujitsu connectors have all been designed to provide 
superior reliability as interconnect devices in electronic 

equipment, and they're all described in our literature. 
Circle the number shown below and we'll send you a copy. 

For World-Class components at competitive prices, 
choose Fujitsu. Call your Fujitsu distributor today. 

Component Division Fujitsu America, Inc. 
918 Sherwood Drive, Lake Bluff, IL 60044 
(312) 295-2610 Telex: 206196 TWX: 910-651-2559 
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f erence paradigms all are undergoing re­
evaluation with an eye on efficiency. 

Another obstacle must be overcome be­
fore a reliable AI industry can develop: 
The hardware on which its programs run 
must become cheaper. That is why arti­
ficial intelligence companies are address­
ing some mundane problems-execution 
speed, code size, and transportability-

things that AI workers have always loved 
to ignore. 

Finally, as commercial products, arti­
ficially intelligent systems demand ease of 
use, as well as robustness. Malfunct ions 
regarded by a graduate student in an AI 
laboratory as merely a trivial nuisance can 
render the system useless to a layman, 
even one familiar with computer tech-

What makes an expert system tick? 

Expert, or knowledge, systems differ from 
conventional computers in two ways: Instead of 
breaking down into an application program and 
an operating system, expert software consists 
of a knowledge base and an inference engine. 
The former contains facts and rules specific to 
the problem at hand, while the latter evaluates 
the rules. Advanced (generic) expert systems 
often keep metarules separate from the 
problem-related rules. Because the metarules 
determine the strategy by which the inference 
engine invokes the problem rules, keeping them 
separate adds flexibility to the system. 

Present expert systems rely largely on two 
paradigms for searching th e solution space 
(which has as many dimensions as there are 
variables). The first technique, called forward 
chaining, starts with a known state and applies 
the knowledge rules to find a way toward the 
goal. If the problem were, say, to find a route 
from Chicago's Lake Shore Drive to New York, 
the rules would specify what to do at inter­
sections. The metarules would specify to start 
at the origin and perhaps to evaluate alterna­
tives at intersections in a clockwise direction. 

In contrast, the second technique, called 
backward chaining, would start in New York 
and feel its way back toward Chicago. The meta­
rule would then tell the system to start at the 
goal. In this example, it is obvious that a combi­
nation of forward and backward chaining would 
narrow the search space substantially. 

To find a route between two cities, rule-based 
(or "shallow") reasoning is quite adequate, but 
most engineering applications require that a 
system take into account "first principles," the 

114 Electronic Design •January 10, 1985 

laws of physics, for instance. Unfortunately, 
few expert system "shells" (which let the user 
add the expertise) support such reasoning. 

On the other hand, if a system can execute 
only algorithmic procedures, it does not qualify 
as an expert system. Unlike conventional 
computer-aided design, inference-based rea­
soning can handle uncertainly- in other words, 
it is heuristic in nature. Whenever one single, 
well-defined solution exists for a problem, the 
algorithmic approach should be used, because it 
always requires smaller computer resources. 

Most expert systems today are written in Lisp 
and hence reside on Lisp machines (see the fig­
ure). In "shell" systems the knowledge base is 
empty, but the interface handler often entails 
features to simplify knowledge acquisition. 

Lisp 
machine 

Knowledge 
base 

(rules, facts, 
relationships) 

Interface 
processor 

Inference 
engine 

I 

Metarules 
(strategy) 



nology. Software automation is one way to 
attack the problem-producing better 
software and lowering design costs. 

Currently, artificial intelligence pro­
grams are being applied in robotics, 
natural-language interfaces, and expert 
systems. The first still remains at a level 
so primitive that few electronics designers 
need be concerned about its impact. The 

I Engineering systems must 
handle the laws of physics, 
not just rules of thumb 

second, too, will have little effect because 
natural languages are inherently so am­
biguous that few experts-even within the 
AI industry-can foresee their usefulness 
in any serious design work. 

That leaves expert systems as an im­
portant area to be dealt with (see "What 
Makes an Expert System Tick," opposite). 
However, although the industry is concen­
trating its efforts here, the current shal­
low reasoning of expert systems lends 
itself primarily to such easy and lucrative 
applications as banking, insurance, and 
investment planning-not to engineering. 
But systems have begun to emerge that 
can sustain reasoning based on first prin­
ciples (what artificial intelligence re­
searchers call deep knowledge of the 
world) expressed by, say, the laws of 
physics. 

From their inception in the mid-1960s 
through the mid-1970s, expert systems 
were strictly custom-made, and they cost 
millions. Only in recent years have meth­
ods evolved that will reduce design costs, 
primarily in the form of system shells and 
knowledge acquisition tools. Their success 
or failure will determine the future of the 
whole species (Fig. 1). 

By separating the reasoning software 
(called the inference engine) from an ex­
pert system's domain-specific knowledge, 
artificial intelligence workers have 

EXPERT SYSTEMS 

learned to derive "generic" expert sys­
tems, or shells, which can be put to work 
with a new knowledge base. In fact, these 
shells, based on successful custom sys­
tems, gave birth to the AI industry. Even 
so, shells tend to carry the flavor of their 
original application goals. For example, 
Emycin-now available for the Texas In­
struments Professional personal comput­
er-was derived from a medical diagnos­
tics system called Mycin. Although it lends 
itself readily as a diagnostic tool for auto 
mechanics, it is not suited for, say, process 
control. 

All of the shell systems now available 
suffer from this limitation. Some industry 
experts therefore predict a limited future 
for shells. Instead, they concentrate their 
own efforts on more general tools. One ex­
ample is the Automated Reasoning Tool­
ART, as it is called-developed by Los 
Angeles-based Inference Corp. (ELEC­
TRONIC DESIGN, Aug. 9, 1984, p. 153). It 
combines several inference paradigms 

1970 

Custom-built 
expert systems 

1980 1990 

1. Originally, all expert systems were 
custom-built. In recent years, shell sys­
tems have begun to blossom but will 
eventually yield to ready-made systems 
and universal knowledge-processing tools. 
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with tools that simplify the acquisition of 
new domain knowledge. Another tool, 
KEE, from IntelliCorp (Palo Alto, Calif.), 
has been used for genetic research and 

I Some Al companies bet on 
expert system shells, 
others emphasize tools 

spectroscopy but continues to introduce 
new features. The "active images" inter­
face, for example, will permit the user to 
model, say, an automated production line 
(Fig. 2). 

Another tool for expert system gener­
ation that could prove especially helpful to 
engineers is KES from Software Architec-

Of l~~ : ~ l1NTEH UPTEDI 

:-111 .1 
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ture and Engineering (Arlington, Va.). 
Thanks to its ability to derive rules from 
statistical patterns, the tool can, in some 
applications, get an expert system running 
in a few days. Although field experience is 
still meager, KES deserves close attention 
in years to come. 

Like so much in artificial intelligence, 
however, the distinction between a shell 
and a tool is still relatively unclear. To 
make matters worse, some manufacturers 
are beginning to shy away from the "ex­
pert system" label in cases when the user 
needs to supply his own expertise. "Knowl­
edge system,'' "competence system,'' and 
"metasystem" are some recent buzz words 
applied to both shells and knowledge ac­
quisition tools. Furthermore, no definite 
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2. Existing knowledge tools like KEE continue to sprout interface features 
like the "active images" screen. Here it is used to model an automated prod­
uction line. 
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line is drawn between an expert system's 
inference engine and the language it uses. 
For the present discussion, the inference 
engine will be regarded as part of a shell, 
and languages as tools. 

I Semicustom systems for 
standard chores like testing 
will prove feasible 

A third alternative in custom-made ex­
pert systems will emerge toward the end of 
the decade: ready-made systems, aimed at 
specific knowledge domains. For example, 
most electronics companies face the prob­
lem of having to repair their products. An 
expert system, aware of some basic natu-

FG 502 Ass istant 

·~ 

EXPERT SYSTEMS 

ral laws and equipped to deduce problems 
from given test results, should be useful 
for enough customers to support its devel­
opment costs. 

Tektronix Inc. (Beaverton, Ore.), for ex­
ample, needs such a system for its own re­
pair shops, especially when it comes to fix­
ing instruments no long.er in production. 
So, development of an expert system is 
under way, and it may eventually become 
available to the public (Fig. 3). 

In fact, once most competing firms in 
any given field have developed their own 
expert systems, turning them into com­
mercial products will become common­
place-probably within the next ten years. 
These systems will be generic only in the 
sense that product-specific information 
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3. Intelligent assistants will soon simplify troubleshooting of electronic equipment. By tying 
schematic and physical layout together and interpreting test data, such an expert system can 
multiply a technician's effectiveness. 
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will be removed. 
IC design poses another lucrative oppor­

tunity for third-party domain-specific ex­
pert systems. The CAE setup from Cericor 
(Salt Lake City, Utah) relies on an expand­
able knowledge base and applies such arti­
ficial intelligence concepts as the inher­
itance of properties within component 
classes. However, most efforts along this 
line will be incorporated into existing 
workstation packages, as exemplified by 
inclusion of a testability analyzer in the 
Logician workstations from Daisy Sys­
tems Corp. (Sunnyvale, Calif. ). 

I Future Al hardware will 
need software support as 
badly as today's PCs 

Makers of artificial intelligence hard­
ware, too, are designing adaptable, 
industry-specific packages. But it stands 
to reason that within five years AI ma­
chines will follow in the footsteps of per­
sonal computers: They will be sold only if 
enough software is available to do useful 
work (ELECTRONIC DESIGN, Aug. 9, 1984, 
p.106). 

Users who cannot wait for this software 
can now benefit from such tools as special­
purpose languages, like those from two re­
cent artificial intelligence start-ups. Pro­
duction Systems Inc. and the Carnegie 
Group (both in Pittsburgh, Pa .) have 
agreements to use languages developed at 
Carnegie-Mellon University (also in Pitts­
burgh) and prepare them for factory ap­
plications. The OPS83 from Production 
Systems is based on OPS3 of Rl fame- the 
system that configures VAX computers­
while the Carnegie Group's SRL+ derives 
from SRL, a language with a good deal of 
production experience. By using such lan­
guage tools, the expert system builder is 
relieved of concerns over inference mech­
anisms, just as if he were using a shell.Yet 
he can optimize the system for his needs. 
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A closer look at the Carnegie-Mellon 
languages proves the point. OPS83, for ex­
ample, is a descendant of OPS3 and OPS5, 
which ran atop a Lisp environment. 
OPS83, however, needs no such crutches 
because it includes Pascal-like constructs 
that simplify the intermingling of rules 
and algorithms (Fig. 4). Statements can be 
executed that modify stored values (e .g., 
&L = &L + 1), while rules can execute con­
trol statements-for example: 

rule kilUinks 

I 
&G (goal type = kill-links); 
-- > 

remove&L; 
l; 

(The prefix & identifies variables.) 
Because of OPS83's functionality and 

speed, systems with 10,000 rules will be 
practical for such complex applications as 
threat assessment or spacecraft control. 
In contrast, present rule-based ("pro­
duction") systems, running largely atop 
Lisp, tend to bog down when the number of 
rules exceeds 2000. 

The OPS83 compiler, which consists of 
20,000 lines of C, is efficient enough to exe­
cute an average of 50 rules per second on a 
VAX-11/780. Eventually, multiprocessor 
hardware will boost processing speed 
further. 

I Al languages for specific 
applications will greatly 
speed expert system design 

Although SRL+ and OPS83 aim at 
similar applications, the two represent 
radically different approaches. SRL+ is 
an integrated knowledge representation 
and problem-solving environment that 
runs atop Common Lisp, the Pentagon's 
favorite Lisp dialect. As a frame-based 
language, whose primitive is a schema, 
SRL+ tackles combinations of object-



oriented, rule-based, and logic pro­
gramming. Embedded within it are a data­
base system, a window package, and color 
graphics. 

A sensor-based diagnostic application 
has served as the proving ground for SRL. 
To distinguish between different external 
conditions, "contexts" guide the execution 
of rules, for example: 

l l context 

VALUE: < true I fast I 0 I 1 > 
DESCRIPTION: "English explanat ion" 

This schema contains two attributes 
(called slots), of which only VALUE is sig­
nificant because it specifies all acceptable 
values for context. Most schemas are 
substantially larger and can become the 
equivalent of records in such applications 
as planning or decision support. 

While the preceding discussion gives in­
sight into the means by which future ex­
pert systems will be constructed, it says 

rule volume_ T07F03 

EXPERT SYSTEMS 

little about their applications. To under­
stand those applications, a closer look at 
the evolution of AI software is necessary. 

Three sources, or roots, feed present and 
future AI-based developments . Most 
essential are the concepts of artificial 
reasoning: inference methods, predicate 
logic, and the formalization of knowledge. 
Tools developed in the pursuit of these 
goals-the second element of current 
progress-have turned out to be perhaps 
even more important than the basic con­
cepts. These tools include languages like 
Lisp and Prolog, object-oriented pro­
gramming, and a wide spectrum of soft­
ware development aids, richer even than 
the popular Unix environment. 

Hardware represents the third root. 
Early work proceeded on mainframes, of­
ten with inadequate compilers and archi­
tectures. Not until the efficient Lisp ma­
chines surfaced did expert systems evolve 
into viable products. Naturally, hardware 
speed and cost will greatly affect future 

- - compute the volume of material in T07F03 from the fluid level 

I 

&M 

--> 

(goal 
type = volume) ; 

(measurement 
attr = level ; 

object = T07F03) ; 

local &VOL:real, &LEV:real; 

&LEV = &M.value; 
if (&LEV < = 6.5) 

&VOL = 5.o •&LEV + 5.5 
else if (&LEV > 11.0) 

&VOL = 9.287*&LEV - 30.660 
else 

- - If there is a goal 
--with volume in 
--its type field , 

- - And there is a measurement 
- - with " level" in 
--its attribute field 
- - and with T07F03 in 
--its object field 

- - then the following 
--calculation is 
--to be performed 

&VOL = 0.416 . &LEV• &LEV + 0.135. &LEV + 19.546; 
make (computation attr = volume; object = T07F03; 

value = & VOL); 

4. In the Pascal-like OPS83 language, rule-based reasoning can easily be combined 
with algorithmic problem-solving, which is usually more efficient. 
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developments. 
Artificial intelligence, progressing from 

expert system shells to process-control 
systems, knowledge-aided design, and 
special-purpose knowledge systems (Fig. 
5), branches out into some important 
areas-knowledge acquisition, for ex­
ample. However, the most ambitious, and 
possibly the most important, outcome of 
expert systems will be the steps toward 
software automation. 

Probably the first step toward special­
ized, semicustom expert systems will be 
seen in the field of process control. Failure 
of a pump in a refinery or a nuclear power 
plant can lead to an overwhelming chain 
reaction of alarms. Military command and 
control systems attempt to solve similar 
problems-perhaps a massive influx of 
data from sonar buoys-that must be pre­
digested to facilitate a human decision. 
Process control can now benefit from such 
research, heavily funded by the Penta­
gon's DARPA group. 

Not surprisingly, the first major control 
system (to be released in the spring) comes 
from a hardware manufacturer-Lisp 
Machines Inc. (Los Angeles, Calif.). As a 
real-time system, the Picon requires spe­
cial hardware. A 68010-based auxiliary 
processor handles the incoming data 
stream and readies it for evaluation by an 
expert system that runs on the main Lisp 
processor. The latter finally displays 
reasonable alternatives for the operator to 
choose from. 

I Expert systems will soon 
become standard in many 
production lines 

Several electronics companies are de­
veloping process-monitoring systems for 
internal use. Hewlett-Packard Co. (Palo 
Alto, Calif.) uses a prototype system to 
monitor chip production. As it accumu­
lates data from the many processes it fol-
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lows, the machine actually learns from 
past experience by correlating test results 
with chip performance during the test. 

Because the interpretation of both test 
and process-control data requires years of 
experience, such applications exemplify 
the advantages of expert systems. As one 
of the production engineers sums up: "Now 
I don't get emergency calls at 2:00 a.m. 
anymore." It is a safe bet that process con­
trol systems in IC manufacturing also will 
catch on. 

I Only if standards for 
knowledge bases emerge, 
can Al systems blossom 

As IC design techniques get ever more 
complex, even computer-aided tools can 
become more demanding and slower. Arti­
ficial intelligence techniques will come to 
the rescue. They not only can render the 
user interface a lot more amicable but of­
ten can speed up execution by pruning the 
range of possible solutions. Furthermore, 
knowledge bases complement the user's 
own experience with that culled from not­
able experts. Such knowledge extraction 
is, unfortunately, so tedious still that the 
transition from computer-aided design to 
knowledge-assisted design remains a 
somewhat distant promise. 

However, there may be a breakthrough 
in the next few years, propelled by new 
tools for knowledge extraction and knowl­
edge management. Late this summer, 
Boeing Computer Services Co. (Seattle, 
Wash.) is expected to introduce the Ex­
pertise Transfer System, or ETS, which 
permits anyone with some computer 
experience to construct a knowledge base 
without the help of a knowledge engineer. 

Unlike shell systems-which often pur­
port to facilitate the same task-the sys­
tem will concentrate on the transfer of 
knowledge, without prejudging the man­
ner in which that knowledge will be ap-
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5. Expert systems represent but one branch in the evolution of Al-based tools. But 
most future knowledge systems of special interest to engineers (highlighted) are 
likely to spring from that branch. 
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plied. So far, ETS has been exercised as a 
front end for Emycin (including the subset 
available on the Texas Instruments Pro­
fessional) and on several expert system de­
velopment tools from Teknowledge Inc. 
(Palo Alto): KS-300, S.l, and the latter's 
IBM PC subset, M.1. ETS also functions as 
a front end to Stanford University's Teire-

I Getting the knowledge out 
of the expert's head 
still remains a problem 

sias, a tool that checks knowledge bases 
for completeness and consistency. 

Work at Information Sciences Institute 
(Marina del Rey, Calif.) goes beyond the 
ETS concept, because it can also help to 
clarify a system model in the expert's 
mind. Its FIE forward inference engine 
has been used in the "kibitzer" program, 
looking over the expert's shoulder and 
quickly pointing out consequences that 
follow from his inputs. The engine was 
tried, among other things, for scheduling 
problems and explaining and debugging 
data-base schemas. 

The latter problem is especially rele­
vant, because inadequate data-base (or 
knowledge-base) management is a drain 
on many an expert system's vitality. As 
long as knowledge bases cannot readily be 
partitioned, they must reside in RAM, lim­
iting inexpensive (under $10,000) run-time 
systems to several hundred rules. Devel­
opment systems, on the other hand, with 
their large overhead for dynamic storage 
allocation as well as thousands of rules, 
are rarely useful with less than 4 Mbytes 
of RAM and consequently cost well over 
$50,000. Mass storage would ease those 
burdens. 

It appears that the storage problem is 
about to yield on several fronts. Perhaps 
most important is the ability of expert sys­
tems to access conventional data bases. 
The financial resources of the data pro-
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cessing world give artificial intelligence 
firms a powerful incentive to tackle the 
problem. Engineers can expect to benefit 
from such emerging advances-the 
Prolog-based access scheme from Silogic 
Inc. (Los Angeles), for example-for both 
relational and network schemas. 

More oriented toward engineering ap­
plications is Duck from Smart Systems 
Technology (McLean, Va.), an expert­
system design language that will be able to 
access outside data bases in the near fu­
ture. Duck's reasoning can cope with in­
consistent information (in AI parlance, 
it is nonmonotonic) because it keeps a his­
tory of data dependencies. This "truth 
maintenance" feature can assume default 
values for unknown variables and trace 
them until proven false or until actual 
values are available, for example, from ex­
ternal files. 

Artificially intelligent systems running 
under Unix will also provide bridges be­
tween the still-exclusive AI and the work­
aday Unix worlds-for example, the Pro­
log compiler and debugger from Quintus 
Computer Systems Inc. (Palo Alto), which 
run on Sun workstations, or the Lisp com­
pilers from Gold Hill Computers (Cam­
bridge, Mass.), for a range of microcom­
puters. Further in the future lie methods 
that will determine a data base's structure 
by examining its directories and knowl-

I 
Marriages between Al and 
Unix systems bode well 
for the future of both 

edge bases that will distinguish between 
different forms of representation: as­
sertions (facts), constraints (conditions), 
and rules, together with their certainty 
factors. 

As AI-based systems tackle an ever­
growing spectrum of chores, even transi­
tory data kept in main memory can get out 
of hand. For real-time analysis of speech, 
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sonar signals, or images, rapid access to 
the fleeting data stream is just as essential 
as it is difficult. The most promising solu­
tion is probably the "blackboard," which 
functions somewhat like a relational data 
base . But in addition to the two normal 
axes-in speech processing, abstraction 
level (from phoneme to sentence), and de­
gree of certainty-a third dimension rep­
resents time. While popular with re­
searchers, no commercial blackboard 
system is available yet, but this is bound to 
change. 

Once they have sorted out the knowl­
edge base mess, artificial intelligence 
workers will be ready to tackle the ulti­
mate knowledge base application: active 
libraries. Once this goal is reached, those 
in search of knowledge will no longer have 
to tunnel their way through racks of books 
or binders. The artificial librarian will 

Forward chaining 

EXPERT SYSTEMS 

query the patron-perhaps even in spoken 
English-and serve up all he ever wanted 
to know about a subject. 

Optical storage, currently the only prac­
tical technology for such a library, will 
first find a place in expert systems-ini-

I As knowledge bases grow, 
optical mass storage 
must offload RAM 

tially in the military and eventually in the 
home. While it is unlikely that trouble­
shooting in the engineering laboratory 
will quickly benefit from such huge knowl­
edge bases, new insights into knowledge 
representation and diagnostic techniques 
could well pay dividends. 

If artificial intelligence evolves as ex­
pected, expert-system shells will lead to 

Goal 

Backward chaining 

6. The primary purpose of an inference engine is to reduce the "search space" in 
which all possible solutions lie. By combining paradigms (here, forward and back 
ward chaining}, future systems can be made more effective. 
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fifth-generation computers. Several inter­
mediate steps along this path will affect 
design engineers. For example, wide­
spectrum knowledge systems-those that 
can reason in several different modes­
are already in evidence and are bound to 
influence the evolution of special-purpose 
expert systems. The latter represent a step 
beyond knowledge-assisted design tools, 

I Expert systems have begun 
to embellish today's CAE 
with another dimension 

because they will require much less human 
interference. By the end of this decade, the 
growing complexity of engineering de­
signs will simply mandate the utilization 
of such special-purpose systems. 

General-purpose knowledge systems, 
on the other hand, represent an early form 
of the fifth-generation machine: a mod­
erately intelligent assistant for everyday 
chores. But in this area, prediction turns 
more into speculation and is best left to 
other media. 

As even smarter artificial assistants in­
vade the design labs, fewer engineers will 
be busy designing products, and more will 
be designing the AI tools that help design 
the products. For hardware tools, the 
trends are clear: AI design systems will be­
come more powerful, while delivery vehi­
cles will remain simple-in most cases, 
personal computers will suffice. Teknowl­
edge's M.1, for instance, is written in Pro­
log while its big brother, S.l, requires a 
Lisp machine. 

In fact, Prolog is playing a growing role 
in artificial intelligence research, even 
though no Prolog machines are yet avail­
able. Most likely, microprogrammable 
workstations will serve the purpose at 
first, but architectures optimized for Pro­
log are already on the drawing board. At 
the same time, Lisp machines will con­
tinue to become both more compact and 
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more powerful. 
The popular low-end Lisp machine from 

Xerox Corp. (Stamford, Conn.), nick­
named Dandelion, is about to be upgraded 
with a new processor and 2.5 to 3 Mbytes of 
RAM. Little more is known about the new 
workstation, which has been dubbed the 
Dandetiger. Competitive pressures in the 
Lisp machine field will accelerate plans 
for single-board systems, thereby leveling 
the road for multiprocessor machines. A 
forthcoming 2-µm Lisp chip from Texas 
Instruments Inc. (Dallas) already stakes 
out this direction. 

Although the Japanese fifth-generation 
project relies heavily on massive parallel­
ism, American AI researchers are not 
convinced that this approach is viable. 
Present reasoning paradigms, at least, are 
largely sequential, because they descend 
through a search tree (Fig. 6). Usually, the 
number of branches that can be tested 
simultaneously is rather modest, and of­
ten it becomes necessary to backtrack for 
several levels. All work invested in search­
ing a blind alley is wasted, regardless of 
the size of the search crew. 

A dissenting voice from Carnegie­
Mellon University, however, reopens the 
possibility of massive parallelism. Instead 

I Japan's fifth generation 
stresses massive parallel 
CPUs, but many disagree 

of trying to limit the search space cleverly, 
researchers suggest simply proceeding 
with an exhaustive search, using very sim­
ple processing elements of a few gates 
each. From a network of such marker­
passing nodes, called NETL, the present 
Boltzman machine has evolved. While still 
immature, this approach-which tries to 
emulate the human brain-could influ­
ence developments in the next five years. 

Meanwhile, conventional von Neumann 
machines, which have been unpopular 



THE BENEFITS OF 
NOT WING A LEG 

TOSL DON. 

They may not have ~ 
legs, but the new SOIC 
(Small Outline Integrated Size 

Circuit) packages have plenty 
of advantages. 

To start with, since 
theyre surface-mount, your 
assembly can be up to 20 
times faster. 

Theyre half-size. For 
packing density that means 
more compact systems. 

There's lower inductance. 
For greater switching 
performance. 

And an efficient gull-wing 
design - no more drilling for 
less-expensive circuit boards. 

Realizing that surface­
mount is the technology of the 
future, Fairchild's ready with 
a retooled plant to produce 
FAST™ products using the 
new SOIC packaging. Making 
FAST even better. 

Which is typical for 
Fairchild: 

Getting a leg up on the 
competition. 

CIRCLE 70 

Fairchild Digital Unit, 
333 Western Avenue, 
SouthPortland, A ~£...- ™ 

ME 04106. - __:-:.~ 
FAST (Fairchi ld Advanced Schottky TTL) 
is a trademark of Fairch ild Camera and 
Instrument Corporation. 

FAIRCHILD 

A Schlumberger Company 

Electronic Design• January 10, 1985 127 



1985 TECHNOLOGY FORECAST 

with the artificial intelligence community, 
are staging a comeback.New Lisp and Pro­
log compilers have proven them quite 
capable of fast execution, even though 
they still are less flexible during the devel­
opment phase of AI software. If OPS83, 
with its Pascal-like properties, catches on, 
any number of engineering workstations 
could become suitable vehicles for expert 
systems. 

To gain insights into parallelism in 
forward-chaining systems of the OPS 
family, Carnegie-Mellon has embarked on 
the Production System Machine (PSM) 
project. Simulations with several expert 
systems (including VLSI design and con­
figuration management) show that OPS83 
programs begin to saturate the system at 
8 to 16 parallel processors, yielding a five­
fold to tenfold speedup. By combining ECL 

Development effort 
(man-years) 

EXPERT SYSTEMS 

technology, a RISC architecture, and par­
allel processing, production-type expert 
systems can be expected to run 100 to 200 
times faster by 1990. 

While the evolution of efficient hard­
ware was responsible for the emergence of 
an artificial intelligence industry, better 
hardware alone cannot guarantee its fu­
ture. After all, expert (or knowledge) 
systems are mostly software packages, 
and software represents the bulk of devel­
opment costs. 

Since their beginnings in the mid-1960s, 
expert systems have, fortunately, become 
cheaper to build-in fact, by two orders of 
magnitude (Fig. 7). To keep up the momen­
tum through the rest of the decade, when a 
500-rule system should cost only $50,000 to 
develop, better design tools will be needed. 
Some-like new languages and knowledge 

Development cost 
($million) 

100--------------------

I 
0.1 

1965 1970 1975 1980 1985 1990 

• Projection for rule-based system (Teknowledge Inc.) 

7. Since their first appearance, expert systems have become much 
cheaper to develop. The trend is expected to continue, dropping 
development costs to $100-200 per rule by 1990. 
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transfer tools--have already been men­
tioned, but they are not enough. 

As expert systems get bigger, they begin 
to exhibit the same symptoms as tradi­
tional software: bugs, inconsistencies, and 
maintenance problems. But unlike, for ex­
ample, the situation with aerospace soft­
ware, artificial intelligence programs 
have been largely one-man shows, and the 
whole AI atmosphere has never been con­
ducive to team efforts. 

Fortunately, the fierce individualism of 
artificial intelligence workers has gener­
ated a wide spectrum of productivity tools, 
which are largely responsible for the dra­
matic cost reductions already attained. 
The ti me has now come to combine the best 
of them into consistent software design 
environments and discard the rest. Eco­
nomic pressures on the young AI industry 
have defused some of the once-religious 
fervor attached to given tools, and a fur­
ther melding of concepts and techniques 
can be expected in the future. 

However, when it comes to the software, 
two distinct, though unequal, camps re­
main. The majority pursues an evo­
lutionary path, while a minority stakes its 
future on a revolutionary breakthrough. 
Both camps can produce impressive evi­
dence to support their approaches. 

I 
Of all expert systems, 
those for software design 
pose the toughest problems 

Evolutionists need only point to their 
tremendous advances, from windows and 
mice to object- and class-oriented soft­
ware design. Many of these tools are mi­
grating into the software community at 
large-probably the surest measure of 
success. But to forge a comprehensive soft­
ware engineering environment from indi­
vidual tools will take years. 

Several companies have, neverthe­
less, taken up this challenge. Boeing Com-
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puter Services, for one, is planning to inte­
grate its artificial intelligence tools with 
more conventional tools like Argus 
(ELECTRONIC DESIGN, Feb. 9, 1984, p. 42). 
Advanced Information and Decisions Sys­
tems (Mountain View, Calif.) intends to 
provide means for program synthesis by 
1990-based on graphics and data-flow 

I 
For better software tools 
some bet on evolution, 
others want to start over 

concepts. Computer*Thought Inc. (Plano, 
Texas) is currently offering intelligent de­
bugging tools for Ada, but as the knowl­
edge base grows, a complete environment 
will emerge. 

In add ition, a growing number of firms 
are building software tools for in-house 
consumption, and many follow the 
knowledge-engineering tack. Communica­
tions companies in particular, where often 
over 500 software designers work on a 
single system, need both a disciplined and 
a productive approach to software devel­
opment. In the U.S., AT&T, GTE, and ITT 
and in Sweden, Ericsson, are embarked on 
such projects, but find progress exceed­
ingly slow. 

On the other hand, Tartan Laboratories 
(Pittsburgh, Pa.) leans toward the revolu­
tionary paradigm. The company develops 
the compilers it sells in a semi-automated 
fashion, using its own expert systems. The 
compiler designer specifies the software's 
function in a very high-level language, and 
a computer has the job of producing the 
actual code. 

However, even though compiler design 
is by itself a rather narrow domain of ex­
pertise, Tartan uses several different de­
scription languages to define syntax and 
semantics of the languages to be compiled 
and of the hardware on which a compiler 
will run (Fig. 8). Because compilation­
especially parsing and flow analysis-
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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 filmily 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-

~!it!F• SYSTEM~ 
HP· IB: Not jusi lEEE-488. but the 
hardware, documentation and 
support that delivers the shortest 
path to a measurement system. 

----- - -

---

matic over-<:Urrent 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 family 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. 

r//0- HEWLETT 
~~ PACKARD 

2101«!2 
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EXPERT SYSTEMS 

obeys mathematical rules, Tartan's expert 
system must handle reasoning from first 
principles as well as rules. 

Partial automation at Tartan has raised 
the compiler designer's productivity by an 
order of magnitude. But although it will 
take several more years to implement full 

automation, it is expected to add only an­
other factor of two to productivity. For the 
time being at least, some natural intel­
ligence greatly enhances proficiency of the 
artificial kind. 

Even such pioneers of revolutionary 
software automation as the Kestrel Insti-

EXAMPLE PRODUCTIONS 
$1:(mult $2:(plus $4:ANY $5:CONST) $3:CONST) => 

Set0p[$1, plus] ; 
Alter[$2, mult, ($4,NewConst[Va1($5]*Val[$3))); 

%% 
$1 :(geq $2:ANY $3:0NE) => 

Alter[$1, gtr, [$2,NewConst[Olll; 
%% 
$1 :(if $2:ANY $3:0NE $4:ZERO) => 

CopyNode[$1 , $2); 
%% 

EXAMPLE C PROGRAM 
int a[10); 
int x; 
example ( ) I 

register i; 

(a) 

for(i = 1; i<= 10; i++ )x += a[i + 1] >= 1? 1 :0 ; 

I 
(b) 

OUPUT FROM STANDARD COMPILER OUPUT FROM TARLAN COMPILER 

_ example: _ example: 
.word L14 .word 0 
jbr L16 movl $1 ,r4 

L 17: movl $1 ,r 11 L 1: clrl rO 
L20: cmpl r11 ,$10 tstl _ a+ 4[r4] 

jgtr L19 bleq L2 
add13 $1,r11,r0 incb rO 
cmpl _ a(r0),$1 L2 : addl2 rO,_x 
jlss L9999 aobleq $10,r4,L 1 
movl $1,rO ret 
jbr L9998 

L9999: clrl rO 
L9998: add12 rO,_x 
L 18: incl r11 

jbr L20 
L 19: ret 

.set L 14,0x800 
L 16: jbr L 17 

(c) 

8. Software automation is already paying off in compiler design. In this example, three rules 
(a) are applied to the compilation of some C code (b). The Al-based compiler generates much 
more efficient assembly code than does a standard compiler (c). 
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043,a 
few external capacitors, your 
favorite precision op amp, 
and two resistors to set gain, 
you '11 have an instrumenta­
tion amp that rivals any IC, 
hybrid, or module currently 
available. And it even works 
on a single 5-volt power 
supply. 

The LTC1043 consists 
of precision CMOS 
(LTCMOS™) charge bal­
anced switches. As an 
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R1 R2 

CMRR > 120dBDCto20-Ht 
GAi/rt "" 1 + R21R1 
DRIFT S 2µ.Vf"t 

LTC J043 True Single SV Supply 
Precision Instrumentation Amplifier. 

LIN EAR TECHNOLOGY CORPO RATION 
1630 McCarthy Boulevard. 

Milpitas. CA 95035-7487 
PH : ( 408) 942-08 IO 

new Cf'(;ro43, It's a 
classic example of how smart 
technology can save you 
time and money. For 20 
more unique applications of 
the LTC1043, including sig­
nal conditioning circuits, 
high accuracy voltage multi­
ply or divide, sample and 
hold , FN and V/F convert­
ers, and switched capacitor 
filters , contact us today. 

LTCMOS is a trademark of Linear Technology 
Corp. 
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tute (Palo Alto) and the Information Sci­
ences Institute are not quite ready to elim­
inate human interaction during software 
design. In fact, they pref er to regard their 
approach as rapid prototyping, followed 
by stepwise refinement. 

A new company, Reasoning Systems 
Inc. (Palo Alto) is planning to put the Kes­
trel research to the test, perhaps as early 
as this summer. Currently under beta test­
ing, the start-up's automated program 
synthesis environment spans the whole 
software life cycle, from specification to 
maintenance. Domain-specific "knowl-

Very high level 
language 

High-level language 

Machine language 

Knowledge­
based 
tools 

Intelligent 
compi ler 

Conventional compiler 

9. Knowledge-based tools can greatly 
speed the design of software. By express­
ing an algorithm in a very high level lan­
guage, the actual coding in Lisp or Pascal 
can be left to an intelligent compiler. 
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edge packs" are planned for VLSI design, 
system programming, equipment testing 
and project management, among others. 

Knowledge-based software synthesis 
proceeds in several steps (Fig. 9). First, the 
user defines the program logic in a very 
high level definition language that pro­
vides for transformations and high-level 
data types. The language can be extended, 
permitting the user to define procedures. 
An intelligent compiler then produces an 
efficient, error-free implementation in a 
high-level language such as Lisp. Both the 
definition language and the compiler are 
controlled by the system's knowledge 
base. 

One interesting feature of the system is 
its ability to synthesize hardware as well 
as software. During algorithm synthesis, 
eight additional rules that look at con­
nectivity and data-passing "discover" the 
architecture most suitable for imple­
menting a given algorithm. 

Related to software automation is the 
science of proving a program's correct­
ness. Proponents claim that correctness 
proofs will be applied to any physical de­
vice that can be fully described with soft­
ware. Good examples are logic circuits, es­
pecially the often exceedingly complex 
VLSI, and soon ULSI (ultralarge-scale­
integration) chips. In theory, designs in 
any field-mechanical, aeronautical, or 
chemical-can be proven right or wrong. 
The catch is that only the software model 
can be analyzed, and if the model fails, so 
does the proof. 

This rather theoretical branch of AI is 
one that flourishes in Europe, perhaps 
more than in the States. In fact, it may 
well turn out to be the one artificial intel­
ligence specialty where the Europeans will 
introduce practical applications first. At 
the University of Kaisers-lautern in West 
Germany, for example, correctness proofs 
will be harnessed for teaching mathemat­
ics and electronic circuitry, in addition to 
program verification.o 



In the battle to replace LSTTL 
RCA is leading the way. 



RCA has true low-power 
drop-in replacements for LSTTL. 

QMOS blasts LSTTL. 
If you're an LSTIL user, your quickest route to 

CMOS power savings at LSTIL speeds is switching to 
HCTtypes of high speed CMOS logic. 

HCT types are drop-in replacements for LSTIL. You 
get big power savings and better noise immunity, with­
out redesigning. 

True low-power LSTTL replacements. 
Only RCA's unique input circuitry produces TIL 

compatibility without resorting to the use of a pull-up res­
istor. And pull-up resistors increase power consumption. 

Philips NV is an alternate source for RCA QMOS. 

·Types wi th a bus driver output stage. 

Shipping in volume, now. 
Most suppliers who have announced HCT products 

have yet to ship in volume. RCA, on the other hand, is 
shipping production quantities and we've increased our 
OMOS capacity by 100% in the past six months! 

High-Rel QMOS, too. 
RCA has introduced High-Rel QMOS devices to 

MILSpec883 Class B. 

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. 



And we're shipping them now. 

~Available in High-Rel types. 

Let's form a true-CMOS relationship. 
Don't settle for high speed CMOS HCT without true­

CMOS advantages. And when you're ready to redesign, 
or if you have an all-CMOS system now, RCA can intro­
duce you to our broad line of HC high-speed CMOS 
components. 

Don't wait to redesign. Drop-in HCT today. 
Let OMOS drop-in replacements for LSTIL help 

you blast your competition, too. 
Call your local RCA sales office or your RCA distrib­

utor today. 
Or call toll-free (800) 526-2177. 

Changing to serve you better. 

r-----------------------~ 

Mail to: RCA Solid State, Box 2900, Somerville, NJ 08876 I 
o Please send me the following samples (maximum 2): I 

I 
o Please send me data sheets on the following RCA QMOS types: 

Application---------------

Estimated annual usage-----------
Name _______ Title ______ _ 

Company---------------
Address _______________ _ 

City / State/ Zip --------------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L-----------------------J 
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Announcing the arrival of the world's first universal 

Standard Microsystems' 
HOC 9224 is so advanced it 
controls hard disks, floppy 
disks and even tape backup. 

The new addition to Standard 
Microsystems' magnetic control­
ler family is a single chip that 
controls Seagate-compatible 
hard disks, as well as IBM® com­
patible single- and double­
density floppy disks. 

A single chip that allows you­
for the first time- to include tape 
backup in a small computer 
without adding a lot of costly 

hardware and software. 
A single chip so advanced 

its built-in DMA controller and 
ECC detect and correct errors 
with absolutely no processor 
intervention. 

We've named this new addi­
tion the HDC 9224 Universal Disk 
Controller. But you may call it 
one of the biggest break­
throughs in IC performance in a 
long, long time. 

The cornerstone of an 
intelligent subsystem. 

The HDC 9224's ultraflexible 

architecture makes it the true 
"next generation Winchester 
disk controller." With the addition 
of a few simple parts, you can 
use the HDC 9224 to build a 
high-performance, low-cost 
subsystem that controls up to 
four hard disks, floppy disks 
and tape drives. 

The HDC 9224 easily inter­
faces to all popular ST506-
compatible hard disk drives with 
up to 16 heads. Its flexible format 
command lets you select hard 
disk sector lengths up to 16 kilo­
bytes and can be used with both 



disk controller. 

interleaved and non-interleaved 
sector formats. 

The versatile HDC 9224 also 
controls all popular floppy disk 
drives, including the new 3.5-inch 
microfloppy. It can read and 
write, using industry-standard 
floppy disk recording formats, in 
both single and double density. 

Whafs more, our popular 
FDC 9216 Floppy Disk Data Sepa­
rator is fully compatible with the 
HDC 9224, and to further simplify 
your design tasks, we'll soon intro­
duce two new companion 
chips- a Disk Buffer Manage-

ment Unit and a Hard Disk Data 
Separator. 

Available for immediate 
delivery. 

Best of all, you can get the 
HDC 9224 when you need it the 
most. Today. In the near future, 
we also plan to announce a 
well-respected second source 
and several system-level board 
products for the PC-bus and 
other popular buses. 

The HDC 9224 Universal 
Disk Controller is an n-channel, 
silicon-gate MOSNLSI circuit 
fabricated with Standard 
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Microsystems' COPLAMOS tech­
nology. Ifs available for immedi­
ate delivery in a 40-pin ceramic 
or cerdip dual in-line package. 

For more information, con­
tact Standard Microsystems 
Corporation, 35 Marcus 
Boulevard, Hauppauge, NY 11788. 
(516) 273-3100. 

IBM" is a registered trademark of the International Business 
Machines Corporation. 



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 you? 
For details, contact us at (408) 554-2311. 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 
I 
I 

I need analog+digital circuits fast! 

D Send me the fact-filled brochure on your 
analog capabilities. 

D Send me your standard cell brochure. 

D Tell me about the following application(s): 

D 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 1!10 

•) GOULD 
AIM[J Semiconductors 
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techniques, and equipment. Moreover, as 
the workstations design data base gets 
linked to prototype evaluation and 
manufacturing tests the loop is getting 
closed on the whole design and test cycle. 

Right now, CAE tools give engineers the 
power to create complex designs that far 
exceed the capabilities of the tools used to 
generate and analyze test programs. 
ATPGs (automatic test program gener­
ators), for instance, do just fine with com­
binatorial logic but fall apart when ap­
plied to the sequential logic that forms the 
basis for most modern designs. Similarly, 
fault simulators, which grade the effec­
tiveness of test vectors, have yet to model 
the unique failure modes of CMOS logic. 

Forced to work with these handicaps, 
engineers will employ special design tech­
niques to overcome the limitations of the 
test tools. Structured design approaches, 
for example, transform sequential circuits 
into combinatorial ones for test purposes, 
simplifying test program generation. 

What's more, as VLSI designs continue 

I Workstations prepare 
to play a key role in 
making designs testable 

to push the gate-to-pin ratio, built-in test­
ing will become ever more important. Fi­
nally, at the board level, many engineers 
will be making more use of the various ad 
hoc techniques that make a design easier 
to test. 

In considering the whole testability pic­
ture, the engineering workstation will 
play a key role. In the few years that 
workstations have been available, engi­
neers have taken to them like ducks to 
water. In fact, the introduction of the IBM 
PC AT has everyone saying that powerful 
computers are now cheap enough to really 
legitimize the idea of a workstation on ev­
ery engineer's desk. 

From a testability standpoint, however, 

144 Electronic DHign •January 10, 1985 

workstations used just for design-with­
out considering testability-can be looked 
upon as a way to let a designer create more 
testing problems faster. Fortunately, 
workstations are taking another path, 
that of linking design and test (Fig. 1 ). 

Thanks to the workstation, people, tech­
niques, tools, and equipment will team up 
to do the testability job right. Impor­
tantly, the workstation's design data base 
will increasingly be linked to automatic 
test equipment and prototype evaluation 
hardware. Until recently, for example, an 
engineer who sat down at a workstation 
and designed a custom device really had no 
good way to evaluat~ his prototype, unless, 
of course, he had access to a million-dollar 
chip tester. Regardless of how good a de­
sign is, the prototype can be considered 
untestable unless the engineer has access 
to hardware to verify the physical part. 

Specialized test equipment for proto­
type evaluation is starting to appear-a 
trend that is likely to escalate very quick­
ly. This new breed of tester is specifically 
designed to tie into the CAE data base. 
Basically, the tester's pattern generator 
takes test vectors developed by a simulator 
and applies them to the prototype device. 
Meanwhile, the tester also captures test 
results from the prototype so they can be 
compared with the responses predicted by 
the simulator. In other words, the engi­
neer has a mini-ATE system right at his 
workstation. 

One such unit, the IMS 1000 Design 
Master from Integrated Measurement 
Systems (Beaverton, Ore.), is complete 
right down to the test fixture. Up to 192 in­
puts or outputs can be handled by the unit, 
which supplies test patterns at rates up to 
20 MHz (40 MHz optional). Importantly, 
the outputs from the device under test can 
be compared in real time with those pre­
dicted by the simulator. 

Another prototype tester actually be­
comes an integral part of a simulator. 
Dubbed the Chipchecker, the unit from 



HHB-Softron Inc. (Mahwah, N.J.) ties into 
the company's Cadat logic and fault simu­
lators and is driven through commands 
from the simulator. This allows the engi­
neer to decide whether to apply the simu­
lator's test vectors to a software model or 
download them to the Chipchecker to 
stimulate the physical part. 

Workstations are also starting to off er 
their own optional prototype evaluation 
hardware.Users of the Idea series of 
engineering workstations from Mentor 
Graphics Inc. (Beaverton, Ore.), for exam­
ple, can now equip themselves for logic 
analysis and pattern generation by adding 
the company's recently introduced HVS 
(hardware verification system) option. 

Given the importance of prototype eval­
uation and the increasing use of custom 
and semicustom parts, there is likely to be 

Techniques 

Structured design 

Built-in test 

Ad hoc 

Design engineer 
(implements testability) 

Tools 

Simulation 

Fault simulation 

Testability analysis 

Automatic test 
program generator 

TESTABILITY 

a continuing flurry of activity in this area. 
The instrument houses in particular are 
steeped in the appropriate hardware tech­
nology. A recently introduced system, the 
Caesar 400 from Dolch Logic Instruments 
Inc. (San Jose, Calif.), packages existing 
instrument plug-ins such as word gener­
ators, logic analyzers, and in-circuit emu­
lators from the company's Atlas and Colt 
products in a manner that is clearly in­
tended to link to workstations. In fact, the 
company recently announced an agree­
ment to supply an instrument package for 
CAE System's 2000 workstation. 

In some cases all it takes is a software 
package to adapt existi_ng instruments for 
prototype evaluation. This year, for in­
stance, Tektronix Inc. (Beaverton, Ore.) 
released software that links the pattern 
generation and logic analysis functions of 

Management 
(mandates testability) 

Engineering 
workstation 

(integrates tools) 

I 
I 
I 
I 
I 
I 

_j_ 

Prototype 
test 

equipment 

, 
I 
L 

Test engineer 
(implements testing) 

Automatic 
test 

equipment 

1. The engineering workstation is destined to aid testability by uniting all the elements in the 
design-test cycle. Important links involving designers and test personnel which are just 
starting to appear are indicated by the dotted lines. 
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its DAS 9100 system directly to logic simu­
lators. 

What's more, both Hewlett-Packard 
and Tektronix will likely introduce engi­
neering workstations in the near future, 
although they seem to be in a race to see 
who introduces last. One thing is certain, 
there is a lot of speculation about what tra­
ditional test and measurement tools, if 
any, will be included in these systems. 

Of course, the real power of worksta­
tions lies in the software tools they incor­
porate, a concern so paramount that the 
"not invented here syndrome" is fast dis­
appearing. Through an unprecedented 

I Cross-licensing brings 
more powerful software 
into CAE workstations 

spurt of cross-licensing and joint agree­
ments, workstations are merging more 
and more existing CAE tools. At the same 
time they are linking to both chip and 
board testers. The end result of all this will 
be to make it easier for an engineer to pro­
duce testable designs. Moreover, new tools 
are constantly being developed to solve 
some of the problems caused by working 
with the latest devices. 

A case in point is designing with pro­
grammable logic arrays. Typically, an 
engineer sits at his workstation and devel­
ops a design, which is submitted to the chip 
manufacturer. Then the manufacturer 
uses his sophisticated automatic pattern 
generation tools to develop a test program 
for the array. The fly in the ointment is 
that sometimes the design, as submitted, 
has testability problems. In that case the 
manufacturer has to go back to the engi­
neer to ask for a new design. Obviously, 
that is not a very efficient process. 

The answer is to let the designer deter­
mine whether the circuit is testable right 
at his workstation. Toward this end, Data 
1/0 Corp. (Redmond, Wash.) is readying a 
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low-cost ATPG for PAL devices from 
Monolithic Memories and its alternative 
sources. The generator will run on the IBM 
PC or Digital Equipment's VAX comput­
ers. Besides creating test vectors directly 
from the array fuse map, the program gen­
erator also tells the designer the degree of 
fault coverage the test vectors produce, 
thereby alerting ~im to any testability 
problems. 

The array manufacturers are not stand­
ing still either. New chip designs are incor­
porating techniques such as the ability to 
jam load registers to make testability 
more certain. Testability breakthroughs 
are being made in the VLSI chip design 
area too. The idea is to alert designers to 
possible testing problems as early in the 
design cycle as possible. 

Relatively new chip design software 
from VLSI Technology Inc. (San Jose, Cal­
if.) lets the user describe his design using a 
test language called VTL (ELECTRONIC 
DESIGN, Nov.15, 1984, p. 207). Then, soft­
ware dubbed VTI test generates test vec­
tors that go either to a simulator or to a 
VLSI device tester. What makes this soft­
ware so important is that it considers both 
simulator and tester limitations as the 
test program is generated. If any conflicts 
arise, such as insufficient pin allocation 
resources on the tester, the designer is im­
mediately notified. 

Chip testers and board testers are gear­
ing up for testability, too. Most of today's 
testers evolved to handle units that were 
not designed to be easily tested. As a re­
sult, they tend to be large, expensive ma­
chines. 

As more testability gets designed into 
chips and boards, two things will probably 
happen. Some testers will continue to get 
bigger and better, and a new breed of less 
expensive units will come into being. The 
big testers will continue to grow in speed 
and pin count. Moreover, some really huge 
amounts of memory will go into these 
testers to handle the long serial test pat-



terns required by some of the scan designs. 
Prices, on the other hand, will probably 
not rise as much as performance. Like 
computer products, testers will benefit 
from the low-cost computing power avail­
able with the latest technology. 

As for the less expensive new breed, 
built-in testing may turn tomorrow's 
tester into more of a monitoring unit, with 
less emphasis on its stimulus capability. 
Moreover, built-in testing carried to the 
extreme may very well result in chips that 
can completely test themselves. 

As far as people are concerned, design 
engineers are changing, at least philo­
sophically. With circumstances forcing 
them to consider testability, they are 
starting to get a feel for what the test engi­
neer has been going through all these 
years. In addition to workstations being 
linked to testers, communications paths 
are being opened between design engi­
neers and test engineers. In some cases 
test engineers may actually supply inputs 
during the design phase, something that 
Wfl.S unheard of not too long ago. 

The fundamental change taking place, 
however, is that test engineers are no 
longer expected to reverse-engineer a 
product to develop a test program. That 
method is just plain impractical with 

I Testability is becoming 
the responsibility of 
the design engineer 

today's designs and even worse with to­
morrow's. For this reason all the emphasis 
on testability is shifting to the design 
process-where it belongs. The test engi­
neer will still be responsible for automatic 
test equipment and test programs. But he 
or she will miss out on some test program 
generation nightmares, a condition they 
can probably live with. Of course, these 
changes will not take place overnight, but 
they are inevitable, a fact that manage-

TESTABILITY 

ment is just now starting to realize. 
Testability always has been, and will 

continue to be, a management responsi­
bility. All too often, however, it has taken a 
back seat to cost considerations and 
schedules. The old school of thought was to 
get the design out of engineering and into 
production as soon as possible. Riding 
along with this philosophy was a mystical 
faith that somehow, along the way, the 
testing problems would get solved. 

Today's more astute managers recog­
nize that the old ways are no longer good 
enough. What is needed, they realize, is for 
management to mandate that testability 
be designed into new products. Once that is 
done, implementing that policy will be the 
responsibility of the design engineer. 

Each and every design possesses some 
degree of testability. But when testability 
is not designed in, the engineer (and every­
body else down the line) is stuck with what 
results. On the other hand, designing for 
testability reduces the likelihood of un­
pleasant surprises at test time. Moreover, 
testable designs are a lot easier to debug 
initially, an important benefit. 

A highly testable digital circuit pos­
sesses several key attributes. First, it is 
easily initialized. Second, it is easily con­
trolled by a small number of test vectors 
applied to its primary inputs. Together 
these two attributes determine what is 
called the controllability of the design. 

In addition, the internal states of a high­
ly testable circuit are uniquely and easily 
identifiable either through its primary 
outputs or through special test points. 
This characteristic has come to be known 
as the design's observability. 

Because it has no internal states, and its 
outputs are a direct result of its present in­
puts, combinatorial logic shapes up pretty 
well from a testability standpoint. High 
fault coverage is readily obtained using 
ATPGs. The trouble is that everyone is 
now designing with sequential circuits. 

What makes testing them tough is that 

Electronic Deaign • January 10, 1985 147 



1985 TECHNOLOGY FORECAST 

the outputs of a sequential logic circuit are 
determined not only by the present inputs 
but also by the current internal state, 
which in tun1 is a function of both the 
present and the previous inputs. Couple 
this fact with the enormous ratio of logic 
to I/O pins on a VLSI device and it is easy 
to see why controllability and observ­
ability go to pieces. What's more, ATPGs 
have nervous breakdowns when they work 
on sequential circuits. The test patterns 
they come up with do not produce high 
fault coverage. 

So what alternatives exist to automatic 
test program generators? One method­
pseudorandom pattern generation-has 
been around awhile and is now getting a 
lot of renewed interest. Well suited to test­
ing combinatorial logic, the technique ap­
plies a series of algorithmically generated 
pseudorandom test patterns to the circuit 
under test. Then, data compaction tech­
niques such as signature analysis are used 
on the circuit outputs to verify the re­
sponse. Because the data compression 
technique allows a large number of test 
vectors to be easily generated at high clock 
rates, random pattern generation is an at­
tractive candidate for on-chip testing 
schemes. 

Manual generation of test patterns is 
not dead yet either. Of ten manually gener­
ated patterns will be used to supplement 
those generated automatically or psuedo­
randomly. 

I Fault simulation grades 
how well test vectors 
spot circuit problems 

Generating test patterns is only half the 
battle, though. The patterns have to be 
evaluated as to their effectiveness at un­
covering faults. That evaluation requires 
fault simulation, which can be done by 
manually inserting faults, applying the 
test vectors, and determining whether the 
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fault is detected. Often, this approach is 
used at the system level. 

At the device or board level, however, 
software fault simulation is very popular. 
As with ATPGs, however, the simulator 
can quickly exhaust the available com­
puting resources. Depending on the ap­
proach, CPU time can rise according to the 
square or cube of the number of gates in 
the circuit. One way around this problem 
is to take a statistical approach in which 
only a certain percentage of all the possi­
ble faults are simulated. 

Fault simulation can be done in four 
main ways: serially, with one fault in­
serted at a time; with a small number of 
faults in parallel; deductively, where only 
the good machine is simulated and fault 
effects are deduced from the good ma-

I Elite simulation engines 
perform evaluations 
up to 1,000,000 events/s 

chine's state and the faul t sources; and 
concurrently, where a large number of 
faults are simulated at the same time. 
Concurrent simulation, which is the fast­
est method, has become quite popular. 
Renew~d !nterest in serial fault simula­
tion is appearing, however, since the intro­
duction of simulation engines. These are 
special-purpose hardware machines capa­
ble of simulating as many as 1 million 
events a second. 

In a recent evaluation by the Digital 
Equipment Corp. (Hudson, Mass.), a 
Zycad Corp. (Arden Hills, Minn.) LE 1002 
simulation engine, which can do serial 
fault simulation, was compared with a 
software-based concurrent simulator, 
DECSIM. The study showed that the 
simulation engine's raw speed was not as 
important as the overall run time. Includ­
ed within that run time is the setup time 
(the time it took to load the network de­
scription and apply the stimulus), which 
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was much greater than the actual simula­
tion time. Nevertheless, on a network of 
62,000 gates, the simulation engine proved 
to be 400 times faster. 

Fault simulation is also getting a chal­
lenge from testability analysis programs 
that seek to rate the degree of control­
lability and observability early in the de­
sign cycle. Right now there are three 
schools of thought on the matter-test­
ability analysis will replace fault simula­
tion, fault simulation will never be re­
placed, or they both should be used 
together. 

Actually what testability analysis is 
pointing towards, although it is really pie­
in-the-sky right now, is a testability rule 
checker similar to the design rule checkers 
used for chip layout. 

Fault simulation is under attack from 
another direction, too. Because they model 
faults as either stuck-at-zero or stuck-at­
one conditions, fault simulators cannot 
represent some of the failure modes of 
CMOS circuitry. For instance, such cir­
cuits can have stuck-at-open failures, 
causing a gate output to retain its previous 

I Failures in CMOS circuits 
cause combinatorial logic 
to become sequential 

value and the circuit to become sequential. 
Thus it would require two test vectors to 
detect a fault-one vector would sensitize 
the circuit to the fault, the other would 
cause it to show up. Some users, though, 
say that in actual practice, applying con­
ventional fault simulators to CMOS cir­
cuits has not been as disastrous as one 
might think. 

Lastly, the latest trend in fault simula­
tion is to try and move it up in the design 
hierarchy. Recent efforts have been di­
rected toward applying fault simulation at 
an architectural level, for instance. Using 
this approach, researchers at the AT&T 
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Co. (Princeton, N.J.) achieved good cor­
relation of fault coverage between an 
architectural model of a circuit and one 
realized at the gate level. 

Add up all the problems with the test 
tools and it is easy not to be optimistic 
about testability. Consequently, various 
design techniques have been invented that 
take some of the strain off of the existing 

I Design techniques work 
around the limitations 
of the testing tools 

tools. A major trend here is to use a struc­
tured design that transforms sequential 
circuits into combinatorial ones for test 
purposes. With the structured approach, 
the actual architecture of the design is dic­
tated by the requirement for testability. 
Little is left to chance. If the rules are fol­
lowed, an easily tested product will almost 
certainly result. 

There are penalties to pay, however. Ex­
tra circuitry is needed, meaning that chips 
get bigger. As a result, yield and reliability 
may be degraded, and performance may 
suffer. Moreover, the rigid design rules 
may stifle a designer's creativity. Even so, 
some large vertical system houses have 
gone this route with a lot of success. 

Depending on who is doing the looking, a 
given approach is either in the past, pre­
sent, or future. One of the structured ap­
proaches, scan-path design, illustrates the 
ambiguous nature of testability quite well. 
For instance, in 1978 Nippon Electric Co., 
Ltd. (Tokyo) suggested a configuration in 
which modified memory elements consti­
tute a special shift path to scan test vectors 
in, and test results out (Fig. 2). The memo­
ry consists of master-slave D-type flip­
flops with auxiliary data and clock inputs, 
D2 and C2, respectively. D1 and C1 are the 
normal data and clock inputs. 

During the scan-in operation, a test vec­
tor is applied to the primary inputs, and 
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another test vector at the scan input is 
serially shifted into the memory elements 
by clock 2. Then clock 1 is operated for one 
cycle. Next, clock 2 is used to serially shift 
out the test results appearing on the 
memory elements to the scan output. The 
big advantage of the technique is that a 
sequential circuit is reduced to a combina­
torial one for test purposes. 

As far as the present is concerned, 
Honeywell Inc. (Phoenix, Ariz.) is obtain­
ing very high fault coverage with what it 
calls native fault testing, its first venture 
into scan-path design. In this implementa­
tion, a single synchronous clock is used 
both for the circuit's function and to scan 
data in and out. A control input on the 
memory elements switches the circuit into 
the test mode. 

The scan-path technique was chosen to 
meet the design requirement that the test 
program detect 99% of the stuck-at faults 
that might arise. Once again, because the 
circuit appeared as a combinatorial one 
for test purposes, an in-house aqtomatic 
test program generator was able to gener­
ate the necessary test vectors. 

TESTABILITY 

Another reason the technique was cho­
sen is that it is applicable at the chip, 
board, and system levels. For example, all 
the ·scan paths of the devices on a board 
can be serially linked to form a single pa th. 
Moreover, making the design testable 
increased the amount of required logic by 

I Investigating scan-path de­
sign approaches for CMOS 
semicustom LSI chips 

a small amount only 5% to 7%. 
A look toward the future spurred a re­

cent study to determine the applicability 
of scan-path techniques to CMOS semi­
custom LSI chips. In the study, Siemens 
AG (Munich, West Germany) focused on 
the impact of scan-path design on chip 
area and test generation. Their evaluation 
circuit contains the equivalent of 2400 
gates in 534 standard cells, 157 of which 
are flip-flops. Moreover, the circuit has 19 
input, 15 output, and32 bidirectional pins. 
With the circuit designed conventionally, 
an ATPG took 3500 seconds of CPU time to 

Clock 2 ---- ------------ - - -
Clock 1 ----+---+-------+--

C, C2 
Scan 
input --'"'i O, 

Primary 
inputs 

Source: 1978 International Test Conference 

C, C2 C, C2 

t---~ o, t---~ o. 

o, o, 

Combinatorial circuit 

Scan 
- -- output 

Primary 
outputs 

2. In the scan-path technique implemented by NEC, the storage elements have 
auxiliary data (D2 ) and clock inputs (C2 ) . During test, the element form a shift 
register for scanning test vectors in, and test results out using clock 2. Thus, 
a sequential circuit is transformed into a combinatorial one for test purposes. 
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generate 8000 test vectors that detected 
only 38% of all stuck-at faults. 

Next, a mixed strategy was tried. For 
openers, 7000 manually generated test 
vectors achieved 64 % fault coverage. 
Added to those vectors were 13,000 ran­
domly generated ones, which increased 
the fault coverage by 7%. Then, the ATPG 
created an additional 7800 test vectors, 
adding another 14% to the fault coverage. 
The grand total came to 30,000 seconds of 

Data lnput:Er Data Input 
Latch Latch output Clock 

Shift· register Input 
Clock A shift 

(•) (b ) 

TESTABILITY 

CPU time for 27,800 test vectors that 
achieved 85% fault coverage. 

When the circuit was implemented, 
using the scan-path technique, the chip 
area increased by about 14% as expected. 
The big news, however, came when the 
same ATPG was :i.pplied to the resulting 
pseudo-combinatorial circuit. Here, less 
than 400 seconds of CPU time generated 
190 vectors and 95% fault coverage. 

Of course, the test vectors have to be 
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3. The LSSD (level-sensitive scan design) technique developed by IBM uses a po­
larity latch to eliminate timing problems and race conditions. As long as the 
clock = O, the output cannot change state. After the input is stable, the clock is set 
to 1 and the output takes on the value of the input (a). Two latches are used to 
form a shift register latch (b). As implemented on a typical LSSD LSI chip, the shift 
register latches are clocked to form the scan path for test signals indicated by the 
dotted lines (c). 
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shifted in and out of the 157-element scan 
register. This means that about 30,000 vec­
tors are needed by the automatic test 
equipment, roughly similar to that re­
quired by the conventional design. The 
study concludes that deciding to use the 
scan-path approach is not a technical 
question, but an economic one weighing 
the disadvantages of increased chip area 
against the improved testability for 
limited-production semicustom devices. 

A different form of structured design 
called LSSD (level-sensitive scan design) 
was developed by IBM Corp.'s System 
Communications Division (Hopewell 
Junction, N.Y.) and its System Products 
Division (Boulder, Colo.). One of the driv­
ing forces behind this approach was to de­
sign sequential logic structures so that 
correct operation does not depend on 
signal rise and fall times or on circuit and 
wire delays. In other words, circuit oper­
ation becomes level-sensitive as opposed 
to edge-sensitive. The other concern was to 
design the storage elements so they could 
be operated as shift registers for test pur­
poses, much like the scan-path approach. 

The level-sensitive part of the design is 
accomplished with a polarity hold latch 

I A polarity hold latch 
forms the foundation for 
level-sensitive designs 

(Fig. 3a). As long as the clock is at logic 0, 
the output of the latch cannot change. Af­
ter the input stabilizes, the clock is set to 
logic 1, causing the output to take on the 
value of the input. The scan part of the de­
sign is realized by using two of the latches 
in a master-slave relationship to form a 
shift register latch (Fig. 3b). 

To operate the latch as a shift register, 
data from the preceeding stage is gated in­
to latch 1 via the shift register input when 
the A shift signal goes to logic 1. After the 
A signal returns to logic 0, the B shift 
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signal gates the latch 1 data into latch 2. 
In a typical LSSD LSI chip, the shift reg­

ister latches form a scan path for testing 
(Fig. 3c). Appropriate clocking shifts test 
vectors or test results along the path indi­
cated by the dotted line. As with scan-path 
testing, the LSSD technique allows se­
quential circuits to be tested as though 
they were combinatorial. 

Since its inception, LSSD has undergone 
several refinements. One refinement adds 
a third latch that allows LSSD circuits to 
be interfaced to non-LSSD circuits. An­
other improvement helps overcome one of 
LSSD's drawbacks-it can require 20% or 
more extra silicon to implement it. In 
many parts of the circuit the L2 slave latch 
is used only for testing and becomes over­
head when the circuit is functioning. To re­
duce the overhead, a second data port is 
added to the slave latch. This data port is 
clocked by a system clock, permitting it to 
be used to store system data when the cir­
cuit is functional. 

As powerful as a technique like LSSD is, 
when it is combined with circuit partition­
ing for test purposes, a dramatic reduction 
in the CPU time required to generate test 
vectors occurs. In a study by the IBM's 
System Products Division, the CPU time 
required by an IBM 370 computer for logic 
structure description entry and test vector­
generation was studied for three situa­
tions-an unconstrained sequential net­
work design, an unpartitioned LSSD 
implementation, and an LSSD imple­
mentation partitioned into sub-networks. 
Both the unconstrained design and the un­
partitioned LSSD design reached a net­
work size where CPU time, hence costs, 
rose sharply (Fig. 4). By constrast, CPU 
time for the partitioned design rose linear­
ly with network size. 

One benefit of all the scan techniques is 
that they greatly aid in fault isolation. By 
applying signature analysis to the serial 
stream of test data that is scanned out, it is 
possible to trace a fault back to the device 



level during board or system test. 
While the foregoing approaches have all 

been variations on the serial scan theme, a 
random scan method has also been pro­
posed for testing sequential circuits. 
Developed by Fujitsu Ltd. (Tokyo, Japan), 
the technique uses addressable latches as 
storage elements (Fig. 5). The array of 
latches also serve as test input and test 
output holding latches. 

As each latch in the array is sequential­
ly addressed, data applied to the scan data 
input is strobed into the addressed latch 
by the scan clock. Then, the system is 
clocked once and the latches are serially 

120 

TESTABILITY 

addressed and clocked again. As each latch 
is clocked, its output is fed to an AND tree 
where it appears at the scan data output. 

An advantage of this technique is that 
each latch can be independently selected. 
Moreover, a latch can be accessed without 
disturbing the internal state of the circuit. 
Because the latch array is essentially 
structured like RAM, on-board memory 
can also be tested by steering the test 
signals to it using multiplexers. 

There is a pretty heavy penalty to pay 
for random scanning, however. Two ad­
dress gates are needed for each storage 
element, along with the address decoders 

110 Unconstrained design 
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4. Partitioning a complex circuit for test purposes, even when it 
has been designed for testability, greatly reduces the CPU time 
needed to generate test programs. In this study concluded by 
IBM, CPU time rises linearly with gate count when an LSSD de­
sign is also partitioned. By contrast, both the unconstrained and 
full network LSSD designs rapidly reach points where CPU time 
becomes pronibitive. 
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and output AND tree. This results in an 
overhead of three to four gates for each 
storage element. What's more, 10 to 20 
pins are required for the scan control, 
data, and address pins. The pin count could 
be reduced to six, but then the latch ele­
ments would have to be selected by a 
serially loadable address counter. 

Despite the benefits of scan designs, 
their use is not widespread. One reason is 
that the special memory elements needed 
are not available. At least two chips, how­
ever, are designed around a Serial Shadow 
Register (SSR) technique which is a form 
of scan design (ELECTRONIC DESIGN, April 
14, 1983, p. 119). Jointly developed by Ad­
vanced Micro Devices Inc. (Sunnyvale) 
and Monolithic Memories Inc. (Sunny­
vale), a pipeline register and a registered 
PROM each parallel existing registers 
with shadow registers. The shadow reg­
isters can be loaded in parallel from inter­
nal circuit test points and shifted serially 
to observe the signals. Similarly a shadow 
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and clocks _____ 19! 

Scan data input 
Scan clock input 

Scan•••I 
address 

Source: Compcon S'80 

Combinatorial 
circuit 

Addressable 
storage 

elements 
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TESTABILITY 

register may be initialized to any state for 
control purposes by serially shifting that 
state into the register. 

An interesting comparison is to look at 
scan design from the point of view of com­
mercial VLSI chip designers. A case in 
point is the MC68020 32-bit microproces­
sor. The engineers at Motorola Inc. (Aus­
tin, Texas) knew it would be impossible to 
functionally test such a complex chip. At 
the same time, they realized that using a 
fully structured testing approach would 

I Putting testability into 
the design of a commercial 
32-bit microprocessor 

result in unacceptable increases in both 
die size and test time. As a result, they 
used a mixed approach. Structured testing 
handles the difficult to test control logic, 
while functional tests check the chip's 
execution unit which has good control-

.... Output 

Scan data t---- output 

5. A random scan method developed by Fujitsu places all 
storage elements of a sequential circuit into an addressable 
array. As each element is serially addressed, test data is 
scanned in. An important advantage of this technique is that 
when data is scanned out, the internal states of the circuit 
are not changed. 
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lability and observability. 
Partitioning played a big role in simpli­

fying testing. Thanks to the bus orien­
tation of the chip, PLAs, RO Ms and the 
cache memory were separated from the 
rest of the circuitry using microcode and 
multiplexers. Because some of the PLAs 
could not be separated using the existing 
buses, additional partitioning was accom­
plished with a signature register. An on-

I Testing is simplified 
when the design is 
partitioned into sections 

chip register, which represents the only 
built-in self test used, tests those PLAs. 
Overall, the design team feels its test logic 
realized the same goals as scan design 
without imposing the penalty of increased 
die size. 

Because techniques such as LSSD are 
not for everyone, one forward looking ap­
proach seeks to solv.e test problems by in­
terfacing the controllability and observ­
ability points of a circuit to a proposed 
standard testability bus. Dubbed the 
Turino (Totally universal reset, initial­
ization and nodal observation) circuit, the 
concept developed by Logical Solutions 
Inc. (Campbell, Calif.) can be implemented 
as a standard cell in a VLSI device, a gate 
array, or with conventional MSI com­
ponents (Fig. 6). 

Basically, the circuit can be divided into 
two major areas-the control point sec­
tion, and the visibility section. When con­
nected as shown, the circuit can be pro­
duced as a single device. Alternatively, the 
sections can be implemented as separate 
devices, combining the appropriate sig­
nals at the board or system level. 

Except for the control point outputs and 
visibility point inputs, the connections to 
the circuit make up the testability bus. A 
minimum standard bus would require 
about 20 pins. Because the control point 
and visibility point sections are equipped 
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with serial data inputs and outputs, ex­
pansion is easily accomplished by con­
necting the serial output of one circuit to 
the serial input of another. 

Using a logic simulator, 32 visibility and 
control points were added to a board con­
taining 150 ICs, several of which were 
LSI/VLSI devices. Compared to the stan­
dard board, test programming time was 
reduced 20% minimum, 50% typical; the 
number of test patterns was reduced by 
15% minimum, 50% typical; test and trou­
bleshooting times by 10% minimum, 25% 
typical; fault coverage increased by 5% 
minimum, 10% typical. Moreover, where 
LSSD type approaches typically impose a 
2% to 20% overhead in additional circuit­
ry, the proposed circuit typically imposes 
less than 1 % overhead. The circuit has a 
patent pending and is available for licens­
ing on a non-exclusive basis. 

Another way around the VLSI testing 
problem involves taking some of the func­
tions normally performed by a tester and 
building them right on the chip. Such 
built-in test approaches will see some 
pretty heavy activity in the years to come. 
The nice thing about built-in test is that it 
doesn't necessarily require the kind of 
total design commitment the scan tech-

I 
Coupling built-in test with 
scan-design yields chips 
that check themselves 

niquesdo. 
One approach known as Bilbo (built-in 

logic block observation) couples built-in 
test with the shift regist er concept of 
LSSD. When placed in the test mode, each 
Bilbo subsystem can be operated as a shift 
·register, pseudorandom pattern gener­
ator, or parallel signature analyzer. With 
one subsystem supplying test patterns, 
and another generating signatures, a 
combinatorial network between them can 
be tested (Fig. 7a). By reversing the roles 
of the two Bilbo subsystems, a second com-



True Dual Trace• 10 MHz Real Time Bandwidth• 3 Input Channels• I/O Port 
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Consider the LogicScope 136 
• The LogicScope 136 is the next logical step in test instru­
mentation for you. It combines many of the features and capa­
bilities of sophisticated logic analyzers and oscilloscopes .. . 
and it fits in your hand. Never before has so much technology 
been available in so.small an instrument, at such a low price. 
• The pocket-sized LogicScope 136 is made possible by a 
patented breakthrough in display technology. The conven­
tional CRT has been replaced by a unique array of 400 LED's 
that permits simultaneous display of two digital waveforms. 
• The 136 can be used for viewing single shot events, or 
repetitive waveforms. It can be operated in real time mode, or 
in memory mode which permits acquisition and storage of up to 
50-100 bit waveforms. These can be recalled, logically com­
pared (AND, OR, EXCLUSIVE OR) to other input waveforms, 
or output to an external device via an 1/0 port. This 1/0 port 
will also accept future add-on 136 Modules . 
• Its very low cost, convenience and ease-of-use make the 
LogicScope the ideal instrument, for designing, troubleshooting 
or repairing digital systems. Made in U.S.A. 

Consider its Engineering & Field Service Applications: 
• On microprocessor-based systems, check the timing rela­
tionship of various parameters relative to the system clock and 
other key events. Its storage capability allows visual and logi­
cal comparison of non-repetitive waveforms to known refer­
ence signals. Output in the start-up of the digital device can be 
compared to reference signals to determine the operating state 
of the device. Questionable waveforms can be stored for analysis. 
• Its light weight and small size make the LogicScope conven­
ient to take on every service call. The 136 provides much more 
information for trouble shooting a digital system or peripheral 
than a logic probe or digital counter without having to lug an 
oscilloscope or logic analyzer along. 

Contact us for the name of your local distributor 
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7320 Parkway Drive, Hanover, MD 21076 U.S.A. 
301-796-3300 TELEX 908207 
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binatorial network may also be tested 
(Fig. 7b). 

Built-in testing is almost becoming a ne­
cessity as more and more VLSI devices in­
corporate embedded RA Ms. These are 
memory arrays whose address, data, and 
control lines are not accessable from the 
chip's I/O pins. One proposal for the test­
ing of embedded RAMs uses a combination 
of self-test and scan techniques. By mod­
ifying the address, input data, output data, 
and read/write control registers, re­
searchers at Stanford University (Stan­
ford, Calif.) ended up with a memory that 

TESTABILITY 

could operate either normally, or in any of 
three test modes: scan, single-step, and 
self-test. 

When the scan mode is selected, all reg­
isters and flip-flops form a scan path to 
shift test signals in, and test results out. 
By shifting in the appropriate patterns, 
bridging faults between any two data lines 
and can be detected, along with faults in 
all the registers and their associated com­
binatorial circuits. Moreover, this mode 
also detects any single stuck-at faults in 
the embedded memory. 

Using the single-step mode, self-testing 
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6. The Turino (Totally Universal Reset, Initialization and Nodal Observation) circuit 
has been proposed by Logical Solutions to interface the control and visibility 
points of a circuit to a standard testability.bus. All connections to the circuit other 
than the control point outputs and visibility point inputs, are for the testability bus. 
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Here's how to start analping data 
in minutes instead of weeks. 

Buy the Gould DASA 9000. It's the only data 
acquisition system with turnkey, menu-driven 
software for signal acquisition; with multi­
channel, high-resolution color graphics; and with 
data file management. You don't spend weeks 
or months writing your own programs. You can 
begin to use this versatile, easy-to-operate 
system immediately. 

Response of the system's multichannel signal 
digitizer is from de to 50kHz per channel provid­
ing for high speed signal acquisition for up to 
32 channels. Also, hardware trigger and a large 
internal memory with up to 100% pretrigger 
capability make the DASA 9000 ideal for single 
shot or transient recording. 
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The signal digitizer also allows realtime recording 
using oscillographs or instrumentation tape 
recorders. In addition, test data can be auto­
matically outputted to disk or graphed by Gould's 
multipen digital plotters. 
Gould uses its more than 40 years experience 
in signal conditioning, acquisition and display to 
make it easy for users of analog instruments to 
digitize, store, retrieve and analyze test results. 

For complete literature, write Gould Inc., 
Recording Systems Division, 3631 Perkins 
Avenue, Cleveland, Ohio 44114. Or call toll-free 
800-447-4700, operator100. 

Nobody else comes close. 

•} GOULD 
Electronics 
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can be interrupted to look at any inter­
mediate result. This is accomplished by 
scanning the data out.The self-testing it­
self is accomplished by applying a simple 

I Despite elegant methods, 
engineers continue to 
design ad hoc 

march test pattern to the memory. In this 
mode, the address, input data, and read/ 
write registers operate as a march test 
pattern generator. 

As elegant as the many design-for-

...___, 
Bilbo 

I--- Combinatorial t-----! - subsystem network 
t---- 1 r--------1 

t 

TESTABILITY 

testability schemes are, many engineers 
will still be designing circuit boards using 
ad hoc design techniques for a long time to 
come. The underlying philosophy behind 
these techniques essentially consists of 
watching out for potential testability pit­
falls as the design evolves. In essence, the 
ad hoc approach is really one of applying 
common sense and forethought to the de­
sign. Engineers have been designing cir­
cuit boards this way for a long time, but 
with all the heightened awareness of 
testability around, they are going to be do­
ing a better job at it. 

Simply put, the designer must take 

Bilbo 
I--- Combinatorial f--J 

subsystem network -r-- 2 

T 
Pattern generator Signature 

(a) analyzer register 

'---
Bilbo t-----! - subsystem 

t-----! 
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Source: Logical Solutions Inc. 
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7. Using Bilbo (built-in logic block observation) subsystems, tester functions can 
be incorporated as part of a chip. In this example, one subsystem supplies 
pseudo-random teat signals to network 1, while the other subsystem acts as a 
multiple input signature analyzer to gather teat results (a). By reversing the func­
tions of the subsystems with control signals, network 2 can be teated also (b). 
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SMD Testing 
on 50 Mil Centers 

Eliminate your 50 Mil test problems 
with the new state-of-the-art HPA-55 
SMD spring probe. 

Now there is a precision spring probe 
designed specifically to access small 
target areas found on SMD board 
assemblies . 

And you can see the difference. Its 
extra long p lunger travel eliminates 
component body interference com­
monly encountered when using 
standard length 50 Mil probes. 

There's a big difference in test performance too! 
Because the HPA-55 isn 't like any other 50 Mil spring 
probe. Behind it is a commitment to quality that 
includes 11 inspection tests before it 's shipped. 

We even pull finished parts from 
stock for retesting and inspection to 
insure we are meeting the highest 
quality ' standards in the industry. 

Then there 's flexibility. It has 7 tip 
styles to match any test application. 
And it can be mixed with 100 Mil 
spring probes without costly remill­
ing of the probe plate. 

So if you need a solution to your 
50 Mil testing problems, contact the 
close center testing experts. Call us 

toll free at (800) 848-7161 National, or (800) 537-1783 
in California, or write us at 700 E. Harrison Avenue, 
Pomona , California 91767. 
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whatever steps are needed to ensure that 
controllability and observability, the two 
keys that unlock the testability door, are 
not lost. In general, he or she uses methods 
such as partitioning the circuit to make it 
easier to test, adding provisions for break­
ing feedback loops, and providing a means 
for initializing critical parts of the circuit. 
Even the way the designer makes elec­
trical connections can dramatically im-

I Common sense helps make 
printed circuit boards 
that are easy to test 

pair testability. For instance, something 
as simple as tying fl microprocessor's con­
trol lines to V cc or ground imposes strin­
gent requirements on the tester itself. For 
instance, in one circuit (Fig. 8a), the high 
clock rate coupled with the inability of the 
tester to control the microprocessor's 

20MHz D 

Three-state 

Source: Logical Solutions Inc. 

Nonpreferred 

Fast 
microprocessor 

Halt 

ATE cost: $750,000 

(a) 

Single step 

TESTABILITY 

single-step, halt, and three-state lines 
mean that the circuit must be tested using 
expensive high-speed automatic test 
equipment. 

By adding a couple of resistors and 
bringing out three test points forms an­
other circuit (Fig. 8b). Now, because the 
microprocessor can be easily controlled, a 
less expensive static functional tester can 
be used. 

Problems such as the foregoing ones 
happen frequently. Sometimes they are 
the result of something as simple as using 
a circuit recommended on a data sheet. 
It is a pretty sure bet that the majority of 
these circuits do not incorporate any 
testability considerations. The bottom 
line is that exotic techniques aside, there 
is a lot of room to achieve testability early 
in the design cycle. Ali ttle time spent 
here can save a lot of time later. In fact, the 
test engineer may even grow to like the 
designer.o 

20MHz0 

Three-state 

Preferred 

Fast 
microprocessor 

Halt 

--JoN.......--+-------nTest 
points 

ATE cosi: $250,000 
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8. Something as simple as tying a microprocessor's control lines to Vee or ground can cause 
testability problems. A high-speed functional tester must be used when the microprocessor 
cannot be controlled (a). Bringing out test points for control purposes allows a lower-cost 
static functional tester to be used (b). 
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AFTER15 YEARS, 
CALMA 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 N 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 w6rld. 
We offer a variety of service 

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

Error lockow and dynamic checking. 

Red rectangle shows clearance violatio11. 

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 
n~xt 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. 

Ca.Ima Company is a wholly·owned subs idiary of General Electric Compa ny, U.S. A . • is a registered 1rademark of General Electric Company, U.S.A. 
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Challenge the mainframes. 
VERSAmodules" now run the MC6802Q 

true 32-bit performance standard. 
VERSAmodule microcomputer boards 
have already proven themselves in 
performance-demanding communica­
tion, industrial, laboratory and imag­
ing applications . You knew these 
boards were powerful workhorses 
before, but hold on to your bootstraps, 
because Motorola's VERSAmodule 
line now ripples with even 
higher performance 
using the MC68020. 

TheVM04 
VERSA­
module 

proc­
essor board, 
with the MC68020 
on board, now provides the required 
mainframe throughput for such 
processor-intensive applications as 
bit-mapped graphics manipulators, 
scientific data acquisition systems and 
artificial intelligence machines. Appli­
cations that, before this, required main­
frame machines . 
Gaining speed, adding power, 
lowering overhead. 

The new VERSAmodule VM04 
processor board can access more than 
4 billion bytes of data and manipulate 
or process 32 individual pieces of 
information every 180 billionths of a 
second (180 nanoseconds). Measured 
in millions of instructions per second 
(MIPS), the VM04 operates at a sus­
tained rate of 2 to 3 MIPS, with burst 
rates exceeding eight MIPS, challeng­
ing the speed of some mainframe 
computers. 

16K bytes of instruction/data cache 
on-board help reduce off-board 
memory accesses to ensure top per­
formance . When off-board access 
is needed, the VM04 calls on the 
interface capabilities of Motorola's 
MC68020-specific RAMbus ·• to elimi­
nate most arbitration overhead and 
speed memory transfers . 

The VM04 monoboard is the first 
MC68020 processor board to offer 
paged memory management hard­
ware, plus an interface to support 

the soon available MC68881 floating 
point math co-processor. 

These new modules add to a broad 
offering of board-level products includ­
ing processor, memory, controller and 
communication modules with complete 
evaluation and development systems. 

Broad VERSAmodule line. 
Two new high density memory 

boards have been added to the line 
to complement the MC68020-based 
monoboard . 

The VM12 includes 1 or 4 Mbytes 
of RAM and supports the fu ll 32-bit 
address width of the M68000 Family. 

The VM13 dynamic RAM module 
provides 1 or 4 Mbytes of ran-
dom access memory dual ported to 
both RAMbus ·• and VERSAbus. ·• 
A perfect system mate for the VM04 
32-bit monoboard, the VM13 has error 
detection and diagnostic capability. 

For system applications requiring 
high-capacity rotating mass storage, 

the VM22 disk con troller supports 
four SMD drives and four SA 400/800 
floppy disk drives. Data transfer 
speeds up to 3 Mbytes/sec are main­
tained by the direct memory access 
feature of the disk controller. 
A choice of real-time and 
whose-time-has-come 
operating systems. 

The VERSAmodule Family is sup­
ported by both of Motorola' s M68000 
operating systems: the VERSAdos ·• 
operating system for real-time applica­
tions, and the SYSTEM V/68 '" operat­
ing system where a UNIX '" operating 
system environment is desired. 

Full operating system support, 
including VERSAdos real-time device 
drivers, is available today for MC68000-
and MC68010-based VERSAmodule 
monoboards. Porting is under way 
to assure their early availability on 
the VM04 monoboard. 
Continued Motorola support. 

Add to all this Motorola' s expertise, 
proven products, training and service 
support and you can understand why 
VERSAmodules continue to be your 
best high-performance choice for 
board-level applications. 

For more detailed information on 
VERSAmodule system components, 
mail in the coupon We 
or call your local 'Ie 
Motorola semicon-
ductor sales office, .pI1.~0Uf 
a~th?rized systems desi n-in 
d1stnbutor or sys- re 
terns representative . m. 

@MOTOROLA 

VERSAmodule, VERSAbus, VERSAdos, SYSTEM 
V/68 and RAMbus are trademarks of Motorola Inc. 
UNIX is a trademark of AT&T Bell Laboratories. 

To: Motorola Semiconductor Products, Inc., P.O. Box 20912, Phoenix, AZ 85036 
Please send me more information on the VERSAmodule system. 
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Address 
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Call Me( 206ED011285 
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primary paths that the reduced-instruc­
tion-set approach will take. Typifying one 
tack will be large general-purpose ma­
chines-using low-cost TTL logic-that 
will deliver far more power than the cur­
rent generation of minicomputers. The 
other route leads to engineering, graphics, 
and other special-purpose workstations 
that employ proprietary VLSI chips rely­
ing on RISC technology. These machines 
will squeeze more power into a desktop 
microcomputer than is now found in the 
VAX-111780. 

Indeed, the lure of RISC architectures is 
so inviting that two computer giants­
IBM Corp. (Yorktown Heights, N.Y.) and 
Digital Equipment Corp. (Maynard, 
Mass.)-have multifaceted RISC projects 
under way. Another, Hewlett-Packard Co. 
(Palo Alto, Calif.) has announced categori­
cally that RISC architectures will be em­
ployed in all of its next generation of ma­
chines. And significant newcomers, like 
AT&T Bell Laboratories (Murray Hill, 
N.J.) are turning to RISC designers for on­
going research (see "Bucking Trends 
Means Taking Risks," opposite). 

I RISC architectures are 
alluring but are not suitable 
for all tasks 

But despite this rosy outlook it would be 
an oversimplification to view the reduced­
instruction-set machine as an across-the­
board approach to every chore. For certain 
jobs-office computing, on-line transac­
tions, data-base file-servers, and other 
I/O intensive areas-there is little evi­
dence to suggest that the RISC method is 
inherently superior to other architectures. 

RISC computers generally run faster 
not only because they execute a smaller set 
of instructions, but also because the in­
structions they do carry out are typically 
optimized to be completed within one ma­
chine cycle. (More conventional computers 
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generally require a number of cycles.) 
Since they normally operate from register 
to register within a CPU (accessing main 
memory only with simple Load and Store 
instructions), reduced-instruction set ma­
chines handle simple operations faster 
than anything else around. Also, complex 
tasks can be reformulated as a series of 
simple instructions, and machines run­
ning a stream of these simplified instruc­
tions work measurably faster than pow­
erful minicomputers executing more 
complex general instruction sets. 

Further, the RISC's CPU is relieved of 
much of the usual arsenal of logic gates re­
quired to decode and execute complex in­
structions, meaning that the processors 
themselves can be smaller and cheaper 
than those available in the past. And that 
includes even microprocessor-based 
CPUs. 

For instance, IBM's 801 project was 
based on the premise that it is possible to 
construct a CPU whose instructions are 
simplified to the point that they could be 
executed within one cycle. A second goal 
was to minimize the time the CPU is idle 
during memory accesses by fetching in­
structions and data from an on-board 
cache. What's more, instruction execution 
was overlapped with data-loading oper­
ations. A third target was to create a com­
piler that would allow the machine to run a 
subset of VM (IBM's interactive operating 
system). 

Thi s last objective allowed the per­
formance of a MECL-based 801 CPU to be 
compared with that of a System/370-
168 mainframe. IBM researchers found 
that the 801 took an average of 1.1 machine 
cycles to execute each instruction, com­
pared to the typical 1.7 cycles needed by 
the 370. Observers speculate that the 801 
CPU can cut through between 1.5 and 2 
million instructions/s. They go on to say 
that if it is embodied in a commercial prod­
uct (late this year or early next year) it will 
probably find a home in IBM's first high-
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RISC MACHINES 

Bucking trends means taking risks 

The RISC philosophy runs 
counter to the trend that looks to 
boost performance by increasing 
hardware and software com­
plexity. 

The proliferation of complex 
instruction sets has not grown 
out of an impulse to promote 
complexity for its own sake. 
Rather, it is a way of accommo­
dating high-level languages. In­
struction sets rep"fe!ient software 
shorthand for the lt'nes of micro­
code required to phigram a cen­
tral processing urllt. 

However, reseai'eh carried out 
in the mid-1970~ . at Berkeley, 
Stanford, and IBM tracked the 
actual instruction flow through a 
variety of machirt~s and found 
that the most frequently exe­
cuted instructions consisted of 
only four or five out of the hun-

dreds available. And these 
several instructions could be 
reduced to microcode. Alterna­
tively, they could be built into 
hardwired CPUs. Instead of us­
ing microcode to reprogram 
gates and registers within the 
CPU, it is also possible to perma­
nently configure those gates to 
execute a limited number of in­
structions. Though the hard­
wired CPU appears to be less ver­
satile than its microcode-driven 
counterpart, it spends no time 
reconfiguring its gates and reg­
isters and runs significantly 
faster. 

Addi tionally, researchers dis­
covered that it is possible to re­
phrase some of the more complex 
instructions as a series of sim­
pler ones. Also, these simplified 
subroutines could be driven di-
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600 

1800 
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rectly by most high-level lan­
guage instructions. (C is a note­
worthy exception in that it needs 
to be compiled before execution.) 
High-level calls to simplified op 
codes, in fact, seem to execute 
faster than many high-level calls 
to the more complex set. 

A third finding centered on 
memory hierarchies in CPU de­
sign. In short, a register stack 
runs faster than a cache, which, 
in turn, runs more quickly than 
main memory-although the 
gain in speed is traded off 
against expense and design com­
plexity. 

The basic argument advanced 
by RISC advocates is this: Simple 
instructions can be executed in 
fewer machine cycles (and with 
less hardware) than complex in­
structions, thus application pro­
grams that cascade blocks of 
simple instructions will run fast­
er than equivalent programs 
consisting of more complex in­
structions. This contrasts sharp­
ly with the approach taken with 
conventional computers, which 
sometimes need hundreds of mi­
crocoded control words that, in 
turn, require four, five, or six 
machine cycles to run. 

The whole purpose of RISC is 
to streamline the instruction­
fetch, instruction-execute pro­
cess of conventional computers, 
while retaining the program­
mer 's links to high-level lan­
guage calls. It is important to 
note that this tack differs from 
that taken in a machine built 
around a CPU with a significant­
ly smaller number of machine in­
structions. By itself, a reduced 
instruction set buys very little. 
Rather, RISC architectures gen­
erally refer not just to the num­
ber of executable instructions, 
but also to reformulating the 
address-generation process re­
quired to fetch instructions and 
operands from memory and to 
restructuring complex instruc­
tions into simpler ones. 
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performance CAE workstation. 
At the same time, IBM has funded an ex­

tensive research and product development 
project at Carnegie-Mellon University 
(Pittsburgh, Pa.). Although no one will say 
for sure, the project could yield a personal 
computer or a desktop micro with several 
times the power of the IBM-PC/ AT. 

I Big-league players about 
to unveil developments 
in RISC-machine work 

As much (or as little) is known about 
what IBM's largest competitor has up its 
sleeve as far as a RISC architecture is con­
cerned. Digital Equipment is thought to 
have two RISC projects under way: One, 
known as the Nautilus, probably is an ECL 
machine that can burn through 10 million 
instructions/s. The machine could con­
ceivably be a bridge between DEC's VAX 
family and the DEC 10 and the DEC 20 
series of workstations. The second, code­
named Titan, is believed to be an engineer­
ing workstation that comes in at 2 million 
instructions/ s. It should run some VAX 
application software, but is not expected 
to be compatible with the VAX line. 

Hewlett-Packard, meanwhile, is hard 
work on its own next generation of com­
puters. The Spectrum project, as it is 
known, goes with a RISC-like architecture 
and probably will have the greatest impact 
on the company's 3000 line of mainframes. 
The Spectrum is believed to be able to car­
ry out 5 or 6 million instructions/sand will 
most likely be fitted out with a 64-bit CPU. 
It will eventually take its place at the very 
top of HP's computer line. Another project 
attributed to HP is a chip set similar to 
Digital Equipment's MicroVAX II. 
Though the set is intended for worksta­
tions, the fact that it responds to 128 in­
structions makes it closer kin to gener­
alized microprocessors (like the 68020) 
than to VLSI RISC devices. 
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Apart from what the major computer 
manufacturers may show within the next 
tw-0 years, at this point only three other 
companies are dedicated to RISC architec­
tures. And of them, only two have an­
nounced products. Although that number 
may not sound very impressive, both com­
panies are very significant. For one thing, 
they were the first to take the RISC archi­
tecture out of the research environment 
and bring it to the commercial arena. In 
their different approaches to reduced­
instruction set computers, each is defining 
the likeliest directions that development 
will take in the future. 

One path, exemplified by Pyramid Tech­
nology Corp. (Mountain View, Calif.), is to 
build large general-purpose machines de­
signed to be cost and performance com­
petitive with minicomputers like the 
VAX-11 / 780 but intended to tackle jobs 
from general accounting, through ter­
minal interactions, to engineering compu­
tations. 

The other direction, taken by Ridge 
Computers Inc. (Santa Clara, Calif.), is to 
bring the power of a VAX to a workstation 
dedicated to engineering applications such 
as designing I Cs or modeling solids. 

Al though the Pyramid 90x is on the 
books as one of the first commercial 
reduced-instruction-set machines, most of 
its performance is attributable not so 
much to reduced instructions but to a large 
register stack and overlapped register 
windows. The design nests procedure calls 
within 512 separate registers, each of 
which holds 32 bits. The registers are 
stacked 16 deep, with 32 at each level. 
There are 16 global registers as well, which 
brings the total number of available reg­
isters to 528. 

When a program is run, only 64 registers 
are accessible during each machine cycle: 
16 global registers, 16 parameter reg­
isters, 16 local registers, and 16 temporary 
registers. The contents of the parameter 
registers are loaded through a window 
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from another level, where they occupied a 
temporary register. The contents of all of 
the registers are held in a control stack, 
and the stack pointer is part of the micro­
code executed by the CPU. This register 
stack, with its overlapping windows, elim­
inates many of the memory fetches needed 
to call up operands, since each operand will 
pop out of the stack as a machine cycle is 
completed (Fig. la). 

A separate instruction bus and micro­
code sequencer ensure that fetch and exe-

RISC MACHINES 

cute instructions remained segregated 
and that instruction fetches will not slow 
down the machine (Fig. lb). Pyramid feels 
that even with low-cost TTL logic devices 
and a 125-ns cycle time, the 90x will per­
form 8 to 10 times faster than a con­
ventional machine. 

Like the Pyramid computer, the Ridge 
32 works with an overlapping register 
structure consisting of sixteen 32-bit reg­
isters. The latter, however, comes closer to 
being a true RISC architecture in that it 
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1. Overlapping the register windows on the Pyramid 90x allows data to pass from a 
temporary register to the top of a stack without a memory-access cycle (a). The 
machine's instruction bus ensures that fetches and executions proceed rapidly 
and independently of each other (b). 
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combines a reduced instruction set with an 
overlapped register structure. Unlike the 
other machine, which is geared toward 
general-purpose computing, Ridge's com­
puter is slanted toward engineering appli­
cations. As a consequence, the use of the 
registers will depend on which of the three 
instruction sets-arithmetic and logic, 
memory reference, or branch-is being in­
voked. The arithmetic and logic opera­
tions-add, subtract, AND, OR-make 
the most intensive use of registers, which 
are, in turn, tightly coupled to the ALU 
(Fig. 2). The overlapping registers ensure 
that the computer wastes no time search­
ing for instructions and handles ma th very 
fast. 

Consequently, the relatively small-sized 

.... CPU memory bus 

RISC MACHINES 

computer performs I/O operations better 
than a VAX-11/780 running under a Unix 
and works out linear equations faster than 
a VAX-11/750 with a floating-point accel­
erator (see ELECTRONIC DESIGN, June 28, 
1984, p. 61). 

Ridge's approach probably calls for 
large investments in VLSI to replace the 
present generation of board-level TTL­
based RISC CPU's with smaller, faster, 
and less power-hungry chips and chip sets. 
It is in this area that the third contender, a 
new company called MIPS's Computer 
Systems Inc. (Mountain View, Calif.), 
hopes to make its mark. MIPS intent is to 
avoid what it calls the "just another 
workstation" dilemma, based on 68020, 
32032 or 286 chips, by supplying chip sets 

_.. 
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2. The CPU of Ridge Computer's System 32 is organized so that an instruction is 
loaded and memory is accessed at the same time that another instruction is exe­
cuted. Mathematical functions take the least time, since the carry from previous 
operations are fed by the prefetch buffer right back to the ALU. Movement through 
the CPU is typically register to register. 
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with 5to10 times the performance. 
In MIPS's view, a successful imple­

mentation of the RISC architecture is con­
tingent on three factors: a VLSI chip set 
that can execute a reduced instruction set; 
a high-bandwidth memory hierarchy 
(capable of streaming instructions and 
operands through the CPU at very high 
speeds); and optimized compilers that can 
reformulate high-level languages in terms 
of more simple requirements. 

I The limits of RISC 
are explored at the 
university level 

The only other work in RISC architec­
tures is being conducted at the University 
of California at Berkeley and at the Com­
puter Systems Laboratory at Stanford 
University (Palo Alto, Calif). This re­
search is significant, not just because of 
the running start it gives commercial com­
puter manufacturers, but because it 
defines most of what is known about RISC 
architectures. It defines what can be legit­
imately expected from a RISC machine 

RISC MACHINES 

and at what point its inherent advantages 
will inevitably trail off. 

In pioneering work at Berkeley, advo­
cates of reduced-instruction-set comput­
ers are formulating an algorithm that 
evaluates instructions on the frequency 
with which they are called, with an eye to­
ward eliminating the extraneous ones (see 
Table 1, below). Those instructions most 
often invoked should be executed as quick­
ly as possible, regardless of whether or not 
they strictly comply with what is thought 
of as a RISC architecture (see ELECTRONIC 
DESIGN, Oct. 27, 1983, p. 39). By elimi­
nating many of the complex, seldomly 
used instructions, it is possible to cut down 
on the amount of uncommitted logic with­
in a CPU. With fewer gates to open or 
close, the processor can theoretically be 
clocked at a much higher rate. 

Benchmark tests run at Berkeley on one 
of the first single-chip CPUs designed to 
execute a reduced instruction set (the 
RISC I) appear to validate the overall 
RISC approach. C-compiler benchmark 
tests (which include the popular Unix 
quicksort and puzzle programs) conducted 
on Berkeley's second iteration of the RISC 

Table 1. Call/Return overhead for most time-consuming operation 
Frequency Machine Memory 

of use instruction references 
Statements (%) (%) (%) 

Call / Return: including set up, save, and restore 12 33 45 

Loops 3 32 26 

Assignment 38 13 15 

If 43 21 13 

Other 4 1 1 

Total 100 100 100 

Source: IEEE Computer 

Table 2. How C stacks up 
on traditional computers 

Number 
Time Number of of memory 
(ms) instructions accesses 

VAX- 11 /780 26 5 19 

PDP- 11 22 19 15 

68000 19 9 12 

RISC I 2 6 0.2 

Source: IEEE Computer 
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processor (the RISC II) verify that the pro­
cessor will compile C programs faster than 
a VAX-111780 (see Table 2, p.184). In case 
there was any doubt, the results were 
checked by running the VAX's own com­
piler program on the RISC machine; and 
the RISC II's compiler on the VAX. Even 
simulating the performance of a RISC II 
processor with a 500-ns machine cycle 
(most CPU's operate at400 ns-machine cy­
cle and many are clocked at 125 ns), re­
searchers found that the RISC machine 
performed integer adds faster than an 
8-MHz 286, a 10-MHz 16032, a 12-MHz 
68000 and an 18-MHz 9000. 

Critics were quick to point out that the 
puzzle and quicksort, as well as the com­
pilation, were not necessarily good indi­
cators of the RISC architecture's actual 
abilities. Further, they noted that an 
integer addition from register to register 
on a reduced-instruction-set machine can­
not legitimately be compared with a mem­
ory-to-memory operation done with a mi­
croprocessor. Although the jury is still 
out, the data seems to indicate that when 
processors are compared for register-to­
register additions, the RISC I runs no fast­
er than a 68000 or a VAX CPU. 

The only firm conclusion is ·~hat the 

19 

68000 

PDP- 11 m,.=•·•···.=•·•·•·•·=•,=····•=,. =.•······=·······=·····=·· ======,.,,,,,,, 
15 

19 

t::~:: I ~::~~o::c:=~ted 
Source: Pyramid Technology Corp. 

3. The ratio of instructions executed to 
memory accesses is higher for a reduced­
instruction-set computer (in this case the 
Pyramid 90x) than for a VAX, a 68000, and 
a PDP-11. The smaller number of memory 
accesses means fewer procedure calls and 
parameter returns. 
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reduced instruction set is actually only 
pa.rt of the process of streamlining data 
flow. An equally essential aspect is pipe­
lining instructions and data into the 
CPU's execution unit. 

Nevertheless, the importance of the 
reduced instruction set should not be 
downplayed, since it is what is actually ad­
dressed by high-level language compilers. 
Looking at the instruction set for the 
MIPS computer, a VLSI RISC processor 
constructed at Stanford, and at a com­
parable instruction set for the Motorola 
68020 is quite revealing. The MIPS pro­
cessor can be addressed with less than 31 
instructions, compared with the 92 needed 
by the 68020. To illustrate further, the 
MIPS machine uses one Add instruction 
while the 68020 requires six. 

I All RISC machines are 
not alike, as two 
instruction sets show 

This difference affects not just the ease 
with which the processor can be pro­
grammed, but also the relative simplicity 
of designing a VLSI RISC processor. The 
Stanford MIPS processor, for example, is a 
full 32-bit 8-MHz device constructed with 
only 25,000 transistors. An 8-MHz 68000, 
in comparison, demands 68,000 transistors 
and delivers a data path only 16 bits wide. 
The Berkeley RISC I, to further heighten 
the contrast, called for 44,000 transistors 
and was implemented in silicon in less 
than 19 man-months-one of the fastest 
design implementations on record. 

Equally important to the RISC philoso­
phy is streamlining fetches. The execution 
of each simplified instruction depends on 
having the operand immediately available 
within the appropriate CPU register at ex­
actly the right moment. All benefits of a 
RISC architecture are lost if the CPU has 
to hunt for the numbers it is supposed to 
add or compare. Research done at Berke-
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ley verifies that fetc hes (e .g., Call/Re­
turns, Saves, and Restores) take up the 
largest segment of any processor's t ime 
(Fig. 3). Compared with the VAX and the 
PDP-11, the RISC I and the Pyramid 90x 
make far fewer accesses to main memory 
to accomplish the same tasks. 

Thus, a high-bandwidth memory hi­
erarchy must properly place the operands 
on each execution cycle. A local register­
to-register operation obviously proceeds 
faster than generating an address and a 
fetch to main memory. 

One way of ensuring that operands are 
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located correctly is to put a large multi port 
register file on the CPU chip. The Stanford 
MIPS processor does just that, devoting 
much of its real estate to on-chip registers 
(Fig. 4). 

It is also important to pipeline data and 
instructions into the CPU at the same 
speed. For that reason, even a TTL board­
level CPU, like the one found in Pyramid's 
90x, still keeps a 32-deep register stack on 
the CPU board to pass along instructions 
and operands. 

The instruction pipeline can be built 
with simple interlocks to guarantee that 
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4. One of the first dedicated RISC processor chips, from MIPS, replaces much of the usual 
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there is no contention for resources. This is 
especially important when register oper­
ations are overlapped. The processor can 
be completing one instruction as the next 
operand appears. 

As noted, the processor cannot afford to 
wait for an operand. Nor can the pipeline 
push data prematurely into the stream, 
since binary-coded instructions might be 
mistaken for operands. The simple solu­
tion to this problem is to sequence the flow 
of numbers into the register stack from 
three separate feed registers: one for the 
ALU, one for the on-chip instruction mem­
ory registers, and one from local data reg­
isters (Fig. 5). 

Another important consideration is 
that the caches must be accessible at every 
cycle. When addresses must be generated 
for a memory fetch, parallel translation 
lookahead buffers take care of the job 
quickly. In the Ridge 32, for instance, a 
pipelined execution unit is employed in 
conjunction with an instruction cache and 
a prefetch register to ensure that memory 
accesses and instruction loads are accom­
plished at the same time that another in­
struction is executed. 

A math or floating-point coprocessor 

No. of 
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can be tightly coupled to the main CPU to 
make certain that floating-point opera­
tions eat up little overhead (ELECTRONIC 
DESIGN, Sept. 6, 1984, p. 38). An optimizing 
compiler, meanwhile, can rearrange in­
structions to overlap storage, branch, or 
coprocessor delays, or all three, with use­
ful computations. 

Such optimizing compilers are based on 
new algorithms devised at Stanford (the 
U-Code compiler) and at IBM. They make 
very efficient use of a uniform and fast 
register set and work best with simple in­
struction sets. The first generation of 
these compilers, in develoment at MIPS, 
will reformulate C, Pascal, and Fortran in­
structions to meet the more simple RISC 
requirements. Later RISC compilers will 
accommodate Cobol and Basic, and all will 
run under Unix System V with Berkeley 
4.2 extensions. 

Since the RISC compilers are compati­
ble with a variety of high-level languages, 
the differences in instruction sets between 
a complex computer and a RISC machine 
are actually invisible to the user. Applica­
tion programs written in high-level lan­
guages can thus be easily transported to 
reduced-instruction-set machines.o 

Machine cycle 

5 6 7 8 9 10 

~ Dec
1
ode 

fetch 1 1 result 1 

Decode Operand Execute Store 
2 fetch 2 2 result 2 

. 2 

Decode Operand Execute Execute Execute Store 
3 fetch 3 3 3 3 result 3 

3 3 

4 Decode Operand Execute Store 
4 fetch 4 4 result 4 

Decode Operand Execute Store 
5 fetch 5 5 result 5 

5. A key requirement of the RISC architecture is overlapping register windows. This arrangement 
makes it possible to fetch an instruction at the same time that one operand is called up and 
another is decoded. 
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Hitachi's HD63484 blazes onto the scene with exceptional colors, 
control and speed for your CRT applications 
-another unique product of Hitachi technology 
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NO MORE JERKY SCROLLING OR SLOW-MOTION PAINTING; 
HITACHI'S ADVANCED CRT CONTROLLER OFFERS 

COLORS AND SPEED THAT ARE ABSOLUTELY 

At last there is a one-chip graphics controller 
that combines advanced bit-mapped graphics 
and alphanumerics to put screen control outside 
the MPU, where it belongs. It's the HD63484 
ACRTC from Hitachi- the world 's first Advanced 
CRT Controller for high-power visual interface 
and amazingly fast display capabilities. 

Total Drawing Control, Plus 65,536 Colors 

Drawing commands are stored on-chip for instant 
imaging of circles , lines, ellipses, polygons, dots, 
arcs, and such previously complex functions as 
painting , patterning , construction of filled rec­
tangles .. . 38 commands in all. That means tre­
mendous simplification of programming and 
reduction of software development costs. In fact, 
a screen-centered circle can be drawn and divided 
into four quadrants painted in different colors 
in just 21 commands! 

Screen control is also enhanced to the 
maximum. The ACRTC allows three horizontal 
split screens and a free-floating window for com­
bination in a wide variety of ways. The "smooth 
scroll " feature operates independently in both the 
horizontal and vertical modes for movement so 
continuous it's comparable to video-taped action . 
And a zoom-in display function is included , too, 
for enlarging images from 1 to 16 times. 

What's more, the ACRTC can handle 
precision color mixing for an astounding 65,536 
different tones. And as for speed and memory 
capacity, it can actually draw at a maximum rate 
of 2 million pixels per second when clocked at 
8 MHz, and address up to 2 megabytes of sepa­
rate bit-mapped graphics plus 128 kilobytes of 
character data. That's high performance guaran­
teed , no matter how dense the display required . 

Ready for Immediate Application 

This is your opportunity to make use of trail-blazing 
technology in office terminals, CAD/CAM equip­
ment, graphic displays, arcade game machines, 
sophisticated personal computers and other 
applications calling for faster, more powerful 
imaging control. The ACRTC can even be ap­
plied in laser beam printers. 

And best of all , it's the product of Hitachi 's 
innovative CMOS technology-renowned 
throughout the world for high quality and top 
reliability. When you 're ready for blazing speed 
and blazing colors in your displays, make way for 
the HD63484 Advanced CRT Controller-only 
from Hitachi . 

@HITACHI 
Hitachi America. Ltd .. Semiconductor & IC Sales & Service Div .. 2210 0 Tool Avenue. San Jose. CA 95131 Tel 408-942-1500 
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INMOS has natural answers 
High-volume production of our new 80ns 
how we accelerate your designs. 
Some creatures are in their natural element when it 
comes to speed. It's breeding and conditioning that have 
enabled them to jump ahead of all other species. Speed 
is inherent in their sleek. natural design that surfaces 
with sudden bursts of energy, in play or in flight. 

In keeping with the natural design for speed, our new 
80ns 64K x 1 DRAM has evolved as the fastest member 
of our entire high-performance DRAM family. This new 
DRAM chip is available with 80ns. 1 OOns or 1 ZOns RAS 
access times and 130. 160 and 190 cycle times. The part 
also offers other exceptional features that are common 

. .. ~ 

only to the INMOS DRAM line. CAS-before-RAS refresh, 
for example, as well as nibble mode are delivered as 
standard features and at no extra cost. We also furnish 
a military version of our new 64K DRAM that's qualified 
to MIL-STD-883C. 

Our 16K x 4 DRAM is another outstanding chip in our 
DRAM selection. You can choose 1 OOns. 1 ZOns or 150ns 
access time and count on exceptionally high memory 
bandwidth. In addition. we offer you our BK x 8 DRAM with 
120ns. 150ns or ZOOns access time and pin-1 refresh . Its 
byte-wide organization can boost the performance of the 
latest microprocessor system . 



on speed. 
64K DRAM is just one example of 

You 'll also get the flexibility in packaging you expect 
from our capable DRAM family. Anything from low-cost 
plastic DIPs to ceramic side-brazed editions. including 
leadless chip carriers. 

The point is, it pays to go to the leader where DRAM 
development. production and delivery are simply faster 
by nature. To the company that can give you the world 's 
broadest DRAM family line with more choices of speeds 
and organizations. 

If you have questions on which member of our DRAM 
field can help you win your design race, just ask us. 
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We'll be quick with in-depth answers that will fill you in 
on the rest of our picture. 

@IQOl)mOS 
Colorado Springs. CO (303) 630·4000 - TWX 910·920·4904 • Atlanta. GA (404) 475·1936 
- TWX 810·751 ·0015 • Burlington. MA (617) 273·5150 - TWX 710-332-8777 • Baltimore. 
MD (301) 995-0813 - TWX 710·862·2872 • Minneapolis. MN (612) 831·5626 -
TWX 910·576·2740 • Dallas. TX (214) 669·9001 - TWX 910·997-0822 • San Jose. CA 
(408) 298·1786 - TWX 910·338·2151 • Los Angeles. CA (2 13) 530-7764 - TWX 
910·347·7334 • Bristol. England 0272·290·861 - TLX 851 ·444723 • France (1) 887·2201 
- TLX 201222 • Germany (089) 319· 1028 - TLX 522645 

inmos. @ and IMS are trademarks of INMOS' Group of Com panies. 
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Acton the cts. 
Six reasons to decide on Motorola's VME/IO™ 

for industrial automation applications. 

1 Low Price and Unbeatable 
• Performance 

The MC68010 MPU, combined with 
VMEsystem architecture, provides 
you with data transfer rates up to 30 
Mbytes per second while VME/10 ™ OEM 
quantity prices are below $10,000. 

2 Solid VMEbus Support 
• There are more tha n 100 manu­

facturers who supply well over 400 
VMEbus compatible products. 

3. ~~t~i~~~:~l~~:~7~~~:!~~: 
for data acquisition, robotics, and 
machine/ process control you can easily 
configure your VME/10 system for 
particular OEM applications and avoid 
the high cost and dead ends of specialized, 
overki ll designs. 

4 Powerful Operating Systems 
• UNIX ™**-derived SYSTEM 

V/ 68 ™operating system and real-time 
VERSAdos ™ operating system cut your 
development and integration costs ... and 
they're portable to your future generations. 

VME/ 10, SYSTEM V/68, VMEmodule and 
VERSAdos are trademarks of Motorola Inc. 

*According to Electronic News 1984 MPU-
based Processor Study. 

**U NIX is a trademark of AT&T Bell Laboratories. 

5 Motorola Support 
• VMEsystem products are supported 

by Motorola's professional field service 
network with faci lities in over 125 cit ies 
nationwide, offering you technica l 
assistance, parts, repair services, regular 
software updates and a problem report­
ing hotline ... al l designed to keep produc­
tion rolling with minimum effort. 

6. ~~~~~L~~r-~~=:e~::~ ~~:8~~~~s 
VMEsystem architecture, UNIX '"-derived 
SYSTEM V/ 68 ™ operating system and 
bui lt-in graphics make the VME/10 '" 
system the OEM micro built on leading 
industry standards. 

For additional information on this 
exclusive combination of features send in 
the coupon below for a fact-fi ll ed data 
sheet on Motorola's VME/ 10 OEM 
microcomputer. It will make your decision 
much easier. 

One-on-one design-in help. 
In person or on the phone, anywhere 

in the US or Canada, now you can get an 

engineer-to-engineer update on all the 
latest semiconductor products and 
technologies fitting your unique designs. 

1-800-521-6274 
Call toll-free any weekday, 9 a.m.-

5 p.m. your time. If the phone ca ll can't 
cover your needs, we'll have a local 
field application engineer drop by. And 
get you to market. Faster. 

For technical literature on the 
VME/ 10 OEM microcomputer 
system, fill out the We 
coupon and send 're 
it to Motorola 
Semiconductor pn~OUf 
Products, Inc., desi n-in 
PO. Box 20912, l-
Phoenix, AZ 85036. Le ffi. 

@MOTOROLA 

r------------------------------ - -------------------- - -, 
To: Motorola Semiconductor Products, Inc., PO. Box 20912, Phoenix, AZ 85036 
Please send me more info rmation on VME/10. 

""U11Jl11 
lllUUD2C1 
M&H10201 

.. , 
OEMMICRllCOMPUHR SYSTEM L----·=---=---·- ----
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which terminate each subscriber line at a 
central office or a private branch exchange 
(PBX). Line card circuits, long built with 
discrete and hybrid parts, have matured 

I Digital signal processing 
will determine the shape 
of future telecomm ICs 

into integrated circuits. Second-genera­
tion I Cs are now appearing, as are the first 
I Cs for functions that previously defied in­
tegration. 

New phone services are inviting a raft of 
other chips, ranging from digital line card 
controllers, time-slot assigners, and pulse­
code-mod ula ted switching networks to 
codec-filters, SLICs, and even special­
purpose power supplies. More than any 
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other contributing factor, these chips ex­
ploit new techniques in fabrication, ad­
vances that have produced fast, dense, and 
low-power digital I Cs; combined high- and 
low-voltage analog and digital circuits; 
and dielectrically isolated chips that 
withstand 1500 V. 

Digital signal-processing techniques 
will be perhaps the most impressive influ­
ence in telecommunication ICs, allowing 
them to replace analog filters in codecs, to 
cancel echoes, and to adjust a telephone 
line's impedance and longitudinal balance 
(common-mode rejection). Ultimately, 
denser CMOS processes will get the credit 
for allowing chips to put voice and data 
signals on ordinary phone lines, most like­
ly over the relatively new Integrated Serv­
ices Digital Network (ISDN). 

Though still being defined, the ISDN 

1. With the advent of the Integrated Services Digital Network, 
the number of telephone lines capable of carrying digitized sig­
nals- both voice and data- will increase dramatically over the 
next few years. 
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spells out simultaneous full-duplex com­
puter-to -computer and voice-to-voice 
communications over an ordinary phone 
line at a rate of 64 kbits/s. It will be put to 
work first either on the lines in offices and 
factories that pass through PBXs or on the 
lines between subscribers and central of­
fices, where the latter perform the PBX 
function. Later, the network will appear 
on the subscriber lines between homes and 
central of fices. 

The original switched telephone net­
work was designed to do just one job: 
provide efficient, reliable voice communi­
cations. It did, and does, that job superla­
tively. However, with the exception of a 
few recently added services, it cannot han­
dle raw digital data at all-hence the need 
for a modem to put digital data over ana­
log lines. The popularity of modems will 

TELECOMMUNICATION ICs 

only rise over the next two to ten years, 
pushed on primarily by PBXs and personal 
computers. In fact, industry estimates 
claim that every personal computer built 
after 1986 will sport a modem. 

Besides modems, the phone system will 
enjoy much broader use of both dual-tone 
multifrequency signaling chips and speak­
er phones, the latter geared for home sys­
tems. The industry is now working on 
special DTMF chips for building alarm 
systems, gathering data at low rates from 
remote sites (rainfall and temperature 
readings), verifying credit cards, and con­
trolling processes and appliances. For 
their part, speaker phones will be incorpo­
rated into terminals and modem-equipped 
personal computers, thus permitting 
hands-free operation. Nevertheless, 
DTMF chips and speaker phones are really 

i----------ISDN (defined by CCITT)---------.,: Telephone 

---------Subscriber (USA)-------------r---company (USA)-

4 wires, 
up to 150 m 

I----'--.--....... -- s -----

8---s 

r;;:;i = Digital phone or ISDN-
t.:.:J compatible terminal 

capable of services such 
as facsimile, high-speed digital 
data, or telemetry 

Cl = Terminal with non-ISDN 
~ output 

INnl = Transceiver 

~ = Tra
1
nsceiver 

I 
I 

lilter 1---- s ---1 multiplexer T NT1 U 
Codec- NT2 :B-
~~~~:~~! (line cards) Similar 

1 3 T1 
;,;[ lines 

tO S I 
I 
I 
I 

Terminal S i 
adapter 1---- ---.----' 1 

L-----~~~~--------: 
PBX 

~------T~U 

r;:;;i T~U L.'.:..'.J 4 wires, p to 1 km L..'..J 2 wires, 
up to 7 km 

Digital 
central 
office 

2. A complete ISDN line transmits signals on two voice or data channels at 64 kbits/s full 
duplex. An additional 16-kbitls packet-switching data channel carries control and signaling 
information. 
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waiting for ISDN before they can take off. 
The ISDN is an international concept 

for digital telecommunications. Its basic 
characteristics are recommended by the 
International Consultative Committee on 
Telephony and Telegraphy (CCITT), and 
in the United States its standards are be­
ing nurtured by the Tl-Dl committee, 
which was formed by major phone compa-

I 
ISDN-an international 
concept- will handle voice 
and data, simultaneously 

nies after the breakup of AT&T. 
In simplest terms, the CCITT's recom­

mended standards consist of a set of inter­
faces or communication links, with their 
physical, electrical, and procedural char­
acteristics defined either firmly or with a 
bit of leeway. These links, which connect 
one subscriber's equipment to another's 
and to the central office, in turn determine 
the I Cs that must be built. 

The basic goal of the ISDN is to set up a 
bit stream containing a pair of 64-kbit/s 
channels (B channels) plus one 16-kbit/s 

channel (D channel). Each B channel car­
ries voice signals or high-speed data, 
whereas the packet-switching D channel 
is responsible for B channel signaling or 
for low-rate data flow or telemetry. Be­
sides those three channels, the ISDN spec­
ifies a rate of up to 48 kbits/s for framing 
and maintenance. All told, the resulting 
data rate can climb as high as 192 kbits/s. 

The specifications apply to all the equip­
ment on the user's premises that handles 
part or all of that bit stream (Fig. 2). It in­
cludes the TEl terminals, which can be 
digital phones, high-speed data sources, or 
video or facsimile machines; terminal 
adapters, which convert non-ISDN data 
(RS-232, for example) into ISDN format 
(R interface); codec-filters, which handle 
the signal from an ordinary telephone; the 
NTl transceiver connected between the S 
and the U interfaces; and the NT2 multi­
plexer used in PBXs. (In Europe, the NTl 
and NT2 equipment is owned by the tele­
phone companies, as it would have been a 
few years ago in the U.S.) Right now the S 
and T interfaces within the subscriber's 
equipment are firmly defined. They con­
trol the communication between the 

TOM/PCM highways 
to digital switches --._ 

and T1 line interface r..A..... 
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3. Analog line cards convert telephone signals into time-division- multiplexed, 
pulse-code- modulated (TOM/ PCM) signals at central offices and in PBXs. 
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client, a company's on-site equipment, and 
the two-wire phone line to the central 
office. 

The S interface carries the 192 kits/son 
four wires for distances of up to a kilo­
meter over point-to-point links. For multi­
drop links, the maximum distance ranges 
from 150 meters to 1 km. In addition, a bit 

I TCM's biggest problem 
may be that it interferes 
with AM radio 

in the D channel resolves contention prob­
lems. 

The U interface, which is necessary for 
regulatory purposes, is still being defined 
by the Tl-Dl committee and may, in fact, 
turn out differently in Europe and Ameri­
ca. The final definition will represent a 
trade-off between technology and cost. 
The interface is expected to be a two-wire, 
full-duplex line capable of operating over 
7 km. The signaling and control rates can 
be limited to 18 kbits/s, resulting in a total 
bit rate of 162 kbits/s. 

Two different techniques have been pro­
posed for transmitting ISDN-formatted 
data over these lines; ping-pong and echo 
canceling. In the ping-pong scheme, which 
is based on time-compression multi­
plexing (TCM), the 162-kbit/s data stream 
is transmitted at twice that speed or fast­
er, first in one direction and then in the 
other, over a two-wire line. Actually a 
half-duplex setup, it appears to the user 
like a full-duplex system transmitting 
data at 162 kits/s. Time-compression 
multiplexing makes the transceiver at one 
end of the line a master, the one at the 
other end a slave. If the technique is used 
over the longest line possible, adaptive line 
equalization must be employed to reduce 
the effects of line imperfections on the 
high-speed transmission. Extra circuitry, 
in that case, senses the amplitude and 
phase errors and compensates for them. 
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With echo canceling, on the other hand, 
the signals may actually be transmitted in 
both directions at the same time, as on 
present voice lines. However, at each end 
of the line, a replicated echo of the trans­
mitted signal must be subtracted from the 
received signal-a difficult job to do pre­
cisely. In fact, the operation demands that 
each receiver keep track of the signal it 
transmitted a few milliseconds earlier, a 
task traditionally done with analog tech­
niques but now leaning toward digital sig­
nal processing. 

Choosing between ping-pong and echo 
canceling can be quite difficult. For short 
distances, the circuitry required for TCM 
is simpler and thus less expensive. For 
long lines, the total system cost of echo 
cancellation is roughly the same as it 
would be with the equalization circuitry 
required by TCM. 

The major objection to TCM, though 
may prove to be one involving electromag­
netic compatibility. Its high bit rate 
causes it to have a very broad spectrum, 
one that falls right in the middle of the AM 
broadcasting band. As a result, it may turn 
out to be economically impossible for 
meeting FCC interference specifications. 
Telephone lines, after all, make good an­
tennas. Even if TCM can overcome those 
problems, there remains some doubt as to 
whether it can work over 7 km, even with 
adaptive equalization. 

Despite its drawbacks, the technique is 
ideally suited to remote multiplexer units, 
which transfer signals over only a few 
inches of a printed circuit board, virtually 
eliminating any concern about adaptive 
equalization. RMUs, as they are called, 
originally brought hundreds, even thou­
sands of lines over 24-channel Tl carriers 
to locations within 10 miles of a central of­
fice. Thought of as extensions to a central 
office, the multiplexer units physically sit 
in a box mounted on a telephone pole, 
buried underground, or lost in the bowels 
of an office building. For the past few 
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years they have been used to cram ever 
higher numbers of phone lines into the al­
ready crowded ducts under city streets. 

Right now, their internal analog line 
cards connect them to the Tl interface and 
what the ISDN specification might call the 
V interface. That interface governs the 
signals between a line card within a PBX 
or central office and the remote multiplex­
er or other signal-generating circuit for 

8 

the Tl lines. 
As the ISDN concept moves from debate 

to reality, the remote multiplexer unit­
along with many other circuits-will be­
gin the transition from analog to digital 
line cards. But how far away is ISDN, 
where is t he requisite equipment, and 
where are the chips? Under the auspices of 
Bell Communications Research Corp. 
(Livingston, N.J.), initial system tests are 

Microprocessor bus 

Analog 
input 

Microprocessor 
(optional) 

Transmit 

Receive 

(b) 

4. Third-generation line cards combine codec-filter functions on one chip and put 
eight time-slot assigners on a line card controller (a). A microprocessor on the 
card adds local control. The overall architecture equips the card with five separate 
signal and control paths (b). 
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scheduled for late 1986, even though the 
specifications are not scheduled for re­
lease until late this year. The trials will be 
carried out by several telephone operating 
companies in both PBX and Centrex 
systems (in the latter, the central office 
handles PBX functions). 

I "For years to come, analog 
and digital line cards will be 
working side by side." 

Many of the I Cs required for ISDN exist 
now, riding on line cards in digital PBXs 
and central offices. Others are still evolv­
ing. One thing is certain: For years to 
come, analog and digital line cards will be 
working side by side. 

The typical analog line card handles 
four to eight channels or input lines (Fig. 
3). In addition to active and passive dis­
crete parts and several relays per channel, 
future boards will need several ICs per 
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channel: a subscriber line interface circuit 
(SLIC), a codec, its attendant filter, and a 
time-slot assigner. The last of those chips, 
under the control of an external micro­
processor or computer, connects each 
channel at exactly the right time to the 
four-wire PCM highway running around 
the PBX. That is, it supervises the time­
division multiplexing of the codec's PCM 
outputs. 

The SLIC is best characterized not as an 
IC but as a multichip hybrid. When trans­
lated into IC form, it most likely will be bi­
polar and rely extensively on external 
devices to do its job, even in a benign envi­
ronment like a PBX. 

In comparison, codec-filter chips have 
been talked about and some introduced 
over the past 18 months, including entries 
from Motorola Semiconductor Products 
Inc. (Phoenix, Ariz.) and Gould Inc.'s AMI 
Semiconductors (Santa Clara, Calif.). To 
their own versions of the codec-filter, Na­
tional Semiconductor Corp. (Santa Clara) 
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5. An eight- line parallel data bus running between codecs, the line card controller, 
and TOM/PCM (time-division multiplexing/pulse-code modulation) highways per­
mits the controller chip to handle 16 lines at high speed. 
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and Mostek Corp. (Carrollton, Texas) each 
have added a power amplifier t hat can 
drive low-impedance transformers on the 
line side of the chip. 

Though the integr ation level of t hose 
second-gener ation chips may be admi­
rable, the third generation will actually 
make ISDN happen, since those chips will 
create an analog line card compatible with 
digital ones. Outwardly, the analog cards 
will change little, but their internal archi­
tecture and the chips or chip sets they in­
corporate will differ dramatically. For 
instance, codec-filters will perform their 
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expected functions, assume many SLIC 
duties, and possibly even control that cir­
cuit. And a new chip, called a line card con­
troller, will take on the task of assigning 
time slots for 8or16 channels. 

In addition, boards or chip sets will 
sport parallel rather than serial interfaces 
between the codec-filter and the line card 
controller. Finally, one third-generation 
set draws on digital signal-processing 
techniques and in so doing could replace 
equivalent circuits based on pure analog 
and switched-capacitor designs. Overall, 
these new architectures will raise to un-
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6. Under the guidance of a microprocessor, eight codecs-actually subscriber line 
audio processing circuits, or SLACs-can be connected to the TOM/PCM high­
ways without a line card controller. Time slots are stored in each SLAC's memory. 
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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 , DAT. 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 
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we've been in the business since 1956. 
Inside D.A.T.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 D.A.T.A.BOOKS 
do it for you ! 

Publications include - Integrated 
Circuits: Digital !Cs, Linear !Cs, Inter­
face !Cs, Memory !Cs, JC Functional 
Equivalence Guide, Microprocessor 
ICs, Microcomputer Systems, 
Modules/ Hybrids and Audio/Video 

!Cs. 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 
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precedented heights the programmability 
and flexibility of system designs. 

Consider one architectural example 
that combines the line card controller chip 
with a codec-filter and also retains serial 
communication between those compo-

I New circuitry allows 
one analog line card 
to handle eight lines 

nents. The circuitry, developed by Intel 
Corp. (Santa Clara), enables only one ana­
log line card to handle eight subscriber 
lines, using eight SLICs, eight codec­
filters, and one controller . In fact, the 
setup's 8-bit address would allow 32 con­
troller chips to work with 256 subscriber 
lines. The line card operates with the ping­
pong approach. 
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The controller chip, which performs the 
first stage of space-time switching of the 
PCM outputs, concentrates and multi­
plexes all digital information that passes 
between the card and the next higher level 
of control and switching (Fig. 4). It con­
trols five separate paths on the card, one 
each for connecting the codecs to the 
PCM highways in the PBX, to the signal 
and control highways, and to a micropro­
cessor. The chip also sets up the protocol 
and control functions for all information 
flowing between the card and the next 
switching level. It transmits message 
packets over the signal and control high­
ways or disassembles them and puts them 
into a time slot on the TDM/PCM high­
ways. The line card's codec acts as a slave 
to the controller chip. In fact, the PCM 
highway from the codecs is called the 
Slave Data line, which along with the 

Digital 
compressor 

Internal control bus 

PCM 
interface 
(register) JToPCM 

highways 

4-llne serial microprocessor 110 

Internal control bus 

Digital 
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PCM 
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(register) } 
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7. A SLAC tackles virtually all normally analog functions in an on-chip digital signal pro­
cessor. Its functions include filtering and companding the signal after it has passed through 
the analog-to-digital converter. 
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Slave Clock and Slave Direction lines, con­
trols the codecs. 

programmable power-down mode. To 
these features, Intel has added three inter­
nal and two external hybrid networks 
(two-into four-wire conversion), gain con­
trol for transmitting and receiving, three 
loop back modes for testing the card and its 

The codec-filter, like its second-genera­
tion NMOS predecessor, boasts external 
gain adjustment,µ- and A-law compan­
ding (U.S. and Europe, respectively), and a 

Over the past twenty or thirty years, 
the nationwide telephone system has 
evolved into a vehicle that can efficient­
ly handle millions of analog transmis­
sions each day over about 90 million 
lines across the U.S. Essentially the 
system's job breaks down into a few ap­
parently simple functions, including 
converting sound into an analog volt­
age, transmitting the analog signal to 
the central office, and switching 
signals. With the exception of dialing, 
ringing, and other things going on in the 
handset, the user-or subscriber-is 
virtually oblivious of the other func­
tions. 

The simple handset provides invert­
ed-polarity and transient protection, 
the first through diode bridges and the 
second through zeners, varistors, and 
other discrete components. In so-called 
"speech" circuits, the handset also con­
verts the two-wire lines into the four­
wire signals required for connection to 
the earphone and microphone-actu­
ally, the BORSCHT hybrid function. 

Inside the phone system 
In addition, telephone circuits match 

transducer impedance to that of the 
line, compensate for line length, per­
form automatic gain control, and ensure 
that the correct amount of transmitted 
signal is heard by the user. Dialing cir­
cuits encode the tones and also transmit 
a muting signal during dialing. 

The telephone circuitry must work 
with three signal levels: the received 
voice signal, which could be as low as a 
few millivolts rms; a transmitted signal 
of 1 to 2 V rms: and finally an incoming 
ring signal of 90 V rms. However, they 
must also accept de power-48 Vat 15 to 
80mA. 

In telephone system talk, the pair of 
wires leading to the subscriber are 
called Tip and Ring. The former is at 
ground potential, the second is the hot 
fine at -48 V. Until the phone is re­
moved from the hook, only the ring cir-

cuits are connected to the line. 
The s1.bscriber's telephone line is #22 

twisted-pair wire that usually handles 
signals between 300 Hz and 4 kHz but in 
reality can work at several megahertz. 
(The bandwidth of ISDN is more than 
4 kHz.) The twisted-pair line, or trunk, 
runs a few hundred to a few thousand 
feet to a PBX system in an office or 
factory or to a telephone operating com­
pany's central office. The trunk line can 
stretch about a mile in densely popu­
lated areas, five or six miles in suburban 
or rural settings. 

The primary function of the PBX and 
central office is the same: switching one 
telephone line to another. In addition, 
most central offices multiplex many 
conversations onto one channel or line. 
The multiplexing may be based either 
on time or frequency division, and the 
transmitted signals may be analog or 

= lull-duplex 3-kHz analog twisted-pair voice lines (subscriber loop) 
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chips, and extra analog channels for con­
trolling SLICs and setting up three-way 
conference calls. 

signal to the controller chip, verifying and 
testing the path from the PCM highway to 
the slave codec. Analog loopback, in con­
trast, connects the analog output to the 
analog input on the SLIC side of the chip, 
an arrangement that permits functional 

The chip's three loopback modes illus­
trate its sophisticated design. With digital 
loopback, the chip retransmits the PCM 

digital. 
Before switching at the PBX or cen­

tral office, circuitry residing on the ana­
log line cards (digital cards, in the fu­
ture) tackles the so-called BORSCHT 
functions for their line: 
• Battery feeding-supplying the - 48 
Vat 15 to 80 mA power required by the 
telephone service. 
• Overvoltage protection-Guarding 
against induced lightning strike tran­
sients. 
• Ringing-Producing the 90- V rms 
signal shared by all lines; a relay con­
nects the ring generator to the line. 
• Supervision-Alerting the central of­
fice to on- and off-hook conditions (dial 
tone, ringing, operator requests, busy 
signals); also the office's way of audi­
ting the line for billing. 
• Coding-if the central office uses dig­
ital switching or is connected to 
TDM/ PCM digital lines, there are co­
decs and their associated filters on the 
line card. 

• Hybrid-Separating the two-wire 
subscriber loop into two two-wire pairs 
for transmitting and receiving. 

Ringer 
circuits 

Polarity and 
transient 

protection 

Plain old telephone service, 
POTS 

• Testing-Enabling the central office 
to test the subscriber's line. 

Right now half of all central-office 
switching, and virtually all of that han­
dled by PBXs is analog. 

The switches themselves range from 
stepping switches and banks of relays to 
crossbar switches and crosspoint arrays 
of solid-state switches. They are slow, 
have limited bandwidth, eat up space, 
consume lots of power, and are difficult 
to control with microprocessors or even 
CPUs. 

To overcome the limitations inherent 
in analog switching and to enable cen­
tral offices to use TDM/ PCM links in 
urban areas, telephone companies 
started converting to digital transmis­
sion using 8-bit words. The conversion 
will be virtually complete by 1990. 

Bundles of twisted-pair wires run­
ning between line cards and switches 
have been replaced with a few serial 
time-division-multiplexed PCM high­
ways. Since each 4000-Hz signal (lim­
ited in. bandwidth to 300 to 3000 Hz) 
must be sampled at a Nyquist rate of 8 
kHz, 8-bit words produce a 64-kbit/s bit 

stream, which flows onto the PCM high­
way to the switches. Those switches are 
now complex logic circuits controlled by 
CPUs and microprocessors. A given 
voice channel occupies just one time slot 
in the TDM PCM signal. 

Digitally switched digital signals 
may flow between two analog lines com­
ing into the central office. In that case, 
they are returned to a line card, recon­
verted into analog form, and sent over 
an analog line either directly to a sub­
scriber or in a bundle of lines to a cen­
tral office. 

On the other hand, if the digital 
words are multiplexed onto a Tl carrier 
en route to another office, the serial bit 
stream is converted into the equivalent 
of 24 voice channels plus supervisory, 
signaling, and framing bits. Frames are 
transmitted every 125 µs, representing 
an effective bandwidth of 1.544 MHz. 

Bundles of Tl lines carry most voice 
channels between central offices in 
densely populated areas. If the lines 
stretch more than 6000 feet or so, a re­
peater amplifies the signal and regen­
erates its timing. 
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testi ng a nd gain adjustment. The last 
mode , subscriber loopback, connects the 
output of an analog-to-digital converter to 
the input of a digital-to-analog converter. 
The signal is thus compared with itself. 

I The high bandwidth 
of ISDN demands 
innovative approaches 

The codec enters any one of these loop back 
modes in response to an 8-bit word in­
serted on the Slave Data line. 

The higher bandwidth of ISDN systems 
demands innovative approaches to analog 
line cards. For instance, a built-in parallel 
PCM highway characterizes the latest 
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subsystem from National Semiconductor 
Corp. Here the codec-filters interface with 
a line card controller chip (called a digital 
line interface circuit , or DLIC, by Na­
tional ) over a bidirectional parallel bus, 
which empties onto TDM/ PCM highways 
(Fig. 5). Unlike the Intel circuit, this con­
troller chip works with 16 rather than 
8 codec-filters. 

The mandatory microprocessor in this 
analog line card interfaces with the con­
troller and the SLICs but not with the 
codecs. National's codec-filters, dubbed 
combos, employ switched capacitors, can 
power-down to less than 2 mW, and f ea­
ture a power amplifier that drives low­
impedance loads on the analog line. One 
version, the TP3051 , handle only µ-law 

,-- - -oi9iial - - - , 
I PBX I 

I line card I 
I I 
I Quad- I 
I 

exchange I 
Power power i-~-

1 
controller Power 

I (QEPC) 

I 
Digital 

exchange 
controller 

sue 
and 

I 
I PCM 
I highways 

I 
I 
I 
I 
I 

I SLAG I l _ _ _______ _J 

..__..... 
To T1 or 

U interface 

8. In an !SON-compatible PBX, two chips route the audio signal from the handset 
to the TOM/PCM highway. Th.e digital subscriber controller chip converts sound 
into a digital signal suitable for the S interface, and the digital exchange controller 
puts the digital signal on the highway. 
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companding; the TP3056, A-law compan­
ding. 

Bucking the trend, a third-generation 
chip set gets rid of the line card controller 
completely; instead it connects the codecs' 
PCM output directly to the TCM/PCM 
highways. Each subscriber line channel 
consists of a SLIC and a variation of the 

I Digital signal processing 
boosts both stability 
and programmability 

codec-filter called a subscriber line audio 
processing circuit, or SLAC. Like the Na­
tional arrangement, this setup requires a 
microprocessor for each of the eight sub­
scriber lines (Fig. 6). 

The setup, devised by Advanced Micro 
Devices Inc. (Sunnyvale, Calif.), relies on 
the microprocessor to control and pro­
gram the chips over a four-line serial I/O 
bus. However, much of the initial control 
measures, including time-slot assign­
ments, are handled by the audio pro­
cessing chip, which also sends control 
messages to its associated SLIC over a 
four-line parallel bus. Two additional lines 
connect the latter circuit directly to the 
processor. 

The internal architecture of the SLAC 
chip is extremely unusual (Fig. 7). With 
the exception of the anti-aliasing filter on 
its input and an integral a-d converter, the 
chip is digital all the way. Moreover, its use 
of digital signal-processing techniques ul­
timately yields a codec that is far more 
programmable and stable than earlier 
versions. In this and other circuits, the use 
of digital signal processing for what have 
until now been analog functions gives rise 
to a breed of circuits that are almost com­
pletely independent of the real world. For 
instance, they can remain completely un­
affected by temperature and time. 

The a-d converter is particularly inter­
esting. Rather than working in an 8-bit 
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compression mode at 64 kbits/s, it actually 
works as a 16-bit linear circuit running at 
a sampling rate of 512 kHz. Not a con­
ventional successive-approximation part, 
it is a modified delta-sigma converter that 
adds its input to the output of ad-a con­
verter driven by the encoded digital word. 
The oversampled word is then fed to the 
digital signal processor, which decimates 
it (that is, reduces it to 64 kHz) and then 
digitally filters it. 

The program for the filters resides in 
RAM, thus their bandwidths can be pro­
grammed by the user, as can their gain (up 
to 12 dB in 0.1-dB steps). Their output is 
digitally compressed for compliance toµ 
law; if that option is not chosen, the a-d 
converter operates as a 16-bit linear com­
ponent. The output of the digital signal 
processor is then routed into a register for 
assignment of time slots and ports. 

The manner in which the AMD analog 
line card processes the signal it receives 
from the PCM highway is as unconven­
tional as its digital signal-processing ap­
proach and its delta-sigma converter. If 
companded, the serial word is digitally 
expanded and filtered. Then the pro­
grammed gain is applied, and the word is 

I The BORSCHT functions 
are the toughest 
to integrate 

fed to an interpolator, which restores the 
512-kHz sampling rate, thus obviating the 
necessity for a low-pass output (recon­
struction) filter. 

Of all the functions handled on an ana­
log line card, the BORSCHT functions, as 
the industry calls them, are the most dif­
ficult to integrate. Though "BORSCHT" 
might seem somewhat fri volous, the 
meanings are not: B, battery feed; 0, over­
voltage protection; R, ringing; S, supervi­
sion; C, coding; H, hybrid; T, testing (see 
"Inside the Phone Service," p. 210). Com-



Introducing the ESP E12, top player on the 
EPROM set programming circuit. The first 
set programmer designed for engineering 
applications, the E12 has special instructions 
designed uniquely for programming 
EPROMs for 16 and 32 bit microprocessors. 

The four sockets can be used for gang 
programming, as well as set programming. 
Full editing is provided. The E12 offers 
access time testing down to 100 ns, and a 
simulator adaptor is available with 175 ns 
response time. The E12 programs all 
EPROMs, including 512K, and uses all 
intelligent programming algorithms. 

[ s p 

ELECTRONIC 
SYSTEM 

PRODUCTS, INC. 
1135-C San Antonio Rd. 

Palo Alto, CA 94303 
(415) 964-5338 

CIRCLE 127 

The E12 and other ESP programmers, for 
both engineering and production use, are 
Available from Stock. 

For information, fill out the accompanying 
coupon. 

NAME/TITLE -----------
COMPANY ___________ ~ 

ADDRESS -----------~ 

CITY ______ sT __ _._1p __ _ 

PHONE( 



1985 TECHNOLOGY FORECAST 

monly, SLIC circuits are charged with 
handling those functions, and some are do­
ing so on two chips or even one chip. 

Although SLICs , which connect the 
codecs to the real world (that is, the sub­
scriber's lines), will change radically when 
data conversion moves into the handset, 
they are not about to give up their analog 
capabilities. 

Consider the expectations of a SLIC that 
is responsible for BORSCHT functions: It 
must be able to handle analog voltages 
ranging from several millivolts to over a 
hundred volts and de power of 50 V at 100 
mA or higher. Moreover, they must work 
at those voltages with 12-bit precision at 
3000 Hz, even when zapped by lightning­
induced transients, connected to power 
lines, or faced with changing impedance in 

I The great SLIC debate: 
To use transformers or 
not to use transformers 

the lines. As a result, SLICs now appearing 
differ widely in their internal structure 
and in the way they connect to the codec, to 
the ring, and to the control lines on the 
board. 

Some of the upcoming SLICs will con­
nect directly to the line, whereas others 
will use transformers for isolation. Some 
use two chips, one built with a high-voltage 
process and the other with a standard one. 
Most are characterized as CMOS, bipolar, 
or dielectrically isolated. Others demand 
many external active and passive parts, a 
few need virtually none, and several get as­
sistance from codecs. In one instance, a 
two-chip SLIC resides in one package, in 
another they occupy separate DIPs. 

The primary dichotomy in SLIC archi­
tecture involves whether a transformer 
will separate the line from the silicon chip 
or whether the chip will tie directly into 
the line. Some say that a transformer is 
mandatory for the environment of a phone 
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company's central office. Moreover, it can 
tackle almost perfectly the BORSCHT hy­
brid function-that is, the separation of 
the two-wire subscriber loop line into two 
pairs of wires, one each for receiving and 
transmitting. 

Others contend that with a good high­
voltage process (bipolar or MOS) and the 
requisite off-chip overvoltage protection, 
silicon can ride on the line. Certainly, if di­
electric isolation is used, a chip becomes 
viable, though perhaps not yet eco­
nomically feasible. Already Harris Corp.'s 
Semiconductor Analog Products Division 
(Melbourne, Fla. ) has developed a di­
electrically isolated SLIC for central office 
applications. Of the two chips within the 
low-cost hybrid package, the one on the 
high-voltage line side is fabricated with a 
dielectrically isolated bipolar process, the 
low-voltage mate with junction isolation. 
The low-voltage chip tackles the hybrid 
and other BORSCHT functions. 

Because Harris's hybrid can handle 
high voltage, it can perform functions that 
other SLICs cannot-for instance, cre­
ating the 70-V rms ringing voltage at 20 Hz 
on chip and generating off- and on-hook 
test signals of 2 V rms at 12 to 16 kHz. The 
space saved by eliminating the ringing and 
testing relays and the isolation trans­
formers enables Harris to double the num­
ber of lines handled by a line card. 

Dielectric isolation gives the SLIC high­
voltage protection specifications of ± 1000 
V peak, longitudinally, when used with ex­
ternal shunt-protection breakdown de­
vices. In addition, the line inputs can take 
11 cycles of 60 Hz at 700 V rms. 

Another two-chip SLIC does the central 
office job without dielectric isolation. In­
stead, its high-voltage chip benefits from 
an ion-implantation bipolar process that 
builds transistors with a BV cEo of 140 V 
and a BV EBO of 250 V. Moreover, the tech­
nique, developed by SGS Semiconductor 
Corp. (Phoenix, Ariz.), can create vertical 
pnp transistors, which are far superior in 
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current handling and bandwidth to lateral 
devices. The low-voltage partner chip in­
the package, also bipolar, uses I2L and can 
handle serial I/O control signals from a 
line card controller at 2 Mbits/s. The en­
tire SLIC, housed in a multipin power 
package, works with power peaks of up to 7 
W. It can withstand the power generated 
during ringing, a function that, like the 
Harris device, it handles on chip. 

Though special processes and two chips 
seerri to __ be the trend for forthcoming 
SLICs, Texas Instruments Inc. (Dallas) is 
instead opting for transformers. The com­
ponents prevent saturation of the core by 
the de line current that passes through it, 
but their size does not save much space on 
the line card. 

An alternative approach, being tried by 
Fairchild Linear Products (Mountain 
View, Calif.), uses small, flat, audio trans­
formers with an extra winding. A SLIC­
controlled current flows through that 
winding, which bucks the magnetic field 
set up by the line current. The winding 
may have several more turns than the out­
put versions, meaning that the controlled 
current need be only a few milliamperes. 

Though the industry is definitely 
gearing up for the ISDN-witness the 
dedicated line card controllers, codecs, 
SLICs-full implementations await trans­
ceivers and multiplexers that handle the ' 
Sand U interfaces; terminal adapters that 
convert standard digital signals into 
ISDN-compatible bit streams; and the 
true digital handset chip. Fortunately, all 
of those complementary chips are now in 
development in the U.S., Canada, and 
Europe, most being prepared for intro­
duction over the next three years. 

An upcoming two-chip set, for instance, 
is designed for the S interface. Designed 
by Advanced Micro Devices, the digital 
subscriber controller chip connects to a 
handset or data-rate adapter, the digital 
exchange controller chip ties into a dual 
PCM highway (Fig. 8). The latter takes on 
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SLIC and codec functions and also con­
verts data flow into the format for ISDN's 
two B channels and one D channel (ELEC­
TRONIC DESIGN, Dec. 13, 1984, p. 157). 

Two power controller chips transmit 
power from the PBX line card to the ter­
minal over a four-wire line. All of the chips 
fit well in a mixed analog-digital system, 
since the output of the exchange controller 
is compatible with that of the proprietary 
SLAC. 

In tel takes another approach, pairing up 
a versatile new chip with existing ones to 
create an S interface. Here, too, the new 
chip is called a digital exchange controller. 
It has three interfaces: a four-wire S link, 
the three-wire TCM slave data line, and a 
microprocessor hookup. In a typical sys­
tem, it connects the codec at one end of the 
S line to a line card controller at the other 
end. When the chip works in the slave data 
mode, the slave bus carries the informa­
tion that normally flows over the B chan­
nels and the microprocessor interface 

I Implementing ISDN 
awaits development 
of S and U interfaces 

deals with the D-channel information. 
Chips for either end of the U bus are ar­

riving more slowly, considering the pace at 
which its difficult tasks are being spec­
ified. However, one or more U interface 
transceivers may emerge by the end of the 
year, all working with the Band D chan­
nels, plus the overhead bits, at 162 kbits/s 
over a two-wire line. Their methods for 
echo cancellation ensure that data will be 
received without accidental cancellation, 
even if the transmitted and received 
signals are identical. 

In all likelihood, the forthcoming trans­
ceivers all will operate as masters and 
slaves and will interface directly or in­
directly with the four-wire S line, dual 
PCM highways, and microprocessors. o 
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consensus has been reached, however, and 
there is room for greater improvement. On 
top of all that, a variety of novel manu­
facturing and testing techniques must still 
be perfected. But developments suggest 
that surface mounting will fulfill its prom­
ise. 

The benefits of surface mounting need 
no laboring: faster assembly; lower equip­
ment cost, volume, and weight; im­
provements in reliability, vibration per­
formance, frequency response; and immu­
nity to electromagnetic interference. But 
there is another reason for manufacturers 
to gain experience in surface mounting: In 
a few years, they may have no choice. 
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1. Surface-mounting technology is indeed 
on the rise, but that does not tell the 
whole story. The circuits inside the pack­
ages will also use the latest semiconduc­
tor technologies. DIPs, however, will tend 
to stay with the older technologies. 
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Much of the high-volume growth will be 
in areas like personal computers and con­
sumer and communication equipment, 
where the cost savings and performance 
advantages of surface mounting will be 
crucial. As the large manufacturers 
change to surface mounting, these com­
ponents-which now generally cost 
slightly more than others-will fall below 
today's price for conventional compo­
nents. Or, to put it another way, conven­
tional components will be available-but 
at a premium. 

There is, in fact, a good chance that DIP 
ICs will begin to fade from the industry 
over the next ten years (Fig.1). By then the 
latest semiconductor technologies will be 
made only for surface mounting. Indeed, 
some special-purpose, high-performance 
ICs are already available only in chip car­
rier form. A manufacturer who resists the 
change to surface mounting too long will 
eventually find his equipment riding on 
yesterday's technologies. 

I 
Surf~ce mounting 
requires a new 
way of thinking 

Despite all that, many manufacturers 
are not anxious to swing over to surface 
mounting. For them it means a high capi­
tal outlay for production machinery, an 
unfamiliar design and manufacturing 
philosophy for the entire factor ·,and a 
host of mistakes during the learning 
phase. A major aim must therefore be to 
make the transition period as painless as 
possible. 

By installing a flexible preproduction 
line now, a manufacturer can gain experi­
ence with the various surface-mounting 
techniques. After a year or two, he can 
start to convert production lines one by 
one; by then, high-voluine production 
equipment should drop in price. 

Perhaps the only point of agreement 



among the different experts in surface 
mounting is that the changeover cannot be 
approached as an extension or straight re­
placement for conventional assembly. The 
design and manufacturing processes are 
fundamentally different. The soldered 
joint of a surface-mounted device, for ex­
ample, serves as both the mechanical and 
the electrical connection. Also, placement 
is relative, whereas insertion is absolute­
the leads either fit or they do not fit. 

One basic shift that surface mounting 
demands is that the designer work much 
more closely with the production and test 
engineers. Testing is at best notoriously 
hard with surface mounting. The position 
of test pads must be selected carefully; 
otherwise in-circuit testing is impossible 
(see "Testing: The Achilles' Heel of Sur­
face Mounting?," below). The real chal-

SURFACE-MOUNTED PACKAGING 

lenge for design engineers is to accept the 
variety of surface-mounting disciplines. 
To help them, forward-looking suppliers, 
like Philips and Texas Instruments, have 
been conducting workshops in surface 
mounting for some time. 

With nearly a full range of small resis­
tors, capacitors, diodes, transistors, and 
ICs now available in surface-mounted 
form, interest lies primarily in the passive 
components-such as connectors and var­
iable parts that so far have lagged behind. 
Normally the major problem in convert­
ing a component to surface mounting has 
little to do with the method of mounting; 
rather it is in designing the component to 
withstand immersion in molten solder 
(see "Soldering Heats Up," p. 236). This 
has led to some ingenious solutions, such 
as capacitor trimmers from Panasonic 

Testing: The Achilles' heel of surface mounting 

When it comes to testing surface-mounted 
boards, there is no substitute for providing test 
pads at the critical nodes during system design. 
If that is not done, then it may well be impos­
sible to test and diagnose faults in a circuit. 
Surface-mounted boards are inherently hard to 
test: Their internal nodes are often impossible 
to reach, first because they are covered by com­
ponents, second because the nodes on one side 
of the board do not necessarily feed through to 
the other side. 

Although some test probes are thin enough 
to probe surface mounted assemblies without 
buckling (see the figure), probing is still diffi­
cult. Probing the component directly could 
damage it, and a probe pushing down on the 
component's joint may make an open-circuit 
component appear good. Chip carriers are es­
pecially hard to probe, since they present a very 
small area from the top. Despite all of these 

problems, fixtures are being introduced for 
surface-mounted boards. 

An example is the new MicroMate in-circuit 
test fixture from GenRad Inc. (Concord, Mass.). 
It attaches to any of the company's test sys­
tems. A CAD program giving pc board details 
and desired test points is fed into the test 
system, which then calculates the best posi­
tions for the probes to minimize test paths and 
reduce stresses in the board being tested. The 
output of the program is then fed to a drilling 
and wiring machine to produce a fixture, which 
can access both sides of the board simulta­
neously for in-circuit and functional testing. 

Even with fixtures like this, however, de­
signers must still allocate some of the space 
gained from surface mounting to make the cir­
cuit more testable. They can do this by includ­
ing test pads for the critical circuit nodes, as 
well as through such techniques as self-testing. 
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Virtually all high-volume 
users of surface mounting 
still rely on inserted com­
ponents and thus on some 
form of soldering: reflow, 
wave, or both. Most research 
today focuses on reflow , 
basically because it is inher­
ently more suitable for sur­
face mounting. For example, 
it does not suffer from such 
wave-soldering problems as 
shadowing, which occurs be­
hind chip carriers and other 
large components or when 
one component is placed too 
close to another. 

The benefits of vapor 
phase, just one reflow solder­
ing technique, are spurring 
the makers of reflow equip­
ment to develop machines 
capable of soldering both sur­
face-mounted and through­
hole components. That ap­
proach would eliminate not 
only the bridging problems 
associated with wave solder­
ing but also the need for glu­
ing the surface-mounted 
parts to the pc board (a must 
for wave soldering). 

Though vapor phase is now 
the most popular form of re­
flow soldering, it is under 
threat from other reflow 
methods. For one, laser sol­
dering is particularly suita­
ble for high-density boards 
or when heat-sensitive com­
ponents must be soldered, 
since the heat is concentrated 
onto the soldered joint. The 
technique is, however, gener­
ally favored for specialized 
applications, and the most 
serious threats to vapor 
phase come from infrared 
and microwave techniques. 

Microwave soldering equip­
ment has until now been 
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Soldering heats up 
largely unsuccessful, because 
the intense heat tends to 
damage components. Howev­
er, in recent microwave-en­
hanced system from Tele­
dyne Semiconductor Inc. 
(Woburn, Mass. ), the micro­
waves heat an intermediate 
microwave-absorbent sus­
ceptor, thus providing 85% of 
the heat conductively; only 
15% is supplied in the joints 
by direct microwave action. 
With most heat supplied in 
that manner, the process is 
insensitive to the nature of 
the substrate and does not 
overheat the components be­
ing soldered. 

Infrared soldering also was 
largely out of favor, as the 
substrate's surface reflectiv­
ity tended to determine how 
much heat was absorbed ; 
black plastic often reached a 
higher temperature than the 
solder itself. This has now 
been solved by systems that 
shun lamp-type emitters and 
focusing reflectors. Instead 
they favor panels using the 
secondary-emission principle 
to diffuse infrared energy 
across the process area. The 
energy is not color-selective, 
and most components are ac­
tually 20° to 40°C cooler than 
the board at reflow. 

In most applications, 
however, microwave and 
infrared soldering will be 
hard pressed to oust vapor 
phase, which nevertheless 
has its own drawbacks: It 
needs expensive chemicals 
(although running costs are 
generally low), and its equip­
ment is physically larger, 
with a lower throughput, 
than microwave and infrared 
solderers. Once more experi-

ence is gained with micro­
wave and infrared soldering 
(the methods do not at the 
moment allow double-sided 
soldering in one pass, al­
though ways to do this are 
under study), they will be 
serious rivals to vapor-phase 
systems. 

Inspecting solder joints 
can be a real problem for 
surface-mounted assemblies; 
they are more densely packed 
than conventional compo­
nents, and in addition the 
most critical part of the joint 
is obscured by the compo­
nent. Much current testing is 
done visually-for example, 
with a microscope, video 
camera, and screen. Although 
these methods are being au­
tomated through some form 
of pattern recognition, they 
cannot spot defects obscured 
by components or hidden in 
the solder joint itself. Those 
defects call for the newer X­
ray and laser systems. 

Defects in a component 
joint, for example, can be 
found by a setup from Van­
zetti Systems (Stoughton, 
Mass.). The system combines 
a pulsed laser, an infrared de­
tector, and a computer. Sol­
der joints are heated individ­
ually. The infrared detector 
senses the thermal radiation 
from the joint, while the com­
puter compares the joint's 
heat pattern with the stored 
patterns from good solder 
joints, which are grouped in a 
well-defined area. The radia­
tion characteristics of joints 
having pinholes, cracks, or 
voids are different from 
those of a good joint; thus po­
tentially bad joints can be 
easily spotted. 



(Osaka, Japan) that are covered by a mem­
brane or foil. The barrier protects the 
components from the solder. During the 
trimming operation, the user breaks the 
membrane to make the adjustments. 

Surface-mounted edge connectors have 
also trailed, mostly because of slow de­
mand, but two types have been introduced 
in the past few months. One is virtually 
identical to standard DIN connectors. For 
instance, 64- and 96-contact edge-connect­
or models offered as samples by ITT 
Cannon (W einstadt, West Germany) fully 
meet the DIN41612 specification for two­
part pc board connectors-apart, of 
course, from the contacts themselves, 
which are bent for surface mounting. 

Circuit clamp 

Sculptured 
flexible circuit 

~ 

Rigid circuit 
board 
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The other edge-connector type is more 
exotic, using elastomers. One example, a 
ribbon connector from Dowty Electronic 
Interconnect (High Wycombe, Bucks., 
England), has a flexible connecting strip 
in which the conductors are raised at the 
interconnection points to form pressure 
peaks upon contacts (Fig. 2). 

The flexible circuit on these connectors 
has two conductors for every millimeter, 
and the circuit aligns with a set of tracks 
on the printed circuit board. The contacts 
are made from a tin-lead alloy (another 
example of the shift away from precious 
metal terminations); it works here be­
cause of the 150-gram pressure applied on 
each connecting point. Plastic flow in 

' 

Elastomer 
pressure pad 

- Flexible 
circuit 

~ Rigid board 

2. One of the first surface-mounted edge connectors, developed by Dowty Electronic Intercon­
nect, shuns current approaches and instead uses elastomeric pressure pads to make contact 
between the board and the flexible circuit. 
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the tin-lead alloy produces a virtually 
gas-tight, vibration-resistant joint. 

Elastomers can also simplify board-to­
board connections. One component, devel­
oped by Flexicon Systems Ltd. (Biggles­
wade, England), is simply clamped 
between the two boards (Fig. 3). A very at­
tractive feature, the alternate conductive 
and nonconductive stripes in the elas­
tomer can give up to 250 connections per 
inch; these strips run parallel to the con­
tacts on the pc boards, and the high redun­
dancy makes the elastomer self-aligning. 

With any type of surface-mounted con­
nector how to attach it to the pc board be­
comes a major concern. The present DIN 
connector from ITT Bauelemente is at­
tached with rivets; the final version will be 
press-fitted. Even elastomeric conductors 
need holes drilled in the circuit board for 
screws or similar methods of attachment 
(which is the one thing surface-mounted 
components usually enable designers to 
avoid). Dowty uses a connector clamp 
across the whole flexible circuit, so that 
the unit is quick to attach, even though 
holes still have to be drilled in the board. 

Typical 
board-to-board 

connection 

3. In yet another instance of using elasto­
merics as connectors, Flexicon Systems' 
alternate conductive and nonconductive 
strips squeeze up to 250 connections into 
an inch. Once the bolts are inserted, the 
connectors are self-aligning. 
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However, manufacturers are looking at 
methods that will attach the connector 
without the need to drill holes, such as 
ultrasonic welding or adhesives. Much of 
the problem seems to rest with marked 
resistance to eliminating nuts and bolts, 
rather than any severe technical diffi­
culty. One problem, however, is in devel-

I Semiconductors solve the 
problem of attaching to 
printed-circuit boards 

oping a single adhesive that will hold the 
several different kinds of plastics used in 
I Cs and connectors. 

Most types of discrete transistors and 
diodes come ready for surface mounting. 
The SOT-23 package, for example, accepts 
just about any semiconductor chip below 
30 mils, and the SOT-89 takes devices up to 
60 mils square. Maximum power dissipa­
tion runs around 500 mW in free air. How­
ever, some manufacturers are already giv­
ing figures of 350mWand1 W for SOT-23 
and SOT-89 packages placed on substrates 
with high thermal dissipation, and new 
techniques will soon afford even higher 
dissipation. Manufacturers are developing 
packages that dissipate a lot more power; 
these should open up power semiconduc­
tors to surface mounting in a couple of 
years. 

Small-outline IC packages, which con­
tain fewer than 28 pins, have witnessed lit­
tle innovation in the past few years. Al­
though higher pin counts have appeared 
on 25-mil centers, they are unlikely to be­
come widely used. The general feeling is 
that the pins on small-outline I Cs already 
have a tendency to bend and should avoid 
the risk of slimming down further. 

Perhaps the most serious deficiency in 
these I Cs is the lack of any socket for these 
packages: The ICs must be soldered into 
place to conduct reliability testing. More 
seriously, it makes impossible for manu-



facturers to supply burned-in small­
outline I Cs. 

With J leads less prone to damage than 
gull-wing because of their smaller foot­
print, it was only a matter of time before 
someone came up with a J-lead IC. A 
20-lead package has been proposed by 
Texas Instruments Inc. (Dallas) for its 
1-Mbit dynamic RAM. It will be inter­
esting to see if more J -lead versions are in­
troduced, and if they are, how they stack 
up against the established gull-wing 
small-outline packages. 

As in VLSI design, heat removal is lim­
iting the density of surface mounting. The 
solution leans toward lead frames with 
high copper content, integral heat sinks, 
and improved thermal conductivity for the 
package-all steps to improve heat dissi­
pation. Most work on plastic-encapsulated 
I Cs is concentrating on plastic leaded chip 
carriers (PLCCs) and quad flat packs. 

I Keeping cool is one of the 
major problems in surface 
mounting 

Plastic carriers generally have a heat 
dissipation about 80% that of a compar­
able DIP , with half the heat passing 
through the leads and the rest radiating 
from the case. The thermal resistance be­
tween junction and ambient (TJ- A) ranges 
from above l00°C/W for a 20-lead carrier 
to about 40°C/ W for a 68-lead package. 
One interesting innovation is an 84-pin 
package from Texas Instruments, a devel­
opment model that has a built-in heat 
sink. Fins on the sink increase the heat­
dissipating surface by 25 % and cause tur­
bulence in the passing air-improving the 
package's thermal performance by 50%. 
The TJ - A for this PLCC is a very low 5 to 
15°C/W, depending on the air-flow rate. 

Although much research is going on in 
heat dissipation, many designers feel the 
problem is better avoided than solved. 

SURFACE-MOUNTED PACKAGING 

This is illustrated by Tl's experience with 
its finned package: The bipolar IC for 
which the package was designed was ulti­
mately converted to CMOS, thus allowing 
a standard package to be used. 

The other major concern at the moment 
is how to increase lead counts. In the long 
run, the counts will come down as integra­
tion on the ICs themselves rises. But until 
then, pin counts are expected to climb. 
Packages with high counts will likely use 
staggered leads or reduce the pin spacings 
to 40 or 25 mils. Several package proposals 
with pin spacings of 40 or 25 mils have, in 
fact, appeared in the past year, but before 
they can be used widely, significant im­
provements will be needed in pc board 
technology. 

The pad-grid array (a surface-mounted 
pin-grid array) is also a contender in rais­
ing lead counts, but it suffers from a de­
fect: Its solder joints cannot be inspected 
by conventional means. After an initial 
burst of activity on pad-grid arrays, inter­
est appears to have fallen recently. 

The lead count is inherently limited in 
plastic chip carriers, since larger packages 
can suffer reliability problems caused by 
thermal mismatches between the lead 
frame and plastic; PLCCs thus generally 
go up to only 84 leads, though a few go 
higher. One solution, a PLCC proposed by 
Texas Instruments, has two rows of stag­
gered leads, allowing it to go up to 164 
leads with lead spacing of 50 mils. 

Other materials are also being used to 
encapsulate I Cs. The Epic chip carrier, for 
example, developed by British Telecom 
(Ipswich, England) and Tectonic (Woking­
ham, England), uses neither ceramic nor 
premolded plastic for the casing (Fig. 4). 
Instead the package is made from con­
ventional, low-cost pc board laminates, 
initially epoxy glass. It consists of a base 
containing a cavity for the chip, which is 
wire-bonded to the contacts. The junction 
coating is applied directly to the chip sur­
face to improve reliability, and the chip is 
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covered by a lid for mechanical protection. 
The Epic package is highly resistant to 

alpha radiation: Organic encapsulation 
has been found to reduce soft errors in 
static RAMs by at least two orders of mag­
nitude below comparable ceramic pack­
ages. This package also solves the problem 
of mismatched thermal expansion be­
tween the ceramic chip carrier and the pc 
board. Since the chip carrier is made of the 
same material as the pc board, it produces 
no thermal stresses on the solder joints 
during temperature cycling. 

With recent improvements in transfer­
molding polymers and better IC pas­
sivation, the humidity problems of plastic­
encapsulated ICs are declining. This will 
allow these and packages like Epic to ful­
fill the 20-year lifetime requirements for 

telecommunications components. 
When an IC must dissipate a large 

amount of heat, the poor thermal conduc­
tivity of plastic-about 0.35 W /mK (watts 
per meter-Kelvin)-offers little alterna­
tive but to turn to ceramic packages. Work 
on leadless ceramic carriers (LCCCs) cur­
rently focuses, as it does for plastic carri-

I Lots of heat means 
going with ceramic 
chip carriers 

ers, on increasing the 1/0 count and im­
proving heat dissipation. 

As one example, Texas Instruments has 
proposed a 132- and a 164-pad ceramic 
package that match the footprint of the 

4. The Epic chip carrier from Tectonic and British Telecom breaks away 
from the traditional use of plastic and ceramic for IC packages. It 
comes in a range of sizes: 84 pads on 50-mil centers, 132 pads on 25-
mil centers, and here a 20-mil package with 256 pads. 
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company's staggered-lead PLCC package. 
The inner row of pads has fine holes reach­
ing up to the top of the package for inspec­
tion of the solder joint; the solder is 
absorbed up the hole, and the joint can 
therefore be inspected from the top. 

For LCCC, the thermal resistance be­
tween junction and case (TJ- c) is of inter­
est, because the surface on which the pack­
age is mounted profoundly affects the 
resistance. LCCs have an average TJ- c of 
about 10 to 25 °C/W, depending on the 
number of pads and the die size. 

At present alumina (Al203) is generally 
favored for leadless ceramic packages. Al­
though its thermal conductivity is much 
higher than that of plastic, it is still rela­
tively low (between 10 and 35 W /mK), and 
its temperature coefficient of expansion 

(T cE) is more than twice that of silicon. Be­
cause of the unequal expansion, the crystal 
is generally glued to the chip carrier to 
take up the stress, thus reducing the 
thermal conductivity even further. 
Beryllia (BeO) has about 10 times the 
thermal conductivity of alumina and is 
beginning to find use in high-dissipation · 
packages. But its coefficient of expansion 
is even higher than that of alumina; in ad­
dition, the matching process for beryllia 
must incorporate elaborate precautions to 
remove the extremely toxic BeO dust that 
is produced. 

Alternative ceramics have been devel­
oped. Aluminum nitride, made by W.C. 
Heraeus (Hanover, West Germany), and 
silicon carbide, produced by Hitachi Ltd. 
(Tokyo), both have a thermal conductivity 

The ins and outs of thermal mismatch 
Mention problems with surface mounting, 

and specialists in the field will generate almost 
as much heat in debating solutions as do some 
of the critical components. This is particularly 
true for the topic of mismatch in thermal coef­
ficients of expansion, TcE· 

The problem is well known: Ceramic chip 
carriers have a TcE of between 6 and 7 ppm/°C. 
The result is stress and failures in soldered 
joints after as few as 100 cycles between -55° 
and + 125 °C, the temperatures specified in 
MIL-STD-883B. 

However, questions have recently been 
raised about the general use of MIL-STD-883B 
for testing. It may be fine for evaluating the 
reliability of boards stored under extreme tem­
peratures, but it bears little relevance to oper­
ating temperature gradients, where the heat is 
localized around the devices. 

On top of this, although the temperature co­
efficient of the pc board is more than twice that 
of the ceramic carrier, the device temperature 
will generally be several degrees above that of 
the board -which, again, produces less stress 
than seems apparent at first. Indeed, at start­
up, the carrier is much hotter than the pc 

board, and matched TcE between both elements 
will strain the solder joints more than an un­
matched T CE would. 

Nevertheless, tests that incorporate start-up 
conditions still indicate that mismatched TcE 
is the major cause of solder-joint failure of ce­
ramic carrier assemblies. The same tests sug­
gest reliability is greatly improved on tempera­
ture-matched boards for ceramic packages 
having 44 leads and more. 

Three basic solutions are emerging for ther­
mal mismatch. First, the designer can ignore it 
altogether by rejecting ceramic carriers in fa­
vor of plastic ones, which let the leads absorb 
the stress. Second, the stresses can be taken up 
by use of a flexible pc board or elastomeric 
layer between the ceramic package and the 
epoxy-glass pc board. Third, the TcE values of 
the carrier and the pc board may be matched. 

The designer who opts for the third solution 
can use epoxy-glass carriers mounted on stan­
dard epoxy-glass boards (as is done with the 
Epic chip carrier developed by Tectonic and 
British Telecom), or he can match the TcE of 
the pc board to that of the carrier by using, say, 
a ceramic or copper-clad invar board. 
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comparable to that of beryllia (BeO) and 
about eight times higher than that of alu­
mina. Both also have a coefficient of ther­
mal expansion that is almost identical to 
that of silicon. Of course, the perfect ther­
mal match bewtween silicon and chip car­
rier only exacerbates the thermal mis­
match between the chip carrier and the 
epoxy-glass pc board (see "The Ins and 
Outs of Thermal Mismatch," p. 241), since 
silicon carbide and aluminum nitride have 
a temperature coefficient about five times 
greater than that of epoxy boards. How­
ever, with silicon having a TcE of about 

Retainer 
spring 

Orientation 
hole 

Typical JEOEC 
type A chip 

Mounting holes: 
4 positions, 
solder joint 

5. Elastomer& have made possible one of 
the first sockets for surface-mounted lead­
less chip carriers. Flexicon Systems uses 
four elastomeric elements to connect the 
leads of the carrier to the board. 
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2.7 and epoxy pc boards a TcE of approxi­
mately 14, a thermal mismatch will exist 
somewhere, no matter what material is to 
be used. Material like silicon carbide and 
aluminum nitride give a thermal match at 
the crystal, which is where the heat is gen-

I Despite competition, 
plastic continues to 
play a major role 

erated; a chip carrier made of either of the 
new ceramics, with elastomeric materials 
taking up the strain between the chip car­
rier and pc board, looks very promising. 

Nevertheless, plastic leaded chip carri­
ers continue to compete. The two last ob­
stacles to plastic dominance are lower 
thermal resistance and a more reliable 
hermetic seal. Techniques employing heat 
vias in the package could solve the thermal 
resistance problem. In fact, the thermal 
resistance of the Epic carrier went from 
100°C/W to a very respectable 4 ° C/W. As 
for high-density connections, leadless 
ceramic carriers cannot match tape­
automated bonding (TAB) technique. The 
LCCC is therefore becoming much more 
limited in scope although it is likely to re­
main in use for several years. 

As for surface mounting plastic and ce­
ramic carriers, two types of sockets have 
emerged, with one, of course, using the 
ubiquitous elastomer. The chip carrier 
socket recently produced by Flexicon Sys­
tems contains four metal-on-elastomer 
elements that connect the leads of the 
carrier to the footprint on the pc board 
(Fig. 5). The assembly is soldered to the 
pc board with four posts, and a retaining 
spring maintains the contact between car­
rier, elastomer, and pc board. 

A more conventional surface-mounted 
leadless chip-carrier socket from Augat 
Components (Attleboro, Mass.) can socket 
JEDEG A- and B- type LCCCs. Its open­
sided insulator affords good heat dissipa-
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tion (Fig. 6) and allows solder joints to be 
examined. The chip carrier is locked into 
the socket by a hinged cover with latching 
bar, which also allows a heat sink to be 
mounted on the top surface. The socket is 
soldered to the pc board on pads having 
50-mil centers. 

These newer sockets, combined with 
new connectors and other components, are 
reducing the need for putting surface­
mounted and conventional devices on the 
same board, a mix that dilutes the benefits 
of pure surface mounting. That leaves the 
pc board itself as a stumbling block in the 
path toward universal acceptance of sur­
face mounting. 

The past decade has seen relatively few 
improvements in boards. Among the im­
provements, line widths and spaces have 
gradually been shrunk to their present 

SURFACE-MOUNTED PACKAGING 

typical values of 0.25 mm with 0.5-mm 
vias. Even the jump to surface mounting 
has reduced widths and spaces to only 0.15 
mm and via holes to 0.3 mm, sufficient for 
the 50-mil (1.27-mm) lead pitches of cur­
rent packages. However, with packages 
now proposed with pitches of 25 and 12.5 
mils, lines and spaces of about 0.075 mm 
will be needed, along with 1-mm vias. Al­
though these dimensions are possible­
Exacta (Selkirk, Scotland) has done it 
during preproduction of its elastomeric 
Chipstrate board-boards are fast ap­
proaching the stage where manufacturing 
methods must either be refined or changed 
altogether. 

One solution is to turn to methods like 
direct laser imaging of the circuit onto the 
board. Although the makers of epoxy (and 
polyimide) glass boards will no doubt 

6. A more conventional socket for leadless chip carriers, this one from 
Augat Components, has an open-side insulator for good heat dissipa­
tion and for inspection of the solder joints. 
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adopt this approach-and continue to take 
the lion's share of the market-a more 
fundamental change is under way. A host 
of new boards, including flexible and 
metal-cored types, is boasting such new 
materials as porcelain-like enamel steel 
and large ceramic substrates. The new 
contenders compete in four basic areas: 
lower cost, higher mechanical stability, in­
creased thermal dissipation, and better 
matching of the thermal coefficient of ex­
pansion (TcE). 

I Researchers look to a 
variety of materials to 
hold down costs 

On the low-cost side, work has been done 
by British Telecom Research Laboratories 
(Martlesham, Heath, England) on poly­
mer thick film (PTF). The findings indi­
cate that once the current technical prob­
lems-mostly involving soldering-are 
solved, the simpler processing of the mate­
rial could slash the costs of multilayer 
boards; a four-layer PTF board, for exam-

Co11perand/ 
in var ~ 

ple, costs around $20, or half the price of an 
equivalent epoxy-glass board. 

However, although polymer thin film is 
gaining popularity in low-cost consumer 
products, where conductors are screen­
printed onto flexible plastics, paper, and 
other substrates, it has not yet dented the 
higher-performance arena. That failure 
can be attributed largely to a poor solder­
ing characteristic: PTF deteriorates 
rapidly at 220° to 230°C. Researchers are 
trying to improve this; once they do, the 
material's low cost could force epoxy-glass 
pc boards out of many of their current ap­
plications. 

Another threat to epoxy-glass comes 
from such materials as Kevlar and copper­
clad invar, which may be made structural­
ly self-sufficient, thus allowing savings on 
mounting brackets and other structural 
members. Copper-clad invar, for example, 
can be drilled, punched, bent, sheared, and 
drawn. It may not be too soon before one 
side of a circuit board holds the compo­
nents, while the other forms the outer 
casing. 

Although mechanical considerations 

Copper pillar and pad 

Elastomer 

J Polyimlde glass 
multilayer 

Elastomer 

Source: Smiths Industries Aerospace and Defense Systems 

7. With power dissipation increasing, substrates reinforced with copper-clad invar supply an 
effective way of matching temperature expansion coefficients while still drawing away large 
amounts of heat from the circuit. 
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are important, thermal dissipation is the 
key to success in surface mounting. With 
surface area dropping and circuit density 
rising, heat dissipation for an average 
board could soon be on the order of 3 to 
5 W /in.2

• Using a material with good heat 
conduction properties can increase the 
reliability of equipment and hold down 
both the number of components that need 
heat sinks and the size of fans. 

I Solutions are sought 
for the thermal 
mismatch problems 

Thin copper-clad in var cores, which cost 
no more than equivalent polyimide cop­
per-clad pc boards, can dissipate up to 14 
times more heat than identical layouts on 
conventional pc boards. In addition, cop­
per pillars and vias can lead heat from 
components to cores (Fig. 7), and edge­
mounted heat exchangers can be attached 
to the board to further improve thermal 
characteristics. 

Thermal mismatch has received consid­
erable attention of late, and perhaps the 
most researched solution is copper-clad 
invar, which bonds an invar sheet (65 % 
iron, 35 % nickel alloy) between two layers 
of copper. This core is sandwiched between 
conventional epoxy-glass or polyimide­
glass laminates. Recent work by Ferranti 
Ltd. (Bracknell, England) and others has 
shown that the core can be as thin as 
0.15 mm, thus making the weight of the 
whole board only 30% heavier than poly­
imide glass boards. 

The manufacturer of the core can adjust 
the TcE of the sandwiched board by vary­
ing the ratios of copper and invar in the 
core, which respectively have high and low 
thermal coefficients of expansion, to 
match the coefficient of the leadless ce­
ramic carrier. Since the copper-clad core 
has good conductivity, it can also be used 
as the ground or power rail. One or two 
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cores can be incorporated, depending on 
the number of laminates, with the cores 
close to the surface of the board for short 
thermal paths. 

Alternative ways of getting around the 
TcE mismatch are to increase the height of 
the solder joint, use flexible pc boards, or 
bond a 50-µm-thick compliant elastomeric 
layer to a conventional epoxy glass lami­
nate. To make contacts, carbon or metallic 
powders are introduced to form conduc­
tive stripes in the nonconductive elas­
tomer material. No one solution is likely to 
meet all needs, however, and it looks as if 
each will find its own applications, de­
pending on such factors as circuit density, 
cost, and heat dissipation. 

All of that activity would be useless if 
high-volume mounting machinery did not 
keep pace with component advances. Most 
manufacturers starting with surface 
mounting will no doubt turn to one of the 
many software-controlled machines that 
can mount just about any component, in­
cluding trimmers, inductors, and high­
lead-count leadless chip carriers. Quad 
packs and PLCCs are also beginning to be 
placed by the high-volume machines, and 
another machine for Panasonic, planned 
for entry this year, will mount quad packs 
with high lead counts and PLCCs packed 
in palettes. 

I Surface mounting calls 
for new kinds of 
production machinery 

At first, speed is not important: The 
main object is to gain experience with sur­
face mounting of several different product 
types. Machines such as the MPSlOO from 
Dyna/Pert Precima (Beverly, Mass.) are 
extremely flexible and can place almost 
any type of component housing onto a pc 
board. With that variety, machine manu­
facturers are increasingly offering a range 
of feeders. The MPSlOO, for one, works 
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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: 

0 Complete interactive control 
over placement and routing 

0 Quick correction and revision 

0 Production-quality 2X artwork 
from pen-and-ink plotter 

0 Prototype-quality 2X artwork 
from dot-matrix printer 

0 Easy to learn and operate, 
yet capable of sophisticated 
layouts 

0 Single-sided and double­
sided printed-circuit boards 
up to 10 x 16 inches 

O Multicolor or black-and­
white display 

0 32 user selectable color 
combinations; coincident 

points can be displayed 
in contrasting 
colors. 

Twice scale 
hardcopy of your 
artwork is produced using 
the Epson dot-matrix printers or the 
Houston Instrument DMP-41 pen­
and-ink plotter. Quick 1 X check plot 
is also available from Epson printers. 

Dual-layer color display of a 2" by 4" 
section of a 10" by 16" circuit board 

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:M 
We'll be glad to tell you how 
smARTWORKTM 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 

0 IBM PC or XTwith 192K RAM. 2 d isk 
drives and DOS Version 2.0 

0 IBM Color/Graphics Adapter with 
RGB color or b&w monitor 

0 Epson MX-80/MX-100 or FX-80/ 
FX-100 dot-matrix printer 

D Houston Instrument DMP-41 
pen-and-ink p lotter (optional) 

0 Microsoft Mouse (optional) 

"smARTWORK" a nd 'W intek" are trademarks 
of Wintek Corporat ion. 

WINTEK CORPORATION, 1801 South St., Lafayette, IN 47904-2993, Phone: (317) 742-8428, Telex: 70-9079 (WINTEK CORP UD) 
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1985 TECHNOLOGY FORECAST 
SURFACE-MOUNTED PACKAGING 

with 12 feeder types-tape, flat vibrators, 
stick feeders, waffle trays, and more exotic 
alternatives. 

Another facet of flexibility is the speed 
with which a machine can be reset to han­
dle a new product line. This is most impor­
tant in the early stages of surface mount­
ing, when different techniques are being 
evaluated. The program for each board is 
held on a microcassette, and a complete set 
of component feeders can be kept on the 
machine that whole time. With the rela­
vant feeders in place, resetting the MPS-
100 for a new board takes about a minute­
the amount of time involved in loading a 
previously written microcassette. 

I Various techniques ensure 
that components are 
placed correctly 

After gaining some preproduction ex­
perience in surface mounting, users gen­
erally move up to faster machines. But 
improvements are needed so that these 
machines can handle different types of 
components. Manufacturers of high­
volume machines are generally reluctant 
to design customized feeders, a major 
reason being the need for reliability and 
standard packaging. 

Tape is generally favored for high- ' 
volume placement, and many large ma­
chines will mount just about anything that 
can be packed on 8-, 12- and 16-mm tape. 
In addition, Panasonic has two machines 
that accept 32-mm tape, thus allowing 
them to place 28-pin small-outline I Cs. 

Placement accuracy is on the rise, with 
imagers increasingly being used for pat­
tern recognition. A solid-state imager on 
the MCM II, a software-controlled ma­
chine from Philips International BV 
(Eindhoven, the Netherlands), takes the 
place of the central "pipette" (placement 
head), scans the substrate and uses pat­
tern recognition to guide the component 
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into its footprint. This eliminates the er­
rors caused by simple placement of the 
component according to reference points 
on the substrate. 

Another layer of checking is tackled by a 
measuring device on the placement head 
of a software-controlled pick-and-place 
machine from Siemens. The detector 
catches out-of-specification or incorrectly 
sorted components. This feature is espe­
cially important for components being fed 
by vibration feeders, since it is relatively 
easy for an odd component to be dropped 
into the feeder bowl. 

In the long run, one of the most impor­
tant aspects of a production-scale auto­
matic placement system is going to be the 
number of defects in assembled boards. 
Soldering and placement reliability of 
99.95 % per connection sounds high at 
first. But consider a complex board with 
100 components and perhaps 2000 connec­
tions; the machine could be a very fast way 
of turning out rejects. 

In the first stages of a company's experi­
ence with surface mounting, .the target is 
generally to keep the same reject rate now 
obtained with automatic insertion (this 
often means reworking almost every 
board). After a year's experience, a com­
mon target is 200- to 300-ppm failures per 
connection-up to an order of magnitude 
higher than current levels for conven­
tional components with leads. 

In the long term, however, major ma­
chine manufacturers are setting targets as 
low as 50 ppm for the overall system, in­
cluding adhesive application (on wave­
soldering machines), placement, and 
soldering. Experience with machines like 
the one from Philips already indicates a 
placement reliability of 10 to 20 ppm, and 
it will be the job of designers over the next 
four or five years to bring each stage of the 
placement process down to that level. This 
will give a cumulative reliability of 50 to 
100 ppm, the point at which zero-defect 
policies can begin to be implemented. o 



The P-CAD Denominator 
You Never Outgrow 
Your Need for P-CAD. 

If you put P-CAD CAE/ CAD 
systems users in the same room, 
you'd see a very diverse group of 
engineers. (Not to mention a 
very large room.) 

You'd see designers from small 
system houses that use P-CAD 
software on a single IBM PC for 
printed circuit board schematic 
capture and physical layout. 

You'd also see IC engineers 
from semiconductor firms whose 
names are a household word. 
Engineers who have access to 
some of the world's largest, most 
sophisticated CAE workstations. 
Yet they have a standard personal 
computer nmning P-CAD CAE 
software on their desks. 
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And you'd see hundreds of 
other P-CAD users whose work­
ing environment is somewhere 
in between. 
The 80:20 Rule still works. 

Roughly stated, a P-CAD CAE 
workstation offers 80 percent of 
the functionality of a traditional 
workstation for about 20 percent 
of the price. Thar's because 
P-CAD software runs on a stan­
dard IBM PC/ XT, AT or compat­
ible. And P-CAD's modular CAE 
software lets users select the 
applications they need for their 
particular user environment. 

Some engineers use P-CAD 
just for its fully hierarchical sche­
matic capture, then ship their 
data base to other systems. 
Others use P-CAD's logic simu­
lation tools to evaluate the 
performance of their design right 
at their own workstation. 

TEGAS and SPICE 
and Everything Nice. 

P-CAD supports Ethernet. So 
it's easy to interface P-CAD 
designs with in-house, 
mainframe-based design tools 
like TEGAS and SPICE. An ASCII 
net list output format is also 
provided for your own, in-house 
software. 

We could go on. But you 
get the idea. Call toll -free 
(800) 882 -7535 (in CA: 
408-354-7193) and let your 
nearest P-CAD representative 
show you what you're missing. 

Electronic 
Design Automation 

12:r;;g_~r 
981 University Ave. 

Los Gatos. CA 95030 
(408) 354-7193 TELEX 278866 



We've cut the cost 
With new Amphenol® FCC 17 Series 
and FCC 57 Series filter connectors. 
If you have a problem with FCC 20780 
compliance, electrostatic discharge or 
EMl/RFI interference, we have a solution at a 
price much lower than you'd expect. 

Amphenol filter connectors block radiated 
and induced 1/0 cable interference for less 
than 30¢ a line. That's less than half the price 
of most other filter connectors, and much 

less cumbersome than shielded cable. 
This low-cost breakthrough was achieved 

by combining our connector design expertise 
with the proven technology of chip capacitors 
as filter elements. With low power factor and 
long life, these filter elements are available in 
a broad range of capacitance values to meet 
your specific filtering requirements. 

We've also made retrofitting easy by 
designing our filter connectors with the 
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of EMl/RFI control. 
same outer dimensions as our standard 
D-Subminiature and Micro-Ribbon® 
connectors. You can substitute filter 
connectors in existing designs without 
expensive modification. 

The FCC 17 Series D-Subminiature filter 
connectors are available in 9, 15, 25 and 
37 pin and socket designs. FCC 57 Series 
Micro-Ribbon filter connectors are available 
in plug, receptacle, and adapter versions with 

36 or 50 contacts. Both series offer you a 
choice of solder cup, and straight or right 
angle PCB terminations. 

For more information, technical 
assistance, prices and delivery ... 

Call 1-800-323-7299. 
Amphenol Products world headquarters: Lisle, IL 60532 
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Win A Princess 
Caribbean Cruise for Two 
Plus $1000 Cash 
Enter Electronic Design's 21st Annual Top 10 Contest 



Entry blank and rules appear in 
this issue. 
Win a luxurious Princess 
Caribbean Cruise for two. This 
ideal getaway on an elegant liner is 
the vacation of a lifetime! You'll be 
treated to extravagant meals, 
splendid entertainment, exciting 
nightlife, and plenty of fun in the 
sun. You ' ll cruise to the exotic 
Caribbean islands, experience their 
rich cultures, lounge on their 
beautiful beaches. Sample the 
perfect blend of comfort , elegance, 
and adventure on this dream 
cruise. 

First prize also includes $1000 
in cash to cover incidentals. 
It's easy to enter, and fun to win! 
All you have to do is pick the ten 

top-scoring ads in the January 10th 
issue of Electronic Design. 

Here's How You Enter 
1. Official entry forms are in this 
issue. 
2. Read the rules contained in the 
issue. 
3. Pick the ten adve rti sements you 
think your fellow readers will best 
remember having seen. 
4. List the ads by Company Name, 
Reader Service Number and Page 
Number on the entry card . 

MAIL BEFORE MARCH 1, 1985. 

Your list of selections will be 
checked against Reader Recall, 
Electronic Design 's method of 
measuring readership . 

. . . . . . . . 

PLUS more than 100 other exc iting 
prizes for 2nd through 1 OOth p lace 
winners I 

Welcome Aboard All You 
Advertisers, Too. 
A parallel contest with the same 
top prizes for advertisers, 
advertising agencies, and 
advertising personnel in 
companies. You too can win a 
luxurious Princess Caribbean 
Cruise or other prizes. And there ' ll 
be free reruns and readership 
awards for the winning ads. The 
Top 10 Contest issue is one of 
the year's biggest advertising 
opportunities, with extra readership 
for every ad. 

. . . . 
. ... 
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1985Top10 
Contest Rules 

Pick the Top 10 advert isements in this issue and win a Princess Cruise for two plus $1 ,000 in 
cash ... or more than 100 other excit ing 2nd through 1 OOth place prizes . 

Reader Contest 
Examine this issue of Electronic Design with extra care. 
Pick the ten advertisements that you think your fellow 
engineer-subscribers will best remember having seen. 
List these ten advertisements on the special entry form 
bound in this issue . (Be sure to check the box marked 
"Reader Contest. ") 

This year your selection will be measured against the 
ten ads ranking highest in the " Recall Seen" category of 
Reader Recall, Electronic Design's method of measuring 
readership-see item 6. 

In making your choices do not include " house" 
advertisements placed by Electronic Design or Hayden 
Publishing Company, Inc. (such as this ad describing the 
contest) . Don 't miss your chance to be a Top 10 Winner! 
All entries must be postmarked no later than midnight, 
March 1, 1985. Winners will be notified in May, 1985. 

READER CONTEST RULES 
1. Enter your Top 10 selections on the entry blank bound 

in this issue or on any reasonable facsimile . Be sure to 
indicate 1) the name of the advertiser; 2) the Reader 
Service Number for each of your choices; and 3) the 
page number for each of your choices. (House ads 
placed by Hayden Publishing Company in Electronic 
Design should not be considered in this contest.) 

2. No more than one entry may be submitted by any one 
individual. Entry blank must be filled in completely , or it 
will not be considered. The box on the entry blank 
marked "Reader Contest" must be checked. Electronic 
Design will pay postage for official entry blanks only. 

3. To enter, readers must be engaged in electronic design 
engineering work, either by carrying-out or supervising 
design engineering or by setting standards for design 
components and materials . 

4. No cash payments, or other substitutes, will be made in 
lieu of any prize (except the $1000 prize). 

5. Contest void where prohibited or taxed by law. Liability 
for any taxes on prizes is the sole responsibility of the 
winners . 

6. Entries will be compared with the " Recall Seen " 
category of Reader Recall (Electronic Design's method 
of measuring readership) . That entry which in the 
opin ion of the judges most closely matches the " Recall 
Seen" rank will be declared the winner. 

7. In case of a tie, the earliest postmark will determinethe 
winner. Decisions of Top 10 contest judges will be final. 

8. First prize is a Princess Cruise for two and $1000 in 
cash. 

Advertiser Contest 
There's a separate contest open to all marketing and 
advertising personnel in companies , and to advertising 
agencies. 

Examine this issue of Electron ic Design with extra care. 
Pick the ten advertisements that you think will be best 
"Recall Seen " by Electronic Design's readers. List these 
ten advertisements on the special entry blank bound in 
this issue. (Be sure to check the box marked "Advertiser 
Contest. ") 

ADVERTISER CONTEST RULES 
1. All rules for the Reader Contest will similarly apply for 

this contest , with two exceptions: readers engaged in 
electronic design engineering work, as defined in the 
reader contest rules , are not eligible to participate in 
this special contest. The box on the entry blank marked 
"Advertiser Contest" must be checked. 

2. Entrants in this contest may use the official reader 
contest entry blanks or any reasonable facsimile. 

3. This special contest is open to marketing and 
advertising personnel only at all manufacturing 
companies and advertising agencies, whether or not 
their companies or agencies have an advertisement in 
the contest issue. 

FREE RERUNS FOR THE TOP 10 ADS 
All ads that place in the Top 10 will have the 
opportunity to be rerun at no charge in a future issue 
of Electronic D esign. in a special section recognizing 
advertis ing excellence. Winning ads will be rerun in 
this special section only if matched in the issue by a 
paid advertisement of the same size and color. 
These free reruns will be made on ly from existing 
plates or negatives. If the advertisement qualifying 
for a free rerun is an insert , the winner may run up to 
a two-page spread from existing plates or negatives 
in up to 4-colors. Hayden Publishing Company, Inc. 
reserves the right to schedule reruns at its 
discretion. 

Use special entry blank bound in this issue 
(Blanks are also bound in the front of this issue) 
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Microprocessor programming made simple. 

"Keep it simple" was the principle 
of the 14th Century English philos­
opher William of Occam and it has 
even more validity today. Faced with 
the problems of sophisticated 
computer systems. designers have 
found that ever more complex pro­
gramming languages are further 
complicating their tasks. Until now. 

Occam. Created for system 

transputer family. It provides an 
efficient. responsive implementa­
tion language for systems built 
on today's microprocessors. It also 
opens up future possibilities with 
its performance- enhancing 
multiprocessor capabilities. And 
INMOS now offers a product to let 
you exploit occam's total capability 
in your system. 

design and implementation. Simplify your job with the 
When we started designing our Occam Programming System. 
new VLSI family of 10-MIP trans- The Occam Programming System 
puters. we built on William's simple (OPS) gives you the tools for com-

for execution on the VAX. Cross­
compilers for 68000 and 8086-based 
systems will also be available. 

What's more. the occam programs 
developed and proven on the OPS 
will give you a head start for work 
with the INMOS transputer. Exten­
sions to the OPS will be available 
which will allow occam programs 
to run on the transputer. 

And if you have a requirement 
to program the transputer in other 
popular high-level languages, other 
extensions will include compilers 
for C. Fortran. and Pascal. 

philosophy. To take advantage of plete VAX I VMS software develop-
the possibilities opened up by the ment. This package includes an Get started today. 
transputer. we needed to create a integrated editor I checker. an Contact us for our information 
language capable of properly ad- optimizing VAX compiler and full pack on occam, the Occam Program-
dressing parallelism and multi- documentation. This gives you a ming System and the transputer. 
processor systems. supportive environment for the You'll be surprised how simple 

With the ability to describe con- development of occam programs your life can be. 
currency (whether timeshared or .. ------· ,--...-- _______ ,, For quick response. call us at 
real) .and to handle message- ,..,...,..,. f · t ~I !I ' , . a."1 (303)630-4000 or write: 
passing at the lowest level of the Iii 111 ' • • •I :· ,._,._, ... Occam. P.O. Box 16000. 
language, all .aspects ?fa system . a, • I - I • 1 ~, .. Colorado Springs, co 80935. 
can be described. designed and llJlrT - . ' / 91 
implemented in occam. From in- •• .N. , _ _,, & ~~- o 
terrupt handling through Signal • - I a .... 111 01n1mos 
processing to screen editors to ~ a a.. ... Li Li 
artificial intelligence. And on. •at J ~-

But occam is not limited to our 1nmos.®and occam are trademarks of the 
lnmos Group of Companies 

, 
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Ten of the most eminent technologists, each a pioneer in his field, forecast the 
future of electronics for the rest of this decade and even through the end of the cen­
tury. These distinguished scientists and industry leaders have chalked up an im­
pressive list of contributions to modern electronics technology, laying a strong 
f oundationf or tomorrow's advances. 

For example, Charles Kao is the acknowledged/ ather of optical-fiber communi­
cations. Niklaus Wirth developed Pascal and Modula-2 software languages. Ted 
Hoff is the inventor of the ubiquitous microprocessor, and Charles House gave us 
the logic analyzer. A mos Joel developed the first electronic telephone switching 
system, as well as cellular radio. Similarly, Gene Amdahl is a world-renowned in­
novator in computer architectures, having been in on the initial development of 
many IBM mainframes. Sir Clive Sinclair revolutionized the field of consumer 
electronics, and Marvin Minsky has made an undeniable impact on the world's 
understanding of artificial intelligence. Robert Keyes brought life to solid-state 
device physics, and Brian Sear has influenced the discipline of automatic testing. 

These men see an electronics world ripe with hardware advances, including 
fiber-optic developments that will 
bring electronics into wider use 
across all segments of society. Not Clm'les Kao ITT Executive Scientist 

surprisingly, they are certain that ITT Corp. 
chips will climb to new levels of in- Gene Amdahl Chairman and Founder 
tegration and performance-spawn- Trilogy Systems Corp. 

ing the next generation of super- Niki• Wirth Professor of Computer Science 
computers. Though the future looks Federal Institute ofTechnology, Zuric;h 
bright, the men collectively suggest Ted HoH consultant 
that the going may be rough, with 
software becoming more critical, 
more complex, and more difficult to 
manage. In fact, software will ulti­
mately tilt the scales between success 
or failure. 

Clul'les House Corporate Engineering Director 
Hewlett-Packard Co. 

Amos Joel Consultant 

Clive Sinclair Chairman and Founder 
Sinclair Research ltd. 

Marvin Minsky Donner Professor of Science 
Massachusetts Institute of Technology 

Robert Keyes Member of the Technical Staff 
IBM Thomas J. Watson Research Center 

Brian le.- President 
GenRad Semiconductor Test Inc. 
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CHARLES 

By the end of the decade, the single-mode fi­
ber will have largely replaced its multimode 
equivalent in optical communications. Be­
cause of its smaller core diameter, designers 
thought that a single-mode cable is hard to 
work with. This prejudice has been largely 
overcome, thanks to a rapidly growing record 
of success. 

Single-mode fiber will likely replace multi­
mode even in specialized settings, like inter­
office communications. And links using 
single-mode fibers have already transmitted 
data at over a thousand megabauds. By the 
end of the century, thousand-gigabaud links 
over distances exceeding one hundred kilo­
meters will be attainable. 

For very long-range communications, a 
promising recent development has been 
fiber-optic cable capable of sending data over 
great distances with remarkably low losses. 
These special cables operate in the long­
wavelength infrared spectrum of 2 to 5 µ,m, 
and it is reasonable to expect repeaterless 
transmissions over a thousand kilometers. 

To date, the most important breakthrough 
in fiber optics has been the development of 
single-frequency semiconductor lasers. 
These have been put to work transmitting in­
formation over optical cables in the laborato­
ry. One problem has yet to be completely 
overcome: the laser's stability. Its carrier fre­
quency still wanders under modulation. But 
even that shortcoming 

sers are truly the optical equivalent of rf 
oscillators. They allow frequency division 
multiplexing, in which two independent 
signals coexist on the same data path with­
out interference. 

The use of two or more carriers allows an 
optical cable to deliver at least twice as much 
data as it could with only one. This is analo­
gous to sending two TV channels over the 
same antenna. 

Once frequency stability is ensured, it will 
be possible to multiplex hundreds of totally 
independent carriers on the same optical 
cable. Each will be generated by a separate 
laser, just far enough removed in frequency 
to forestall interference. In this way the truly 
astounding data-carrying capacity of fiber 
optics will be realized. 

On the detection side, improved avalanche 
photodiodes will soon outperform p-i-n 
FETs. Previous avalanche photodiodes capa­
ble of working at wavelengths greater than 
1.1 µ,m were germanium-based devices. They 
suffered from relatively high noise. 

Future avalanche photodiodes will be built 
with indium gallium arsenide, a compound 
with material properties that will attenuate 
the noise and greatly increase the gain-band­
wid th products. Devices made with this 
compound respond at wavelengths as wide as 
1.6 µ,m. 

Using single-frequency lasers as trans-
mitters will have the added 

will be licked in the very 
near future. 

Single-frequency la-
To date, the most 
important break­
through in fiber-optic 
com ... lcatlons 

benefit of allowing coherent 
detection techniques on the re­
ceiving end. It will be possible to 
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process the incoming pulse by heterodyning 
the signal and using conventional detection 
methods, much like ordinary radio signals. 
The result will be not only a lower error rate, 
but also an even greater number of carriers 
on the same cable. 

A new class of products combining optical 
and electronic functions on the same chip 
will also be appearing soon. One example 
combines an optical laser diode and its drive 
amplifier on one gallium arsenide substrate. 
To increase receiver sensitivity, a p-i-n diode 
detector can be combined with a FET pre­
amplifier. The FET preamplifier has already 
been tested in the laboratory and should be 
available soon. 

It might also be possible to combine the 
receiving diode, preamplifier, drive ampli­
fier, and laser diode on the same semicon­
ductor substrate. Such a component would 
represent an integrated transmission and 

reception system-in essence a repeater­
on a monolithic chip. The device would likely 
be made of a III-V compound, like gallium 
arsenide, with inherent high-speed and 
optical-to-electronic energy conversion 
char actersi s tics. 

But the future of integrated optical re­
peaters is uncertain. On the one hand, the 
technology faces fabrication difficulties. On 
the other, creating long-distance repeater­
less optical cable may eliminate the need for 
repeaters entirely. 

The problem of tapping into a fiber-optic 
cable has yet to receive wide attention. And a 
great deal of work is needed before fiber 
optics can be best utilized in different com­
munication networking configurations. Inte­
grated repeaters may find their most im­
portant use in that area. 

Planar integrated optics is another 
example of the blending of optics and elec­
tronics. Here an optical pathway must be 
modified by means of an applied electrical 
field. In this way light can be modulated or 
switched by being focused, deflected, or di­
rected along different pathways. 

Optical switches like these are exciting but 
have problems of their own. Speed-power 
products are not as good as might be ex­
pected, and commercial development is some 
way off. But the technology's promise is 
alluring. Unprecedented speed is not the only 
potential benefit: Because it involves the 
transformation of light beams, the technique 
may prove to be particularly useful in fast 
Fourier transforms. 

Charles K. Kao is the inventor of fiber-optic transmission. 
In 1957 he joined ITT in England and later came to the 
company's Electro-Optical Products Division in the U.S. He 
is now working al ITT 's laboratories in Shelton, Conn. and 
West Germany. Among the many prizes he has been 
awarded are Sweden's L.M. Ericsson International Prize, 
the IEEE's Morris H. Liebman Award, and the Franklin 
Inslitute 's Stewart Balanline Medal. 
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GENE 

The greatest challenge facing computer de­
signers will be liberating CPU performance 
from its dependence on memory access times. 
But this will be almost impossible to achieve 
as long as computer architectures are opti­
mized for sequential processing. 

Typically, a CPU executes a series of in­
structions. For each one, it generates a 
memory address, opens switches to that ad­
dress, and fetches the data residing there. In 
such a configuration, the computer's per­
formance is forever contingent upon how 
quickly it obtains the contents stored at an 
address. As long as computers are organized 
to process individual instruction streams in 
sequence, their speed will be determined by 
the memory technology used. 

This dependency must be eliminated. Ar­
chitecturally, it is important to eliminate 
sequential processing operations and to 
replace them with parallel processing al­
gorithms. Technologically, we must improve 
device-dependent propagation speeds. 

In computer architectures, a designer can 
segregate an instruction stream from partic­
ular memory references by building a CPU in 
which separate instruction and address in­
formation flows in parallel. Addresses can 
also be registered well in advance of the time 
that a particular instruction will need them. 
That would eliminate some of the depend­
ence on memory addressing time. 

Unfortunately, com-

addresses. As a consequence, evolving archi­
tectures will still be bound by sequential 
processing-and obviously by the access 
time to memory. 

The parallel processing structures of the 
new supercomputers show promise. For vec­
tor operations, the parallelism has produced 
dramatic improvements in performance. But 
the machines rely on vector parallel proces­
sors for less than 80% of their operations. 

Though there can be no 100% implementa­
tion of vector parallel processing (inevitably 
parallel processors must share their activi­
ties with sequential ones), 90% implementa­
tion would still yield a tenfold improvement 
in performance over strictly sequential 
machines. An 80% implementation would 
deliver a fivefold improvement. 

Even with expert systems, we will still see 
a great deal of sequential processing and 
very little parallelism. Multiple questions 
put to expert systems may appear to gener­
ate parallel search branches, but each of 
these branches is executed in sequence and 
depends on a sequential operation for its 
final resolution. 

For example, no matter how many com­
plex search branches an artificial-intelli­
gence machine conducts, the results of each 
branch must still be registered, in sequence, 
at some central location for a comparison in­
struction. In fact, expert systems are a clas-

puter architects are not 
intent on separating in­
struction streams and 

Because of Ille 
dependence• ................. 
the best hope for 
increa8lng computer 

sic case of machines that are 
sequentially dependent. 

Consequently, the results of 
some fifth-generation projects 
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are likely to be disappointing. We will see 
useful bits and pieces emerging-good array 
processors and hardware for expert sys­
tems-but not the single dramatic symbolic 
processor that AI people are seeking. 

To be sure, there will be some movement 
toward parallelism. Mainframes will adopt 
more intelligent channels (such as periph­
eral controllers with built-in intelligence), 
and distributed-processing networks will 
have their own communications controllers. 
But these architectures will not be substan­
tially different from the single-stream proc­
essors we see today. 

Even specialized architectures are good 
only for a given level of performance. Though 
these machines pipeline instructions, each 
instruction still requires the CPU to compute 
an address. 

Because of the dependence on sequential 
processing, the best hope for increasing com-

puter performance during this decade lies 
with device technology. 

Here, ECL will continue to be the fastest 
standard logic. CMOS will offer high per­
formance, but it will not match the speed of 
ECL. It is much more economical than the 
latter and will be the principal workhorse in 
general-purpose applications, including ex­
pert systems. 

The speed of CMOS devices, however, is de­
pendent on creating small switches and posi­
tioning them close to one another. But once 
you step off the package with a signal, you en­
counter low impedances and high capaci­
tances. Without great investments of power, 
these are difficult obstacles for CMOS 
drivers to overcome. 

ECL drivers are best in this situation. It 
may be possible one day to construct such 
drivers on a CMOS IC, but the superiority of 
ECL technology for speed has been clearly 
established. For example, a 1-kbit ECL 
memory from Nippon Telegraph and Tele­
phone Public Corp. features an access time of 
0.8 ns. This is far better than anything pro­
jected for CMOS !Cs-far better, in fact, 
than anything projected for gallium arsenide 
devices. 

GaAs devices might be the fastest for sim­
plified vector processors, especially where 
the gate counts are below 10,000. But if GaAs 
I Cs are to drive signals off the chip, their per­
formances can be worse than those of CMOS 
devices. A GaAs IC has very high carrier mo­
bility, but this speed is contingent on very 
high impedance levels. 

Gene Myron Amdahl is a recognized innovator in the field 
of computer technology. He started his career at IBM during 
the 1950s, later becoming chief designer of the 704 computer, 
the initial planner of the 709 and 7030; the architecture 
manager of the System/360. He left IBM to form his own 
company, Amdahl Corp., and went from there to start Trilogy 
Systems. He holds a BS in engineering physics and a PhD in 
theoretical physics. 
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NIKLAUS 
I 

To understand the future of computer lan­
guages, it is best to first forget the word 
"language." The problem began with Algol 
60, when computer scientists tried to borrow 
mathematical structures. So the term "pro­
gramming language" became commonplace. 

The idea that computer algorithms could 
be expressed by an ambiguous natural lan­
guage has led many researchers astray. Al­
gorithms must be described with utmost 
rigor and precision. Using inherently impre­
cise structures is utterly absurd. And in the 
years to come, algorithm design will be more 
heavily based on mathematics than it is 
today. 

But that will not happen overnight. People 
tend to hang on to their software invest­
ments-be they in the form of experience and 
skills or programs and subroutine libraries. 
So new ideas spread slowly. It took Pascal 10 
years to catch on, and had it not been for the 
fact that the microprocessor greatly expand­
ed the software community, it might have 
taken even longer. 

Still, Pascal did not replace Fortran-the 
older language was too deeply entrenched. 
Instead, successive revisions of Fortran 
grafted updated concepts onto the old roots. 
That's a valid technique in vineyards, where 
the roots are sound, but not for upgrading 
programming languages. Now the same ap­
proach is being tried on C. Such efforts serve 
only to cure the symp-

imperfect world and give up the dream of a 
single language that will serve their needs. 
And that, by the way, includes Ada. Except in 
applications where the defense department 
mandates its use, I judge its prospects to be 
extremely dim. 

Ada's big lure is its promise of solving all 
problems. It offers features for nearly any 
need that might arise-no matter how rare­
ly. But the combinations and interactions of 
all these features can wreak havoc. I have 
heard that Ada compilers comprise several 
hundred thousand lines of source code. Com­
pare this with a good compiler, say, for Mod­
ula-2, which is typically 5000 lines long. The 
staggering difference in length could only be 
justified if the benefits were of a similar 
magnitude. 

Yet Modula-2 offers all of Ada's important 
features-modularity, information hiding, 
multitasking, hardware access, and real­
time capability. So the few seldomly used 
features of Ada simply cannot justify its 
huge price tag. The Pentagon insists that a 
few extra million dollars will create the need­
ed compilers, and some software houses 
rejoice because they are guaranteed work for 
years to come. 

The true problem with Ada's future, the 
one that cannot be shrugged off, is that its 
complexities will have to be mastered by so 
many programmers, which translates into 

immense cost. In the private sec­
toms, not the disease. 

I'm afraid engineers 
will have to live with this 
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Ada may succumb to the same fate. 
C.A.R. Hoare, of course, has predicted a 

bleak future for Ada in his Turing A ward lec­
ture. His answer is Occam, which concen­
trates on parallel processing. In fact, the 
concept of parallelism stands in Occam's 
foreground, while it is just one of Ada's many 
features. Occam makes it easy and natural to 
express concurrently executable statements 
and simplifies communications between par­
allel processes. This approach may well turn 
out to be just right for systems that are likely 
to consist of many processors. Under Occam, 
such systems will be interconnected over 
communications channels, rather than by 
shared memory, as today's multiprocessor 
systems are. And if existing systems are 
tightly coupled, the system bus must be used 
for communications, which not only requires 
arbitration but also tends to limit system 
throughput. 

If such a multiprocessor system has to 
work in real time, congestion could be disas­
trous. None of the private process control 
languages implemented by companies or 
consortia seem viable to me. For instance, 
Pearl (used primarily in West Germany) and 
Chill (mandated by the CCITT) are both ba­
roque monstrosities that are ill equipped to 
handle tomorrow's real-time systems. 

Unfortunately, tomorrow's multiproces­
sor hardware may be much slower in arriv­
ing than many of us would wish. Hardware 
designers are, by and large, a conservative 
lot, since their aim is to create chips that sell 
well to their faithful customers. Although 
some of their architectures may be adver­
tised as tuned to specific languages, in reality 
most are aimed at the efficient execution of 
assembly code and are simply downright 
poor in accomplishing their advertised goal. 

The trouble is that most hardware de­
signers believe in the same false gods as soft­
ware designers, namely that only designs 
rich in features and complex in concept will 
impress people. In reality, a good design can 
be recognized by its convincing systematic 
structure and its suitability for the task of 
processing compiled code. My advice is don't 
introduce a new architecture until it has been 
evaluated with its intended compiler. 

I may be prejudiced, but the whole Modula 
environment, which represents 25 years of 
healthy evolution, is more suitable for sound 
engineering than a complex system like Ada 
or Cedar (which tries to combine the best of 
Pascal, Lisp and Smalltalk). 

Professor Niklaus Wirth last headed the computer science 
department at the Federal Institute of Technology (ET HJ in 
Zurich. At Stanford University, he took part in creating the 
Algol W. language. He later developed Pascal, which forms 
the basis of most modern computer languages. Modula-2 re­
sulted from his eff arts to tailor hardware and software to 
work in harmony. He holds a BSEE from the ETH and a 
PhD from the University of California at Berkeley. 
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Greater integration of system functions will 
characterize microprocessor developments 
over the next few years. We have already 
seen the integration of such functions as 
timers, direct-memory access channels, and 
memory management on microprocessor 
chips. Next we can expect more on-chip cache 
memory for program acceleration, instruc­
tion queues, and even some small instruction 
caches. 

While new capabilities-such as on-chip 
instructions to handle floating-point calcula­
tions-are starting to appear, there's a lot 
more that can and should be done. Floating­
point coprocessor chips have made tremen­
dous progress in what could be achieved with 
algorithms. These chips, though, 'are rela­
tively slow compared with mainframe com­
puters, and require 1 to 10 µs for most float­
ing-point calculations. Some new chip sets 
operate at millions of calculations per sec­
ond. They will be the key to high-perform­
ance systems of the future. 

The impact of microprocessors has already 
been felt in many areas. Energy control and 
management, medicine, consumer electron­
ics, telecommunications, educational aids, 
and intelligent military weapons are just a 
few examples. Exciting future applications 
are anxiously awaited. In genetic engineer­
ing, for instance, we can look forward to pro­
cessors that will accurately compute com­
plex genetic sequences. 

coming closer to reality. 
The proliferation of specialized proces­

sors, however, raises the issue of just how 
much more performance a general-purpose 
microprocessor IC ought to give. Where 
should a general-purpose microprocessor 
leave off and a special-purpose device begin? 

A workstation that includes a 32-bit float­
ing-point coprocessor IC with a 100-ns clock 
cycle has power approaching that of a large 
mainframe computer. Such chips will give 
the personal workstation a "turbo boost." In 
the design of a simulation workstation, for 
example, valid arguments can be made to use 
either general-purpose or specialized CPUs 
or perhaps a data-flow machine containing 
many floating-point processors that are 
operating in parallel. 

Though the general-purpose processor 
with its von Neumann architecture for serial 
processing still has considerable life, more 
dedicated architectures-that is, ones dedi­
cated to logic or circuit simulation, data-base 
applications, and so forth-will serve as ad­
juncts to improve system performance for 
specific tasks. 

In fact, different processor architectures 
are beginning to emerge, though we may not 
recognize them as such. We do not usually 
call a device that performs a peripheral func­
tion a microprocessor, whether it's a disk 
controller, floating-point unit, or a commu-

nications interface IC. But if you 
Though that capability 
may still be at the sci­
ence-fiction level, it is 

The proliferation 
look at what goes on inside the 
device, you'll see much of the 
same types of computations 
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general-purpose processors perform. Most 
peripheral devices have a microengine of 
some sort that is fine-tuned for the applica­
tion at hand. 

More of these dedicated architectures will 
evolve as new applications are defined. The 
gate arrays and CAD workstations needed to 
build them are already here. While only a few 
years ago the design of such chips was left 
pretty much to a few semiconductor manu­
facturers, the semicustom techniques avail­
able now have opened up the design activities 
to a much broader range of engineers. 

With microprocessors becoming more 
complex, the problem of testability will arise 
and become quite time-consuming. Testabil­
ity of a chip involves two aspects: making the 
chip design testable and verifying that the 
design does what it is supposed to do. While 
the first problem can be, and has been, 
tackled with such devices as check gates, 

level-sensitive scan designs, and so forth, 
verification may prove to be intractable. It is 
very difficult, if not impossible, to verify that 
a complex new processor architecture for 
which there is no proven model will work. 

Complicating the testability problem is 
the search for design quirks, both in hard­
ware and software. In fact, software testing 
will present an even bigger challenge over 
the next decade than hardware testing. Al­
though we tend to be more tolerant of soft­
ware bugs than of hardware faults (look at 
all the bugs we encounter in software pro­
grams), that attitude must change. Software 
costs are rising and designers are bound to 
find future software fixes very expensive. 

Testability problems will not, of course, 
stop the penetration of microprocessors into 
all sorts of circuits. CMOS microprocessors, 
with their inherently low power dissipation, 
will accelerate the concept of portability in 
every aspect of electronics, including person­
al computers. 

The computer will become an even more 
integral part of the data collection and man­
agement process. Consider, for example, the 
process of writing a check. At the present 
time, a person wishing to use a personal com­
puter for home financing must perform two 
operations, first writing out the check, then 
recording that transaction in the computer 
file. Eventually, the purchaser will be able to 
orally enter order information at the mer­
chant's terminal, and the computer will then 
automatically credit the merchant's records 
and debit the purchaser's account. 

Marcian Hoff Jr., better known as Ted, is the father of the 
microprocessor. He worked at Stanford University and later 
joined Intel as manager of applied research. There he devel­
oped the first microprocessor, the 4-bit 4004, followed by the 
8-bit 8008. He later became vice president of technology at 
Atari, leaving last year to become a consultant. He holds a 
BSEE from Renssalaer Polytechnic Institute and an MS and 
PhD in electrical engineering from Stanford University. 
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CHARLES 

The benches of tomorrow's engineering 
laboratories will not be cluttered with logic 
analyzers and oscilloscopes. Instead, multi­
ple instruments will be unified into a single, 
compact workstation. And that move is 
simply indicative of the radical changes that 
will sweep through the test-instrument in­
dustry over the next ten years. Measure­
ments themselves will be made on a much 
higher level and will be gauged in terms of 
overall system performance and function 
rather than state flow and rise times. In fact, 
measurement will no longer be just an 
engineering concern, but will be at the dis­
posal of other professionals like doctors and 
chemists. 

Today's design process is highly repeti­
tive-and that too will change. An engineer 
builds an IC or a system and then tests it, 
repeating the process until the target oper­
ates exactly as it is supposed to. But compu­
ter-aided design has already advanced to the 
point where some simulators run a chip or 
system on a workstation and verify its oper­
ation without having to hook in logic ana­
lyzers or oscilloscopes. CAD will continue to 
strongly influence the shape of test instru­
ments to come. 

Indeed, as such simulators improve, test­
ing as we know it will disappear: Chips will 
work the first time. Tomorrow's test instru­
ments will be monitors built right into a 
workstation to analyze 

into the interfaces between the chips that 
make up a system, furnishing histograms 
and graphs of system activity. For instance, a 
histogram of bus traffic in a multiple-bus 
system might reveal that one bus is con­
gested while the other is relatively free. An 
engineer could then go back to the original to 
ensure a more even flow. 

The idea of a histogram of bus activity will 
not be limited to electrical engineering. 
Poets, for example, may also benefit from 
histograms of music-signal activity. An in­
strument could tell them that their rhyming 
words are too far apart, or that certain words 
are being used too often. The instrument 
could also tell a novelist that there are too 
many occurrences of a particular word, and 
suggest a synonym, instead. 

But before bus monitors are a reality, to 
continue with the example, technological 
hurdles must be overcome. One such diffi­
culty is originating equations that describe 
the flow of data and tasks in multiple­
processor systems. These equations are es­
sential, since they will allow monitors to as­
sess the performance of each microprocessor 
in a multi-processor system. 

Another problem to be addressed is stan­
dardizing the human interface. The industry 
will have to agree on how histograms and 
other indicators of efficiency will be dis­
played. A consensus will also have to be 

reached on how commands will 
system function and per­
formance. Their probes 
will be hooked directly 
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be entered into a workstation. 
No doubt, given the level of so­
phistication expected of these 
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monitors, a command language is likely to 
evolve. 

As CAD tools raise the level of design, 
engineers will ultimately be able to enter de­
sired functions and wait for a complete set of 
system specifications. Thus they will no 
longer need to know the intricate details of 
circuit design or worry about the signals 
flowing between chips. In fact, engineers will 
not need to know how to pre trigger an oscillo­
scope or set its voltage range. Instead, tests 
will be carried out by connecting a probe for a 
local network or bus interface (such as the 
IEEE-802.3 or Multibus II) and watching the 
workstation check out the chip. 

Freed from the more mundane details of 
their craft, designers will have more time to 
understand the problems they are trying to 
solve and familiarize themselves with the 
discipline to which the problem relates. Ac­
tually, this is already beginning to happen. A 

perfect example is a speech recognition and 
synthesis system. Here the designer must be 
as much a linguist and physiologist as an 
electrical engineer. 

With design tools and test instruments 
working at a functional level, we may even 
reach the point when someone with a sound 
understanding of a problem and only a very 
basic knowledge of engineering could design 
and test systems. A doctor, for instance, may 
be able to create his own special heart mon­
itor; a chemist, a process monitor. 

But even if that comes to pass, engineers 
will always be needed. They will be working 
on state-of-the-art circuits that demand the 
detailed measurements of extremely high­
speed signals. Their equipment will neces­
sarily exhibit bandwidths on the order of 
tens of gigahertz. 

As chip speeds take off, we'll need equally 
fast analog-to-digital converters for the 
front ends of such equipment. And they'll 
need to be inexpensive. As a result, the rela­
tively high-priced today's 6-bit 1-GHz a-d 
converter ICs will evolve into tomorrow's 
low-cost 10-GHz devices, probably by 1994. 

Fi:r\ally, we'll need to face the issue of 
testability. Certainly, self-testing circuits 
built right on the chip, will be a great help in 
determining functional behavior. But for de­
tailed amplitude or timing measurements, or 
both, self testing circuits are only question­
ably useful. They'll need to accurately mea­
sure the parameters of circuits that are al­
ready pushing technology to its outer limit, a 
doubtful possibility. 

Charles House is regarded as the father of the logic analyzer. 
He has been with Hewlett-Packard since 1962, and rrevious­
ly was general manager for the Logic Systems Division. A 
guest lecturer at Stanford University and at the University 
of California, he was a key contributor to the GE engineer­
ing program which received the IEEE Award for Innovative 
Education. He holds a BS f rom the California Institute of 
Technology and an MSEE from Stanford University. 
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AMOS 

Within five years, most of the world's tele­
phone facilities will be digital. And this move 
will be paced by the growth of digital private 
branch exchanges and central offices that 
will use time-division multiplexing to switch 
digitized voice and data signals around the 
globe. In time, TDM will phase out the space­
division multiplexing in switching that we've 
used for so long. 

End-to-end digital service means that 
voice signals may not have to be handled at 
today's relatively high 64 kbits/s. For now, 
we're chained to that rate because of the 
number of digital-to-analog and analog-to­
digital conversions a signal is forced to un­
dergo during a single transmission. But with 
an all-digital network, we could drop to a 
lower digitization rate and still ensure high 
quality. 

A lower rate also means that the popular 
Tl digital link will double its maximum num­
ber of channels-from 24 to 48. In turn, Tl 
will be used more and more for integrated 
voice and data communications. 

Digital networks will also buy us some­
thing else-vast data bases that will be in­
stantly accessible by subscribers-anywhere 
and anytime. From there, the services that 
will evolve are anybody's guess. We could see, 
for instance, toll-free facilities for locating 
all sorts of businesses, getting instant help 
with a problem, and finding the nearest of­
fice of a national or-

will follow these developments will be 
matched by the ability of local switches to 
handle more calls. Microprocessor-based 
switches that can shunt a million calls an 
hour are already waiting in the wings. That's 
a far cry from the 350,000 calls an hour we 
saw with the world's first digital switch, 
AT&T's #4 ESS, which was cut in 1976. That 
switch's capacity has almost doubled to 
640,000 calls an hour. And it's not too hard to 
imagine that by 1990 local switches will be 
dealing with more than a million calls each 
hour. 

This ability will be made possible, in part, 
by advances in hardware like micro­
processors, memories, logic, and crosspoint­
switch I Cs. On the other hand, software is es­
sential to telecommunications switching 
progress, and it is taking a big jump in com­
plexity. 

For one thing, the size and development 
costs of software programs are skyrocketing. 
This is a natural result of the increased em­
phasis on programs that must operate in real 
time and are efficient, reliable, and suffi­
ciently flexible to handle new services and 
features as they evolve. 

For another, the breakup of AT&T will 
push the issue of software reliability to the 
fore. Who will gurantee end-to-end de­
pendability in a system that may involve 
several carriers? Will the software from 

different suppliers work well to­
ganization. 

The explosion in tele­
com m unica ti on s that 
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gether? Can the system be 
trusted not to crash under any 
circumstance? 
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Unfortunately, most of the failures in 
modern digital switches can be traced to soft­
ware, not hardware, a situation I'm afraid 
might get much worse. Although many of 
today's telephone switches have suffered no 
more than two hours of downtime in 40 years 
of operation-which breaks down into 20 
minutes a year-I'm not so sure we'll see that 
level of reliability maintained. 

Telephone switching will also get a big 
boost from optical fibers, not only in the form 
of wider transmission bandwidths but also in 
design flexibility for central offices. The use 
of optical-fiber links between switch frames 
will allow these frames to be placed much 
farther apart than is possible with con­
ventional copper wire. In time, tiny commu­
nities now served by small central offices 
that are themselves linked to larger offices 
by wire, will simply be directly linked by op­
tical cable. The wideband services that only 

the larger offices offer (like video telecon­
ferencing or integrated voice and data) will 
filter down to the smallest of communities, 
no matter how far they happen to be from the 
central office. 

Work is also well under way that'll bring 
us economical fiber-optic crosspoint 
switches for.sending real-time video signals 
over phone lines. One challenge to be met by 
these space-division-multiplexing switches 
is to lower the relatively high voltages need­
ed to switch light signals over different 
paths. There's also work underway on using 
gated-diode high-energy devices as cross­
point switches. Other work further off in­
volves the use of holographic fields to deflect 
light beams. At this point, TDM switches can 
only take care of slow-scan video and fac­
simile transmissions. For real-time video, we 
may very well have to go back to space­
division multiplexing. 

Keep in mind, the technology to transmit 
real-time video has been with us since AT&T 
introduced Picturephone service well over a 
decade ago. The sticking point is to come up 
with an approach that is cost effective, a goal 
that has eluded us except for specialized 
business applications. 

Still, telecommunications services will ex­
pand dramatically, particularly at the local 
level. Helping that will be cellular radio, 
which will make telecommunications truly 
portable. The price of cellular radio has real­
ly come into line, and by the end of the de­
cade, we may well see cellular radio standard 
in many cars. 

For 43 years al Bell LaboratO'lies, Amos E. Joel Jr. did 
ground-breaking work in telephone switching. A holder of 
more than 69 patents, including one for cellukir radio, he re­
ceived the IEEE's Alexander Graham Bell Medal, the Frank­
lin lnstitute's Stua1t Balkintine Medal, and the International 
TelecommunicatiO'li Unions Centenary Prize. A member 
of the National Academy of Engineering and a Life Fellow 
of the IEEE, he holds a BSEE and an MSEE from MIT. 
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CLIVE 

With so many areas of industry and society 
at the beginning of their electronic evo­
lutions, there's a tremendous push on for 
computing power. That need, which encom­
passes both conventional machines and 
artificial-intelligence systems, will be met 
only by massively parallel computers. 

Hand in hand with parallel processing 
goes "parallel memory," locating a processor 
and memory on the same piece of silicon to 
drive speed to the limit. This trend will ob­
viously blur today's neat distinction between 
processors and memories. We're likely to see 
more and more semiconductor companies 
making computers and more computer man­
ufacturers fabricating semiconductors. 

Over the next five years we should also see 
the power of supercomputers jump by an or­
der of magnitude . For one thing, their 
number-crunching abilities will step up from 
the current 600 million floating-point oper­
ations a second to around 6 billion. At the 
same time, their memories will go from 100 
to 150 Mbytes to tens of gigabytes. And mini­
computer memory will hit the 100-Mbyte 
mark, which means we'll find the computa­
tional power of today's supercomputer in 
tomorrow's desktop machine. Personal com­
puters will be right in step with the move to 
more power and greater memory. Five years 
from now even the very modest systems will 
pack as much as 10 Mbytes of RAM. 

Since artificial intel-

I 

truly serious work, it may be that the avail­
ability of more memory will determine when 
AI really takes off. By the end of the century, 
if not sooner, we can expect artificial-in­
telligence machines with gigabytes rather 
than megabytes of memory. And I'll be very 
surprised if wafer-scale integration is not 
essential to making this happen. 

I know that a number of manufacturers 
have taken a stab at wafer-scale integration 
and failed, but it's a technology whose time 
has come. The techniques that have been 
adopted to achieve redundancy on 256-kbit 
and 1-Mbit RAMs can also deliver acceptable 
yields for I Cs made with this process. 

The approach has some powerful benefits 
in store for computing. As the number of 
gates to a chip rises, the approximation that 
the number of pins increases as the square 
root of the number of gates has some validity. 
But after a certain point, the relationship is 
reversed and the amount of pins actually 
starts to decline. Imagine a single piece of 
silicon that contains an entire computer, in­
cluding processor and memory. Such a chip 
would clearly need relatively few pins. 
If memory and processing are to be 

merged, it will be done at the highest scale 
possible, where the ratio of pin count to sili­
con area is low. Here's where wafer-scale 
integration, with its hundreds of thousands 
or millions of gates per wafer, is the key. 

What it all boils down to is that 
1 igence eats up such 
staggering amounts of 
memory, at least for 

Clock rates-• 
supercomputer cycle 

before the decade is out we could 
very well see individual wafers 
carrying megabytes rather than 
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megabits of memory. 
With wafer-scale integration and tighter 

geometries, the semiconductor industry 
should keep traveling along its accustomed 
route, with tenfold jumps in component 
count every five years. At that rate, by the 
end of the century we'll have a billion com­
ponents on a single piece of silicon. 

Speed, however, is a very different matter. 
Increases in operating speeds have generally 
lagged behind improvements in integration. 
Even the latest 32-bit microprocessors run at 
relatively slow clock rates, say, 12 MHz. 
Clock rates-or a supercomputer's 10-ns 
cycle time for that matter-are not likely to 
improve very much unless bipolar technol­
ogy undergoes something of a revival. At the 
moment, since most people are pursuing the 
CMOS technology, this doesn't look very like­
ly. But for boosting speed, we shouldn't be 
concentrating on CMOS or even on gallium 

arsenide-bipolar is the answer. 
CM OS's low power consumption is a real 

advantage only in circuits where most of the 
silicon is idle much of the time. This is true 
today, where the processor occupies a rela­
tively small amount of silicon compared with 
memory. But as parallel processing takes 
hold, and as processors are embedded in 
memory, more of the chip will be given over 
to the processor. That means a greater por­
tion of silicon will be active at any time. 

So, for a circuit made with wafer-scale in­
tegration, heat dissipation becomes the 
limiting factor. A wafer 4 in. in diameter dis­
sipates about a hundred watts in free air, and 
if the silicon is being used to the fullest, it will 
have a capacitance to ground of 3 µF. Under 
these conditions, CMOS's clock rate is under 
4 MHz, and a NMOS wafer tops out at 17 
MHz. Bipolar's high transconductance and 
correspondingly high speed-power product 
deliver a 340-MHz clock. That figure is not 
only impressive in its own right, it beats gal­
lium arsenide. The gallium arsenide chips 
that have recently shown up operate near the 
speed of the bipolar I Cs that were available 
about ten years ago. And gallium arsenide is 
not only more expensive than bipolar, it can't 
be packed as densely either. 

With transit times for bipolar transistors 
in the low picosecond range, nanosecond 
cycle times shouldn't be difficult to achieve. 
If the industry insists on staying with CMOS 
technology, today's 12-MHz microcomputer 
and 10-ns supercomputer will be with us for 
some time yet. 

Sir Clive Sinclair, the founder of Sinclair Radionics, is a 
pioneer in miniature and low-cost consumer electronics. In 
1972, he devised the pocket calculator. Then came an ad­
vanced digital watch in 1975 and, in 1977, the first pocket­
sized TV. He later started Sinclair Research, where, in 1980, 
he developed the original low-cost personal computer and, in 
1983, a flat-panel pocket TV. He completed his secondary 
education-at the age of 17-at St. George 's College. 
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MARVIN 

If we can make a computer think, we can 
make it do anything. And it can be replicated 
just by making a copy of its program. That's 
why building a thinking machine is the ul­
timate goal of artificial intelligence re­
searchers today. 

We already have intelligent machines­
machines that "know" a lot in some rigidly 
defined areas of expertise-but a machine 
actually capable of thought is not yet within 
our grasp. 

The first step toward this goal will be cre­
ating a computer that can learn. Learning 
means making changes in the mind and how 
it approaches problem-solving. When people 
learn something new, they reprogram them­
selves. Ideally, a computers will be able to do 
the same: Look at their own programs, make 
judgments as to how they can be improved, 
and modify them accordingly. As it stands 
now, though, computer programs take just as 
long to solve the same problem the second 
time-and every subsequent time. They 
don't get better at problem-solving. 

The most exciting breakthrough in reach­
ing a thinking machine will be getting com­
puters to do what people call common-sense 
reasoning, so that they can understand ordi­
nary, everyday problems and situations. 
Right now, computers-even the ones with 
artificial intelligence programs-can do very 
specialized operations and nothing more. A 

quires very precise, unambiguous instruc­
tions for everything it does. But once a ma­
chine has common sense, we won't have to 
write huge programs just to tell it how to do 
simple things. 

Building common sense into a computer 
will require some knowledge of how the hu­
man mind develops and learns. But we don't 
know yet how people learn, and our un­
derstanding of the thinking process-what 
the brain is actually doing-must be clearer 
if we are going to build machines with the 
same process. 

On the other hand, it will be easier to un­
derstand how brains work once we can make 
machines that think. In my view, these two 
research areas are inseparable today. 

What we need is more research in areas 
like epistomology, the study of knowledge. 
Right now, there's no theory of how the 
human memory-essential for any kind of 
learning-actually works. We don't know 
how bi ts are stored or rep resented in the 
nerve cells. Yet, people don't ever seem to run 
out of memory, and that's odd; you'd think 
they would. And animals can learn some 
things, but most of them can't learn much. If 
you try to teach a bird to speak languages, it 
can mimic sounds, but it can't master the 
grammar. 

I'm working on theories of learning, and 
how to represent knowledge in computers. 

Right now, there are five or six computer doesn't know, 
for instance, that to 
leave a room you should 
go out the door . It re-

.............. different ways to do it, and none 
of them is really good enough. 
We are in the state of having a 
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half-dozen theories that "almost" work. 
Logic is one, although I am opposed to us­

ing logic in artificial intelligence programs. 
Most experts in artificial intelligence use log­
ic because the procedures are well-defined. 
Fifth-generation programming languages 
like Prolog use logic clauses-chains of rea­
soning- to form deductions. Consciously, 
people may do some of this chaining, but un­
co n sci ou sly believe we "reason by 
analogy" -that is, we go through a long pro­
cess of checking memory against thousands 
of other experiences to see which is most 
similar and then matching them to the cur­
rent problem. Even more important, we re­
member our mistakes-and try to avoid the 
worst ones. Most projects do not realize the 
importance of avoiding past mistakes, and 
logical reasoning does not seem good at that. 

Parallel architectures are going to be im­
portant in artificial intelligence because of 

the speed they offer. Right now, for instance, 
vision systems don't work very well, but 
when we get parallel machines it might turn 
out that they are capable of more vision than 
we thought-just by being a hundred times 
faster. The same is true of semantic net­
works. I suspect that some of the old ideas 
may turn out to be practical after all. 

Speed and brute force processing have 
made a difference in other situations as well. 
For example, the old chess-playing machines 
really didn't play chess very well, but the new 
ones are much better because of their speed. 
A hundredfold increase in speed made a real 
difference without adding any new ideas. 

There is much talk in fifth-generation cir­
cles about the need for parallelism, but 
though it is essential for speed, parallelism in 
languages may be a matter of level. In the hu­
man mind, for instance, the speech process 
appears to be serial. When we think in words, 
we are using a single serial process to control 
hundreds of thousands of other parallel pro­
cesses. It might be that, to solve a hard prob­
lem, we need a serial process in charge, with 
many parallel processes underneath. 

Nobody knows how long it will take to de­
velop computers that think, but they will 
come-unless somebody makes it illegal. 

We'll probably start to see machines with 
some common-sense reasoning abilities in 
the next few years-most likely in the form 
of housekeeping robots. Obviously, they will 
have to reason somewhat to do a good job, but 
they won't have to be perfect. All they need to 
do is leave the house a little neater. 

One of the most influential leaders in the artificial intel­
ligence field, Marvin Minsky co-founded the Artificial Intel­
ligence Project of the Massachusetts Institute of Technology 
and subsequently headed MIT's Al Laboratory. He devel­
oped new approaches in symbolic description, knowledge 
representation, and machine perception and new theories of 
imagery, memory, learning, and neural networks. He 
received a PhD in mathematics from Princeton University. 
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ROBERT 

The move to scale down chip geometries will 
continue unabated, giving us denser general­
purpose ICs like memories and micro­
processors. By the end of the decade, we'll see 
mass-produced FETs with gate lengths of 1 
µm, down from today's 2 to 3 µm. And gate 
widths will shrink from 10 to 20 µm to 2 to 3 
µm. How will we get there? - largely with op­
tical lithography. 

Despite the predictions that optical litho­
graphy would run out of steam below 1 µm, 
the reports of its death have been greatly 
exaggerated. And its usefulness will not be 
limited by the resolution of light, as foretold, 
but rather by the resolution of the silicon 
processes. There's a lot more life left in opti­
cal lithography: It's already defining submi­
crometer dimensions in the laboratory, 
where 0.1-µm lines have been delineated with 
the aid of special techniques. And despite the 
popularity of electron-beam lithography, it 
is nowhere near taking over. 

Shrinking geometries is not the only way 
of getting denser circuits, of course. Com­
paction, making better use of a given chip 
area, is also part of progress. Its better iso­
lation steps also help cram things closer 
together-even on top of one another. The ul­
timate in chip compaction is three-dimen­
sional integration, a concept that's been gar­
nering a great deal of interest. 

Compaction will push silicon processor 
performance to new lim-

But to build high-speed processors, we'll 
need to make some breakthroughs in materi­
als science and heat removal. I'm betting on 
the latter to deliver new levels of com­
putational power. As more devices are shoe­
horned onto a chip, its operating speed will be 
limited by its power dissipation. Our ability 
to draw the heat away will become the lim­
iting factor as far as speed is concerned. 

If we were suddenly able to draw ten times 
more heat a way from a chip, we wouldn't nec­
essarily be able to drive ten times more cur­
rent through its conductors. At higher cur­
rent densities, a conductor exhibits greater 
electromigration, a phenomenon that only 
~ets worse as the conductor's temperature 
mcreases. 

We've been able to retard electromigra ti on 
somewhat, for example, by adding a bit of 
copper to the aluminum conductor. Tungsten 
is even better than aluminum-in terms of 
cutting electromigration-but tungsten has 
a higher resistivity than aluminum. At this 
point, what we need is an advance in materi­
als science, but it is hard to see where it will 
come from. 

Let's look instead at what we've been able 
to do with heat removal, say the water-cooled 
thermal-conduction module that houses the 
3081 CPU. The 7-by-7-mm chip dissipates 5 
W /cm2

; that's the kind of heat you find on a 
stove when you're cooking. Even better cool-

ing will be realized by straight­
its, performance that 
will be needed by tomor­
row's supercomputers. 

As....., devices n 
8hoebomed onto 

forward applications of engi­
neering principles. And liquid 
cooling will show up more and 
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more as higher-performance supercom­
puters arrive. 

I wouldn't be at all surprised to see such 
supercomputers using cryostats, or super­
cooled chambers. Although they're now 
bulky, these chambers are bound to be made 
smaller. Cryogenic cooling is the best ap­
proach of all, since a conductor's resistivity 
drops dramatically, and its current-carrying 
abilities increase by a large factor. 

Even without cryogenic cooling, though, 
the 5-W I cm2 dissipation levels that we con­
sider state of the art today will more than 
double within a decade, through advances in 
water- and air-cooling techniques. 

This progress will allow us to keep chip 
temperature to within 20° to 30°C above am­
bient, quite a step down from the 40° to 80°C 
we're used to seeing. That, in turn, will allow 
us better control of electromigration and in­
crease our ability to pump more current 

through a chip. The result will be higher chip 
operating speeds. 

To be fair, there are those who champion 
lowering operating voltages as a way of 
reducing power dissipation. Certainly we're 
running chips at much lower levels than in 
the past, but I don't believe we can go below 1 
V. This appears to be the limit, although 
we're not there yet. 

Pushing voltages below 1 Vis limited by 
the very nature of digital logic. The nonlinear 
response of digital systems demands acer­
tain minimum saturation level for switching 
from one state to another. Furthermore, a 
minimum potential is needed to compensate 
for operating voltage tolerances caused by 
variations in the process, operating ambi­
ents, and so on. 

Getting better chip cooling will not free us 
from problems entirely. There's also the 
question of connecting the chip to the outside 
world, which brings up a whole new set of 
challenges, including those posed by wire 
bonding and soldering, as well as chip pack­
aging. 

Although it's been said that we'll even­
tually be able to put so much on a chip that it 
will be virtually self-contained, the truth is 
that designers have always managed to find 
reasons for more outside-world connections. 
Take a look at the human brain. It's divided 
into two halves, each with a tremendous 
amount of processing power, yet there are 
some hundred million connections between 
them. I'm not so sure tomorrow's chips will 
be any different. 

Robert W. Keyes has been studying solid-state physics and 
the limits Qf device integration since the early 1950s, when 
he began looking into the properties of semiconductors at 
Westinghouse's Research Laboratory. He came to IBM in 
1960. Keyes is cifellow of the American Physical Society and 
ci member of the National Academy of Engineering. He 
holds a PhD in physics from the University of Chicago and 
was awarded the IEEE's W.R.G. Baker Prize. 
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True, the sophistication of today's chips may 
complicate the job of the future automatic 
test equipment, but I'm confident that ATE 
will rise to meet the new testing challenges. 
After all, over the past ten to fifteen years 
we've stayed ahead of problems generated by 
higher device frequency, accuracy, and pin 
count. I see no reason that ATE's strengths 
should not grow to match changing technol­
ogy requirements. 

The difficulties of automatic testing are 
easy to see: Chip complexities double every 
two or three years, as do the number of test 
vectors that deliver the stimuli to the device 
under test. Furthermore, the number of pins 
per semiconductor chip is rising incredibly 
quickly, with some modern monolithic ICs 
sporting 160 to 200 pins. 

Though ATE hardware will undoubtedly 
evolve to satisfy that growth, software will 
make all the difference. Just look at its recent 
effect on ATE: Software has already slashed 
test program development time from six 
months or a year to just a few months. With­
in several years, that time will fall to a few 
weeks. Even more important, software tools 
will be able to automatically generate test 
patterns and vectors in a far more sophisti­
cated fashion than manual generation can 
reach. Nevertheless, an overall test strategy 
will most likely be improved by test se­
quences of macrotests on sections of silicon 
circuitry through manu-

and characterization. Further on in the pro­
duction cycle, fully automated test pattern 
and program generation will be the only way 
of life for the test manager. 

As the cost of solid state memory drops, 
the number of vectors in a test program will 
rise dramatically, making it that much more 
difficult for ATE users to grasp just what is 
happening in the testing process. That's 
when high-level software languages will be 
called on for help. 

High-level languages like Pascal bring 
structure to test programs and a growing 
base of Pascal talent. In the long run the test 
community will supplement this structured 
level with languages designed specifically for 
ATE-languages that can describe wave­
forms, analyze and interpret test results, and 
graphically represent the results on a CRT 
screen. Their most valuable assistance will 
come from software that promotes a better 
user interface through such handy features 
as windows, interactive menus, and on-line 
test aids. 

The improved interaction between man 
and machine will aid designers in meeting 
three basic challenges: quick turnaround, 
higher productivity, and improved yield. 
Test systems will feed back information to 
both designers and test engineers, so that 
both departments can cooperatively produce 
tests that match a chip's needs. 

Whereas simulation is the 
al interventions. This 
will optimize the initial 
stages of chip production 

loltwn has......., 
llaslal test ........ 
devalopnmt line 

domain chiefly of design engi­
neers, it will gradually become a 
valuable adjunct of the test gen-
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eration and validation processes. Already 
simulators can generate basic tests drawn 
from the chip structure and software­
induced errors. With the right combination 
of simulators and other software tools, the 
number of duplicate test vectors should drop 
dramatically, so that test programs would be 
able to exercise a chip in much less time than 
they can today. 

As A TE and development systems become 
more software-intensive, they'll start to 
share data with-and actually become a part 
of-a new CAD/CAM community. Chip de­
signers will then have an advantage, since 
their familiarity with testing tools will lead 
to a more testable chip. 

Moreover, translator programs will enable 
test programs written in different languages 
to be transported from system to system and 
ultimately to cross development system 
boundaries as well. 

Software will also push the design of the 
recent pin-slice ATE architecture to a more 
flexible organization with reliable error 
fields. In the former case, each pin in a test 
program is assigned a specific slice of each 
function. In the latter case, groups of pins can 
be arbitrarily assigned to separate sets of 
functions. The shift will foster greater use of 
microprocessors as test pin controllers, 
going from the present average of one micro­
processor for every four pins for parametric 
testing to several microprocessors for every 
pm. 

The changes in ATE hardware will proba­
bly not match the magnitude of develop­
ments in software. The general ATE setup 
remains one in which a chip test fixture feeds 
a test head, which in turn interfaces with 
rack-mounted equipment. Gradually pro­
cessor power will migrate from the familiar 
racks to the test head and perhaps finally to 
the test fixture . As that happens, the soft­
ware will mesh more closely with the semi­
conductor chip under test, giving ATE sys­
tems the characteristics of a distributed 
processing network. 

One question I keep getting asked is, When 
are the big testers going to be replaced by 
self-testing circuits on the chip? People ask­
ing that question miss the point-that the 
test process itself evolves with the devel­
opment of the chip and is not independent of 
it. Even the most sophisticated self-testing 
monolithic circuits will require the use of a 
large tester to check them out early in the 
chip's life cycle. 

For the past six years Brian Sear has been a champion of 
VLSI testing at GenRad Semiconductor Test, which he 
founded, developing systems for VLSI logic, complex ceram­
ic substrates, and production testers. Earlier, he specialized 
in testing at Fairchild Test Systems, where he supervised 
Sentry and Xincom systems. Also founder of Xincom and 
Interlink, Sear has a BSEE equivalent from Wimbledon 
Technical College and an MSEE from Drexel University. 
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DESTINATION: 
TRI STAR 

A foundation for 
delivering 
semiconductor 
memories 

Tristar premiers two new 
semiconductor memory 
products. The first 
examples of a long term 
dedication to excellence 
and market support. 
Engineered by minds 
whose first concern is the 
needs of a discriminating 
marketplace. 

fUK Dynamic Ram 
Tristar's KM4164A, featuring 
our first high density MOS 
Memory product, is now 
available for volume 

delivery. The smallest die 
in the industry. Its design 
is fully optimized for high 
speed, high performance 
applications. With access 
times of 150 & 200 ns, the 
device is designed with a 
256-4ms refresh cycle that 
provides easy upward com­
patibility with 256K ORAM. 

16K EEPROlll 
Our 16K EEPROM is another 
beneficiary of the quality 
and yield of Tristar's and 
Samsung's class 10 fab­
rication facilities. The 
KM2816A is an industry 
standard for nonvolatile 
memory, providing the 
flexibility needed for micro-

processor-based systems 
to take advantage of real 
time changes in the 
operating software or data 
accumulation. On-board 
address and data latches, 
auto-timed byte write, 
auto erase before write, 
and 5 volt-only operation 
lead the list of special 
features of Tristar's 16K 
EEPROM. Additionally, two­
line control eliminates 
bus contention, and the 
KM2816A also conforms 
to the JEDEC byte wide 
pinout standard. 

Commitment to 
excellence 
To create these products, 
we placed ourselves 
under stringent criteria. 
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Local engineering to 
assure perfection not only 
m technology, but in 
application as well. A 
class 10 tab line at 
Samsung's facilities in 
Korea assures the quality 
and yields that our 
customers have every 
right to demand. And 
throughout the process 
superior service from the 
semiconductor industry's 
most dedicated 
professionals. 

Tristar's memory products 
are available, in quantity, 
now. If you are looking for 
a memory supplier whose 
benchmark is excellence, 
come to Tristar. Your 
technology resource. 

TRI STAR 
A SAMSUNG COMPANY 
5150 Great America Parkway 
Santa Clara, CA 95054 
(408) 980-1630 
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Exclusive internal seal protects gold-plated 
contacts during pc board production, test , 
and rework, and for the life of the switch. 

AUTOSERT DIP switches 
with integral seals. 
The productivity difference, 

&om AMP. 

Machine-insertable DIP switches from AMP, for another 
plus in time and labor savings. 

They come with an internally sealed contact system . 

No tape. No tape removal. 

The patented seal design protects contacts 
during soldering and cleaning operations . And 

keeps on protecting , for the life of the switch . 

Single-pole/ single-throw or multi-pole/ multi­
throw, these innovative , low-profile switches are 

compatible with industry-standard insertion equipment. 

They're making auto-insertion make more sense 
than ever. 

Find out more today. Call the 
AMP AUTOSERT DIP Switch Desk at (717) 780-4400 . 
AMP Incorporated, Harrisburg, PA 17105. 

Interconnecting ideas 

AMP AUTOSERT switches feature 
positive visual on/off indication. 

For hand or high-productivity 
automatic insertion . 

AMP and AUTOSERT are trademarks ol AMP Incorporated 

80813 



HERE'S EXACTLY 
WHERE YOU CAN GO WITH THE 
82586 IAN COPROCESSOR. 



Straight to the net -
working solution you 
need. 

Whether it's a lOMbps 
Ethernet IAN system for 
linking high-performance 
graphics workstations to 
minicomputers. Or a 
2 Mbps LAN that links 
personal computers in 
a department. 

Networking needs 
are as diverse as city 
streets and eight -lane 
highways. So it's a turn 
for the better that office 
IAN standards are emerg­
ing: IEEE 802.3/ Ethemet, 
Cheapemet and IBM ':' PC 
Network. 

And even though 
all three networks are 
different, they have one 
thing in common: 

Intel's 82586 IAN 
Coprocessor, the only 
programmable LAN chip. 

Because it's pro­
grammable, you have the 
flexibility to implement 
any of these office net -
works. With the 82586, 
you won't have to relearn 
a new chip every time 
the market takes a turn. 
You choose the office 
network and the 82586 
is flexible enough to 
support it. 

In addi­
tion to its 
unique programmable 
features, the 82586 eases 
your LAN design effort. 

Its high level com­
mand interface performs 
datalink functions which 
means there's no low 
level software to write. 

The 82586's diag­
nostic features such as 
loop back and self test, 

Ethernet 

Cheapernet 

IBM PC Network 

make it easy to debug 
your system during 
development. 

And the 82586 is 
designed to work with 
Intel's highly integrated 
microprocessors like the 
8-bit 80188 and the 16-bit 
80186. So you can keep 
your chip count down, 
which saves time and 
eases your design effort. 

Find out more about 
the 82586 and how Intel 
can support your IAN 
design efforts. For our 

free brochure, call 
toll free: (800) 
538-1876. In 

California, (800) 672--
1833. Or write Intel 
Corporation, Lit. Dept. 
W-41, 3065 BowersAve., 
Santa Clara, CA 95051. 

Because whichever 
network you need, there's 
only one way to turn: 

Intel. 

'IBM is a registered trademark of International aus;ness Machines Corporation 
C> 1984 In tel Corporation 



With the ATR Series 100- and 250-watt linear 
power supplies, you get this unique combina­
tion of features: 
• Fully programmable in three automatic 

operating ranges: 
ATR-100: 0-8V@ 0-10A; 0-18V@ 0-5A; 

0-32V@0-3A 
ATR-250: 0-8V@ 0-25A; 0-18V@ 0-13A; 

0-32V@0-7A 
• Three times more power at low ranges 

compared with equivalent single-range units. 
• Constant voltage and current, 0.01% 

regulation. 
• Ripple less than 1 mV rms. 
• Space-saving quarter- and half-rack models. 
• Low prices: ATR-100 $545; ATR-250 $765. 

The ATR Series is particularly attractive for 
automatic test equipment, bench-top, and 
laboratory applications, with rack adapters 
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available with both models. Model ATR-100 
provides up to 32 VDC or 10 ADC with an 
output limit of approximately 100W. Model 
ATR-250 provides up to 32 VDC or 25 ADC, 
up to 250W. 
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18 
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To order or obtain more information, 

CALL TOLL-FREE 800-631-4298* 
or contact: 

(i.'I ELECTRONIC 

,'kn) ~'t~~S~s~~~~N~p~~. NJ 07753 
*In NJ, AL, HI and Canada, call 201-922-9300 



DESIGN ENTRY 

Primed by a processor, 
an analog comparator chip 

can run its own show 

With on-chip logic adjusting the comparator's 
threshold, the main microprocessor in a data retrieval 

system is free to raise throughput. 

W hen employed in a modern data ac­
quisition system, analog-to-digital 
and digital-to-analog converters often 

leave most of the processing and control tasks 
to a microprocessor. Typically, though, the user 
trades off system speed for the convenience and 
simplicity of a central controller. As a result, 
such systems spend significant computing re­
sources on performing such repetitive func­
tions as servo and process control, limit detec­
tion, and go/no-go operations. 

Techniques for improving the throughput, 
cost, and flexibility of such systems have gener­
ally been restricted to tweaking the basic device 
technology of conventional a-d and d-a con­
verters. Howe ver, two multiplexed com­
parators, especially valuable for control appli­
cations, expand the abilities of data acquisition 
hardware beyond the simple a-d converter and 
toward a more complex subsystem. With the 
ADC0852 or ADC0854 components, a micro­
processor need no longer keep in constant con­
tact with a converter or its control circuitry. 

Each unit combines its own timing and con­
trol block oflogic with a comparator, an analog-

Leonard Sherman, National Semiconductor Corp. 

Leonard Sherman graduated from MIT in 1975 with a 
BSEE and subsequently worked there at the instru­
mentation laboratory of the Nutrition and Food sci­
ence Department. He is now an MOS analog applica­
tions engineer at National Semiconductor in Santa 
Clara, Calif 

input multiplexer, and a unique charge­
balanced 8-bit d-a converter (see "Converter 
Takes Charge to Balance Offsets," p. 290). The 
converter works at sampling rates of up to 
400 kHz. All that on-chip capability allows the 
unit to select one of two or four analog input 
channels (Fig. 1); repeatedly adjust the com­
parator's reference (or setpoint) threshold in 
midstream via the d-a converter; and then com­
pare each particular threshold (or set of thresh­
olds) with whichever external analog input it 
applies to. 

This process is carried on largely without in­
tervention by the system's central micro­
processor. In fact, after the processor initially 
programs the multiplexer and d-a converter 
through the Data In line, it normally communi­
cates with them only when operating param­
eters change, as when an oven is set to a new 
tern per a ture. 

A multitude of modes 

Accepting analog signals ranging from 
ground to the supply voltage value, the versatile 
multiplexer in the 14-pin ADC0854 has four in­
put channels that can be configured as either 
four single-ended or two differential inputs. 
Each channel has a high input impedance, so 
that source resistances of up to 1 kn can be 
driven without adding noticeable error in mea­
suring threshold points. 

A pseudodifferential input mode-geared for 
reference potentials other than ground-
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accepts multiple inputs that have a common re­
turn path. This range of options greatly simpli­
fies the design of analog interfaces for a variety 
of transducers, signal sources, and circuit con­
figurations. One chip can process analog 
signals from single-ended sources, as well as 
signals referred to some other arbitrary level, 
and can do so on successive readings. 

The ADC0852 is similar in function to the 
ADC0854 but has fewer options; thus it can be 
housed in an eight-pin miniature DIP. It con­
tains a two-channel input multiplexer that 
operates as two single-ended or one differential 
input channef. The pseudodifferential capabili­
ty, the external reference input, and the +Vin 
line all are omitted. (The +Vin line enables the 
ADC0854 to operate from an unregulated sup-

ply and can be used instead of the V cc line if the 
input current is limited to less than 15 mA.) The 
remaining functions of both parts are identical. 

Low power consumption (35 mW at 5 V) and a 
serial programming format make both ICs 
ideal for remote applications in yvhich they are 
located near the transducer. The end-point lim­
its, as well as the range of the threshold or set­
point d-a converter, are adjusted through the 
chip's Vrer and analog ground inputs. Using a 
known reference voltage is especially helpful 
when the controller's set point must be finely 
adjusted. It also helps minimize or even elimi­
nate the need for analog signal conditioning at 
the comparator's input. 

The actual programming of the comparators 
is straightforward. First, the Chip Select line is 

Converter takes charge to balance offsets 
Charge balancing is often used 

to eliminate offset errors in 
CMOS comparators. But the 
ADC0852 and the ADC0854 are 
the first components to use the 
technique for a digital-to-analog 
converter as well. In essence, the 
converter serves as the differen­
tial switching device at the com­
parator's input (see figure) . 

A complete analog signal ­
sampling operation comprises two 
steps. First, the difference be­
tween the input voltage, - Vin and 
the comparator or inverter's bias 
voltage, V8 , is stored in the input 
capacitor, Cin by closing switches 
82 and S3. Assuming the threshold 
voltage is constant for one oper­
ation, the inverter thus amplifies 
the difference between +Vin and 
- Vin through its open-loop gain. 
The comparator chips use three 
such differential pairs, one for in­
put signals and two for setting a 
reference; thus the comparator's 
output is actually a function of six 
analog inputs. 

The resistive ladder connected 
to V ref has eight taps, which can be 
converted into 256 (28 ) analog 

290 Electronic Design • January 10. 1985 

threshold levels with four decod­
ing switch trees, S3 through S7• 

These trees are set and switched 
in and out of the circuit period­
ically by the control and timing 
logic. 

One input pair uses a capacitor 
with a value 16 times that of the 
other pair to provide a suitable 
weighting. Therefore, at any given 
time the 8-bit representation of 

one level of the possible 256 can be 
selected. In this case, the switches 
are set for a threshold of 0010 0100 
or, in analog terms, Vref (36/ 256). 
Note that in this sampled system 
no actual de level representing the 
d-a converter output exists. For 
that reason, the converter signal 
can be used only by the device's 
internal comparator; it cannot be 
supplied as a device output. 

{ 
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activated. Then, three bits are sent over the 
Data In line, selecting the appropriate analog 
input channel at the multiplexer. Another eight 
bits, traveling over the same input, direct the 
converter to set the comparator threshold 
(Fig. 2). Sampled signals that appear at the 
chip's channel input and exceed the set thresh­
old bring the comparator's Data Out line high. 
The output signal, which is continuously up­
dated at the clock rate, is then typically used to 
key a high-priority interrupt that warns of 
changes in important system parameters. 

Heat alarm 

Applications abound for the multiplexed 
comparators. First consider a multichannel 
thermocouple temperature alarm that mon­
itors large ovens or refrigeration chambers at 
several locations (Fig. 3). In this case, four sep­
arate J-type thermocouples (operating over 0° 
to 300°C) are monitored for being under or over 
a certain temperature relative to a user-se­
lected trip value. 

The desired temperature limit and the ad­
dress of the channel to be monitored are en­
tered through the chip's Data In line. The set 
limit can of course be a minimum or a max­
imum, depending on how the processor handles 
the comparator's output level. If a window com­
parison is required (i.e., the input normally lies 
between two preset limits), the processor can 
define separate thresholds for the upper and 
lower window limits, so that comparisons can 
subsequently be performed at any point in the 
process. 

The comparator chip thus has monitoring ca­
pabilities well beyond those of a conventional a­
d converter when used in a control application. 
Yet it does not place too much of an extra load 
on the system's central processor. 

In operation, a cold-junction compensation 
circuit, consisting of an LM335 temperature 
sensor and an LF444 quad op amp, supplies the 
required correction for all four thermocouple 
inputs. The temperature sensor monitors the 
thermocouples' connection-block temperature 
(T rer) and supplies a proportional compensating 
voltage to the chip's Common input. Compen­
sation proceeds without further multiplexing. 
The circuit can be calibrated with relative ease 
because only one circuit must be adjusted. 

The measurement and control of liquid flow 
represents one of the most difficult problems in 
industrial processing. In many cases, the best 
solution is a thermal flow transducer, which de­
tects temperature changes in a fluid stream. 
The amount of heat picked up by the fluid-and 
thus its temperature rise-is a function of the 
flow rate past a regulated heater. This mea­
surement technique has one major advantage: 
The sensor's reliability can be extremely high, 
because no moving parts need be placed in the 
stream. 

The transducer itself consists of a standard 
heating element and two LM34 monolithic 
thermal sensors, which are placed in the fluid 
stream (Fig. 4). The heater delivers constant 
power to the stream at a point situated midway 

v,., 

AGND 

CLK 

Data In 

Vcc­

+v.,-
DGND-

Threshold 
d-a converter 

Control 
and 

timing 
logic 

CLK 

Comparator 

Analog-input 
multiplexer 

~Common 

Channel 

1. Timing and control logic in the 14-pin ADC0854 
and the 8-pin ADC0852 comparator ICs offloads a 
system microprocessor of most of its analog con­
trol functions. Nevertheless, the processor is still 
responsible for init ially setting both the compara­
tor threshold (via the digital-to-analog converter) 
and the channel multiplexer. The 8-pin device 
unites COM and the two ground lines, omits 
channels 2, 3, and v+, and combines v •• , with the 
Vee line. 
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between the two sensors. 
The interface required for the sensing setup 

is relatively simple. In this configuration, the 
differential-input capability of an ADC0854 
compares flow direction and speed with a pre­
set value. The chip is programmed to read the 
difference between the sensors, so that the di­
rection and rate of flow can be determined. 

2 3 4 5 

CLK---

6 

When fluid is flowing in the direction from 
sensor 81 to sensor 82 , 81 reads the ambient 
liquid temperature. Meanwhile 82 is warmed by 
an amount dependent on the heater's known 
power dissipation and the flow rate. The flow 
rate, F, is KW / T, where K is a constant, Wis the 
power dissipated by the heater, and Tis the dif­
ferential temperature. K is a function of tube 

7 8 9 10 11 12 13 14 15 16 

cs---,~~~t--~~~~~~~~~~~~~~~~~~~+-~--

2. In operation, the system microprocessor activates Chip Select (logic 0) and then uses the Data In line to 
choose first the multiplexer channel (program multiplexer) and then the comparator's threshold value. After 14 
cloc!__pulses for the 14-pin device (13 for the 8-pin version), the on-chip logic activates the comparator. Toggl­
ing CS through one on-oH cycle is enough to ready the comparator for reprogramming. 

3. One comparator IC can mon­
itor up to four compensated 
thermocouples in a system that 
detects whether an oven or re­
frigerator is operating below or 
above a certain temperature. 
Each sensor can be assigned 
its own trip point within the 
range of 0° to 300°C. 
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nterconics 
The new name in interconnects for maximizing miniaturization 

If you're looking for interconnect products 
and technologies that can lead to significant 
advances in package design, introduce 
yourself to lnterconics. 

As eight newly-integrated 
units of BMC Industries. Inc. 
[formerly Buckbee-Mears Com­
pany), lnterconics is unique on 
three counts: 
First, lnterconics offers a full 
spectrum of products and 
technologies - from single­
sided flexible circuits to high­
density, multi-layer rigid/flex 
circuits and surface mount 
device circuits; and from bus 
bars and compliant pins to 
leadframes and hybrid circuits . 
Second, lnterconics capabili­
ties go beyond the ordinary: 
• Printed and flexible or rigid/ 

flex circuits with 5-mil lines 
and spaces and 10 or more 

• Microcircuit capabilities in­
clude thick-film hybrids, CMOS 
or bipolar gate arrays. 

• Compliant pins are designed 
to eliminate damage to 
plated-through holes. 

• Bussing systems range from 
low-power clip-on bus bars to 
high-current heavy copper 
multi-layers over six feet long. 

• Specialty circuits typically 
hold feature placement toler­
ances of ± 10 mils over an 
entire 48" x 72" panel - even 
on Teflon®/glass. 

• Leadframes include 256-lead 
Quad packages and spot gold 
or silver plating. 

layers are routine. Teflon is a registered trademark of Dupont. 

See us at NEPCON West booth #2048 CIRCLE 115 

3-Dimensional CAD Design 

Third, lnterconics offers 
advanced package design sup­
port. Whether it be for a single 
component, or a full 3-dimen­
sional interconnect system. 

A new name with 75 years of 
experience 
While our name is new. our 
eight operating units have 75 
years of combined experience 
in electronic packaging. And 
we're writing the book on 
interconnects that maximize 
miniaturization . 

Send for it. Phone 800-
328-9086. Un Minnesota call 
612-228-6512.J Or write: 
lnterconics. PO. Box 64223, 
St. Paul , MN 55164. 

Advanced Interconnect Products and Technologies 

- ------ ---------- ------- -- ---- - -- -- --- --.-ii iui:ii vUi iiua 
A UNIT OF BMC INDUSTRIES. INC. 
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diameter, thermal losses, and the specific heat 
of the fluid that is being measured; in most 
cases it must be determined empirically. 

The actual value of the flow rate can be mea­
sured as well. The ADC0854 can do an a-d con­
version without using extra circuitry. The con­
version is achieved by stepping the comparator 
through a binary-weighted sequence of thresh­
olds. This successive approximation search 
zeros in on the exact value with 8-bit accuracy. 

Best for control 

Of course, this approach takes more time 
than using a conventional a-d converter. But in 
terms of the system, it may be extremely effi­
cient if the circuit's primary function is control 
and if measuring· is done only occasionally. In 
this case, the ADC0854 constantly monitors 
drops (or increases) in flow rate below (or 

1µF~ 

above) a minimum level. With the same hard­
ware connections, it can also measure the actu­
al flow rate and water temperature at less 
frequent intervals. 

Motor control for robotics and industrial 
machinery finds wide use in computer-run as­
sembly equipment, in graphics plotters, and 
numerous consumer areas. The ADC0852, for 
instance, makes an ideal de motor controller for 
motion-control applications (Fig. 5). A serial 
data stream generated by the central micro­
processor is applied to the Data In line, setting 
the desired speed. The chip then maintains the 
motor at the programmed speed without fur­
ther instructions. A new speed can be selected 
simply by reprogramming a new threshold. 

Self-regulation of the motor speed is 
achieved by a circuit containing a pnp power 
Darlington transistor, Q1 • The feedback circuit 

Channel 
0 
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temperature sensors 
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IL5l 
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(regulated) 1 µFT 

Channel 
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output 
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4. The ADC0854 teams up with two thermal sensors to measure the flow 
rate of a liquid. A differential temperature-measuring circuit enables pre­
set limits to be detected in either direction. 
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also ensures that the motor's speed is largely 
independent of variations in line voltage and 
load. A feedback signal proportional to speed is 
generated from the motor's back EMF while 
the motor is pulsed off. The signal is then 
sampled by sample-and-hold amplifier A2 and 
smoothed by a low-pass filter before being ap­
plied to the comparator's input. 

A separate oscillator and one-shot (LM556) 
ensure that the timing for the motor's drive 

+ 5v 

8 

Channel 

IN4148 2 

never operates at a 100% duty cycle. Thus there 
is always some "off" time during which the 
speed-sensing feedback circuit can operate; 
otherwise, the control servo would hang up. o 

How useful? 
Immediate design applicat ion 
Within the next year 
Not applicable 

ADC0852 

2.7k 

2.7k 

+ 15 v 

Circle 

541 
542 
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TIP117 
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1k + 5v + 15V 
- 15 v 
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5. In an application for which it is particularly suited, the ADC0852 controls the speed 
of a de motor. A sensing loop in the controller detects back EMF, ensuring that the 
circuit remains insensitive to changes in line voltage and loading. 
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All racks, desks, cases, and accessories shipped within three days! 

Instant Optima has one catalog with everything you need, 
when you need it in a hurry 

Just find what you need 
in our new Instant Qptima 
Catal9g, give us a call, and 
we will snip it to you within 
three days of your order. 

And what you need is in 
our catalog. We have more 
colors, more styles, more 
configurations and more 
accessories than ever before. 
Call one of the numbers 

below, for your catalog, or 
your order. 

Either way, you'll have it in 
a hurry. Ask for the Instant 
Optima representative at 
the following locations. 

East: 2166 Mountain 
Industrial Blvd. , Tucker, 
Georgia 30084. Call: 
(404) 939-6340. 

West: 10039 Pioneer 
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Blvd., Santa Fe Springs, 
California 90670. Call: 
(213) 949-9302. 

Scotland: Macmerry, East 
Lothian, United Kingdom 
0875-610747. 

Scientific 
Atlanta 

OPTIMA"' Division 





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 6 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 edit­
ing, 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 
41156. 

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 41156'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 
41156 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 

CIRCLE 118 

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 your Tek Sales Engineer. 
For literature or the location of your 
local Tek sales office, call toll-free 
1-800-54 7-1512. In Oregon, 
1-800-452-18 77. 

Tektronix0 

COMMITTED TO EXCELLENCE 



Better Instruments for 
Better communications 

The "Personal-Sized" MS610A 
Spectrum Analyzer 

Although compact, the "personal-sized" 
MS610A is a full-fledged spectrum 
analyzer with a frequency range of 

lOkHz - 2GHz. And it's so easy to 
operate! Just specify reference level 

and frequency span, then hit a pair of 
handy front-panel pushbuttons. Now 

other functions are automatically 
coupled to span and reference , 

internally setting resolution bandwidth, 
sweep time and input attenuation for 

optimum accuracy. 
Another better communications 

instrument from Anritsu. 

'"<'ilit' 
j ~ ,•+J:t 

~-
-

Anritsu means communications. 
We began building telephone 

and radio equipment more than 
50 years ago. And although we've 
expanded into other fields since 
then, we've remained true to 
those first electronic roots. 

In fact, the Anritsu name is 
now known around the world as 
synonymous with communica­
tions. From public telephones to 
sophisticated, state-of-the-art 



optical and digital transmission 
systems, Anritsu communications 
products are highly regarded for 
both unequalled reliability and 
technical excellence. 

With such wide-ranging ex­
perience in all phases of commu­
nications, it's no surprise that our 
electronic measuring instruments 
are superior, too. 

Anritsu builds the electronic 
instruments that keep electronic 

ANRITSU ELECTRONICA COMERCIO LTDA. 

and fiber optic communications 
operating at the knife edge of 
efficiency. From the simple meas­
ureme nt of voltage and current to 
complete high-level analysis of 
both analog and digital circuitry, 
Anritsu instruments are built by 
experts in communications. And 
Anritsu instruments are built to 
be used. 

Whether it 's an Anritsu elec­
tronic voltmeter, a network ana-

Av. Passos. 91 -Sobrelojas 204/205-Centro, 20.051-Rio de Janeiro-RJ, Brasil Phone: 22 1-6086, 224-9448 Telex : 2131704 ANBR 
ANRITSU AMERICA, INC. 
128 Bauer Drive, Oakland, NJ 07436, U.S.A. Phone: 201 337-1 11 1 Telex: 642- 141 ANRITSU OKLD 
ANRITSU EUROPE LIMITED 
Thistle Road, Windmill Trading Estate, Luton, Beds, LU1 3XJ, UK Phone: (STD0582)418853 Telex : 826750 ANRSEU G 
ANRITSU ELEKTRONIK GmbH 
Uhlandstrasse 9, 4000 Dusseldorf 1, FR. Germany Phone: (0211)682424 Telex: 8584904 CIRCLE 119 

lyzer or a complete GPIB-based 
automatic test system, you'll find 
a basic field-proven ruggedness 
built in. And you'll find controls 
that actually make sophisticated 
measurements simpler to 
perform. 

At Anritsu, we 're striving 
toward still better instruments. 
And better communications. 

Atlritsu 
ANRITSU ELECTRIC CO .• LTD. 

10-27. M1nam1azabu 5 chome, Mmato-ku, Tokyo 106. Japan 
Phone (03) 446-1 111/Telex: 0-242-2353 

Cable: ANRITDENKI TOKYO 



We've Just Made Your New DVM. Obsolete 

Introducing the 
XERXES DVM 8000 RS-232 DIGITAL VOLTMETER 
41h Digit Multi-Channel Multi-fwtcti.on Self-scanning 

Hook a printer or computer to the Xerxes DVM 8000 and monitor up to 8 
channels simu ltaneously. The DVM 8000 measures AC voltage TRMS, 
DC voltage, resistance, AC current TRMS, DC current, and has 1 
output channel for remote switching. The unit is fully 
programmable or can be operated as a standalone 
DVM. It even has a built-in limited distance 
modem so you can monitor data up to 10 
miles away. Software is available for 
IBM, Apple, and Radio Shack users. 

!Arn:~~ 
P.O. Box 2250, Livermore, Cali forn ia 94550 •(415) 463-1396 * Special offer good thru February, 1985 
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Memory management 
and 1/0 prove 8-bit processors 

cannot be counted out 

What seems like another 8-bit CMOS microprocessor 
actually includes a memory management unit 

plus a DMA controller and a range of 110 functions. 

F
ar from surrendering to their 16- and 
32-bit successors, 8-bit microprocessors 
are thriving in their own right. And al­

though the wider CPUs are the chips of choice 
for high-end designs, 8-bit processors still com­
mand the lion's share of applications. Looking 
ahead, there is no doubt that these devices, giv­
en their low-cost, ready availability, ease of use, 
and growing wealth of software, will remain 
popular for years to come. 

Bolstering this outlook is a high-speed 8-bit 
CMOS processor tha t is compatible on the 
machine-language level with the 8080, 8085, 
and Z80 families. And the HD62801 is more ver­
satile than any of these other CPUs. For exam­
ple, the chip features a central processing core 
that is enhanced with a memory management 
unit that gives the machine a 512-kbyte address 
space. Hence, the memory unit overcomes one 
of the chief drawbacks of 8-bit processors: their 

Thomas W. Cantrell and Hiroshi Yonezawa 
Hitach i Microsystems Internat ional Inc. 

Thomas W. Cantrell is a consulting engineer working 
on the· next generation of VLSI devices at Hitachi Mi­
crosystems International, in San Jose, Calif He holds 
a BS and MBA from the University of California at 
Los Angeles. 

Hiroshi Yonezawa is a chief engineer at Hitachi 
Microsystems and is involved in microprocessor and 
peripheral VLSI product development. He specializes 
in multiprocessor system architecture and graphics. 

64-kbyte address limitation. The core also 
sports a fast microcoded instruction execution 
unit that adds 12 instructions to the Z80's full 
complement and traps op-code errors. Further, 
its bus-state controller accommodates Z80, 
6800, and 6500 peripheral chips, and a controller 
for managing vectored interrupts rounds out 
the core's features. 

Internal synergy 

What's more, the microprocessor boasts 
powerful I/O functions like dual-channel DMA, 
as well as one high-speed and two standard­
speed serial ports. It also carries a two-channel 
programmable counter and timer (Fig. 1). By 
squeezing so much I/O capability on chip, in­
cluding a 6-MHz clock and a wait-state gener­
ator, the TTL-compatible processor reduces not 
only a project's part count and design time but 
also the risk of timing problems. Simultaneous­
ly, because all the features are on chip, there is a 
synergistic interplay between them. Pro­
grammable wait states and dynamic refresh­
ing, for instance, are available during a DMA 
operation, and a nonmaskable interrupt will 
conveniently suspend or abort a DMA tr an sf er. 

Finally, as a CMOS part, the microprocessor 
lends itself to small, portable, and battery- or 
solar-powered applications. Yet the chip in no 
way lacks the processing power or speed needed 
for a desk-top or rack-mount assignment. 

The most dramatic improvement over other 
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8-bit CPUs can be seen in the chip's memory 
management unit, wl;iich helps the processor 
meet the needs of memory-intensive chores 
without giving up compatibility with softwar~ 
written with 64-kbyte memories in mind. It 
gives programmers the choice of writing large 
RAM-based data structures or using RAM 
buffers to hold data that is written from disks. 
The second scheme is especially useful because 
it guarantees fast access to 512 kbytes of memo­
ry with out sacrificing the ability to run existing 
application software or work with the CP /M-80 
and CP / M-Plus operating systems. 

The unit maps 64 kbytes of logical address 
space into 512 kbytes of actual memory, using a 
bank-switching technique similar to that found 
in board-level designs. The logical space is di-

vided in three; into common areas 0 and 1, plus 
the bank area (Fig. 2). By programming two 
base registers, a designer can fit common area 1 
and the bank, within 4-kbyte boundaries, any­
where into the 512-kbyte physical address 
space. To ensure that software written for a 
64-kbyte address space can be readily em­
ployed, the processor initializes all three base 
registers to zero when reset. 

Go forth and multiply 

Besides adding memory space, the processor 
also adds 12 instructions to the Z80's standard 
set. These are useful for personal computers, of­
fice automation, and industrial and instrumen­
tation tasks (see the table, p. 306). Among them 
is an unsigned 8-bit multiplication (MLT) com-
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CLK 

XTAL crystal 
I 

Clock 
generator 

Bus 
controller 

Interrupt 
controller 

CPU execution unit 

Bus Request 
Bus Acknowledge 

RD 
WR 
Memory enable 
1/ 0 Enable 
Enable 
Load Instruction 

Register 

r---~····1-~----....,_,_ DREQ0 
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TOUT 

TXS 

RXS 

CKS 

16-bit timer 
(2 channels) 

Clocked 
serial 1/0 

Memory 
management 

unit ·-·~-

OMA controller 
(2 channels) 

Asynchronous 
serial 1/0 

Asynchronous 
serial 1/ 0 

TEND0 

OREO , 
TEND, 

TXA0 

CKA0 

RXA0 

ATS 

CTS 

DCD 

} ChannelO 

CKA , Channel 1 

TXA , } 

AXA , 
CTS, 

._Vee 

.,___ V ss 

1. The HD62801 combines an enhanced central processing core (compati­
ble with the ZSO) and four major 110 subsections. The core's memory man­
agement unit expands a logical address space of 64 kbytes into one of 512 
kbytes. The 110 features include a OMA controller, high-and low-speed 
serial ports, and dual counter-timers. 



mand that yields a 16-bit result in 17 clock cy­
cles (2.83 µs with a 6-MHz clock). This powerful 
instruction streamlines existing math routines 
and improves system performance. 

Four nondestructive test instructions help to 
quickly check out a byte without altering its 
value. These instructions set the status flags as 
if an AND operation was executed, but without 
destroying the contents of the accumulator. De­
pending upon the instruction, a byte in the ac­
cumulator is ANDed with one in a register 
(TST r ), in a memory location (TST m), or in an 
indirectly addressed memory location (TST 
[HL ]). The fourth instruction ANDs an immedi­
ate value with an I/O port (TSTIO). Another 
quartet of powerful instructions, for moving 
data in blocks, efficiently passes information 
through the chip's I/O ports. And two other I/O 
port instructions transfer data from an imme­
diate memory address. 

The last instruction, sleep (SLP), cuts the 
processor's power drain from 15 to 9 mA (at 5 V 
de and 6 MHz). It comes into play, along with 

64-kbyte 
logical memory 

FFFF 

Common area 

FOOO 
base register 

1000 Bank area 
base register 

0000 

0 

two operating modes IOStop and System Stop, 
in battery-powered configurations. Invoking 
SLP stops all CPU activity but lets all I/O func­
tions operate normally. Conversely, IOStop, 
which cuts current drain to 10 mA, shuts down 
all I/O functio ns but keeps t he CPU active. 
System Stop, which conserves the most power, 
cuts the current to 3.75 mA and halts all I/O and 
CPU activity. Reducing the operating fre­
quency is another way to lower power drain. 
For example, at a 2-MHz clock and 5-V de sup­
ply, the current-for a fu lly active chip-falls 
to 5 mA (Fig. 3). 

Speed all around 

The chip's execution unit, like its expanded 
instruction set, is designed to speed most oper­
ations. To hasten execution, the unit is micro­
coded and so avoids the interconnection delays 
found in random logic schemes. For example, 
one frequently used operation, the indexed­
register load, runs in 14 clock cycles rather than 
the Z80's 19. Using a Gibson mix of instructions 

512-kbyte 
physical memory 

7FFFF 

4FFFF 

4FOOO 

40000 

13000 

05000 

04000 

00000 
x 

2. The on-chip memory management unit eliminates the 64-kbyte address 
limit associated with 8-bit microprocessors. Using it, a designer defines three 
areas within the 64 kbytes of addresses and maps two of them-the bank 
area and common area 1-into a 512-kbyte address space. The starting ad­
dress of each mapped area is set by a base register, and boundaries are es­
tablished at 4-kbyte intervals. 
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as a benchmark, the overall execution rates for 
instructions are 16% faster when compared 
with the Z80. 

Another of the execution unit's features is its 
trap for erroneous op codes, which produces an 
interrupt whenever the CPU executes an unde­
fined op code. Besides improving software 
reliability, it allows a designer to extend the 
chip's instruction set by using the undefined op 
code to generate a software interrupt. 

Dynamic management 

A bus controller that aids the processor in 
managing an extensive bus interface as well as 
refreshing a dynamic RAM array is also part of 
the CPU's core. Since 11 signals make up the in­
terface, the CPU can work with wide range of 
peripherals. Specifically.J_he interface contains 
the control lines, like RD and WR, needed to 
handle the peripheral chips for the 8080 and 
Z80, as well as the Enable line required for 6800 
and 6500 peripherals. 

Like other 8-bit CPUs, the processor auto­
matically refreshes dynamic RAMs. But to re-

A dozen instructions to go 
Mnemonic Action Description 

SLP Sleep Begin low-power operation 

MLT Multiply Multiply 8-bit unsigned numbers 
for a 16-bit result 

OUTO Output Send register contents to an 
immediate 110 address 

INO Input Send immediate 110 address to register 

OTIM Increment or decrement memory 
address 

OTIMR Block Repeat above until counter is at zero 
OTDM output Increment 1/0 address. decrement 

counter 
OTDMR Repeat above until counter is at zero 

TSTIO Test 1/ 0 and immediate address 
TST r Logical Test accumulator and register 
TST m AND Test accumulator and immediate 

test address 
TST (HL) Test accumulator and memory 
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duce the power consumed by unnecessarily fre­
quent refresh cycles-one every instruction 
cycle-a designer can program the RAM­
refresh interval. Particularly, asynchronous 
RAM-refresh cycles can be separated by 10, 20, 
40, or 80 clock cycles and can last either two or 
three clock cycles. Of course, for static RAMs, 
the automatic refresh function can be disabled. 

Another built-in feature, this one for han­
dling slow I/O devices, is the automatic wait­
state generator. It refines the chip's external 
Wait input (for extending bus cycles) by letting 
the user program a different number of wait­
state cycles for I/O and memory operations. 

The last subsystem of the CPU core is the in­
terrupt controller, which manages interrupt 
requests from 12 different sources. Four of 
these are external inputs, including a non­
maskable interrufilNMILand three prior­
itized interrupts INT0 , INT 11 and INT2 • For 
these four, all programmable vectoring modes 
are hardware- and software-compatible with 
the Z80. The eight remaining interrupt re­
quests are generated by the op-code trap and 
the chip's I/O subsystems. 

1/0 and away 

In addition to the power of its enhanced CPU 
core, the processor goes one step further by in­
corporating four integrated I/O subsystems. 
Included in it are a two-channel DMA control­
ler, a two-channel, asynchronous serial com­
munication interface (ASCI); a high speed, 
clocked serial 1/0 port (CSIO); and a two­
channel programmable reloading timer. 

The DMA controller eliminates the cost and 
complexity of having to use an external control­
ler for rapid memory and I/O transfers. Moving 
data at up to 1 Mbyte/s (with a 6-MHz clock), 
the controller manages memory-to-memory, 
memory-to-1/0, and memory-to-memory­
mapped I/O tr an sf ers across the full 512 kbytes 
of storage, as well as the 64-kbyte I/O address 
space. During block transfers, source and desti­
nation addresses can be incremented, decre­
mented, or kept unchanged. 

Requests for memory-to-memory transfers 
are handled automatically (without handshak­
ing) using either the burst mode or cycle steal­
ing. The first shifts data the fastest by suspend­
ing CPU activity; cycle stealing, on the other 



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 
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hand, alternates data transfers and CPU cycles. 
For I/O DMA transfers, the processor supplies 
two handshaking signals: DMA Request 
(DREQ) and Transfer End (TEND). The second 
is sent to a peripheral to signal that the last 
byte of a DMA transfer is occurring. Finally, 
DREQ can be programmed for level or edge 
sensing. 

For serial data transfers to RS-232-C periph­
erals, the processor turns to its two-channel, 
full -duplex serial interface, which includes two 
UARTs, a baud-rate generator, and modem 
control signals. Among each channel's inde­
pendently programmable parameters are data 
length (7, 8, or 9 bits), number of stop bits (1 or 
2), and parity bit (odd, even, or none). In addi­
tion, the interface detects errors in parity, data 
bits, and framing. The baud-rate generator 
makes possible rates of up to 38.4 kbits/s and 
uses an internal clock or an external source as 

20 

< 
I 
c: 15 a; 
-0 
c 10 ~ 
:; 

(.) 

5 

Vee= 5 V 

"' "' 15 "' 

.,, Normal operation 

"' 
.; IOSTOP ....... 

10 ,,,..... , ... Sleep mode ....... ... 

2345678 

Clock frequency (MHz) 

3. At a 6-MHz clock rate and 5-V de supply, the pro­
cessor draws 15 mA de. However, the Sleep mode 
reduces the current drain to 9 mA, helping to con­
serve power for battery- and solar-powered applica­
tions. IOSTOP, by suspending all 1/0 functions, cuts 
current drain to 10 mA. System Stop suspends CPU 
functions as well, dropping current to 3.75 mA. 
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its time base. 
Of the two serial channels, channel 0 provides 

three mo_J!em control signals: Data Carrier De­
tect (DCD), Clear to Send (CTS), and Request to 
Send (RTS). Channel 1 furnishes only a Clear to 
Send handshake. One last feature of the serial 
interface makes it possible for it to address one 
CPU among several. This feature is a ninth data 
bit that can identify a serial word as an address 
to be checked by other CPUs on the bus. 

Speedy serial 

When the typical asynchronous serial inter­
face is too slow, the processor delivers an 
alternative-a high-speed clocked serial I/O 
port. The port is ideal for multiprocessor 
systems because it supplies a fast communica­
tion channel between CPUs that does not tie up 
a system's bus. The serial port delivers half­
duplex communication at up to 300 kbits/s 
(with a 6-MHz CPU clock) and employs three 
signal lines: Transmit Data (TXS), Receive 
Data (RXS), and Serial Clock (CKS). 

The last member of the processor's I/O sub­
system is a two-channel programmable reload­
ing timer that handles the essential tasks of 
counting and timing. It can also be used to gen­
erate both simple and complex waveforms. 

Each channel consists of a timer-data reg­
ister and a reload-data register, both 16-bits 
wide. Whenever one of the internally clocked 
timer-data registers counts down to 0, it is re­
loaded with the contents of a reload-data reg­
ister and, optionally, generates an interrupt 
request. Where a time-out interrupt is not ap­
propriate, a designer can use a separate output 
signal that is available from one of the channels 
and is multiplexed with the MSB of the pro­
cessor's address bus . The time-out (TOUT) 
signal can be set high, low, or toggled when the 
channel 1 timer overflows. 

Overall, the microprocessor's low operating 
current and high level of integration suit it to 
industrial control. Designing the CPU into a 
system that uses all CMOS parts decreases the 
power dissipation, an approach that increases 
reliability and lends itself to hermetic sealing. 
Further, an all-CMOS strategy helps to reduce 
the system's size, weight, and cost. 

Consider an industrial control system that 
takes advantage of the microprocessor's high 
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speed, advanced architecture, and added in­
structions by incorporating its own Forth lan­
guage translator (Fig. 4). Having Forth reside 
on the controller board simplifies program de­
velopment, and the run-time package, applica­
tion program, and data can each be stored in 
chips that fit standard JED EC byte-wide mem­
ory sockets. 

Using the byte-wide sockets makes it easy to 
change application programs and memory size. 
Further, the latest high-speed CMOS memories 
can hold a full version of Forth along with 
application-specific extensions for floating­
point math, sorting, and peripheral control. As 
for the application program, an 8k-by-8-bit 
CMOS EPROM will hold one of substantial size: 

32k X B-bit 
ROM 

Forth language 
with extended 

vocabulary 

typically 400 to 500 lines of compiled code. Fi­
nally, 2k-, 8k- and 32k-by-8-bit CMOS RAMs 
can serve as needed for Jtoring data. 

Easy to tailor 

A wide variety of standard CMOS LSI devices 
are available to tailor the system to a specific 
need. Among these are parallel 1/0 interfaces, 
disk controllers, data converters, timers and 
counters, and telecommunications and graph­
ics chips. 

In desk-top or rack-mounted settings, where 
power consumption is not a consideration, the 
chip can run at full speed (Fig. 5). In such cases, 
standard NMOS 256k-by-1-bit dynamic RAMs 
that are automatically refreshed by the micro-

Bk X bit 
EPROM 

Applicat ion 
program 

Bk X bit 
RAM 

Application 
data 

DMA 
control 

CMOS LSI 
peripheral(s) 
Application 

1/ 0 

.f'4 "4 

.-----1 TOUT DMA controller ___ _, 

Waveform 
generation 

HD62B01 
microprocessor NMI , INT N ---

1
n-te-rr-up-ts--

ASCI ASCI 
CSIO channel 0 channel 1 

J 
Development 

Terminal Diagnostics 

..__ __ _,, Process monito 

Auxiliary Serial 1/0 

4. A Forth-language computer fabricated entirely in CMOS serves as an in­
dustrial controller with built-in development capability. A 32k-by-8-bit ROM 
holds the language itself; an 8k-by-8-bit EPROM stores the application pro­
gram; and an 8k-by-8-bit RAM holds data. Using byte-wide memories ensures 
rapid matching of application requirements. 
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range of Series 700 standard cir­
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processor guarantee that the chip turns in its 
best performance. To maximize throughput; 
the memory access time could be fine-tuned us­
ing the chip's wait-state controller. Such a sys­
tem could also use a 12-MHz crystal to produce 
a 6-MHz system and a minimum instruction cy­
cle of 500 ns. And as production increases, the 
current 6-MHz chip is expected to evolve into a 
10-MHz processor. The increase will improve 
such specifications as instruction-cycle time 
and data-transfer rate. 

In a typical design of this kind, a banked oper­
ating system like CP/ M-Plus works well with 

System RAM 
L_(256k X 8 bits)~ 

l l 
l l 

l t- l f-' 

I-' I-' 
256k X I-bit 256k x 1-bit 

RAM I--' RAM t-

~"' ~ I-

System bus 
(8 data, 

19 address, 
15 control lines) 

"" 
j. 

OMA 

~ controller HD62801 
12MHzL microprocessor ASCI 

CSCI 

"2 

the chip's schemes for DMA and memory man­
agement. In fact, a low-cost system that serves 
four to eight users could be devised using multi­
user operating systems like MP /M II, Oasis, or 
TurboDOS and by adding a UART for each ter­
minal. A hard disk controller would also be 
needed.o 

How useful? 
Immediate design applicat ion 
With in the next year 

Circle 

544 
545 
546 Not applicable 

ST506 or SMO-ty pe 

disk }_e 

8k x 8-bit Real-time Hard 
EPROM clock disk controller 

~ .. I- .. I-

72 

OMA 
control 

RS-232 Channel 0 L_ line Terminal 
"6 driver 

Channel 1 rt and Modem, printer, 
receiver or plotter 

Serial-in , 
L Parallel interface parallel-out 

'8 for printer shi ft register 

5. In a desktop or rack-mounted setting, the microprocessor, standard NMOS 256k-by-1-bit dy­
namic RAMs, and a banked operating system form the foundation of a small high-performance 
computer. The 6-MHz clock yields a minimum instruction cycle of 500 ns. To serve multiple 
users a UART can be added for each extra terminal. 
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)igital Word Generators are always in demand. 

DWGs simulate prototype environments. 

You never know where a Digital Word Generator 
from Interface Technology will show up next. 

From testing discrete designs before system 
integration to simulating prototype environments, 
these DWGs can handle it all. Speeds to 100 MHz 
and up to 4096 bits of memory on each of 16 chan­
nels make the RS-660 and RS-680 the most power­
ful and versatile instruments of their type. 

With Interface Technology's unique timing 
simulation capability, you can generate variable 
width pulses or timing patterns, thus conserv-

DWGs speed up IC characterization. 

DWGs eliminate building dedicated circuitry. 

have integral CRTs. The ability to display a large 
portion of your serial data stream or parallel 
pattern makes either instrument easy to use. Use is 
further simplified by the choice of either hex or 
binary display; combined with a block memory fill 
for repetitive pattern entry. 

Other features such as a programmable sync 
output for triggering, remote interface, and up to 
a 64K deep serial memory just add to an already 
powerful instrument. 

So put an Interface Technology RS-660 or RS-680 
ing time and memory space. Data 
may then be output in a single 
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Now RCA MOSFETs drop in 

RCA attacks long lead times with over 100 
If you're buying IRF HEXFETs, form a 

strategic alliance with the new Mega-force in 
MOSFETs: RCA. Our 100 new types are pin­
for-pin compatible, direct drop-in replace­
ments for the traditional IRF types you're 
using today. 

Twelve week delivery. 
The only difference between IRF and 

RRF types is delivery. RCA's new automated 
production and high yields mean off-the-shelf 
delivery on many types, and twelve weeks on 

'Trademark of International Rectifier. 

most RRF types. 
Compare that to lead times of up to 30 

weeks for HEXFETs. With our competitive 
prices and aggressive delivery, the winner in 
this war can be you . 

Your type is in our range. 
Our RRF line includes all the most popu­

lar types. Products range from 60V to 500V, 
with current capacities from 2 amps to 20 
amps. Choose from industry package types 
T0-205AF, T0-204AE, T0-220, T0-3, and 



and tradition begins to crumble. 

new drop-in replacements for IR HEXFETs~ 
selected types in T0-218. 

High Rel reinforcements on the way. 
In the second half of 1985, we plan to 

introduce 27 High Rel versions of JEDEC IR 
equivalents, plus 24 High Rel versions of RCA 
JED EC type MOSFETs. 

Call for a sample today. 
Put our troops at your disposal by cal Ii ng 

the nearest RCA sales office or distributor for a 
sample today. Just ask for the I RF type you're 
using, and we'll send you the RRF equivalent. 

Your Mega-force in Power. 

Declare your own war on lead times. 
War doesn't have to be hell with RCA RRF 

types waiting to drop-in to your MOSFET 
requirements. To order samples, call your 
RCA sales office or your RCA distributor 
today. For engineer-to-engineer dialogue on 
your application, call (800) RCA-APPL. For 
data sheets and technical literature, call (800) 
526-2177. 
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. 

ncn 





W hat do you connect with the name Engelhard? 
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chemicals? Electroplating anodes and solutions? 
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us a lot better. 
Did you know, for instance ... 
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capacitors? 
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That we can supply silver powders of 99.99% 
purity? 

And that Engelhard is the first company in the 
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Engelhard Electronics Group. 
Make the Connection. 
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chemists will respond fast and enthusiastically to 
problem applications of any size. 

You'll find that Engelhard products are never 
subject to local supply problems or quality variations. 

Make the connection with Engelhard today. You 
could be surprised where it leads. 

Just mail the coupon for a copy of our new 
brochure together with details of the Engelhard 
electronic products specific to your field. 
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Temperature 
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( - 40 to +60°C) 
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Microprogram sequencer 
handles a system's 

interrupts in real time 

Having a 100-ns cycle time and a range of functions, 
a control IC itself makes use of microcode to sequence 

microprograms for microprogrammable systems. 

B
Y offloading the host processor, an intel­
ligent controller boosts the performance 
of many microcomputer-based systems. 

A microprogram sequencer, in turn, helps con­
trollers of microprogrammable systems, es­
pecially when it also handles interrupts. 

The Am29112 interruptible microprogram 
sequencer goes one step further by dealing with 
interrupts in real time. It can do this because it 
accepts them at the boundary of any micro­
instruction, instead of only at the boundaries of 
a select few. Further, built-in hardware han­
dles these interrupts and thus contributes to 
the chip's real-time response to them. 

The sequencer is an 8-bit-slice building block 
capable of controlling up to 64 kbytes of micro­
program memory and thereby tailoring a mi­
croprogrammable system to specific applica­
tions. Indeed, the device's own instruction set 
and architecture reflect the same trend toward 

Deepak Mithani and 01e Moller 
Advanced Micro Devices Inc. 
Deepak Mithani is a senior product marketing engi­
neer at Advanced Micro Devices. Before joining the 
company in Sunnyvale, Calif, he designed high-speed 
data processing systems at Burroughs. He holds a 
BSEE from M. S. University in Baroda, India, and an 
MSEE from the University of Wisconsin in Madison. 

0le Moller is a design engineer in product planning at 
AMD. He has an MSEE from Denmark's Technical 
University. 

microprogrammability. The microcoded in­
struction set has direct counterparts for vir­
tually every sequence-controlling statement 
found in high-level languages, thereby easing 
the compiling of such a language into microcode 
(see "Microcode Supports Statements in High­
Level Computer Language," p. 320.) Built-in 
hardware makes possible parallel processing at 
the microprogram level. As a result, micro­
programs can be economically developed as 
small, relocatable subprograms (modules) each 
of which can be written and debugged indepen­
dently. 

To keep pace with arithmetic and logic units 
and other high-speed components, the micro­
program sequencer has a cycle time of 100 ns. A 
controller designed with this sequencer frees 
the host for other tasks by performing complex 
arithmetic and logic operations on data and 
supporting algorithms. Moreover, since 
systems spend much of their time transferring 
information between the main memory, secon­
dary memories, and display devices, maintain­
ing data integrity can be a problem. The 
sequencer not only monitors for data consis­
tency but also diagnoses faults in its own cir­
cuitry. 

The sequencer's program counter-actually 
a register-and its incrementer, address multi­
plexer, counter, and stack are all borrowed 
from earlier designs (Fig. 1). The stack, how­
ever, has a full 33 levels to handle deep nesting 
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of subroutines and interrupts. The new com­
ponents are an adder for relative addressing, a 
register for controlling offset width, interrupt 
control logic, and an interrupt address register 
for unmaskable interrupts. 

The 8-bit-slice sequencer has an address path 
that is 8 bits wide. Further, two devices can be 
cascaded to form a 16-bit-wide address path. A 
single-slice sequencer addresses up to 256 
words of microprogram memory, but a double­
slice sequencer having a 16-bit-wide address 
path addresses up to 65,536 words. This is 
enough to handle most applications. For exam­
ple, a microprogram that interprets machine­
level instructions typically has on the order of 
1,024 words, while a microprogram that is the 

controller's only program usually is larger. 
Some bit-slice devices can be cascaded to any 

word length. However, the Am29112 cannot be 
expanded beyond two slices. In a two-slice im­
plementation, one is designated by an input as 
the least significant slice (LSS) and the other as 
the most significant slice (MSS). Thus a signal 
that propagates from the LSS to the MSS needs 
just one pin on each slice-an output on the LSS 
and an input on the MSS. Four signals on the 
sequencer pass between the slices. These are 
the carries for the program counter (PCIO), the 
counter (CIO), the adder (ACIO), and the zero 
detect (CZIO). 

The Am29112 is one of the few sequencers 
that support interrupts at the microprogram 

Microcode supports statements in high-level computer languages 

Structured programming is an important tool at 
the microprogram level, where poor programming 
techniques lead to unreadable and error-filled code. 
The Am29112 sequencer supports structured micro­
programming by providing commands that, taken 
together, correspond to the sequence control state­
ments of high-level languages. 

Branches and procedure calls in high-level lan­
guages have their equivalents in the sequencer's 
jump and jump-to subroutine instructions. More in­
teresting are the various types of loops. The Pascal 
REPEAT loop, for example, is supported by two 
sequencer instructions: 

REPEAT Push PC 

., Test End Loop(condition) 
UNTIL (condition) 

The address of the loop body is pushed onto the 
stack at the beginning of the loop. Thus there is no 
loop body-label to deal with, and the branch­
address field can be shared. This also applies to 
other instructions. The WHILE loop, for example, 
can be implemented with three instructions: 

Push PC 
WHILE condition DO Conditional Jump 

END WHILE 

D and Pop (condition) 

. , Test End Loop (fail) 
D: 

This approach, one of several, is an infinite loop 
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with a conditional exit just before the loop body. 
The last instruction jumps unconditionally to the 
instruction that tests the condition. 

A FOR loop can be implemented with two in­
structions using the sequencer's built-in counter: 

FOR I: = 1 to N DO Push PC and load LIU 
Counter, N - 1 

END FOR 

. , Repeat Loop, LIU 
counter 

A conditional branch must be provided for this 
microcode if N can be less than 1-a microcoded 
loop cannot iterate zero times. 

The CASE statement relies on the multiway 
jump to perform the selection. Normally a jump to 
the end of the CASE statement is inserted after 
each case selection except the last. Alternatively 
the address of the end of the CASE statement can 
be pushed onto the stack just before the multiway 
jump and a return instruction inserted after each 
case selection. In this way the branch-address field 
is used just once, making possible more field shar­
ing. The implementation is: 

CASE N OF 
0: 
1: . 
2: . 
3: . 
END CASE 

Push D 
Jump Multiway A 
A: . , Return 
A+ 1: . , Return 
A+2: . , Return 
A+3: . , Return 
D: 



level. In comparison to polling, interrupt capa­
bility improves throughput, reduces response 
time significantly, and ensures more effective 
coding. With polling, on the other hand, the mi­
croprogram must test explicitly for interrupts 
at certain points. This not only produces a 
slower microprogram with longer response 
times, but it also requires more effort on the 
part of the programmer. 

Handling interrupts expeditiously 

In a microprogrammed system using the 
Am29112, it takes two or three cycles from the 
time the interrupt request is received to the ex­
ecution of the first instruction in the interrupt 
routine. The instruction appears at the output 

Stack Error (STKERR) 
Command 

register 

Unmaskable Interrupt Request (UiNTR) 

Maskable Interrupt Request (MINTA) 

Interrupt Disable (INTO) 

Interrupt 
logic 

Maskable Interrupt Acknowledge 
(MINTA) 

LSS 

RST 

CP 

J 

Adder carry (ACIO) 

• 

Unmaskable 
interrupt vector · 

register 

Program counter carry (PCIO) 
Address multiplexer 

Instruction 
PLA 

8 

...._ ___ _.....Hold Y 0-Y1 

of the sequencer's associated pipeline register. 
Because the chip's cycle time is just 100 ns, in­
terrupt response times are on the order of 200 to 
300ns. 

An interrupt is transparent to the inter­
rupted microprogram, which temporarily stops 
running. The device handles both maskable and 
unmaskable interrupts (an unmaskable inter­
rupt being used when no action can be taken to 
reverse the situation). An incoming interrupt 
turns off the Y-bus driver and loads an external 
interrupt address onto the Y bus (Fig. 2). The 
interrupt also causes the interrupt return ad­
dress to be saved on the stack. 

A delay of one cycle occurs between the Inter­
rupt Request and Interrupt Acknowledge 

Stack 
pointer 

A 
multiplexer...._ ___ _. 

Multiplexer 

Program 
counter 

lncrementer 

Interrupt 
return 

address 
register 

4 

1. The Am29112 interruptible microprogram sequencer chip is a mixture of conventional 
and new logic functions. To improve its ability to handle interrupts, the chip carries en­
hanced interrupt logic and a very deep stack-33 levels-that allows nesting of inter­
rupts and subroutines. 
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signals. An optional delay of one cycle can be in­
serted between the Interrupt Acknowledge 
signal and the actual interrupt. The delay is 
controlled by a so-called post-delay mode bit in 
the command register, and it is useful if the ex­
ternal device needs more time to load the inter­
rupt address onto the sequencer's Y bus. 

The interrupts can be controlled either by an 
interrupt disable (INTD) pin or by these­
quencer's instructions. When the INTD pin is 
high, interrupts are disabled immediately and 
remain disabled for 'as long as the pin remains 
high. When the sequencer's instructions are 
used, interrupts are also disabled immediately 
and stay disabled until the enable instruction is 
executed. 

The sequencer handles nested interrupts by 
pushing interrupt return addresses onto its 
internal stack. This allows the device to respond 

Progr8111 

A : CALL C 

A+ 1 : ... Executing •t A 

B : CONTINUE 

B+ 1 : ... 

c 
C+ 1 : ... 

Interrupt 
return Program 

address counter 
register 

c 
Y bus 
driver 

Multiplexer 

B 

~: (•) 

to a more urgent interrupt while it is servicing 
another one. 

To service an interrupt, enough stack levels 
must be available when the interrupt occurs. A 
bit in the command register permits t he de­
laying of interrupts if five or fewer stack levels 
remain unused. In addition, an instruction may 
be inserted at the beginning of an interrupt rou­
tine to test whether enough stack levels are 
available to service the interrupt when it oc­
curs. 

Unmaskable interrupts are quite different 
from the conventional type. They can be t rig­
gered by a system power fai lure or a loss of 
system integrity, such as a stack overflow in the 
sequencer. Since it is impossible to recover from 
either condition, the current process should be 
aborted as soon as possible. Unmaskable inter­
rupts cannot be disabled either by the INTD in-

Executing at B 

A+ 1 B+ 1 
Interrupt 

Program return 
address counter 
register 

B+ 1 B+ 2 

Multiplexer 

B+ 1 

~ .. (b) 

2. While the microprogram sequencer is executing the instruction CALL C at program location A 
(a), an interrupt enters and redirects execution to the instruction CONTINUE at program location B 
(b). The return address (A + 1) of the interrupted routine is saved on the stack, but the first instruc­
tion (B:CONTINUE) of the interrupting routine must not use the stack, which is being preempted by 
the return address already pushed onto it. 
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put or by the interrupt-disable flip-flop. The 
routine for an unmaskable interrupt does not 
save the interrupt return address but instead 
may try to restart the system. A register in the 
sequencer can be loaded with the unmaskable 
interrupt address. 

Parallelism for multiple tasks 

Parallel processing is a useful option in pro­
gramming, and the microprogram sequencer 
extends it to the microprogram level. In one ap­
proach to parallelism, a single processor is 
time-multiplexed among a number of tasks. In 
the diametrically opposite approach, there 
must be at least as many processors as there are 
tasks running in parallel. 

The first approach costs the least. Each time 
a task is suspended, however, its state must be 
saved to allow it to be restored when its exe­
cution resumes. With the second approach, 
there is no save-and-restore overhead; it offers 
the fastest response time and the best per­
formance. 

The sequencer supports the first method by 
saving and restoring virtually its entire state 
through the bidirectional data bus, or D bus. 
(Only the contents of the command register and 
unmaskable interrupt address register cannot 
be saved, but this is not usually a problem, since 
the contents are likely to be the same for all pro­
cesses.) Moreover, the Am29112 is one of the 
few sequencers to be able to push data onto and 
pop it from the stack by means of its D bus. 

All registers can be loaded through the bus, 
and the contents of most can be pushed onto the 
stack. Thus almost the entire stack and most of 
the registers are accessible from outside the 
chip. This is helpful not only in testing the 
sequencer, but also in debugging, where the 
contents of the counter and stack can be ob­
served and altered. It is convenient to include 
the debugger in microcode in the prototype 
stage; this helps the sequencer debug both itself 
and the rest of the system. 

The second parallel processing approach-a 
separate processor for each task-is supported 
by the Am29112's multiple single- or double­
slice sequencer arrangement, with its unique 
Hold and Force Continue features . In this ar­
rangement, two or more sequencers' Y buses 
are tied together and drive a single micro-

program memory. One sequencer is active, and 
the others are put on hold. A sequencer is active 
when the Hold input and (one cycle later) the 
Force Continue input are activated. 

The Hold turns off the Y bus and disables the 
incrementer, thus saving in the program 
counter the address that does not make it into 
the microprogram memory. The Force Con­
tinue mode prevents the sequencer from re­
sponding to an instruction intended for another 
sequencer. Interrupts must not occur when 
Hold is asserted. 

In typical microprograms, most micro­
instructions perform an operation and continue 
to the microinstruction at the next sequential 
address. Thus the microcode field of the 
sequencer instruction often contains a continue 
instruction. This field can be better used if it is 
shared between the sequencer instruction and 

Input 
device 

MlcroprocesS controller 

Am29112 
microprogram 

sequencer 

y 

Am29112 
microprogram 

sequencer 

y 

Pipeline register 

Buffer 
Data Data 

Output 
device 

3. Two AM29112s can process in parallel through a 
buffer. In such a system, one sequencer is active, 
while the second is on hold. Time multiplexing en­
ables one sequencer to handle input operations; the 
other is responsible for outputs. 
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another device that need not be controlled on 
every cycle. 

An extra bit in each microinstruction is need­
ed to indicate whether the shared field controls 
the sequencer or the other device, and each 
must be able to disregard the data intended for 
the other. The Am29112 is the first sequencer 
with the ability to override the instruction lines 
with a Force Continue instruction (on pin I6). 

Multiple sequencers must execute different 
microprograms, but they execute the same pro­
gram after reset and until they branch in dif­
ferent directions. This branching is done with a 
so-called multiway jump, if the multiway in-

System bus 

puts of each sequencer are wired to different 
4-bit combinations. Each sequencer jumps to a 
unique and predetermined location, but the 
sequencers can still share subroutines. 

Communication between two asynchronous 
devices requires a buffer in their data path to 
smooth out differences in data rates. In a 
typical arrangement (Fig. 3), the two sequen­
cers would run an input process between an in­
put device and a buffer and an output process 
between the buffer and output device. Time­
multiplexing the processes ensures that the 
buffer need handle only a single access at a 
time. The microprocess controller puts one 

R2 
Emergency 
detection 

circuit 

Instruction 
register 

Last In, 
first out 
buffer 

l Stack Error D 

I Prlorltl-ze-d-req-ues_t_UINTR Am29112 
Interrupt • Vee.tared- REO MINTA interruptible 

priority Acknowledge microprogram 
requests• Interrupt ACK-.--.----iMINTA sequencer 

7 

cc---.... 

L • -c-.on-tr-ol-ler 
_ Prior 

M~
4 l 

'------::1..---~~~ 
Test 

Condition- • conditions 
code 

multiplexer 

SEL 

Am29 1126 
microcontroller 

Test 
conditions 

4. A single-level pipelined system, designed around the Am29112 and the Am29116 16-bit microcontroller, 
allows one microinstruction to be executed while the next instruction's addreaa is generated and acceaaed. 
The Am20112 generates the microprogram memory addreaaea for the next microprogram to be executed. 
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The Power for Controlled Micropositioning 
Determined to resolve your micropositioning 
problems? Come to Burleigh for piezo power. 
You 'll get piezoelectric positioning, high resolution 
over long travel , precision measurement and intel­
ligent control. 
With our expertise we have designed piezoelectric 
devices for single unit or OEM/volume applica­
tions. We also have extensive capabilities in cus­
tom projects. All Burleigh products combine the 
best features of piezoelectric and conventional 
motor technology. Application areas include semi­
conductor, fiber optics, neuroscience and general 
micropositioning. 
Inchworm Translators 
The IW series piezoelectric Inchworm Translators 
provide backlash-free discrete steps of 0.01 
microns over a standard travel of up to 50mm. 
Speeds of 0.01µm/sec to 2: 2mm/sec. 
Encoders 
EN series Encoders provide positional feedback 
for closed loop control. 0.1 or 1µm resolution 
available with up to 50mm travel. Combine with 
Inchworm Translators or mount independently. 
Precision Stages 
One, two or three-axis Inchworm driven TS stages 
travel up to 50mm. Rotational stages give 30° of 
motion . Can be used with EN series encoders. 

Electronic Controllers 
CE series microprocessor-based controllers oper­
ate in 3 modes: RUN, STEP or PROGRAM. Modu­
lar design accommodates up to three Inchworm 
Translators and Encoders. Integral handset and 
RS-232C interface are standard . IEEE-488 inter­
face and joystick are optional. 
Automated Microscope 
Zoom microscope with encoders and piezoelectric 
driven stages allows automated repetitive inspec­
tion . The system provides 12mm working distance 
at 1000X magnification. 
Pushers and A ligner/Translato rs 
The PZ series piezoelectric Pushers, Aligner 
Translators and controllers provide subnanometer 
resolution . Linear travel to 40 microns. Angular 
control to 0.02 arcsec/ volt. 

Call or write for further information on piezo 
power and ask for a free subscription to our Fore­
front: Micropositioning newsletter. 
CIRCLE 135 

Burleigh Instruments, Inc. 
Burleigh Park 
Fishers, New York 14453 
(716) 924-9355 
Telex 97-8379 bllleiQl 

Burleigh Instruments GmbH, Tel (06157) 3047. West Germany; Lambda Photometrics, Lid., Tel (05827) 64334. England; Optilas SA, Tel (6) 077-40-63, France; 
Optilas BV, Tel 01720-31234 Holland ; dB Electronics, Tel (02) 6469341 . Italy: Marubun Corporation, Tel (03) 639- 9871. Japan; Ouentron Optics, Tel (08) 223-6224. 
Australia ; Banin Enterprise Co., Tel (02) 7605513, Taiwan ; lsramex Company, Tel 248213, Israel ; Global Technology, Te l 951853. P.R.C. ; Harvin Agencies, Tel 32058, 
India ; GMP SA, Tel 021 / 333328. Switzerland ; B.B.T. lnstrumenter, Tel (02) 660208. Denmark 
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sequencer on hold, while the other is active. 
Status information flows to the controller from 
both sequencers. 

The sequencer selects addresses for the mi­
croprogram memory on the basis of instruc­
tions, conditions, addresses, multiway inputs, 
and interrupt requests. The six types of se­
quence control are called continuation, abso­
lute branching, program counter relative 
branching, multiway branching by substitu­
tion, multiway branching relative to an abso­
lute address, and branching to the address on 
top of the stack. 

The outcome of a conditional instruction is 
determined by a final condition. This is a func­
tion of the Condition Code (CC), the Condition 
Code Enable (CCEN), and the Polarity Control 
(POL) signals. Selecting proper values for 
CCEN and POL sets the final condition equal to 
the incoming Condition Code, its complement, 
always true (pass) or always false (fail). 

A high-performance microprogrammed 
system can be designed with the sequencer at 

D 1s Do-D, .. 

.----------10 -14 

Clock pulse 

Clock pulse 

Clock pulse 

AST 

Am29112 (2) 

Address 

Writable 
control store 

In 

Reset 

Microprogram 
to be loaded 

Pipeline register 

5. Using its Force Continue mode on pin 18 , the sequ­
encer generates sequential addresses for a writable 
control store. That permits data to be written into 
the store faster. 
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the heart of the control section. The system 
(Fig. 4) has a single-level, pipelined architec­
ture. This permits simultaneous execution of a 
microinstruction, determination of the next 
microinstruction's address, and accessing of 
the address from the microprogram memory. 
Such an architecture inflicts no penalty for 
branching, an important requirement in high­
performance controllers. A jump to a branch 
address can occur immediately in the next 
cycle, after the condition and new branch ad­
dress are presented to the sequencer. 

A typical system in operation 

The host processor initiates a task by loading 
a high-level customized instruction into the 
external instruction register. As soon as the in­
struction is loaded, a starting address is extrac­
ted for a specific microprogram. This micro­
program performs a specific task, and after the 
task is completed, another instruction is loaded 
into the instruction register. 

The starting address of the microprogram is 
passed through the sequencer to the micro­
program memory. The first microinstruction to 
be executed is accessed from memory, and on 
the next rising edge of the clock pulse, it is load­
ed into the microinstruction register in the con­
troller. When so loaded, a microinstruction per­
forms two basic tasks: It decodes the address of 
the next microinstruction to be executed, and it 
carries out the operation on the data specified 
by the high-level instruction. 

As the heart of the microprogram control 
logic, the sequencer generates addresses for the 
next microprogram to be executed. The decision 
to generate the next address depends on the in­
struction that the sequencer receives from two 
sources: the microinstruction being executed 
and the Condition Code input. 

Branch addresses, constants for various reg­
isters, and stack pointer values are applied to 
the sequencer through its D port. This is a bidi­
rectional port, to allow the stack to be unloaded 
into an external LIFO (last-in, first-out) struc­
ture to support task switching at the micro­
program level. 

To handle real-time interrupts, the Maskable 
Interrupt Request (MINTR) and Acknowledge 
(MINTA) signals are sent to the vectored prior­
ity interrupt controller. The sequencer checks 
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Device Bandwidth 
LH0033 100 MHz 
3553 300 MHz 
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each prioritized interrupt request to determine 
that the stack is not full and that interrupts are 
not disabled. Then it generates a Request Ac­
knowledge signal. 

With acknowledgment of this request, the 
priority-interrupt controller generates the en­
coded priority of the interrupt. The vector­
mapping PROM then translates this encoded 
vector into the starting address of the micro­
program for that specific interrupt. The 
MINTA output turns on the PROM output and 
simultaneously turns off the output of the 
sequencer's bidirectional Y port. 

The starting address for the interrupt rou­
tine now goes onto the microprogram address 
bus. From there it is given simultaneously to 
the microprogram memory (to access the first 
microinstruction in the interrupt routine) and 
to the sequencer through its Y port (for in­
crementing to form the address of the next mi­
croinstruction to be executed in sequence). 

At this point, the system's condition-code 
multiplexer selects one of the conditions 
present at its inputs. It then provides the result 
of the arithmetic or logic operation-greater 
than or equal to, and so forth-to the sequencer 
to help make a branching decision. 

(Incidentally, the multiway inputs provide a 
powerful primitive to implement table lookups. 
Such inputs can be either concatenated or 
added to the branch address provided through 
the D port. The second approach allows lookup 
tables to be relocated without address calcu­
lations.) 

The system's circuit for detecting emergen­
cies generates an unmaskable interrupt 
request on a power failure or stack error. Upon 
receiving such a request, the sequencer branch­
es to the unmaskable interrupt routine. The 
starting address of the routine is stored in the 
interrupt vector (INTVECT) register at system 
initialization. 

Compensating for slow PROMs 

In some cases a microprogram is not fixed, 
but must be written into a writable control 
store before execution. This permits a system to 
run different programs, including comprehen­
sive diagnostic routines. 

A writable control store is built with RAM 
chips. Even for just a single program, this can 
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be worth the effort. When PROMs and other 
memory devices are slow, their microprograms 
can be loaded into a faster writable store (Fig. 
5). 

During such loading the sequencer supplies 
addresses to the control store. When the 
Am29112 runs in the Force Continue mode, it­
rather than an external counter-supplies the 
sequential addresses to the writable store dur­
ing loading. The Force Continue mode overrides 
useless instructions sent to the sequencer 
through the pipeline register. Such instructions 
may come from the external memory or anoth­
er device that is loading the control store at 
reduced clock speed. 

Assume a writable control store of 215 words, 
addressed by two Am29112 slices. First, the 
sequencer is reset to address 0, and writing 
starts. The Force Continue mode starts one cy­
cle later, and writing continues until the word 
at address 215 - 1 has been written. 

Force Continue is disabled one cycle later, at 
the time that the first valid instruction appears 
at the output of the pipeline register. The se­
quence is as follows: 

Yo-Y14 

0 
1 

21 5_ 1 

0 
x 

RST 

1 
0 

0 
0 
0 

Is 

x 
1 

1 
1 
0 

1 
0 
0 

0 
0 

0 
1 
1 

The address after 215 -1is0 because of wrap­
around. Signal Y15, which is available because 
the full address space is not used, indicates 
completion. If Y15 can be guaranteed to be a 1 af­
ter completion, it can control WE directly and Is 
through a flip-flop. But this requires that D15 

also be a 1. The write pulse to the writable con­
trol store must have a stable address and WE 
signal. The write pulse can be the low period of 
the clock.o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 
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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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Only Mentor Graphics 
puts your design to 

the ultimate test. 



Sooner or later, your design has to 
face a myriad of functional questions 
that only hardware test equipment can 
answer. 

Some CAE systems may lead you up 
to this point, but only one sticks with you 
through the moment of truth. The IDEA 
Series™ from Mentor Graphics. 

How? Through our Hardware Verifica­
tion System™ (HVS). A powerful combi­
nation of 20 MHz pattern generation and 
logic analysis with speeds up to 10MHz 
state and 100 MHz timing. One that 

builds an elegant bridge between the 
design and test phases of any digital 
engineering project. 

With HVS, you begin to tackle the test 
problem long before a hardware proto­
type even exists. 

You start by simulating a "soft proto­
type" of your design that's been built 
with our schematic entry tools. Besides 
valuable feedback on design alterna­
tives, our logic and timing simulators 
provide an excellent preview of what's 
going to happen when HVS tests the 
real thing. 

While working with these design anal­
ysis tools, you build up stimulus and 
acquisition files directly accessible by 
the HVS. Stimulus and acquisition data 
can now get a workout in the real world 
through pattern generation and logic 
analysis. You move from "soft" to " hard" 
functional verification without missing a 
beat. 

At last, the logic designer's intimate 
knowledge of the circuitry under design 
can flow freely into the hardware verifi ­
cation phase. No more " reverse engi­
neering'.' You move from schematic to 
fully verified prototype in one clean 
sweep. 

And needless to say, you realize vast 
productivity gains along the way. 

It's all part of a vision unique to 
Mentor Graphics, the technological 
leader in Computer-Aided Engineering. 
Let us show you where this vision can 
take you . 

Call us toll-free for an overview bro­
chure and the number of your nearest 
sales office. 

Phone 800-547-7390 (In Oregon 
call 284-7357) . 

Mentor 
Grapti1CS'" 



Break Tradition 
Science and technology are ever-changing 

disciplines, with innovation as their stepping stones. 
With the experimental in-water birth process 
depicted in th is photograph , trauma for both mother 
and child is said to be reduced , decreasing the 
need for drugs and/or for Caesarean sections. 

Of course, not all innovations are successful , but 
those that are soon take their place in science, 
replacing less appropriate methods. For example, in 
the new and exotic technology of millimeter waves, 
El P's millimeter wave counters provide several illus­
trations of this constant technological evolution. 

FOR THE FIRST TIMEI AUTOMATIC 
FREQUENCY COUNT NG TO 110 GHz 

El P's 548A and 578 were the first counters to 
provide automatic operation to 110 GHz, so now 
engineers have the ability to count frequencies from 
10 Hz to 110 GHz in a single instrument. This inno­
vation, and the following advanced features, have 
proven so successful that they will probably be 
adopted someday by other counter manufacturers. 

© 1984 EIP Microwave. Inc. 

AUTOMATIC SOURCE-LOCKING FROM 10 MHz 
TO 110 GHz 

El P's Model 578 provides automatic source­
locking of virtually any electrically tunable source 
up to 110 GHz. This innovation allows Gunn and 
IMPATI oscillators, BWO's and TWT's to be phase 
locked, providing the accuracy and stabil ity of a 
synthesizer at considerable cost savings. 

GPIB CONTROL OF NON-GPIB SOURCES 

The slow, inaccurate method of controlling a 
non-GPIB source with a D/A converter in a 
frequency-control loop was superseded three years 
ago when El P's 578 provided a simple way to put the 
frequency of any non-GPIB signal source under 
GPIB control. With this easily implemented method, 
only three cables between counter and source are 
required , and the only necessary GPIB commands 
are instructions to the counter. Plus, the 578 can 
eliminate programming steps even when GPIB con­
trollable sources are used. 



THE RESULTS OF SUCCESSFUL 
TECHNOLOGICAL EVOLUTION 

Now engineers working in the millimeter wave 
region have available in a single instrument time­
tested features of 110 GHz CW measurement, 
automatic source locking, and GPIB control of non­
GPIB sources, all features that at one time were 
innovative, even non-traditional, methods for 
millimeter wave instrumentation. 

HELP-WHEN YOU NEED IT 

So if you're working with frequencies from 26.5 
GHz to 110 GHz, whether you design line-of-sight 
communications for the battlefield, or battle cancer 
with the latest in radiology techniques, you now have 
available the most advanced counters on the market, 
backed by product support and service from a com­
pany that's famous for it Call or wr~e Product 
Manager John Tarvin or Lock Han in San Jose for in­
formation about El P's Manufacturer's Assistance Pro­
gram (MAP), or to receive El P's millimeter wave 
application bulletins and information about our full 
line of mill imeter vvave and microwave frequency 
counters and sweepers. 

EIP Microwave, Inc., 2731 North First Street, San 
Jose, CA 95134, (408) 946-5700, TWX: 910-338-0155. 

EIP Eastern Regional Sales/Service Center, 
7311 Grove Road , Suite N, Frederick, Maryland 21701 , 
(301) 662-8181 . 

EIP International , 52 Rue de Progres, bte 17, B-1 000 
Brussels, Belgium, (02) 217 07 64, Telex: 23-662. 

Millimeter wave frequency counting to 110 GHz. EIP's 
548A and 578 Automatic Frequency Counters 
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Standard MIL-SPEC 
DC/DC CONVERTERS 

Designed, qualified and ready for evaluation. 
They're now available! TRI-SERVICE qualified 
DC/DC converters from Rantec ... 300, 150 and 75 
watt single output ratings, 180 watt dual output 
ratings and 175 watt triple output ratings. A 20-32 
voe input provides 5, 12, 15, 24 or 28 voe outputs. 

Switching regulation, power MOSFET technology 
and base plate cooling optimize the efficiency and 
power density making the converter easy to install in 
those tight places. 

Standard product means you avoid costly non­
recurring engineering charges, delays in waiting for 

150W Single 
5112115/24128 voe @ 

30/12.5110/6.3/5.3At 
7"Lx3.5"Wx2.625"H 

product to develop and ultimately the uncertainty of 
performance to your specs. 

So don't wait 13 to 18 months and spend between 
$125,000 and $300,000 for a custom design.* 
Rantec's DC/DC converters are already qualified for 
airborne, shipboard and ground use along with an 
extensive line of 1<1> and 3<I> MIL-SPEC DC power 
supplies. Rantec is the source for MIL-POWER. Call 
us today for an evaluation unit. 

*U.S. Navy/Industry Power Supply Ad Hoc Committee Estimate for 
Time and Cost. 

180W Dual 
± 12115/24128 voe @ 

7.5/6/3.8/3.2At 
7"L x 4.5"Wx2.625"H 

75W Single 
5112115124129 voe @ 

15/6.3/5/3.1/2.6At 
7"Lx2.25"W x2.625"H 

300W Single 
5/12115124128 voe @ 
60/25120/12.5110 . 7A t 
rL x 5•w x 2.s25"H 

175WTriple 
5 voe@ 20A & 

±12115124128 voe@ 
3/2.5/1.5/1.3At 

rL x s·w x 2.625"H 

t Other V/A combinations available 
within the same power rating. 
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DESIGN ENTRY 

The 32-bit 68020's power 
flows fully through 

a versatile interface 

A system interface may hold back a processor's 
power, but the 68020 goes to extra lengths 

to optimize its link to other chips. 

This article, the first in a series on the MC68020 32-bit 
microprocessor, explores the chip's versatile system in­
terface. Future topics will cover the processor 's dy­
namic bus sizing f eature, its overall performance 
characteristics, its support chips, and one approach to 
system prototyping. 

P
ractically speaking, any microprocessor, 
no matter how powerful, is only as good 
as the bridge to the system it serves. The 

designer's job is to build that bridge, making 
the most of the processor's address, data, and 
control buses-essentially, the memory and 
1/0 interface. Knowing the details of a micro­
processor's interface allows designers to antici­
pate how factors like memory access time will 
ultimately affect performance. 

Familiarity with the buses is no less im­
portant for heavyweight contenders like the 
32-bit MC68020 than it is for popular 8- and 

David McCartney and Paul Groepler 
Motorola Inc. 
Since 1980 David McCartney has been an application 
engineer for the MC68000 f amily, currently serving as 
section manager for Motorola's European Product 
Marketing Organization in East Kilbride, Scotland. He 
holds a PhD in electrical and electronic engineering 
from Glasgow's University of Strathclyde. 

Previously with Motorola's high-end applications 
group in Austin, Texas, Paul Groepler is now a de­
signer of the company's graphics systems. He is a mem­
ber of the Association for Computing Machinery and 
its special-interest group, Siggraph. Groepler has a BS 
in computer science f rom Texas A&M University. 

16-bit devices. Besides its impressive advantage 
in processing muscle, the 68020 chip simplifies 
the task of designing a system bridge: Its 
32-bit-wide address and data buses afford the 
fastest operation for memories and other 
peripherals that can manage 32 bits (a "long 
word") at one time (Fig. 1). And if properly 
done, even when hooking up 8- and 16-bit pe­
ripheral interfaces, the microprocessor sacri­
fices nothing in performance. A unique mech­
anism called dynamic bus sizing automates and 
simplifies data transfers. Through a system of 
handshakes, it determines different bus widths 
and adjusts the number of bus cycles accord­
ingly. A further refinement of dynamic bus siz­
ing automatically compensates for operand 
misalignment-a condition that occcurs when 
16- or 32-bit-wide operands do not fall on stan­
dard word and wide-word boundaries in memo­
ry. Because the processor adapts instantly to 
bus width, a designer can plan memory and pe­
ripheral buses for the best trade-off between 
speed and simplicity. 

Finally, real-time 110 transfers can benefit 
from the microprocessor's interrupt mech­
anism. The chip accepts seven priorities of vec­
tored interrupt requests, taking fom the data 
bus an 8-bit vector number that points to a table 
of 32-bit addresses, one for each of 256 interrupt 
service routines. Alternatively, in the auto­
vector mode, the microprocessor assigns the 
vector number on the basis of the interrupt's 
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priority. With twosourcesavailableforeachin­
terrupt, a little extra logic boosts to 14 the num­
ber of total possible interrupt sources. 

Certainly, executing 32-bit instructions and 
operands at high speed is at the heart of the 
68020's advantage over earlier members of the 
series, givi~g it four or five times the power of a 
68000. For instance, bus read and write oper­
ations that take four clock cycles in the 68000 
occur in just three clock cycles in the new pro­
cessor. 

To maximize the 32-bit chip's superiority, 
system designers should use components that 
allow the bus cycles to flow without imposing 
wait states on the processor. Assuming, for in­
stance, that the processor is running at its cur­
rent maximum clock rate of 16.67 MHz, it could 
issue a valid memory address and be ready to 
accept data in 90 ns. Thus, for example, the sys­
tem designer could shoot for a memory chip 
that accesses data in 70 ns or faster, with the 
20-ns difference being eaten up by delays in the 
address decoder. On the other hand, the de­
signer could opt for slower memory chips but 
substitute speedier decoders to compensate, a 
situation that would also produce read and 

Sequencer 
Instruction 

Control .. pref etching 
unit and . .. decoding 

logic 

" 
I Bus 

control .... Bus 
..._ ...... 

""" controller .. --,, 

..... 32 .... Execution Instruction 
..._ 32 ..... 

~ 'L unit cache . 
Data ddress A 

bus bus 

1. The MC68020's interface dramatically simplifies 
the designer's job. The 32-bit-wide data and address 
buses prove invaluable, and they get assistance 
from logic that dynamically controls the width of the 
bus. Also, an instruction cache helps reduce the 
number of external bus cycles overall. 
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write cycles without wait states. 
The 68020 does, however, offer the designer 

yet another unusual alternative to avoiding 
wait states while using slow memories: By 
exploiting the processor's External Cycle Start 
signal (ECS) the decoding circuitry would start 
before the memory address strobe actually ar­
rives. The ECS signal appears during state 0 of 
every bus cycle. 

Wasteful waiting 

As memory access time increases and wait 
states occur, the processor's overall perform­
ance drops in distinct steps. In fact, if the 
68020 incurs one wait state during each cycle, it 
loses a significant amount of processing power, 
downgrading by the equivalent of about one 
68000 operating at 8 MHz. On the other hand, 
the processor can take advantage of its built-in 
instruction cache, which stores recently exe­
cuted instructions for reuse and thus sharply 
reduces the need for external cycles (ELEC­
TRONIC DESIGN, July 26, 1984, p. 235). 

An optimal system built around the pro­
cessor should not only incorporate fast memo­
ries but also access instructions and operands 
32 bits at time from memory. Like the built-in 
cache, such long-word accesses reduce the num­
ber of external bus cycles and raise the number 
of faster internal ones. In fact, the processor be­
gins an operand transfer assuming that the 
transfer will be 32 bits wide. If the interface is 
indeed 32 bits, it moves on to the next operand. 
If the bus interface is 16 bits wide, the processor 
generates two bus cycles, and if an 8-bit bus is 
used, it passes four bus cycles before moving on 
to the next operand . 

Depending on the actual bit-width of the 
transfer, as determined by the particular mem­
ory or peripheral being accessed, the processor 
will either complete the transfer and move on to 
the next operand or generate extra bus cycles. 
Two signals, SIZ0 and SIZ17 indicate the width of 
the transfer. 

Any size fits all 

The processor can adjust dynamically to dif­
ferent bus widths on a cycle-by-cycle basis. 
Thus designers can pick the bus width that is 
most practical for a particular device. During a 
transfer, a peripheral device or memory lets the 



processor know what its bus size is by sending 
two handshake signals, DSACK0 and DSACK1• 

Except for the fact that they are coded to reflect 
the bus size, the signals work exactly like the 
Data Acknowledge (DTACK) handshake signal 
of other members of the family: A peripheral or 
memory asserts them when the data it is writ­
ing is valid or the data it is reading has been ac­
cepted. 

With dynamic bus sizing, a designer can plan 
a high-performance system with 32-bit-wide 
RAM-where most system activity occurs-yet 
leave the ROM-based monitoring and boot­
strapping section 8 bits wide. The reason is that 
the ROM area, though critical in the early stage 

31 

Byte 0 Byte 1 Byte 2 

Byte 0 Byte 1 

Four Move 
Instructions 
each 8 bits 

long 

-- - Byte 0 

(•) 

Byte 0 Byte 1 Byte 2 

One Move 
31 

I I I 

of a design's development, is accessed only rare­
ly once the system is running. Here an 8-bit bus 
would hardly decrease performance. It would, 
however, speed development because ROMs 
and EPROMs are typically organized as 8-bit 
devices. 

Splitting program code among these devices 
for a 32-bit bus could impose a burden during 
the difficult embryonic stages of a system. Nev­
ertheless, for very complex systems or for even 
higher performance, ROM-based code can be 
split among separate devices: into odd and even 
bytes for a 16-bit bus or four sect ions for a 
32-bit bus. 

Dynamic bus sizing also gives designers 

0 

Byte 3 

8-bit 
8 peripheral 

Byte 2 

8-bit 
8 peripheral 

Byte 1 

8-bit 
8 peripheral 

TJ 8-bit 
peripheral 

Byte 3 

0 ....--------. 
Instruction 

32 bits long 
L-----..L-----L.. _____ ...__ .. 8-bit 

peripheral 

I 
- - -

DSACK, and DSACK2 --+I Handshaking 
(b) (to microprocessor) logic 

2. The dyn,mic bus sizing feature of the 32-bit microproceaaor gives de­
signers two options for transferring 32 bits of data to an 8-bit port. The first 
option, a paeudo-32-bit transfer (a), takes more instructions and time to exe­
cute but requires leaa hardware. The second is a true 8-bit transfer (b), 
meaning that 32 bits are transferred with a single instruction. Additional 
handshaking logic is needed to generate DSACK1 and DSACK2 • 
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some leeway in tr an sf erring data to peripheral 
devices. They can choose between the simpler 
hardware scheme of addressing a pseudo-
32-bit port or the greater program economy 
that comes from addressing a true 8- or 16-bit 
port (Fig. 2). 

In addressing a pseudo-32-bit port, the pro­
cessor transfers all of its 32 bits as if they were 
individual 8-bit or 16-bit transfers. Actually, 
interfacing with a pseudo-32-bit port disables 
dynamic bus sizing and forces a programmer to 
address an 8- or 16-bit peripheral through rep-

Port 
size 

8 bits 

16 bits 

32 bits 

Ao 
A, 

SIZ., 

SIZ, 

..... 
J .~ 

] T 
Address 
decoding 

logic 

Ao-Y>= ~ 
A, 

A, ---l..{>- A, 

rr:::::-- Silo 
SIZo~SIZ., 

rr:::::-- SIZ, 

SIZ ,~SIZ, 

Slze.,L-...--"" 
Vee )----1 

Size, r---L-""' 

s1z, --f.--"' 
A, --r---.... 

SIZ1 --L....._,,, 
AoL.....-r---.... 
A, 

Data 
strobe logic 
(PAL device) 

(•) 

(b) 

Upper Upper Data (UUD) 

Upper Middle Data (UMD) 

Lower Mlddle Data (LMD) 

Lower Lower Data (LLD) 

r---LMD -.. ~ 

3. The processor must generate up to four separate data strobe signals when few­
er than 32 bits are sent out at a time. The strobe signals tell a peripheral or memo­
ry device when a byte or word of data is ready. Normally, a single AND-OR-INVERT 
logic array could generate the four strobes (a), but when high speed requirements 
prevail, six TTL gates can do the job faster (b). 
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Once upon a time, 
computing was done only in nice, 

clean places, and a spinning disk could 
handle the mass storage job quite nicely. 

But, no more. Now computers are down on the factory floor, 
up in airplanes and out in the field. For this new world of applications, 
you need solid-state mass storage, like Bubble-tee magnetic-bubble 

memory systems. They can stand up to the dirt, dust, temperature 
extremes, shock and vibration that knock out disks. 

Bubbl-tec systems provide battery-free non-volatile mass 
storage from 128 Kbytes to 8 Mbytes, with extremely fast access 

to every data block, And our systems plug directly into your micro­
computer bus-no need for another chassis or power supply. 

Since 1979, we 've been shipping solid-state mass storage 
systems for every popular microcomputer bus, 

including Q, MULTI, STD, S-100, VERSA and VME. 
In fact we have more systems in the field than 

any other bubble-system supplier. 
So, if you don't want to contend with disk 

deterioration, head crashes, and mechanical break­
downs, contact Bubbl-tec. Our mass storage 

solutions have a sol id foundation. 

VMEbusr ... 
Bubble Systems provide 

up to 8 megabytes of mass storage 

6800 Sierra Court, Dublin, California 94568 
Telephone : 415/829-8700 •TWX/Telex: 910/389-6890 

CIRCLE 140 

BUBBL· TEC INTERNATIONAL DISTRIBUTORS : West Germany : Scantec GmbH 089·859-8021 • Italy : Telcom 02-4047648 • France : Microel S.A. 6-9070824 • Switzerland : 
Micro-System-Technik, AG 01-520355 • Norway: HCA Melbye 02-106050 •Sweden: TH Elektronik AB 08-362970 • South Africa : Electronic Building Elements PTY, Ltd 12-46-9221 / 7 

Bubbl-tec is a registered trademark of PC/M, Inc. • DEC is a registered trademark of Digital Equipment Corp . • MULTlbus is a registered trademark of Intel Corp. 
Q-Bus, RL02 , RX02. RX01 , TU58 are trademarks of Digital Equipment Corp. • VERSAbus and VMEbus are trademarks of Motorola, Inc. 
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etitive transfer instructions. Though the pseu­
doport method demands more instructions to 
move 32 bits than the true port method, it does 
not use the DSACK handshake signals; thus it 
needs no hardware or board space to generate 
them. 

However, the programmer must still ensure 
that all data transfers occur on the section of 
the 32-bit data bus that connects to the periph­
eral. 

In contrast, the interface with a true byte­
wide or 16-bit-wide port allows the program­
mer to use faster, 32-bit-wide transfer instruc­
tions. Here, the processor and external hard­
ware automatically and dynamically change 
the bus size to transfer 32 bits of data across the 
narrower port. The processor does generate ad­
ditional bus cycles to tr an sf er the data, but they 
are invisible to the programmer, who can thus 
use 32-bit rather than byte-wide instructions. 
However, that method requires external hard­
ware to generate the necessary encoded 
DSACK signals. 

Strobe circuit needed 

To adjust the size of the bus, external circuits 
must issue the correct strobe signals for gating 
data bus buffers. On a write transfer, the pro­
cessor drives all sections of its 32-bit bus at 
once. Here again, it assumes a 32-bit transfer 
will occur. If fewer than 32 bits are transferred, 
the data strobes ensure that the data is pulled 
from the proper section of the bus. Under data 
strobe control, either peripheral-chip logic or 
external three-state buffers can enable the 
proper section of the data bus. 

Actually, generating the strobes requires 
little additional circuitry. One method uses a 
single 24-pin AND-OR-INVERT logic array 
(Fig. 3a). Inputs to the array are the two least 
significant address lines, A0 and A1 ; bus size in­
formation from the processor, SIZ0 and SIZ1 ; 

and three lines from the address decoding logic 
that indicate the width of the interface port. 
The logic array puts out four active-low data 
strobes, which are needed to generate the nec­
essary chip-selection signals or to enable three­
state buffers on the data bus. 

For higher speeds or unusual system setups, 
discrete components can replace the logic array 
(Fig. 3b). One implementation uses three 
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74LS54 AND-OR-INVERT gates, a 74LS32 
quad two-input OR gate, a 74LS11 three-input 
AND gate, and a 74LS04 hex inverter. An even 
faster TTL family can be used if faster data 
strobe signals are needed. 

Important interruptions 

As with any microprocessor, the 68020's abil­
ity to handle interrupt requests is extremely 
important. In addition to its seven priority lev­
els of vector interrupts, the processor offers two 
options for specifying the vectors that direct it 
to an interrupt-handling routine. Consequently 
it accepts interrupts from as many as 14 sources 
with little or no added hardware. 

The interrupt option that a device ultimately 
picks depends on the state of the Autovector 
Control signal, AVEC. If AVEC is inactive, the 
processor takes an 8-bit value, called the vector 
number, from the data bus's least significant 
byte. On the other hand, if A VEC is enabled the 
chip generates the vector number internally, 
based on the interrupt's priority level. More­
over, the processor handles autovector inter­
rupts as quickly as it handles normal ones be­
cause of its asynchronous interface signals. 

To get 14 interrupt sources, a hardware de­
signer simply assigns two sources to each prior­
ity level. One must generate a vector number 
during the processor's interrupt acknowledg­
ment cycle, the other must force the processor 
into its autovector mode. 

The 32-bit chip handles interrupt requests in 
much the same way as the other members of the 
68000 family. Three interrupt priority level in­
puts, IPL0 to IPL2 , accept priority-encoded 
requests from external hardware. Priority 7 is 
the highest, indicating a nonmaskable inter­
rupt request; level 0 simply implies that no in­
terrupt is being requested. 

Setting priorities 

When the processor receives an encoded in­
terrupt request, it compares the request with 
the current value of a three-bit interrupt mask, 
which is stored in the status register. If the in­
coming request is lower than or equal to the 
mask value, the processor ignores the inter­
rupt. On the other hand, if the request is higher 
than the mask value, the chip flags the inter­
rupt as pending and asserts its Interrupt Pend-



DENSAN' S MULTIBUS COMPATIBLE MEMORY BOARDS­
TOP QUALITY AT A PRICE YOU CAN AFFORD ! ! 

UNMATCHED RELIABILITY AT ANY PRICE!! 

512KS>2M DYNAMIC RAM 
* IEEE-796/Multibus* Compatible 
* Selectable 8-bit or 16-bit read/ 

write operations 
* Parity check and error status 

register 
* Four LED error flag indicators 
* Start address can be assigned at 

any 4K boundary within 16M­
byte range 

* Provides four inhibited areas­
two 32K blocks and two 64K 
blocks 

* Uses 150 ns standard chips 
* Outstanding access time of 240 

ns (typical) 

[DEDSADI 

The DBS-012memory board from 
Densan gives you 512K bytes of 
fast memory for any 8- or 16-bit 
Multibus system . The typical access 
time of only 240 ns will squeeze 
the last drop of performance from 
your 8086, 68000 or 28000 based 
system for the most demanding 
applications. 

Of course byte parity checking is 
standard. If a parity error occurs, 
the DSB-012 identifies the error, 
indicates it on four onboard LEDs, 
and generates an interrupt. 

For more information please contact: 

DENSAN CO., LTD. 

In addition, board addresses can be 
started on any 4K boundary in the 
16M-byte address space. The 24-bit 
address bus and selectable 8/16-bit 
data ensure the board's compatibili­
ty with any Multibus system. 

The DSB-020 is a 2M-byte memory 

board that incorporates all the ad­

vanced features described above. 

You can assign four 32K blocks and 

four 64K blocks in memory as in­

hibited areas . 

Meiwa Bldg., _1-23-11, Kamitakaido, Suginami-Ku, Tokyo 168 Japan 

Phone : (03) 329-3871 Telex: 2324050 DENSAN J Fax: (03) 329-9266 
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EUROPE : Diamond Point International Inc . UK Phone : 0276-082348 
HONG KONG: Chai Luk Computer Ltd . Phone : 5-751151 
TAIWAN: Mitac Inc. Phone : (02) 7150940 

•MULTIBUS ia a trademark o f Intel Corp . 
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ing output signal, IPEND. 
Whenever the processor reaches an instruc­

tion execution boundary-meaning it is ready 
to decode and execute its next instruction-it 
checks for a pending interrupt. On finding one, 
it begins an exception-processing cycle and exe­
cutes an interrupt acknowledgment cycle. Be­
fore that cycle can be completed, the processor 
must see one of three inputs-DSACK, A VEC, 
or Bus Error (BERR)-or it will execute wait 
states until it finds one. 

If the device requesting the interrupt sends a 
DSACKx signal, the processor takes the data 
from the interface port as the vector number. If 
A VEC is forthcoming, the processor generates 
the vector automatically. Finally, if BERR is 
asserted, the interrupt is considered to be a 
spurious one, and the processor assigns an ap-

MC68020 
microprocessor 

propriate vector number for handling that in­
stance. 

In any case, as soon as a vector number is gen­
erated, the processor saves its exception vector 
offset value, the contents of the program 
counter, and the contents of the status register 
in the supervisor stack, which is now active be­
cause the processor is in its exception-process­
ing mode. In response to the vector number, the 
processor goes to the vector table, from which it 
fetches the 32-bit starting address of the 
vector-handling routine. 

Send in the system 

The sophisticated interface of the 68020 suits 
it ideally to the center of a simple yet powerful 
system (Fig. 4). Here both RAM and ROM are 
implemented as 32-bit-wide memories, taking 
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4. A simple yet powerful microcomputer system centers on the 68020. Both RAM 
and ROM sections are implemented as 32-bit-wide memories, with data transfers 
under the control of the data buffer and control logic. The peripherals, however, 
use a simple 8-bit bus, because they are accessed relatively infrequently compared 
with the memory devices. 
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full advantage of the processor's data bus. In 
contrast, the I/O devices, which access the pro­
cessor infrequently, use an 8-bit-wide bus. 

When the processor has initiated a transfer, 
the data buff er control logic activates only the 
relevant portions of the data bus, so that the 
chip can transfer data to either the memory or a 
peripheral device. The logic uses address lines 
Ao and Ai. signals SIZ0 and SIZi. and informa­
tion about which port the processor is access­
mg. 

In response, the bus handshaking logic 
encodes the DSACK signals for each bus cycle, 
telling the processor how wide the data transfer 
is. Because it gets its input from the interrupt 
priority logic, the bus logic must generate all 
handshake signals to complete an interrupt 
acknowledgment cycle. For that reason, it also 
contains a bus-error time-out circuit. 

The interrupt logic itself accepts inputs from 
all seven interrupt sources and generates the 
encoded three-bit signal for the processor's in­
terrupt priority logic inputs. During an inter­
rupt cycle, that logic section also prompts the 
bus-handshake logic to generate the DSACK 
A VEC, or BERR signals. 

Addresses for all 

Finally the address decoding logic is split into 
two sections. One section generates the chip­
selection inputs for all memory and 1/0 devices; 
the other section not only decodes accesses to 
the CPU address space but also develops selec­
tion signals for breakpoint instructions, for 
memory-management and coprocessor acces­
ses, and for interrupt 'acknowledgment cycles. 
In an alternative configuration, the bus and 
buffer logic might use the address decoding 
signals to generate the DSACK signals and so 
control the data bus buffers. 

Although this system uses fast static RAM, it 
could also incorporate dynamic RAM if the re­
sults drop in performance were acceptable. In 
that case, additional circuitry would handle 
dynamic RAM refreshing. o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 

Circle 

550 
551 
552 
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TEK DISTRIBUTION UPDATE 

Now in second year 
as Tek distributor: 
Ell Instruments 
adds 2236 Scope 

BEAVERTON, OREGON- With recent 
expansion of its product offering to include 
the Tek 2236 portable oscilloscope, Ell 
Instruments now seNes as a distributor for 
the complete 2200 Series scope line. 

With 21 branch offices nationwide, Ell 
Instruments is the largest test and measure­
ment instrument sales and seNice company 
in the U.S. As Tek's first outside distributor, it 
has marketed the Tek 2213A, 2215A, 2235 
and associated accessories since May 1983, 
first as part of a pilot program in the North­
east and now on the west coast. 

Jim Howard, Senior Vice President and 
Manager/Sales and SeNice Division for Ell 
Instruments, says "The program has been a 
highly successful means of helping Tektronix 
reach instrument users where Ell has 
strong local market identity and offers easy 
availability, same-day delivery and seNice 
capability. Now we're very pleased, in 
addition, to offer the 2236 with its integrated 
100 MHz counter/timer/multimeter that 
represents Tek quality at its best'.' 

Adds Bill Stephens, Manager of Alternate 
Distribution Channels for Tektronix, "Cus­
tomers will appreciate the flexibility in credit 
terms, quality technical assistance and 
single-source convenience of purchasing 
a scope and all accessories from a well­
known and respected instrument distributor." 

Ell Instruments and Metermaster Corpo­
ration are Tek's two outside distributors. Of 
course, the 2200 Series products continue to 
be available from Tektronix sales engineers. 

For more information, write to the Marketing 
Communications Department, Tektronix, Inc., 
P.O. Box 500, Beaverton, OR 97077. 

Tektron~ 
COMMITTED TO EXCEUENCE 

Copyrighl " 1984 , Teklronix. Inc. All righls reserved. TIA-543 



BECAUSE NO TWO ENGINEERS ARE EXACTLY ALIKE, 

As you well know, everything electronic is getting smaller. 
And that's causing some gigantic changes in the PC boards and 
front panels you're designing today. They're getting smaller, 
more complicated and more difficult to service. 

Fortunately, a technology has emerged that 
can help throw some light on the subject: 
optoelectronics. And more and more, the ability 
to use this technology is becoming the mark of a 
good design engineer. 
THE ABCs OF DESIGNING WITH LEDs. 

Suppose you want to backlight a front panel 
from an internal PC board. 

You could use value-added Dialight LEDs. 
They plug right into the board. And since we offer 

OurnewSuperBrightsstand packages in many different heights, they'll hold 
~~even in ° computer the lignt steady at exactly the right distance from 

..._ ________ ___,thepanel. 

Or what if you' re 
designing a circuit board for 
communications equipment 
that's destined to be 
serviced in the field? To 
make troubleshooting that 
board as easy as possible, 
you can design in a 
Dia light LED that will point 
out a faulty component. 



DIALIGHT OFFERS THE LARGEST OPTOELECTRONICS VARIETY. 

WE DELIVERED THE FIRST LED CIRCUIT BOARD INDICATORS. 
By packaging LEDs, Dialight makes them easier 

to insert. With no need to bena, trim, and possibly break, 
delicate leads. 

In their mountings, Dialight LEDs look more 
reliable. And they are. We test every single LED 
before we ship it. 

Of course, you could buy individual LEDs for 
less. And have somebody bend and trim and 
insert them by hand. But think what all that hand 
labor costs. Not to mention the cost of a service 
call if your light fails in the field. 

That's what made our value-added LED such 
a good idea when we came up with it almost 15 
years ago. 

Ana we're still lighting the way. Take our new We k ;;:1_ 
Super Brights. ' vve poc age coi:n..,....te 

They're 4 times brighter than ordinary LEDs. ~outossembltes_for 
S h , . E instant panel mounting. o t ey re easier to see. ven 

in the high ambient light of a computer 
room. And if you' re short on power, they 

operate on one-fourth the current. 
There are a lot more ways to use 

our o_ptoelectronics in our catalogs. 
Call 718-497-7600 or write Dia light 
Corporation, 203 Harrison Place, 
Brooklyn, NY 11237-1587 and we'll 
send you copies. 

Keep them handy. They ' ll put hundreds 
of great little ideas at your fingertips. 

A North American Philips Company 

/JIALIGl-ITOPTOELECTRONICS 
~ot~U.a9~ 
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Today, you can design the most sophis­
ticated computer hardware imaginable. But 
if the system elements cannot interface at 
optimum data rates and performance levels, 
the effectiveness of your computers could 
be lost. 

That's why we're now introducing the 
AT&T ODI;'"' Lightwave Data Link: the high 
performance data link. 

A product of the outstanding design 
capability and experience of AT&T Bell 
Laboratories, these state-of-the-art links 
will grow with your customers' data com-

munications needs. With data rates up to 
200 Mb/s, low transmission losses and low 
error rates, our data links will assure your 
computers' ability to meet the future. 

And AT&T offers the complete system. 
This includes all the required components­
from the transmitter, through the cable and 
associated connectors and hardware, to the 
terminating receiver. You also get the com­
mitment to customer support and user 
training services youtl expect fr.om the lead­
ing name in communications. Let us help 
you design a computer system with built-in 



growth, not obsolescence. For more in~or­
mation, write: AT&T, Dept. CG, 555 Umon 
Blvd., Allentown, PA 18103. Or call: 1-800-
372-2447 (toll free) or 1-201-771-2601. 

ATs.T 

~-------------------------~ 
AT&T, Dept. CG, 555 Union Boulevard 
Allentown, PA 18103 

O Please send me information on AT&T ODL:" Lightwave Data Links. 
O Let me know how I can get a 40 Mb/s Data Link models kit. 

Name (please print) Title 

Company 

Address 

City State Zip 

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



General Instrument 
solves the most puzzling 
power supply problems. 

Part VRM IF(AV) t., VF Package 
Number Volts Amperes Nsec Volts Type* 

50-200 8 35 .95 
FE8 T0220 

300-600 8 35 1.20 

50-200 16 35 .95 
FE16 T0220 

300-600 16 35 1.20 

50-200 30 35 .95 
FEP30 T03P 

300-600 30 35 1.20 

50-200 30 35 .95 
FE30 T03 

300-600 30 35 1.20 

·Available 11 negative center tap and doubler conhgura t1ons 

GENERAL 
INSTRUMENT 
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High-voltage ranges, ultra fast 
T RR • and low forward voltages 
provide the solution! 

Design-in superior 
capability and reliability with 
General Instrument's fast 
epitaxial rectifiers . Glass pas­
sivated junctions offer high 
voltage plus low leakage and 
35 nanosecond recovery time 
over a wide operating tempera­
ture range (-65°C to+ 150°C) . 

They're available in 
three different 

packages , our 
new high 
current T03P 
device which 

saves board space and lowers 
assembly costs and our T0220 
and T03 configurations . 

For detailed 
literature, samples 

and applications 
engineering 

information 
write or call 

General Instrument 
Corporation, Discrete 

Semiconductor Division , 
600 W. John Street, 

Hicksville, NY 11801 
(516) 933-3713. 
General Instrument Corporation: 
Our continued attention to 
rectifier development has made 
us an industry leader in high 
voltage ultra fast switching 
devices . 



DESIGN ENTRY 

Systolic arrays fill the bill 
as data-base management 
heads for gigabyte range 

Parallel-processing building blocks with distributed 
memories offer speed and ease of use in systems 

where von Neumann architectures would falter. 

This is the last in a five-part series on the first com­
mercial systolic array processor chip. The initial arti­
cle was the cover story of the Oct. 31 issue, and with 
the exception of Dec. 27, an installment has appeared 
in every succeeding issue. 

D
ata-base management has become in­
creasingly important in recent years, 
especially for relational data bases. 

However, as the size of these data bases moves 
toward the gigabyte range, conventional von 
Neumann architectures are too slow to meet de­
mands. In large part, this is because the basics 

Alexis Koster and Norman Sondak 
San Diego State University 
Paul Sullivan, NCR Microelect ron ics 
An associate professor in the Information Systems De­
partment of San Diego State University, Alexis Koster 
concentrates his research on such parallel program­
ming languages as Prolog. Previously, he developed 
language processors for NCR. Koster has a PhD in 
computer science from the University of North Caroli­
na at Chapel Hill 
Norman Sondak is chairman of San Diego State's In­
formation Systems Department, where he is involved 
with designing computer and information systems. He 
has led the computer science department at Worcester 
Polytechnic Institute and earned a PhD from Yale. 
Paul Sullivan is the business unit director for digital 
signal-processing devices at NCR's Microelectronics 
Division in Fort Collins, Colo. Before joining the com­
pany, he worked with Hughes Research Laboratories. 
He holds a PhD and an MSEE from the University of 
Southern California. 

of data-base management-storing, retrieving, 
searching, updating, deleting, merging and or­
dering data-are not numerical operations. 
System designers must spend considerable 
time translating the basic data-base commands 
into host instruction sets for use on conven­
tional processors. 

Compounding this problem is a conflict be­
tween the requirements of operating systems 
and data-base managers. Ideally, a data-base 
system should store indexes in locations that 
contain only the information the indexes refer­
ence. However, operating systems distribute 
data to make the best use of available storage. 
Moreover, there is a tendency in von Neumann 
virtual memory systems to swap out pages of 
data frequently used by the data base. The big­
gest bottleneck of the von Neumann architec­
ture is that all data processing is sequential. 
The net result of all these factors is a great in­
crease in the data that a system must get from 
memory-sometimes 10 times more than is ac­
tually needed. 

A practical solution is to develop parallel pro­
cessing data-base management systems, and 
designers can do this with the Geometric Arith­
metic Parallel Processor (GAPP), a systolic 
array containing 72 single-bit processors. Each 
processor has 128 bits of RAM. The chip, the 
first commercially available two-dimensional 
systolic array, processes data words in parallel, 
working on words of varying lengths by sequen-
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tially processing each bit, that is, it is a word­
parallel, bit-serial processor. 

A basic relational data-base scheme can be 
implemented with the systolic array, but since 
its architecture is not similar to that of von 
Neumann processors, the architecture of the 
relational data-base system will also differ. 
The systolic array processor can be used in a 
subsystem or as part of another system. 

An accent on speed 

The chip's single-instruction, multiple data­
path (SIMD) architecture increases through­
put in common tasks within the relational data 
base. The chip, arranged in rows and columns of 
processing elements, handles rows and columns 
of data. 

For instance, in a relational Join operation 
(Fig. 1), two tables (a) are linked to create a 
third table (b ). The array forms each row in the 
result by joining two rows, one from each of the 
tables. The selected rows each have a common 

Student 

John 

Peter 

Michelle 

Student 

John 
Peter 

Michelle 

Michelle 

element. A Semi-Join operation produces an 
output from only one of the tables, but the 
items selected for output depend upon the sec­
ond table (c). 

In a typical processing system, each of these 
steps must be handled sequentially. However, 
the systolic array can work with all the rows 
and tables at the same time, producing the Join 
tables much faster. Each processor element in 
the array works on an individual datum (item 
of data). The array can be used with various 
data base formats: a number of chips can be tied 
together to make a large grid of processor ele­
ments, thereby increasing throughput. 

Since a parallel prqcessor handles data faster 
than its traditional counterpart, its 110 rates 
must correspondingly be faster. Mainframe 
parallel processors have used three major ap­
proaches, and all can be used with systems built 
with the systolic array. The earliest technique 
dedicated a head for each track of the fixed disk 
that the data-base management system used 

Fle 1 Flle2 

Mlljor Cina Student 

Math Management 301 Michelle 

English (•) Management 301 Peter 

French Math 201 John 

Math 201 Michelle 

Fllel 

M•jor c1 ... Student Mlljor 

Math Math 201 John Math 
English Management 301 Michelle French 

French Management 301 

French Math 201 (C) 

(b) 

1. The systolic array chip can easily handle such relational data-base 
operations as Join and Semi-Join. A Join operation, for instance, links 
files 1 and 2 (a) to form file 3 (b). The Semi-Join operation then sear­
ches the newly formed table, pulling out which students are enrolled in 
a mathematics class (c). 
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for storage. The technique also proposed a pro­
cessor for each multiple head to furnish the 
utmost in throughput. 

But the high cost of multiple head disks, cou­
pled with the expense of individual processors 
for each track, forced compromises. Now, high 
speed, moving-head technology has been devel­
oped so that there is only one head for each disk 
surface, greatly trimming the requisite number 
of heads and processors. 

As memory prices have dropped, data-base 
architectures have moved toward cache mem­
ories. Large disk caches increase speed, min­
imizing the number of disk accesses while deliv­
ering faster transfer rates than are possible 
with off-the-disk approaches. 

Regardless of the a pp roach taken, the systol­
ic array will generally be used only to perform 
dedicated data-base processing: its architec­
ture does not lend itself to the diversity of tasks 
that must be performed by a host computer. 

Block by block 

As with other set-ups discussed in this series, 
the systolic array data-base management 
system can be built building-block style. 
Groups of GAPP devices can be put together, to 
form an SIMD array of the required size. In ad­
dition, several different blocks can each per­
form specific tasks so that the complete data 
base machine operates as a multiple-instruc­
tion, multiple-data-path (MIMD) system. 

One block, for example, can address the basic 
task of any data-base manager: searching the 
memory to locate some required information or 
to determine that it is not in the system. The 
systolic array easily makes such comparisons 
in parallel. Consider a search for a 12-character 
comparand (the comparand is the required 
data that is compared with the data in memo­
ry). If each character is made up of 6 bits, the 
12-character search can be handled neatly by 
the 72 processor elements of one chip (Fig. 2). 

The code for loading the comparand into the 
chip is simple: CM: = CMS (repeated 12 times) 
followed by the instruction EW: = RAMO , 
RAMO=CM. The EW register, one of four reg­
isters in each processor element, is loaded via 
the CMS line. Since several systolic arrays can 
be linked to form grids, it is easy to increase the 
size of a grid to match the typical word size and 

processing rates of the system. 
As the data is being fed into the grid, it 

streams through the chips, entering on the 
south and exiting at the north. After each char­
acter is clocked into the array, an exclusive OR 
comparison is performed and the result placed 
in the NS register. If all characters in the array 
match, then the global output (GO) flag is high. 

I don't care 

The comparand can be masked so unimpor­
tant characters or bits represent a "don't-care" 
condition. Locations being masked with the 
"don't-care" condition will place a 0 in RAM 2, 
while all other locations will have a 1 in RAM 2. 
The result of the exclusive OR comparison is 
then ANDed with the mask in RAM2 before the 
result is placed in the NS register. 

This type of exact match is useful for search­
ing text files for specific information. In a com­
mon variation of this operation, like "find and 
replace," the replacement word can be stored in 

5V 

Marker 1 

West 
Block of 

GAPP chips 
(6 x 12) 

asr~~de{ 
words on >------' 
s lines >-------' 

>---------' 

East 

2. The chip can accept and process input record A, 
which comes from memory, and the comparand or 
input record B. If it cannot complete the processing 
in one pass, the signal can be wrapped around and 
run through again. 
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one of the RAM addresses. When the desired 
word is found, its replacement can easily be 
substituted while data streams through the 
array at rates up to a million characters per sec­
ond. 

Shuffling the cards 

Another major task of any data-base man­
agement system is sorting. This involves a bit­
comparison operation that is somewhat similar 
to the compare operation. But in comparing bits 
for sorting, the system must determine not only 
whether the data in the NS register matches 
that in the EW register, but also whether it is 
greater or less than that contained in the EW 
register. 

The system does this three-way comparison 
by examining both the Sum (SM) and Borrow 
(BW) outputs from the ALU (see the table, 
below). If condition C = 0 and the data in the NS 
register matches the data in the EW register, 
then SM = O. If the data in the NS register does 
not match, then SM = 1. However, when the 
data is not matched, BW = 1 if the data in the 
NS register is less than the data in the EW reg­
ister. Alternatively, BW = 0 if the data in the 
NS register is greater than data in the EW reg­
ister. The "match-finding" program, performs 
this operation and stores the SM and BW res­
ults in RAM 2 and RAM 3, respectively. 

This greater-than or less-than comparison 
forms the basis of the second building block, the 
sorter. It performs a task common to all data-

A 

Input Condition Output 

Relation NS EW c aw SM 

NS < EW 0 1 0 1 1 
NS > EW 1 0 0 0 1 
NS = EW 0 0 0 0 0 
NS = EW 1 1 0 0 0 
NS < EW 0 1 1 1 0 
NS > EW 1 0 1 0 0 
NS = EW 0 0 1 1 1 
NS = EW 1 1 1 1 1 
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base systems: reordering data, based on the 
user's request. With minor alterations, the tra­
ditional ordering and sorting algorithms used 
with conventional serial processors can be eas­
ily switched to take advantage of the parallel 
processing of the systolic array. The result is an 
increase in performance. 

The sorting algorithm used in a systolic array 
system is basically just a parallel version of the 
classical exchange sort, in which pairs of num­
bers or other data are exchanged to reflect their 
relative position in the sorting order. For in­
stance, pairs of data are first compared in the 
order in which they are found in memory (1 and 
2, 3 and 4). Then they are paired again for the 
next comparison (2 and 3, 4 and 5). At each com­
parison, the pairs of items not in order are ex­
changed (Fig. 3). 

Getting a perfect match 

To implement such a sorting algorithm with 
the systolic array chip, two strings comprising 
records A and B must be loaded into the array, 
much as was done in the comparator block. 
Each record is again assumed to consist of 
12 characters of 6 bi ts each. Once they are load­
ed in, the SM and BW output bits are computed 
to find matches (see the program, p. 354). 

If the records do not match, the system must 
determine whether record A is less than or 
greater than record B. The systolic array does 
this by searching the bit string until the first 
unmatched character is found, then identifying 
the MSB that does not match, again using bit 
comparison. 

The array does this by shifting a marker, or 
"1" bit, in serpentine fashion through all the 
processor elements as shown in Figure 2. The 
maker propagates until it finds the "FIRST" re­
sponder, where RAM2 = 1. Then RAM3 is exam­
ined in that processor element to determine 
whether the records should be swapped. 

During this operation the device must make 
an exchange or no-exchange decision before the 
records are loaded into the next row of sorter 
blocks. This may require the marker to propa­
gate through all 72 processor elements within 
some chips. Meanwhile, other chips in the grid 
are idle until all devices have completed their 
swaps. 

Each sorting cycle for comparing pairs takes 



less than 24 µs. Thus eight records can be sorted 
through the eight stages in 192 µs, and eight 
more records can be entered into the pipeline 
every 24µs. 

A sort using the systolic array chips will take 
N steps to process N elements, compared with 
N2 steps for a typical von Neumann processor. 

Forging links 

Systolic array building blocks can easily be 
linked into systems that perform the data-base 
functions. The comparator block alone can per­
form queries involving only one file, such as 

Smallest 
value 

record 

Largest 
value 

record 

"Find all employees hired before 1980." 
The data-base records are read in parallel 

and loaded into the grid of systolic array chips. 
Both the query field, "date of employment," and 
the constant, "1980" are loaded into the com­
parator. As the compare function is performed, 
the records that are less than "1980" are sent to 
the host, while the others are ignored. 

The use of two comparator blocks allows de­
signers to perform more complex tasks, like 
finding "employees hired after 1980 whose 
salary is greater than $25,000." Two blocks of 
systolic arrays can search in parallel to find 

After final sort 

After sixth sort 

After fifth sort 

After fourth sort 

After third sort 

After second sort 

After first sort 

This column never swaps 
These devices serve only as 
storage/ delay elements. 

Unsorted records 

3. The array chip compares the values "a, b, c . .. " along the bottom of 
each row of processor elements and then rearranges them in the de­
sired rank until the proper values reach the top. 
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matches for both the time and salary constants. 
The results are then passed to a third block, 
which performs the AND function t hat deter­
mines acceptance or rejection for the two-part 
query. 

pare blocks (Fig. 4). The search for "employees 
working on the data-base project" is a typical 
Semi-Join operation; it uses two files. The two 
in this example have a matching component, 
the Social Security number, that lets the sys­
tem list the personnel on the project, even 
though their names are not in the project file. 
The task can be performed by several blocks of 
GAPP devices. The two files are passed through 
two sorter blocks. There the lists are put in or­
der employing the Social Security numbers. 

Table settings 

A related function that can be performed 
much more quickly with parallel processors is 
a multiple file operation like Join or Semi-Join. 
A Semi-Join operation, the most common in 
most data-base processing systems, produces a 
subset of one table; this subset is determined by 
a relationship from a second table. 

A third block, a comparator, compares the 
data in the project record in memory to the con­
stant-in this case, the "data-base" manage­
ment project-selecting only the records that This operation requires both sorter and com-

A match-finding program 

CM := O, NS: = O, EW:= O, C: = O, RAMO:=C t• Initialize •t 
CM:= CMS, NS: = S, EW:=O, C:= O, RAMO:= C t• Repeat this instruction until all 

characters of the two records to be compared are loaded into the array • I 
CM: = CM, NS:= NS, EW:= O, C:=O, RAMO:= SM t• Write record A to RAM 0 • t 
CM := CM , NS:= NS, EW:= RAM1 , C:=O, RAM1 := CM t • Write record B to RAM 1 and EW •t 
CM:= CM, NS:= RAM2, EW:= O, C:= BW, RAM2:=SM t • Write SM = A (El B to RAM 2 and 

NS•t 
CM := CM, NS:= NS, EW:=O, C:= O, RAM3:= C 1• Write BW = A • B to RAM 3 • t 

t• Test GO: If GO = 1 then 
record A matches record B •I 

Name from file 1 
is put out when 
SSN from that 
file is matched 

by GAPP 4 

list 

Generate name 
if a match 

Selector 

Buffer 

of employees 
sorted by SSN 

GAPP 1 
sorter 

Relation 1: 
Employee file I N•m• I S8' 

Put out SSN from file 1 
or file 2, whichever is 

greater; retain the other 
record for next comparison 

list 
of personnel, 

sorted by SSN 

GAPP 4 
comparator 

GAPP 3 
comparator 

GAPP 2 
sorter 

Relation 2: 
Personnel on project 

SSN Project 

Sorted list of 
SSN (output only 

if project = data-base 
management) 

Comparand 
project = data-base 

management 

4. A configuration of parallel processor building blocks can tackle data-base 
tasks. Here four chips search through two files to find the names of workers 
involved in a data-base management project. 
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JAPAN ELECTRONICS BUYERS' GUIDE 1983 
A reference book that has • • • 
The latest and most up-to-date list of names, addresses, telephone 
numbers, key sales personnel, and other important data on 2,000 leading Japanese companies : 
1 ,500 manufacturers and 500 trading companies. 

PART- A Manufacturers classified by products (including manufacturers• catalogs> 
I 

This part lists manufacturers classified by products and their product catalogs. The listings of manufacturers by products 
are divided into 7 sections. In each section, the listings given, each time with addresses and telephone numbers, are 
further sub-divided. In all, there are more than 2,000 product items included. 

Section 1 Audio and video equipment and accessories, general home electric appliances 
section 2 components, parts, and semi-finished products for electronic and communication equipment 
section 3 Testing and measuring instruments, analysis equipment and other related equipment. This part also cont:iins, as the 

appendix, the 300 product specifications of oscilloscopes, multi-meters, signal generators, frequency counters, spectrum 
analyzers, circuit testers 

Section 4 Business machines, computer peripherals, other related equipment 
section 5 Wire and wireless communication equipment, broadcast and studio equipment 
section 6 cables, cords, wires and electronic materials, including chemicals. met31s, ceramics 
Section 7 Production machines, control equipment, and tools 

PART-B Manufacturer directory 
This part contains key data on 1,540 manufacturers: 
*Address and telephone number *cable address and telex number * capit31 and annual sales 
*Number of employees * Est3blishment year *Settlement term *Names of president and key sales personnel 
*Export sales *Bankers *sales breakdown *Regional sales breakdown *Stock market listing 
*Registered trade names *Overseas plants *Main products 

PART-C Trading finn directory 
This part contains key data on 550 trading firms handling electrical and electronic products. Main items included are similar 
to that of the manufacturers· list (PART-Bl. 

PART-D Branches & Agents of Japanese finns 
This section lists the address and telephone number of the sales companies, factories, and branches of Japanese firms, as 
well as the names of exclusive or main agents overseas. 

PART-E Trade names 
This section contains an alphabetical listing of 1, 700 registered trade names and the name of the 
corresponding manufacturer or trading firm. 

PART-F Organizations related to electronics 
This part lists Japanese organizations and associations related to the electrical and electronic industries. 

To: World-Wide Import-Export Promotion Cenire, 
P .O. Box 503 Marine Parade Post Office, 
Singapore 9144. Republic o f Singapore. 
Tels: 2927550, 7470328. Telex: RS 39194 AB 

Hanker: Oversea-Chinese Hanking Corp., Ltd., 
East Coast Road Branch . 

Please send me/us ONE copy of "Japan Electronics Buyers' Guide 1983". Enclosed is a bank draft for S$400.00 (or 
US$200.00I. 

NAME: 

ADDRESS: 

Date Signature 
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DESIGN ENTRY 

Systolic array chip 

match. The results are then passed to another 
comparator block, with only the Social Security 
number going to this group of systolic arrays. 
This sorter block then looks for matches with 
the file that has both names and Social Security 
numbers. When a Social Security number from 
the employee file is not in the list on the com­
parator block, that record is removed from the 
buffer by the selector. When the two records 
match, the employee's name is passed through 
the selector to the host computer. This type of 
parallel processing architecture provides 
several orders of magnitude higher throughput 
than a von Neumann machine. 

By using building blocks in this fashion, a de­
signer can easily create a full system divided in­
to five units: the host, the systolic array con­
troller, the systolic array blocks, a switching 
matrix, and a storage device (Fig. 5). 

The host performs typical tasks, including 
processing and compiling queries, issuing com­
mands to the systolic array, and receiving 

responses, as well as handling user communica­
tions and interfacing. The GAPP controller 
need be no more than a dedicated microcomput­
er. It receives commands from the host and an­
alyzes them, then dispatches programs and 1/0 
commands for the array. It also receives the 
output from the arrays when the tasks are com­
pleted. The controller then selects data from 
this response and sends the appropriate data to 
the host. Each block of chips in the system has 
an address, so the controller can distribute pro­
grams over the appropriate control lines. 

The switching matrix serves as the link be­
tween the storage device and the systolic array 
building blocks. Storage can be handled by 
disks or cache memory. o 

How useful? 
Immediate design application 
Within the next year 
Not applicable 

Results 

Circle 

553 
554 
555 

Users Query 
Host 
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Intermediate-level 
query Results 

GAPP commands 

GAPP 
controller 

and intermediate ----..---.---.....----.-----' 
results 

GAPP 
processor 

block 

GAPP results and 
Intermediate 

results 

Switching 
matrix 

110 commands 

Data base 

5. Systolic array chips can be called into duty in a data-base man­
agement system, forming a processor block, a controller, and a 
switching matrix. The matrix prepares data for array processing. 



Career Extra, the industryS 
leading recruitment newspaper 
is now reaching over 
200,000 engineering and 
computer professionals 
on tfie move. 

Career Extra combines 
with Electronic Design and 
Systems & Software to give 
you maximum savings at 
frequency discounts. Plus 
bonus distribution at the 
hottest trade shows and job 
fairs in the industry! 

May 

June 

July 

August 

September 

October 

November 

December 

Closing Date Mailing Date 

January 18 January 25 
February 15 February 22 

March 15 March 22 

April 12 April 19 

May IO May 17 

June 7 June 14 

July 8 July 12 

August 16 August 23 

September I 3 September 20 

October 11 October 18 

Novembers November 15 

December 6 December 13 
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Low cost, plus the assured .qualify qrid · 
deli\lery of Dale's ZIP program. mak~.s 

· · · 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 thro4gh 
6 isolated resistors. Tolerances of 1%, 
2%, 5%, 10% and 20% are available in a 
range from 1 O ohms to 3.3 megohr:ns. 
Evaluate the CSC ... as part of Dale's Z~P 
program. It's .guaranteed to give you 
problem-free delivery and quality. Contact : 
Daie Electronics, Inc., Box 26950, 

. El i:'aso, TX 79926. 

~~~a7~(~all: 915-592-3253" 
CIRCLE 146 · 

. 
• t .,. :· • • •• . . . -: :.. " ~ .. ... 

When you.need .inductance in smail, 
rugged packages, s~dfy ·Dale's 1M · 
inductor series. Molded epoxy construction 
·provides superior moist~re prot~ction plus 
flame retardance. · And, our extensive · . 

. factory and distributor stocki.ng program 
makes them available from .1 O µH through 
10,000 µ,H. If s~ielding is required, Dqle's 
IMS-5 series is available from .1 O µH 
through 100,000 µH. All of Dale's .IM and 
IMS-5 series· inductors are designed to 
meet the requirements of MIL-C-1530"5. 
.Get the advantages of fast delivery plus 
Dale quality by contacting the induct9r 
specialists at: Dale.Electronics; Inc., 

. Eq.st Highway· 50; 'f ankton, SD 57o18: · 
. ;._ .. ·. 

. ~~;:,'b~:~~d~y: 605-665·-9301 .: 
CIRCl,E 147 



10/o&50/o 
ThiekFilm 
Chip .. Resistors. 

Dale's CRCW. . 
Dale CRCW 1 % and 5% chips offer 

design flexibility for meeting precision qnd 
• general purpose requirements in surface 

mount applications. CRCW 1% styles 
provide a rating of 1 /8 watt from 20 to 
300K ohms with a TC of ± 100 PPM!°C. 
CRCW 5% styles provide 1 /8 "'!att from 1 O 
ohms to 2.2 megohms with a TC of ± 200 
PPM/°C. All CRCW styles have 
wraparound terminations and utilize the 
standard .126" x .063" size which is 
compatible with automatic placement 
equipment. 
Contact: Dale Electronics, Inc., 
2300 Riverside Blvd., Norfolk, NE 68701 

For comp/ete402 37:1: 0080 information: • • 
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. . 

fOr Slirfaee 
Mountiq. 

Dale's Hand W. 
A choice of twp uqle. chip-~tyle 

thermistors makes it easier to integrate . 
temperature measurement and control . 
into hybrid and surface-mounted design. 
Type "H" has silver wraparound 
terminations on each end. Type "W" ha~ 
silver terminations on top and bottom 
surfaces. Both· are available in ± 5% and 
± 10% tolerances with R25 vall!es from 50 
ohms to 1 meg. depending on type and 
size. For information and technical · 
assistance, contact: Dale Electronics, Inc., 
Western Thermistor Division, . 
2300 Riverside 'Blvd. , Norfolk, NE 68701 

Phone this ·402 37:1: 0080 number today: • • 
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Is LASAR logic simulation best? 
Take this test. 

If you answered D. for each question, you'd 
be right. And only one simulator can give you 
all of the above. 

LASAR™ Version 6 by Teradyne. 
Why settle for second-best when you can have 

LASAR today? LASAR software predicts logic 
states and event timing more accurately than 

any other simulator. 

1Z 

Now it's easier to 
create high-quality 
designs for VLSI 

1 devices and boards 
than ever before. 
Here's how. 

x Our logic is flawless. 
State/value mapping accurate- Designers using 
1y resolves wired net activity. LASAR software can 

360 Electronic Design • January 10, 1985 

simulate logic activity more accurately than with 
any other tool available. Regardless of circuit 
complexity or IC technology. 

LASAR algorithms let you completely simu­
late tristate and MOS activity to evaluate buses 
and wired net behavior. You'll have more confi­
dence in your simulation results. And you'll elim­
inate multiple prototype iterations. 

Our timing is perfect. 
LASAR software gives engineers the only 

worst-case timing analysis that really works. 
You can make sure that circuits function 
repeatably. Under all operating conditions, 
with mixed component sources or different 
device lots. 

The simulator correctly evaluates circuit tim­
ing, including minimum/maximum propagation 



delays, and timing constraints at device inputs. 
And you won't have to deal with reams of false 

hazard reports. Or miss any real hazards. By 
eliminating com­
mon ambiguity­
the skew in 
signal timing 
shared by recon­
verging signals­

Use LA SAR software PERUSE displays LASAR Version 
to analyze signal timing. 6 pinpoints all 
actual timing hazards. You'll verify designs more 
efficiently than ever before. 

A model simulator. 
Tran sf er the details of your design directly 

from your schematic capture or layout system. 
Or use LASAR Version 6 to model devices from 

the bottom up, using logic, memory and MOS 
primitives or gate array macros. 

You can also build from the top down using 
Teradyne Modeling Language. TML is a register 
transfer language program that lets you compile 
a structural model from a functional description 
of a device. 

For board-level modeling, LASAR Version 6 
offers the largest, most accurate device library 
available, with more than 3,800 devices, SSI 
to VLSI. 

You'll be able to create complete board models 
more efficiently than with any other simulator. 

Testing with the right connections. 
Today more people use LASAR for test pro­

gram generation than any other simulator. 
Using the same simulator for design and test, 

you can typically save months of work. There's 
no need to remodel devices, recreate the net list 
or rewrite patterns. 

Efficient time-based fault coverage analysis 
lets you know that circuits are testable. It gives 
test engineers confidence in the quality of their 
test programs. While pinpointing areas that need 
more work. 

To make the design-test link easier, LASAR 
software takes into account tester behavior such 
as driver skew, and pattern timing and control 
characteristics. 

By creating links to high speed testers, proto­
type and production test plans can be ready 
faster, reducing time to market. 

How can you improve your grade? 
Whether or not you scored well on our test, you 

now have enough information to make a very 
intelligent decision. Contact Teradyne today. 
Write Teradyne, 321 Harrison Avenue, Boston, 
MA 02118. Or call Daryl Layzer, LASAR Soft­
ware Product Group, 617-482-2700, ext. 2808. 

Visit us at ATE/CADCON West, Anaheim, 
California, January 15-17. 

l# measure quality. 
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PRESS 
HERE 

That's how quiet our new Silent-Tuctile keyboard 
is. Really. And when you combine this quiet operation 
with its good feel, positive tactile feedback, and good looks, 
you'll see why the new MICRO SWITCH Silent-Tuctile 
keyboard is unmatched in the industry. 

You'll also see why this new keyboard's good looks 
and quality feel help make your product more saleable. 

It keeps the peace without losing its touch. 
Our new low-profile Silent-Tuctile keyboard gives 

you a unique combination of quiet operation and positive 
tactile feedback. 

board is available in enclosures to give you plug 'n' play 
capability. You also get human factors options that 
include key shapes, colors, legends, keyboard slope and 
layout to give you the design flexibility you need. 

The response you need-and then some. 
Over twenty years of keyboard experience has 

gone into the new Silent-Tuctile keyboard design. This 
experience is combined with the expertise of our field 
and application engineers and expanded production 
facilities. So we can work with you to make sure you get 
the best keyboard for your application ... in a standard 
or custom-tailored design. In increasingly noisy office environments, the 

quiet operation helps improve work atmosphere. And 
its smooth operation and tactile PllllllFIPI. •iliiliJll .... illllil .. 
feedback cut down on errors 

Trying is believing. 
~-- Don't take our word for it. Sit 
.. down with a MICRO SWITCH 

while increasing satisfaction for 
the operator. 

These new keyboards 
are designed to survive mil­
lions of operating keystrokes 
and still keep working. In 
capacitance or contact mem­
brane versions, with the same 
consistent positive feedback. 

The Silent-Tuctile key-
CIRCLE 181 

MICRO SWITCH 
a Honeywell Division 

Silent-Tuctile keyboard and 
test it yourself. You'll see that 
it's as quiet, responsive and 
good-looking as we say. Maybe 
more so. A phone call is all it 
takes to arrange a demonstra­
tion. Simply call 815-235-6600. 

Or, write MICRO SWITCH, 
Freeport, IL 61032. Let us show 
you how good silence can feel. 



DESIGN SOWTION 

Logic-triggered amplifier 
upgrades oscilloscope 

for digital troubleshooting 

A vertical amplifier module plugs right in to 
an oscilloscope, giving it the triggering skills 

to track and analyze digital system faults. 

B
ecause digital logic operates within an 
analog environment, a synergism of the 
testing techniques used for both should 

ideally produce a powerful yet general-purpose 
tool for pre- and post-production troubleshoot­
ing. But simply pairing a logic analyzer and an 
oscilloscope is insufficient to root out faults in 
digital systems, since the analyzer's triggering 
style must be adapted specifically to the oscillo­
scope's needs. 

The 7 A42 logic-triggered vertical amplifier 
does just that for the high-speed oscilloscopes 
in the 7000 series, turning them into effective 
tools for high-resolution measurement, dis­
play, and analysis of the signals generated by 
TTL, ECL, or CMOS logic. The plug-in sub­
system helps create analog representations of 
such common digital signal problems as ring­
ing, overshoot, and undershoot, and it even 
deals handily with high-speed logic applica-

David White and Craig Wasson, Tektronix Inc. 
As product manager for Tektronix 's Laboratory In­
struments Division in Portland, Ore., David White di­
rects the digital storage oscilloscope line, as well as de­
fining and introducing additions to it. When he joined 
the company in 1978, he built and installed semicon­
ductor test systems. 
Craig Wasson, a graduate of the Oregon Institute of 
Technology, has been with Tektronix for 10 years, 
serving the past three as a logic analyzer support spe­
cialist and applications engineer in the company's De­
sign Automation Group. 

tions, where precise timing is critical for proper 
circuit operation. 

Being designed for periodic waveforms and 
single-shot events, an oscilloscope customarily 
employs level and slope triggering schemes, 
which are ineffective for digital pulses. More­
over, it lacks an internal means of distin­
guishing one digital pulse from another. Logic 
analyzers, on the other hand, see data as a suc­
cession of high and low levels and depend on 
discrete sampling, so that the behavior of a 
signal between sampling clock pulses remains 
unknown. 

Old fixes don' t work 

To obtain real-time information on individu­
al digital signals, word recognizers have been 
added to oscilloscopes. But the delay between 
the recognition of an event and the start of a 
sweep can be so long that the event passes be­
fore it can be displayed. Similarly, when a scope 
is triggered by a logic analyzer, a trigger signal 
can reach the scope two or three machine cycles 
too late, as often happens these days when the 
system under test has a very high clock speed. 
The user can try to anticipate the occurrence of 
any event and set a triggering scheme accord­
ingly, but because scopes provide very little pre­
trigger information, that is a difficult and often 
impossible task. 

The 7 A42 dashes that problem. Its advanced, 
programmable triggering mechanism makes it 
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DESIGN SOLUTION 

Logic-triggered amplifier 

resemble a logic analyzer, helping pinpoint 
glitches based on a complex set of digital 
events-a common requirement for efficient 
troubleshooting of microprocessor-based 
systems. The 7 A42, which occupies the two slots 
for plug-ins in the 7000 series mainframe, has 
four independently programmable channels 
that simultaneously trigger a display of up to 
four traces. A clocking pulse can qualify the 
triggering function in much the same way as a 
logic analyzer does when operating in a syn­
chronous mode. 

In addition to nested Boolean-function trig­
gering, the vertical amplifier can start t he 
scope's time-base sweep on the rising or falling 
edge of a pulse that has been qualified by other 
signal levels. As an added advantage, a separate 
trigger-view function permits the trigger out­
put or an external clock input to be displayed. 
Logic switching thresholds are independently 

1. The oscilloscope, when connected to three con­
trol lines and to the strobe output of a microprocess­
or system, reveals normal logic levels. No crosstalk 
or ringing is evident. 
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variable to allow triggering by the output 
signals of mixed-logic devices. 

Because of the amplifier's analog approach to 
digital data acquisition, its timing resolution is 
better by nearly an order of magnitude than 
that of the fastest logic analyzer. A 350-MHz 
bandwidth and a maximum differential delay 
of 200 ps between channels optimizes high­
resolution timing measurements, including 
such subtle and time-critical factors as pulse 
width, signal rise and fall times, and propaga­
tion delay. In contrast, for the same display res­
olution a logic analyzer would need a 5-GHz 
sampling rate. 

Error-reporting functions guide the operator 
through instrument setup and manipulation. 
Functionally grouped pushbuttons, a color­
coded front panel, and multicolored LED indi­
cators communicate the instrument's status. 
An internal battery preserves both parameter 
settings and status information when external 
ac power is removed. 

The system under test 

Consider a typical application in which the 
logic-ready scope debugs a prototype micro­
processor system. The representative system 
uses a common 1/0 bus to service a CPU, two 
disk drives, a keyboard, and a CRT display. The 
test setup includes a 1-G Hz scope equipped with 
the logic-triggered vertical amplifier and a 
plug-in time base. A logic analyzer with a dual 
time base is desired and should have 72 data ac­
quisition channels. It should also work at 50 
MHz synchronously and 100 MHz asynchro­
nously and have 14 triggering levels and an ex­
ternal trigger input. 

During development of the prototype system, 
bad data appears intermittently on the CRT 
screen with the good data. But the bad-data epi­
sodes occur in no discernible pattern. As with 
other systems, troubleshooting here entails 
finding one intermittent fault amid an almost 
limitless number of possibilities. The process 
begins with the broadest overview of the sys­
tem's problem and gradually narrows the field 
of focus until the problem has been isolated to a 
specific area. 

After first giving the system a thorough 
visual examination, the user employs the oscil­
loscope to search for obvious problems on the 



CPU control lines-the link common to all 
system peripherals. Because those lines are 
highly susceptible to overloading and inter­
ference, they are likely suspects. Properly used, 
the scope's speedy display can verify timing, 
observe signal quality, and check for noise. By 
connecting one probe to each of three control 
lines and to one strobe line, the user can confirm 
timing specifications. Verification, which also 
plays a part in initial testing, makes sure the 
setup and hold times on the control lines are 
long enough for data to latch. 

Continuing the search 

Signal quality should show adequate levels, 
without excessive ringing. If the levels of signal 
reflections, aberrations, or cross-talk are not 
unusual (Fig.l), the problem does not originate 
from the control lines, and testing must move to 
other areas, such as bus contention. 

Channel 2 
Input 

Common 
bus 

2. Bus contention occurs when two or more devices 
try simultaneously to drive a common bus. The ver­
tical amplifier generates a trigger whenever the de­
vice's output does not match its input after it has 
been enabled. A special filter in the amplifier pre­
vents inadvertent triggering caused by propagation 
delay through the buffer. 

Channel 1 
+ 2.0 v -

Channel2 
+ 0.8 v 

3. To find low-amplitude pulses, the vertical ampli­
fier'• NOT CH 1 AND CH2 function triggers on any 
pulse that remains within the TTL transition area 
(0.8 to 2 V) longer than the period defined by the 
trigger filter. 

A common cause of intermittent problems in 
bus-oriented systems, contention arises when 
more than one device attempts to drive a com­
mon bus at the same t ime, usually because of a 
part fault or poor circuit design. The condition 
is difficult to detect with either an oscilloscope 
or a logic analyzer. Besides causing an invalid 
logic level that results in the transfer of bad 
data, bus contention can also create a substan­
tial power-supply glitch, another fault that is 
extremely difficult to detect with an ordinary 
oscilloscope because of the aperiodic nature of 
bus activity. Further, the level and slope trig­
gering mechanisms of a conventional scope 
cannot recognize that condition. 

To detect a bus contention fault, the logic­
triggered vertical amplifier is connected to the 
first of i>everal bus drivers (Fig. 2). The channel 
1 probe must be connected to the enabling pin, 
channel 2 to the input, and channel 3 to the out­
put. When driver A's enable input goes low, the 
signal at that device's input should match the 
signal at the output, except for a period of time 
equal to the propagation delay. If the scope is 
set to trigger when those conditions are not 
met-that is, when the input and output do not 
match-it is easy to determine if some other 
driver on the bus is overpowering the first's 
output. 

If all measurements appear to be within ac­
ceptable limits but bad data is still coming over 
one of the system's 16 data lines, the investi­
gation continues with a search for low-ampli­
tude pulses or those that only reach half-logic 
levels. 

Elusive errors in a logic system, low-am­
plitude pulses are not recognized as valid logic 
levels and as a result do not trip conventional 
analyzer triggers. Contributing to the problem 
are ordinary scope triggers, which cannot dis­
tinguish between pulses in a pulse train. To be 
discerned, a pulse must have a higher-than­
normal amplitude. 

A split personality 

Because all four amplifier channels can be as­
signed a distinct threshold recognition level, 
the dual-threshold triggering scheme of the 
vertical amplifier helps find low-amplitude 
pulses or half-logic levels. To locate and trigger 
on a low-amplitude TTL pulse, the channel 1 
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DESIGN SOLUTION 

Logic-triggered amplifier 

and channel 2 probes are connected to the same 
suspect point. Channel l's switching threshold 
is set for 2 V and channel 2 to 0.8 V. Setting the 
trigger switch to NOT CH 1 AND CH2 causes the 
scope to monitor t he data line, looking for a 
pulse that is less than 2 V - that is, NOT CHl­
and greater than 0.8 V-NOT Ch2 (Fig. 3). 

4. The vertical amplifier snares a low-amplitude 
pulse out of a busy data stream. 

5. The logic analyzer's ability to display pretrigger­
ing data comes to the fore in pinpointing an inter­
mittent fault. When a low-amplitude pulse is detect­
ed by the scope, it sends a trigger pulse to the logic 
analyzer to init iate data acquisition. The events lead­
ing up to the scope trigger are displayed on the ana­
lyzer's screen. 
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The oscilloscope's time base must be set to 
normal-trigger annd positive-slope (+Slope) 
positions so that it will trigger on the output of 
the vertical amplifier. Because the same signal 
is present on channels 1 and 2, only one channel 
need be displayed to indicate the trigger 
function. 

That function monitors, in turn, each of the 
16 data lines, checking for a low-amplitude 
pulse. In the example, the scope displays that 
pulse (Fig. 4), indicating the line carrying the 
bad data but not yet the reason for the bad 
data's occurrence. The logic analyzer aids in the 
final task. 

Scope serves the analyzer 

Because a logic analyzer can share pretrig­
gering information with an oscilloscope, it can 
easily determine which peripheral device was 
controlling the bus before, during, or after the 
error occurred. With that information, a short 
software loop can be written that will repro­
duce the conditions that cause the error. 

An appropriate test setup feeds the vertical 
amplifier's trigger-out pulse to the analyzer to 
initiate data acquisitions. Because of the inter­
mittent nature of the fault, the user may spend 
considerable time in a "babysitting" mode. But 
at the moment the scope detects a low-am­
plitude pulse, the logic analyzer grabs and dis­
plays the condition or word on the data bus, in­
cluding the events leading up to the trigger 
(Fig. 5). 

Narrowing the problem area often pinpoints 
a particular integrated circuit that is active on 
the data line at the exact moment bad data ap­
pears. The IC itself might have to be replaced or 
a close inspection might show a defective pin­
socket connection. For instance, a loose ground 
pin can cause the low-level pulse, a tiny solder 
or copper bridge between pc-board traces could 
possibly drag down a signal's amplitude. All of 
those conditions are easily uncovered by the 
joint troubleshooting effort of an oscilloscope, 
vertical amplifier, and logic analyzer. o 

How useful? Circle 

Immediate design application 556 
Within the next year 557 
Not applicable 558 



You Shouldn't Compare Apples and Oranges 
We apologize for our unfair comparison. But 

when it comes to POWER-ONE'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 JO 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 fraction of the cost and time 
of a full custom design! 

Built to Your Exact Requirements 
With the FLEX-Series you pay only for the 

features you specify. And using our "Total 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 powerfail monitoring, high 
surge current capabilities and much , much more. 

Safety Approved Worldwide 
The FLEX-Series is certified to the world 's 

toughest safety agency requirements . Which means 
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you can take delivery of an internationally approved 
power supply, built to your exact speciffcations, 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. 

POWER-ONE LINEAR PRODUCTS 
740 Calle Plano• Camarillo, CA 93010-8583 
Phone: (805) 987-8741 or (805) 987-3891 
Call Toll Free from California: (800) 421-3439 
Outside California: (800) 235-5943 



up to 2 Watts linear output 
50 KHz to 4200 MHz from $199 

If your application requires up to 2 watts for intermodulation testing of components 
... broadband isolation ... flat gain over a wide bandwidth .. . or much higher 
output from your frequency synthesizer or signal/sweep generator . . . Mini-Circuits' 
power amplifiers will meet your needs, at low prices. 

These ultra-linear Class-A amplifiers are unconditionally stable and can be 
connected to any load impedance without amplifier damage or oscillation. 

For low power (50 mW), 22dB gain and 40dB isolation, consider the ZFL-2000; 
for operation up to 4200MHz with I -watt output, specify the ZHL-42. 

So select the amplifier for your application from the chart below. We'll ship 
in one week, with, of course, our one-year guarantee. 

Gain Max. Power Noise Intercept 
Model Freq. Gain Flatness Output ldBm Figure Point, Typ. DC Power Price 
No. MHz dB dB Compression dB 3rd Order Voltage Current $ Ea. Qty. 
ZHL-32A 0.05-130 25 Min. :!: 1.0 Max. +29 dBm Min. 10~ +38dBm 
ZHL-3A 0.4-150 24 Min. :!: 1.0 Max. + 29.5 dBm Min. 11 fvp +38dBm 
ZHL-lA 2-500 16 Min. :!: 1.0 Max. +28 dBm Min. 11 fvp +38dBm 
ZHL-2 10-1000 15 Min. :!: 1.0 Max. +29 dBm Min. 18 fvp +38dBm 
ZHL-2-8 10-1000 27 Min. :!: 1.0 Max. +29 dBm Min. 10 fvp +38dBm 
ZHL-2-12 10-1200 24 Min. :!: 1.0 Max. +29 dBm Min. 10 fvp +38dBm 
ZHL-1-2W 5-500 29 Min. :!: 1.0 Max. +33 dBm Min. 12 fvp + 44dBm 
ZHL-42 7004200 30 Min. :!: 1.0 Max. +29 dBm Min. 7 .5~. +38dBm 
ZHL-7-2W 600-800 28 Min. :!: 1.0 Max. +33 dBm Min. 12 fvp + 43 dBm 
ZFL-2000 10-2000 20 Min. :!: 1.5 Max. + 17 dBm Min. 7 yp. +30dBm 

+ 24V 0.6A 199.00 11 -9) 
+ 24V 0.6A 199.00 11 -9) 
+ 24V 0.6A 199.00 11 -9) 
-+ 24V 0.6A 349.00 11 -9) 
+ 24V 0.65A 474.00 11 -9) 
+ 24V 0.75A 599.00 (1 -9) 
+ 24V 0.9A 495.00 11 -9) 
+ 15V 0.69A 895.00 11 -9) 
+ 24V 0.9A 525.00 11-9) 
+ 15V O.lA 179.00 (1-9) 

50 ohm impedance. 
input and output VSWR 2: I max. 

finding new ways 
setting higher standards 

Price and specifications 
subject to change without notice. 

Refer to EEM and Gold Book for detailed specs 
r;;;J ~l!!~s:!;;i!!?.!!1~.! 
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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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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 

t;;I Mini-Circuits 
A Division of Sc1en11f1c Components Corporahon 

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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TEK 7000 SERIES 
OSCILLOSCOPES 

Design your 
own oscilloscope 

When your measurement 
requirements are exceptional 
... when you can't predict 
what you'll want to measure 
tomorrow, next week or next 
year ... you need something 
more than an ordinary 
answer. That's where the Tek 
7000 Series comes in. 
Only the 7000 Series provides 
the performance and flexibility 
to meet your most stringent 
measurement needs- now 
and in the future. 

em. 
Select from standard perform­
ance mainframes to the 
highest performance 
general-purpose oscilloscope 
mainframes available. 
Choose from a wide variety of 
analog and digital plug-ins that 
allow you to tailor your own 
oscilloscope system. Measure 
fast transients, interpret com­
plex waveforms, view the ana­
log characteristics of digital 
events- whatever your mea­
surement needs dictate, either 
manually or automatically. 
And when your needs evolve, 
so can your 7000 Series sys-

tern: often at a lower cost than 
buying a complete new instru­
ment-if any other exists that 
can meet your needs. 
Call 1-800-547-1512 for 
more information or for 
a personal demon-
stration from your 
local T ek Sales 
Engineer. 
TWX 910-
467-8708. 
TLX 151754. 
In Oregon, 
call 1-800-
452-1877. 

Envelope Mode. Displays 
upper and lower tolerance lim­
its to simplify production test­
ing and calibration. System: 
R7603 with 7D20 Programma­
ble Digitizer. 

CounterfTimer. Oscilloscope­
controlled counter/timer per­
mits measurements to counter 
accuracy on displayed 
waveforms. System: R7603 with 
7D15 Universal CounterfTimer. 

Glitch Capture Application. 
Unique logic triggering solves 
problems caused by abnor­
mal pulses. System: 7834 
with 7A42 Logic-Triggered 
Vertical Amplifier, 7D11 Dig ital 
Delay Unit. 

Differential Measurements. 
High gain differential ampli­
fier captures SmV signals. 
System: 7834 with 7A13 Dif­
ferential Comparator Amplifier. 

Copyright ©1984. Tektronix. Inc All rights reserved #KSA-520 



Time Domain Reflectometry. 
Open transmission line 
reflects pulse; time of reflec­
tion represents the electrical 
length of line. System: 7854 
with 7S11 Sampling Unit, 7S12 
TOR/Sampler. 

Waveform Processing. Key­
stroke programming enables 
user to design measurement 
routines tailored to indivi­
dual tests or experiments. 
System: 7854 with Waveform 
Calculator Keyboard . 

THE ANSWER 
J3Y ANY MEASURE 

Single Shot Measurements. 
Unmatched writing rate of 20 
cm/ns provides bright display 
even at 200 ps/div. System: 
R7103 with 7A291 GHz Ampli­
fier, 7B10 Time Base. 

CIRCLE 185 

Microchannel Plate CRT. 
Normalizes intensity so both 
low and high rep rates can 
be viewed simultaneously. 
System: R7103 with 7A29 
1 GHz Amplifier, 7B92A Dual 
Time Base. 

COMMITTED TO EXCELLENCE 
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Choosing the Mostek 68000 CPU for high,performance applications is easy. 
It's the best way to put more application power into your 16/32,bit systems. 

And when it comes to 1/0, come to Mostek for some of the most versatile and 
powerful 68000 peripherals available. Like our MK68901 Multi,fonction Pe, 
ripheral, for example. It combines commonly,needed system functions into one 
48,pin DIP which makes for small yet powerful 68000 systems. The MFP has 
four 8,bit timers, an interrupt controller for 16 sources, eight parallel 1/0 lines, 
and a full,duplex USART with programmable OMA signals. 

Then there's the MK68564 Serial 1/0 Controller with two independent, full, 
duplex channels to handle asynchronous as well as bit synchronous and byte 
synchronous protocols. This sophisticated device includes a vectored interrupt 
scheme with daisy chain to enhance its flexibility and a baud rate generator to 
cut separate component costs. And our MK68590 Local Area Network Control, 
ler for Ethernet™ (LANCE TM), along with the MK68591 Serial Interface Adapter, 
provide the physical and data link levels of the Ethernet protocol. 

Our MK68230 Parallel Interrupt Timer is 68000 bus,compatible, and features 
3, or 16,bit 1/0, a 24,bit programmable timer, and 68000 interrupt vector 
generation logic. 

Mostek also offers an 8,bit version of the 68000, the MK68008, which 
provides software portability from 8 to 16 to 32 bits. Our proprietary 68200 
family of high,performance 16,bit, single, chip microcomputers is ideal for 110 
intensive applications like robotics. 

Whatever your 68000 system needs, Mostek has a solution. But our 68000 and 
68200 families are just part of our story. Mostek is also a leading supplier of 
memories, communications and semicustom circuits. And a leader in STD BUS 
and VMEbus systems and subsystems. 

So if you need a supplier who can react to your needs quick as a wink, contact 
Mostek Corporation, 1215 W. Crosby Road, MS2205, Carrollton, Texas 75006. 
Or call (214) 466,6000. In Europe, 32/02/762.18.80. In Japan, (03) 496'4221. 
In the Far East (Hong Kong), 5.681.157 ,9. 

Ethernet is a trademark of Xerox Corporation. 
LANCE is a trademark of Mostek Corporation. 

t!IUNITED 
TECHNOLOGIES 
MOSTEK 
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Electronic Design's January 24 issue 

brings special coverage of components 

technology to our readers 

Plus: A Special Report on Supercapacitors 

A Special Conference Preview of 
Mini/Micro West 

AND THESE DESIGN AR,TJCLES 

Communications Network ICs 
Test and Measurement 
Instruments Technology 
Memories 



NEW PRODUCTS ANALOG 

A-d converter makes 
speed/ accuracy tradeoffs 

under software control 

A 
analog-to-digital con­

verter lets engineers 
select, in real time, 

through software, the combina­
tion of accuracy and resolution 
that is needed. Designed to work 
in tandem with a microproces­
sor, the TSC5000, from Teledyne 
Semiconductor, is a dual-slope 
integrating converter that can 
operate anywhere from 14 bits of 
resolution at 5 conversions/s 
down to 8 bits at 400 conver­
sions/s. The actual maximum 
resolution of the device is 41/2 
digits, or 1 part in 20,000, in 
which case the nonlinearity is 
0.0025%. 

the time to charge up and di s­
charge the integrator and calcu­
lates the digita l value from the 
duration. Increasing t he time 
the signal to be measured is ap­
plied to the integrator increases 
the number of bits of resolution, 
but also the conversion time. 

The device accepts four com­
mands from the microprocessor. 
A Zero command resets the inte­
grator. An Autozero command 
calibrates the device so that it 
will give a zero digital reading 
for a zero input. Lastly there is a 
command that swi tc hes th e 
signal to be measured into t he 
integrator and one that switches 
the voltage reference into the 
integrator. 

c, .. 

The converter has a differen­
tial input so that measurements 
can be made in the presence of 
heavy common-mode noise. It 
handles inputs in the range of 
+4 to -4 V, converting them 
with a sensitivity of 100 µV. Sup­
ply voltages of ± 5 V are re­
quired, each drawing 1.5 mA. 

Available in plastic or cera­
mic 16-pin packages for the 
commercial and industrial tem­
pera tu re ranges, respectively, 
the chip sells for $5.20 and $6.80 
in 100-unit quantities. 

Teledyne Semiconductor, 1300 
Terra B ella Ave., Mountain 
View, Calif 94043; (415) 968-
9241. 
CIRCLE 319 

Fabricated in CMOS, the part 
has all the necessary compo­
nents to perform dual-slope con­
version , including an input 
buffer, an integrator whose pa­
rameters are controlled by ex­
ternally attached components, 
switches, and two comparators. 

Ref High Rel Low BUF Comparator 
output 

To perform a conversion, a mi­
croprocessor switches the input 
signal into the integrator to 
charge it for a span of time, then 
switches in an opposite-polarity 
voltage. That slowly discharges 
the integrator down to zero, at 
which point an interrupt signal 
is sent to the microprocessor. 

The microprocessor measures 

Curtis Panasuk 

v,.,- SW1 

2 16 

Analog-switch 
control signals 

A B 
Control logic ~ 

Electronic Design • January 10, 1985 375 

15 

GND 



NEW PRODUCTS 

ANALOG 

Low-cost hybrid op amp 
slews at 3000 VI µs, 

reaches beyond 100 MHz 

BY combining small-out­
line-packaged devices 
with thick-film hybrid 

technology, an ultrafast wide­
band operational amplifier sells 
for only $49 each in single-unit 
quantities and yet outperforms 
devices costing up to five times 
as much. Made by Comlinear, the 
CLC300 slews at 3000 VI µsand 
extends its small-signal band­
width to beyond 100 MHz at a 
closed-loop gain of one. More­
over, that bandwidth drops to 
only 85 MHz at a gain of 10. Ad­
ditionally, the unit's small­
signal response remains flat to 
within ±0.5 dB for any gain of 
upto45 MHz. 

Reflecting its ultrafast slew 
rate, the op amp's power 3-dB 
bandwidth is 65 MHz for a ± 5-V 
output swing, dropping to just 
45 MHz for a ± 10-V output 
signal. Also, the unit's output 
current of 100 mA can drive a ca­
pacitive load with no trouble. 

For gains of 1 to 20, the device 
takes 20 ns to settle to within 
0.8% of a 10-V output step. At a 
gain of 40, the settling time in­
creases to 25 ns. For any gain up 
to 40, rise and fall times are 
under 5 ns for a 5-V output step 
and under 7 ns for a full 20-V 
step. What's more, these specifi­
cations hold for both positive 

Frank Goodenough 
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and negative output steps and 
for both inverting and non­
inverting amplifier configura­
tions. 

In addition, the device's phase 
and noise performance are very 
respectable. The op amp shifts 
the phase of linear signals by 
less than 2° /MHz. For gains of 
up to 40, the deviation from lin­
ear phase is only 5 ° from de all 
the way out to 45 MHz. Broad­
band noise is held to 4 µV 
between 10 Hz and 1 MHz, 
increasing to 30 µVat 85 MHz. 

Like most ultrafast ampli­
fiers, the hybrid sacrifices a lit­
tle performance in the case of 
de specifications. Its offset volt­
age is 10 mV, which drifts but 
25 µ V l°C. Similarly, its bias 
current (at the noninverting in­
put) is 5 µA and drifts just 20 

nA/°C. At the inverting input, 
offset voltage drift rises to 50 
n V /°C and off set bias drift to 25 
µA/°C. The thermal resistance 
of the case in still air (8;) is 
25°C/W. 

Other specifications include a 
respectable common-mode re­
jection ratio of 60 dB. For such a 
fast op amp, current drain is a 
low 25 mA from a dual ± 15-V 
supply. 

The op amp is housed in a 
24-pin double-width ceramic 
DIP and priced at $49 apiece in 
small quantities and $39 each in 
lots of 100. Small quantities are 
available from stock. 

Comlinear Corp., 2468 E. 9th 
St., Loveland, Colo. 80537; 
Wayn e Lonowski, (303) 669-
9433. 
CIRCLE 307 



NEW PRODUCTS 

ANALOG 

A-d converter chip 
carries its own filter 

Vss AGO AVoo 

0©@ 

CU +1N ® 
~-IN @ 

For the first time a mono­
lithic a-~ converter d?es 
not require a supportmg 

anti-aliasing filter chip . The 
RT5640, a 10-bit device from 
EG&G Reticon, incorporates a 
high-performance switched­
capacitor filter that is tunable 
over the range of 20 Hz to 15 kHz 
(ELECTRONIC DESIGN, Sept. 6, p. 
205). Thus it serves handily the 
needs of 8- and 16-bit micro­
processors undertaking the com­
plex signal processing necessary 
for such applications as speech 
recognition and sonar. 

It also integrates a sample­
and-hold circuit and has both 
serial and parallel outputs-one 
of only a few a-d chips to do ei­
ther. Its sampling rate can vary 
from 20 Hz to 40 kHz, and its con­
version time from 25 µs to 50 ms, 
by varying the frequency of an 
input clock. 

The filter, a seventh-order el-

Curtis Panasuk 

liptical low-pass circuit, has 
0.2 dB of passband ripple and a 
stopband rejection ratio of more 
than 60 dB. In addition, mask 
changes can be made for differ­
ent filter characteristics. 

The converter's 10-bit output 
comprises a sign bit and 9 mag­
nitude bits. The chip also gener­
ates an interrupt signal after a 
conversion is complete, and a mi­
croprocessor can keep reading 
the converted value until the 
next conversion is complete. 

The input signal must be be­
tween +3.5 to -3.5 V. Supply 
requirements are ± 6 V, and the 
current drain is 20 mA for each 
voltage. 

The part is available immedi­
ately in a 28-pin plastic package 
for the commercial temperature 
range. It se lls for $22 in 100-
piece quantities. 

EG&G Reticon, 345 Potrero 
Ave., Sunnyvale, Calif 94086; 
(408) 738-4266. 
CIRCLE 320 
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NEW PRODUCTS 

ANALOG 

Unity-gain buffer 
slews at 2500 VI µs 

D
esigned for unity-ga in 
applications, the EL2004 
voltage buffer and line 

driver can slew at 2500 VI µsand 
offers a bandwidth of 350 MHz. 
The hybrid circuit, developed by 
Elantec, thus offers a h igher­
performance solution to prob­
l ems previously solved b y 
discrete-component circuits or 
hybrids such as the LH0033, for 
which it can serve as a drop-in 
upgrade or replacement. 
Typica l applications includ e 
coax ial -cab le and video-lin e 
drivers, high- speed sample­
a nd-hold circuit s, and flash­
converter buffers. 

Additionally, when operated 
from ± 15-V supplies, the buffer 
has a s ignal ri se time of just 
1 ns typical and 2.5 ns worst 
case, with a 100-Q load. Th e 
typical settling time to within 
1% is6 ns. 

The circuit, however, can also 
operate from ± 5-V power sup­
pli es and has a second set of 
guaranteed specifications at 

Dave Bursky 

378 Electronic Design • January 10, 1985 

those levels . In that case, the 
slew rate slows down to 1000 
VI µs typical, the rise time in­
creases to 1.7 ns typical, and the 
settling time grows to 8 ns. 

With either ± 15- or ± 5-V 
supplies, the buffer can deliver 
up to 100 mA into a load. 

When operated at the higher 
supply levels, the buffer draws 
24 mA maximum, and its actual 
voltage gain with a ± 10-V input 
swing is 0.96 minimum with a 
1-kn load and 0.90 with a 100-Q 
load. The military version has 
minimum gain values of 0.97 
and 0.92, respecti ve ly. 

Available in a commercial 
version as well, the circuit 
co mes in an eight-lead T0- 8 
package, and a lead less chip car­
rier can be ordered. Samples are 
available from stock; in 100-unit 
quantities, the buffer costs 
$20.85 or $45.04 for the industrial 
and military (883B) versions, re­
spectively. 

Elant ec Inc., 1996 Ta ro b 
Court, Milpi tas, Calif 95035; 
Dave Long, (408) 945-1323. 
CIRCLE 309 

ATTENTION 
POWER 
SUPPLY 

SPECIFIERS 

See Deltron's 
New 

Switching 
Power Supply 

Catalog 

IF YOUR 
COPY 

IS MISSING, 
CIRCLE 

THE NUMBER 
BELOW. 

TOLL FREE: 800-523-2332 

P.O. BOX 1369 
WISSAHICKON AVENUE 
NORTH WALES, PA 19454 
PHONE: 215/699-9261 
TWX: 510/661-8061 

INTERNATIONAL UNIT: 

DELAIRE CO. 
DUBLIN, IRELAND 
TELEPHONE: (01) 851411 
TWX: 30442 DEL El 
PREFIXES: UK (0001) 
INT. + 353 (1 ) 
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Cutler-Hammer® products are backed by 
unlimited research, distribution and service! 

Behind every Cutler-Hammer® switch is a com­
mitment. A commitment to extensive R & D; a 
worldwide, well-structured distribution network 
and knowledgeable, professional service. 

Because of this commitment, you can 
count on every Cutler-Hammer 
commercial switch to fit neatly 
into your design plans. Choose 
from an extensive line of toggle, 
rocker and pushbutton switches. 

Each is available in a wide range of circuits, 
terminations, ratings and options. 

For more information, contact your Cutler­
Hammer sales office or distributor. Or 

send for our complete catalog. Eaton 
Corporation, Aerospace & Commer­

cial Controls Division, 4201 N. 27th 
St. Milwaukee, WI 53216. Or call 
414-449-7487. 

Aerospace, Commercial, Miniature, 
Illuminated Switches and Relays 

CIRCLE 190 
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ii We offer you top design. 
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system, equipment or board level. 
•Specialists in Supervisery Control 

and Data Acquisition (SCADA) 
systems. MULTIBUS;. .. .-• . 

" of Imel Corp. 
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• BG CHECO INTERNATIONAL LIMITED 

7700, de Lamartine Street 
Ville D'~njou, Quebec H1J 2A8 
(514) 35'3-8940 Telex: 05-828723 
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NEW PRODUCTS 

ANALOG 

Chip detects pulses 
in Winchester drives 

For use in Winchester disk 
drive systems, the DP8464 

disk pulse detector combines 
analog and digital circuitry to 
detect the amplitude peaks of 
signals received from the read/ 
write amplifier. When changes 
in the magnetic flux occur, it 
translates the analog signals in­
to digital pulses. The DP8464 is 
designed to reside in the disk 
drive with its output connected 
to the industr y - sta ndard 
DP8460 data separator. 

Programmable features of the 
chip include automatic gain­
control response, gate-channel 
filter response, time-channel fil­
ter response, comparator hyster­
esis, and data output pulse 
width. The DP8464 is currently 
available in a 300-mi l-wid e 
24-pin DIP; a 28-pin plastic chip 
carrier is planned for 1985. 

National Semiconductor 
Corp., 2900 S emiconductor 
Drive, Santa Clara, Calif 95051; 
(408) 721-5000. $27.50 (100 units). 
CIRCLE 323 

Tiny 16-bit converter 
fits inside resolver 

Occupying a mere 1 inch 
square, a 16-bit digital-to­

resolver converter fits inside a 
size 15 (or larger) resolver . Its 
small size, combined with an 
angular accuracy of up to 1 arc­
mi nu te, makes the HDR2406 
suitable for many industrial ap­
plications. Matched thin-film 
resistors ensure angular accu­
racy of the sine and cosine out­
puts over any of the converter's 
entire operating temperature 
ranges (commercial, industrial, 
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or military). 
Although the HDR2406 is de­

signed to interface with 8- and 
16-bit microprocessors, it can be 
used in conventional applica­
tions without any external com­
ponents or additional connec­
tions. It has a pin-programma­
ble reference input of 115 or 26 V 
rms and requires a ± 15-V de 
power supply. 

Natel Engineering Co., 4550 
Runway St., Simi Valley, Calif 
93063; (805) 581-3950. From $230; 
stock to six weeks. 
CIRCLE 324 

V-1 converter aims at 
industrial applications 

Powered by any supply from 
12 to 32 V, the Model 930/ 

MK298 voltage-to-current con­
verter has a quiescent current 
drain of less than 50 mA and an 
input impedance of 1 Mn. The 
scale factor with a 10-V input is 
5 mA / V, which is accurate to 
within 1 %. A potentiometer ad­
justs the minimum output level 
of 0.5 mA to 4 mA, providing a 
"live" zero. Input ranges of less 
than 10 V are accommodated by 
substituting one resistor. The 
converter has a full output cur­
rent range of 0.5 to 50 mA; the 
output compliance voltage is 0 to 
27V. 

The 930/ MK298 is packaged 
on a plug-in card including a con­
nector and built-in card guides. 
It is compatible with standard 
Calex system components, such 
as instrumentation amplifiers 
and strain gauge modules. 

Calex Manufacturing Co. Inc., 
3355 Vincent Road, Pleasant 
Hill, Calif 94523; (415) 932-3911. 
$124; stock . 
CIRCLE 325 



AIE MAGNmCS GIVES YOU FAST ACCESS TO THE INDUSTRY'S MOST COMPLETE LINE OF POWER 
INDUCTORS. When you need power inductors-and you're faced with a demanding schedule-AIE 
Magnetics can help you get a fast break on your design. We've got the most extensive 
line of power inductors in the industry, and we offer a variety of package styles, 
inductance ranges and current ranges to meet your specific requirements. 

And no one puts the ball in your court faster than AIE Magnetics. With our 
Dash-Bak service, we ship sample quantities of "straight-from-the catalog" 
items within 72 hours and components that require design modifications 
within 5 days. 

Simply write or call us about your next design; we'll 
gladly send you our catalog and your own Dask-Bak ~-
service card. They'll set up the winning shot for you. ""'-

• ~/~ 701 Murfreesboro Road c:=:l/t::= Nashville, Tennessee 37210 615/244-9024 

magne11cs "A Division of® Vernitron Corporation" 
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INTERNATIONAL NEW PRODUCTS 

68000 development system 
runs multiple Unix programs 

in real time for 4 users 

The Eurosys 16 develop­
ment system for designs 
based on the 68000 micro­

p ocessor family enables as 
many as four persons to each run 
several programs simultaneous· 
ly in real time. The modular unit, 
from Euroka OY, runs under the 
new OS-9/ 68000, a Unix-com­
patible real-time, multi-user, 
multitasking operating system. 
It accepts high-level languages, 
like C, Basic, Pascal, and Cobol, 
as well as assembler. 

The system lets each user run 
several programs simultaneous­
ly in the background mode while 
he or she is editing and devel­
oping a program in the fore­
ground mode. 

In addition, once the program 
or programs have been devel­
oped, the unit, being based on 
single-Eurocard modules, can 
form the heart of the target sys­
tem itself, for such equipment as 
graphics workstations, measure­
ment computers, and robot con­
trollers. It has 13 free slots for 
expansion cards. 

The system uses an 8- or 10-
MHz 8/ 32-bit 68008 processor 
and 256 kbytes of dynamic RAM. 
It has four RS-232-C interfaces 
having speeds of 150 to 19,200 
bauds and a SASI (Shugart As-

Mitch Beedie 
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sociates Systems Interface) link 
that connects to a 20-Mbyte Win­
chester and a 500-kbyte floppy­
disk drive. A QIC-02 interface al­
lows four streaming-tape drives 
to be connected as well. 

The operating system may be 
easily customized, as it consists 
of a collection of self-linking, in­
dependent modules (e.g., kernel, 
disk file manager, and command 
interpreter ). Its hierarchical 
structure simplifies the or­
ganization of the application 
software, and the tree structure 
of its file system makes file ma­
ni pu la tion very straight for­
ward . It has multilevel prior­
itized interrupt handling and 

accepts user-defined interrupts. 
Multiple tasks can share com­

mon program or data modules, 
and semaphores are used for 
process coordination. Because all 
time-critical sections of the 
operating system are coded in 
assembly language, the system 
response time is only milli­
seconds. 

The unit is 140 by 450 by 450 
mm, consumes a maximum of 0. 7 
A from a 240-V supply, and costs 
£5600. 

E uroka 0 Y Elek troniikka , 
H ameentie 155 C 52 a, 00560 H el­
sinki 56, F inland; + 358 0 799522; 
Telex: 125490 euro sf 
CIRCLE 505 
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At Nichicon, we want to help you 
find your capacitor choice. 

Mlnlatwe Aluminum Electrolytlc C...-clton 

LB 

vx 

BU 

VS 

KB 

SL 

SP 

MA 

EB 

• Standard Size 
• General Purpose 
•Smale<Standa<dSize 
• High Cl/ Density • Generai,;;;;;;;, 

• High Cl/ Pmducls 

•l.owf'rofileOesigi 

•I.ow Leakage ·---
• S...,............., (7nvn He;ghl) 

:~~ 
• S...,............., (7nvn He;ghl) ·---·---

°""'~~~ T0mp.of9_ 

- 40- +85 

- 40- +85 

- 25- +85 

- 40- +85 

- 40- +85 

- 40- +85 

- 40- +85 

- 40- +85 

- 40- +85 

- 40- +85 

- 40-+ 85 

Miniature High T-.ture C...-clton 

• Standard Size - 55 - + 105 . .,..,r..,..,._ 
•Geoera<Puql050 

PC 
- 40 - + 105 

• High Temperature 
• High Reliability BB - 40- + 105 

• Higllren.,. ( + 125'C) 
• H9> Aetmlty BE - 40-+ 125 

Mlni.iure Speci•I Appllc.tion c.p.citon 
•low ESR 

PX 
~~ 

TM ~=c.i~ 
HA 

~'"""""""'--C.n Type L,tics 

HlA.L 

NWINKINS 

PS 
(LA) 

PK 

GM 
(GFJ 

FL 

• Snap-in Terminal !or 
P.C.B. Mount 

• Snap-in Term .• P.C.B. Moun 
• Smaller Size 

• Snap-in Tetm. P.C.B. Mourt . '°' sw;u;;ng Aeg.--s 
• (Smalle<Sael 

•l.Owf'mlile(20nm~ 
: ~in°fe!m .. P.C.B. 

- 55-+ 105 

- 40 - +- 85 

- 25 - + 85 

- 40- + 85 

- 40- + 85 

- 25 - + 85 

- 40- + 85 
(160- 250) 

.J.~=:,q_ 
- 40- + 105 

- 40-+ 105 
(160- 250) 

-:y_;,.;Los 
- 40- +85 

ci.ss Ill Semiconductive Cer•mics 

HET 

HEV 

Temperature 
Characteristics 

Y5T 

Y5V 

Raled 

~ 
12 0.022- 0.47 
25 0.01 - 0.1 
50 0.01 - 0.1 
12 0.047 - 0.47 
25 _j),022- 0.47 

50 0 .01 - 0 .1 

Polyest., C..-:lton 

OYA 100 0.001 - 0.47 

OXM Radial 250, 400. 630 O.Q1 - 2.2 
250. 400, 630 0.15- 10 

OAL 125V./IC 0.0047-.022 

capacitance D.C. l.eal<age 
Current(}.i.A) Construction ~ 
OJJ'JO/(A') 
(4 ... Min.) 

0.01CI/ (8') 
(3 ... Min.) 

0.06CV + 10 (C') 

0.002CI/ (B' ) 

~~~ 

0.01Cl/(C') 
(5 ... Min.) 

0.002CI/ (C') 
(2ii-A Min.) 

0.002CI/ IC') 
(2 ... Mn) 

0.03CV (A'I 

0.001CV + 1 
~ 
1ocj_fil 

3VCV(C') 

3\CVIC') 

3'\'Bi{C") 

3VCV (C') 

3vCV iC"I 

Radial(U) 

Axial_l!l 

RadiaJ(U) 

Radial(U) 

Radiai(U) 

Axial(D 

Radial(U) 

Radial(U) 

Radial(U) 

Aadial(U) 

AxiaJ_l!l 

Radial (U) 

Axoal(D 

Radoal (U) 

Aadial(U) 

Radial (U) 

~Jill: 

Gan (l) 

Can (L) 

Gan (l) 

Gan (l) 

Gan (l ) 

Can (l) 

Can IL) 

Standard 
~itance To~ance 

: 20%("1) 
+ 80- - 20"/o (Z) 

Standard 
~itance To~ance 

6.3- 100 0.1- 10,000 
6.3- 100 0.47- 33,000 

6.3- )00 0.47- 10,000 

160- 450 1- 100 
160- 450 1- 470 

6.3- 100 1,000- 3,300 

6.3- 50 0.1- 4,700 

6.3- 100 0.1- 100 

6.3- 100 0.47- 100 

6.3 - 50 0.1- 100 

6.3- 50 0.1- 100 

6.3 - 50 0.1- 47 

4- 50 0.1- 220 

6.3- 100 0.47- 1,000 
6.3- 100 0.47- 3,300 

6.3 - 100 0.47 - 10,000 

6.3 - 100 0.47 10,000 

10- 100 0.47 1,000 

10-· 50 0.47 ~ 470 

6.3 - 50 0 .1- 100 

6.3- 63 22 - 2.200 

10-·50 1- 470 

25 2.2 - 10 

16- 100 470 - 22.000 

16- 100 1.000 - 15.000 

6.3 - 450 

160- 450 
14001 

200 - 250 

160- 400 
(4001 

160- 250 

Insulation 
Resistance ~Ill 

12V: 
0.022- 0.1..,.F 
0.22µF 
0.33µF 
0.47µF 

25V: 
0.01 - 0.22..,_F 
0.47..,.F 

SOV: 

_,Min. 
-0.5Mlfl. 
-0.33 Min. 
-0.25 Min. 

-1 ,000 Min. 
-500 Min. 
-1.000 Min. 

47 - 1,000 
(47- 3301 

150- 1,000 

47 - 1,000 
)47- 330) 

82- 270 

Insulation Resistance 
: 5%(J) : 10%(K) : 20%("1) 9.00MJ!f.tn. 

9,CIOOMflMin. 
at100V.DC1 Min. 

(A") • Leakage~ alter1 rrinute (B") ~ LeakageCurmntaltef2minu1es (C") = LeaJ<ageCunentaf1ef5minutes 

Standard 

car."~ 

: 20(M) 

10- +50.J!)_ 
- 10- + 50_l!l 

: 20 (M) 

: 20 (M) 

:?:20 (M)1:?:10(K) 

: 20 (M) 

: 20 (M) 

: 20 (M) 

: 20 (M) 

~ 20 M 

: 20 (M) 

: 20 (M) 

: 20 (M) 

• 20 (M) 

: 20 (M) 

;aj~/ 
· 1~ 

- 10- + 30 (OJ 

· 20 (M) 

- 10- + 50 (T) 

~ 20 (M) 

::!: 20 (M) 

::!: 20 (M) 

: 20 (M) 

Dissipation Factor 
J;.11kH_& 

12V: 7.0% Max. 
25V: 5.0'% Max. 
50V: 5.0% Max. 

O.F. 
1.0% Max. at 1 kHz 

1.0'o/oMax. at1kHz 

1.0% Max. at 1 kHz 

'. : : : ..... .,, 

--- ~ - .::;-

H ... - .... ·-

'· 
I~ 
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More Competitive 
than Ever. 
Our New Line of 
Linear Power Supplies 
Offers both Additional 
International Features 
and Additional Savings. 
The Worldwide Series 

We realize that sometimes you 
need to spec power supplies for 
products sold throughout the 
world . And that other times 
your spec calls out supplies for 
domestic markets only. 

Wouldn 't it be nice if you 
could specify the same quality 
you 've come to expect from 
Standard Power linear supplies 

the safety standards you need 
regardless of where your product 
will be marketed. These standards 
include VOE, UL, CSA, /EC and 
those of other major agencies 
around the world . 

What's more. because of the 
redesign, we reduced our com­
ponent and manufacturing costs 
and passed these savings along 
to you. So the SPW equivalent 
of our original SLS Series power 
supply costs you less and offers 
you more. 

Valuable features of our 
SPW Series include worldwide 
AC input capabilities of 

100/120/220/230/240 volts, 
line and load regulation of± .05 
percent each, output ripple of 
five millivolts peak-to-peak, 
remote voltage sensing, over­
vo/tage protection on five-volt 
outputs and inherently low 
EMl/RFI noise levels. 

Now you can spec Standard 
Power linear supplies for ap­
plications worldwide and buy 
them off-the-shelf from your 
local distributor. 

Send now for our latest power 
supply catalog . Circle the reader 
service number or write to us on 
your letterhead. 

to meet both domestic and inter­
national applications-and save 
money in the bargain, too? 

That's exactly what Standard 
Power lets you do with our 
SPW Series Worldwide linear 
power supplies. We redesigned 
our SLS Series supplies to meet 

ft STANDARD POWER Inc. 
A SUBSIDIARY OF 

Acme Electric corooratiOn 

CIRCLE 195 

1400 So. Village Way • P.O. Box 15447 
Santa Ana , California 92705 
Telephone (714) 55B-8512 • TWX: (910) 595-1760 



INTERNATIONAL NEW PRODUCTS 

8086/8088 peripherals draw 40°/o less current 

A
series of second-gener­
ation peripherals for the 
8086 and 8088 micro­

processor families consume 
40% less current than the types 
that they replace: The circuits 
take just 90to140 mA, instead of 
the 160 to 230 mA needed by 
their equivalents. Designed us­
ing standard cells [ELECTRONIC 
DESIGN, Dec. 27, p. 69 or 69EJ and 
made with a two-layer-metal 
buried-collector process, the 
range consists of a clock gener­
ator-driver, a bus controller, 
and octal latches, and bus trans­
ceivers. 

The SAB 8288A bus controller 
consumes a maximum of 140 
mA. It decodes the three outputs 
from the system microprocessor 

and generates command and 
control timing for the bus. A 
strapping option on the chip con­
figures it for use with a mul­
timaster system bus and sep­
arate I/ O bus. 

The SAB 8284B/ SAB 8284B-1 
clock generator and driver con­
sumes a maximum of 110 mA 
and uses a crystal or TTL fre­
quency source to generate an 
8- or 10-MHz system clock, re-

spectively, for the 8086 family 
devices. 

The range is completed by the 
SAB 8282A noninverting and 
SAB 8283A inverting octal 
latches and the SAB 8286A non­
i n verting and SAB 8287 A in­
verting octal bus transceivers. 
These devices each have a max­
im um power consumption of 
90mA. 

All of the ICs require a single 
5-V supply, and all are housed in 
20-pin plastic DIPs, except for 
the clock generator-driver, 
which comes in an 18-pin DIP. 

Siem ens AG, Zentralstelle /Ur 
I nformation, Postfach 103, D-
8000 Munich 1, West Germany; 
(089) 2340; Telex: 52 100-25. 
CIRCLE 502 

V .23 modem fits on a single chip 

Besides modulation and 
demodulation circuits, a 
single chip includes all 

the control and timing functions 
needed to implement a CCITT 
V.23 modem having a baud rate 
of 75, 600, or 1200 bauds. 

The XV9001 from Plessey 
Semiconductors incorporates all 
necessary switched-capacitor 
filtering for frequency-shift­
keyed data, including anti-alias­
ing and bandpass filters for the 
input data stream and smooth­
ing filters for the output data 
stream. It generates six FSK 

frequencies between 390 and 
2100 Hz for the different baud 
rates, and all frequencies are ac­
curate to within ± 2 Hz. The 
maximum response time to a 
change of input data is 5 µ.s. 

The chip provides delays for 
the Clear to Send (CTS) and Car­
rier Detect (CD) signals. These 
lines can be overridden by exter­
nally generated signals, allowing 
the IC to be interfaced with 
members of the PIC1650 series 
of microprocessors. 

The device can be used with 
either two- or four-wire systems. 

All data and control inputs and 
outputs are compatible with TTL 
and CMOS logic. 

The chip, which is encapsu ­
lated in a 24-pin DIP, uses a stan­
dard, low-cost 3.58-MHz crystal 
for a frequency reference. Cur­
rent consumption is typically 
20 mA from +5- and -5-V sup­
plies, and the operating temper­
ature range is 0° to 70°C. 

Plessey Semiconductors Ltd., 
Cheney Manor, Swindon, Wilts. 
SN2 2QW, England; (0793) 36251; 
Telex: 449637. 
CIRCLE 501 
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INTERNATIONAL NEW PRODUCTS 

Low-cost IC recognizes 16 words 

A
speech recognition chip 
costing only about Sw. 
fr. 15 handles a vocabu-

1aryof16 words. With the 
HCMOS H6005, from Microelec­
tronic-Marin, trained for a par­
t icular speaker, the recognition 
accuracy is 95 %; for speaker­
independent use, the accuracy 
depends on pronunciation. 

Besides a couple of resistors 
and capacitors, a complete sys­
tem consists of the IC, a low-cost 
electret microphone, an audio 
preamplifier, 8 kbytes of PROM, 
2 kbytes of RAM, a 32-kHz 
watch crystal, and an 8-bit mi­
croprocessor . Software is avail­
able for the Z80 and is being de­
veloped for the 6502. 

The microprocessor's oper­
ating system is held in the 
PROM. The speaker-i ndepend­
ent vocabulary is stored in ROM; 
speaker-dependent systems 
require a person to "train" the 
system before each use, with the 
words placed in RAM. For larger 
vocabularies, two I Cs can be con­
nected in parallel to a 16-bit mi­
croprocessor. 

The IC has a seven-channel 
spectrum analyzer with a fre­
quency range of 150 to 4800 Hz. 
A switched-capacitor filter on 
each channel has a variable 
threshold, and the circuit auto­
matically adjusts to different 
voice volumes. 

The signal from each channel 

is sampled at 128 Hz; this fre­
quency is generated by an inter­
nal oscilllator controlled by an 
external 32.768-kHz crystal. 

The digitized output is placed 
on a seven-line data bus and 
passed to the microcomputer at 
a rate of 896 bits/ s. Software 
held in PROM compares the re­
ceived signal with that of the 
words in RAM and selects the 
nearest word. 

The circuit works from a 5-V 
supply and consumes typically 
150 µA. It comes in a 16-pin plas­
tic DIP. 

Microelectronic-Marin, CH-
2074 Marin , Switzerland; (038) 
352121; Telex: 952790 eem ch. 
CIRCLE 504 

VME graphics board resolves 262,000 pixels 

The EFD-GRCl double 
Eurocard produces me­
dium-resolution graphics 

for VMEbus systems. From 
Thomson-CSF, it uses a 12-MHz 
EF9367 graphics display pro­
cessor to produce a 3-bit-deep, 
512-by-512- or 512-by-256-pixel 
noninterlaced scan. 

The card has 192 kbytes of 
video RAM with a typical cycle 
time of 200 ns-enough to store 
two complete display pages. It 
also has 8 kbytes of RAM and 
32 kbytes of ROM, both with cy­
cle times of 350 ns. 

The board features two dis­
play modes, ASCII and vector 
plotting, plus a fast-writing 
mode (in which the video output 
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is turned off while the display is 
being built up) with an average 
writing speed of 900,000 dots/ s. 
It holds in ROM 95 eight-by­
seven-dot ASCII characters, the 
sizes of which are programmable 
from 1 to 16 dots in each direc­
tion. 

The board has composite 
video, 525- or 625-line CCIR, and 

TTL-compatible RGB video out­
puts, plus a TTL-compatible 
composite sync line. There is also 
a serial RS-232 communications 
interface. 

An EF68121 intelligent pe­
ripheral controller allows a key­
board and printer to be con­
nected . In addition, a light pen 
may be optionally connected. 

The board accepts supplies 
of + 5, +12, as well as - 12 V, 
with a 1.5-A drain on the 5-V 
line. 

Thomso n S emiconductors, 
Communicat ion Department , 
Grenoble, 45 Ave. de l 'Europe, 
78 140 Veliz y , France; (3) 946-
9719; Telex: 204780F. 
CIRCLE 503 



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 
turn , 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. 

CIRCLE 196 

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. 
c 1984 Fujitsu Microe lectronics. Inc. DE~ P '' e trademark of Fuji tsu. 
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INTERNATIONAL NEW PRODUCTS 

Desktop computers are 
compatible with PDP-11 

Two series of desktop or 51/4-
in.-rack-mounted computer 

systems are both hardware- and 
software compatible with DEC's 
PDP-11 minicomputers and suit 
applications ranging from dedi­
cated single-user workstations 
to multiterminal systems with 
16 users. The 6300 series uses an 
11/23 processor, and the 8300 
series uses an 11 / 73 processor. 
Both series employ DEC's Q-bus 
and have 256 kbytes of RAM, up­
gradable to 4 Mbytes, and a 10-, 
20-, or 40-Mbyte Winchester disk 
drive or a 40-Mb yte fixed­
removable drive. A 15-Mbyte 
Pl essey CSV streaming-tape 
system or 48-Mbyte TK25-com­
patible tape cartridges may be 
used as backup. 

Plessey P eripheral Systems, 
Burcot e Road , Towc e st e r , 
Northants. NN12 7P F, E ngland; 
(0327) 51919. 
CIRCLE 506 

Package links IBM PC 
to mainframes, minis 

The WASP (Workstation 
Au tom a tic Seri pt Proces­

sor) software package enables 
an IBM PC or compatible per­
sonal computer to communicate 
with IBM mainframes and DEC 
minicomputers. The package 
runs on the small machine 
under the PC-DOS or MS-DOS 
operating system and has a sim­
ple menu-driven user interface. 
The PC needs a minimum of 128 
kbytes of RAM, one floppy-disk 
drive, and interface hardware 
for IBM 3270 emulation . With 
the package, it functions as an 
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ordinary terminal and links to 
any system including IBM's 
4300, 33xx, 30xx, and System 
34/ 36 / 38, as well as the DEC 
PDP-11 and VAX computers, 
that can attach to an IBM 3270 
or VTlOO terminal. No extra 
software is needed in the host. 

Phi li ps , Data Syst em s Di­
v ision, PO Box 523, 5600 AM 
Eindhoven , the N etherlands; 
(040) 756943; Telex: 51573. 
CIRCLE 507 

Interface module gives 
portable µC analog 1/0 

An interface module fits into 
the storage slot of Com ­

modore's portable SX64 com­
puter, allowing the computer to 
be used for control, data acquisi­
tion, and measurement anal­
ysis. The ADS (analog-digital 
system) module may also be 
used with a Commodore 64 and a 
separate monitor. It has four 
analog inputs and two analog 
outputs, each having a ± 10-V 
range and 12-bit accuracy. There 
also are four digital , TTL-level 
inputs and four 100-V, 0.5-A 
relay contacts. The module sam­
ples each input and updates all 
the outputs- analog, digital, and 
relay-every 7 ms. 

The interface may be pro­
grammed using Commodore 
Basic. It is priced at £500, and a 

complete SX64 system is avail­
able for £1450. 

GIL Microsystems Ltd., Decoy 
Road, Worthing, Sussex BN14 
8N D, England; (0903) 2104 7 4; 
T elex: 8751 5 WISCO G ATT 
MIC. 
CIRCLE 508 

4-to-20-mA converter fits 
inside connection head 

Aremote conversion unit 
for potentiometers and sen­

sors fits into standard industri­
al connection heads and takes 
its power from the signal volt­
age. The LPOl standard model is 
designed for potentiometers 
with a total resistance of 2 to 5 
kfl, with units for other resist­
ances availab le on request. It 
converts the potentiometer set­
ting into a standard 4-to-20-mA 
signal. A fault in the poten­
tiometer will cause the output 
signal to fall below 4 mA or to 
rise above 20 mA. 

Degussa AG, Postfach 110533, 
D-6000 Frankfurt 11, West Ger­
m any ; (069) 2 18 - 28 60 or 
218-2230; Telex: 41222-0 dg d. 
fitted in the meter. 
CIRCLE 509 



DON'T GAMBLE 
WITH YOUR SLOTS 
Play the only sure board level bet Plessey Microsystems 

8 PLESSEV 
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. 

Multibus· 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 110 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 10965. 
(914) 735-4661 or toll-free (800) 368-2738. 

• · ~ Intel. t ' ~ M otorola. CIRCLE 197 

8 PLESSEY 
MICROSYSTEMS 

THE PLOY IS BACK! 
A price deal so good you 

have to call for details. 



NO TIME FOR 
ASSEMBLY 
PROGRAMMING? 

COi *BASIC PUTS YOU 
BACK IN CONTROL. 

CDl' BASIC 
comes in 
3Y1", Slf.1" or 8 ' 
format. 

If you know BASIC •.. 
CDl*BASIC is the BASIC compiler soft­

ware package that helps you write control 
applications, without spending months of 
assembly programming, compiling and de­
bugging. High speed CDI* BASIC- up to 
50x faster than MBASIC- lets you take full 
advantage of the Z80 microprocessor. It is 
real-time, multitasking, and easi ly accom­
modates complex interrupt schemes. This 
BASIC supports Z80 Mode 2 interrupts ! If 
you know BASIC, you're in control. 

ROM able Version 
CDl*BASIC is available in most all CP/M 

disk formats. Use the ROMable version for 
low-cost ROM-based projects without disk 
systems. Both are fu lly supported by CD l's 
full line of STD BUS ca rds and peripherals. 
Our support includes software and hard­
ware development tools. 

Inexpensive Computer Cont rol 
$ 30 for demo package 
$285 for CDl*BASIC-ROMable Version 
$495 for CDl*BASIC-CP/M Version 

(does not produce ROMable code) 
No run-time license fees. 

FREE 
DEMO PROGRAM 

and manual when you send us your 8" CP/M 
diskette and SASE. Please include your phone 
number. 

Call us now. 
There's no excuse for being out of control. 

l(i)) ComP.uter 
LJ[J DYNAMICS 

105 S. Main St. • Greer, SC 29651 

(803) 877-7471 

CIRCLE 198 

NEW PRODUCTS 

PACKAGING & MATERIALS 

Ionizing air blower 
employs 100-cfm fan 

j 

Smaller and lighter than 
most units, the Dynastat 120 

series of ionizing air blowers in­
corporates a fixed or adjustable 
100-cfm fan that provides a 
smooth flow of ionized air to con­
trol static electricity. Adjustable 
fan speeds range from 50 to 100 
cfm. 

An integral heater is available 
to warm the ionized air for oper­
a tor comfort. With the heater 
on, the unit draws 1.3 A-ap­
proximately 50% less than com­
parable blowers. With the heater 
off, the unit draws only 0.3 A. 

The blowers have a primary 
effective range of approximately 
three feet and a maximum effec­
tive range of up to six feet. The 
11-lb units re 61/2 in . wide by 51/4 
in. deep and stand 11 in. high. 

Stat ic I nc., PO Bo x 80, 
Skippack, Pa. 19474; (215) 
584-9604. From $340 to $440. 
CIRCLE 326 
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Keeping ahead . . ... with 

RARE EARTH 
M 

• 

r 
Few industries cal} match the rapid 

technological advance in magnetic 

development over the last decade. 

SHIN·ETSU have led the field and will 

continue to do so. Our wide range of 2 : 17 

type SEREM rare earth magnets offer the 

best for today's and tommorrow's needs in 

electrical and electronic engineering for 

Stepping, Voice coil, Spindle, Coreless 

Motors arid ONFA systems. 

SUPPLY: 
Being part of one of the largest chemical based 
corporations SHIN·ETSU also makes the raw materials 
as well as the magnets, so ensuring a stable supply and 
consistent magnetic properties. 

PERFORMANCE: 
Rare earth magnets offer the best energy per unit 
volume of all p.m. materials optimising efficiency, size 
and strength. 

PRODUCTION CAPABILITY: 
SHIN-ETSU 2:17 magnets are Metallurgically designed 
to ease magnetising and demagnetising in your plant. 

The SEAEM range is available in more than ten magnetic grades and a wide of 
range shapes and sizes Including rings and segments. 

MAXIMUM 
COEACIV1TY ENERGY 

Bf(G) !Hc::(Oe) bHe(Qe) 

PAOOUCT 
(Bl<)~ 
("100e) 

10.500-11.200 7,000-10.500 6,500-10,000 240-30.0 

R25A 9.500-10,500 7.500-11 .000 6.000- 9,000 200-250 

R26H 10.200-11.000 9.000- 14.000 8.000-10,500 25.0-290 

R22HA 9.200-10.500 9,500-14.500 7.500-10,000 20.0-25.0 

R28E 10,000-10,700 6.500-10,000 6.000- 9.000 22.0-28.0 

R24EA 9.400-10.400 6.500-10,000 5,500- 8,500 19.0-24.0 

If you need more information, please contact 

Kinsho Int. Corp. I Shintoa Int. Inc. 

Tel.: (212) 269-9880 Tel.: (213) 977-3852-3 

(). 
9na..J 

SHIN-ETSU CHEMICAL CO. LTD. 
Magnet Dept 

6-1, 2-chome. Oh1emach1. Ch1yoda·ku, Tokyo Japan 
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PACKAGING & MATERIALS 

System adds, repairs 
gold finger contacts 

The CRC 1000 gold contact 
laminating system adds or 

replaces gold finger contacts on 
printed circuit boards. Produc­
tion yields are increased by re­
pairing rejects, and full restora­
tion of traces marred by scratch­
es, corrosion, pits, or voids is ac­
complished by the lamination of 
new, precisely etched, polyimide 
adhesive-backed replacement 
contacts. 

Circuit Repair Corp., 31 ()or­
porat e Plac e-1 28, Audubon 
Road, Wakefield, Mass. 01880; 
(617) 245-1030. 
CIRCLE 327 

Component counter 
eliminates guesswork 

A n electronic counter with a 
.Kfour-digit liquid-crystal 
display counts resistors, diodes, 
and capacitors that are taped 
and reeled . The unit, called the 
Count 2, uses an infrared detec­
tion and counting circuit to 
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determine the number of com­
ponents passed through it. It 
also allows for forwards or 
backwards counting. The tape 
guide is adjustable for any 
width between 1.8 and 4.6 in . 
Rechargeable nickel-cadmium 

batteries allow the Count 2 to 
operate for 10 hours. A plug-in 
power supply is also included. 

Electron ics E xc hange, PO 
Bo x 2537, Falls Church, Va. 
22042; (703) 280-5358. $750. 
CIRCLE 328 

SUPER MINI 100KHZ 
HIGH SPEED AC-DC 

SWITCHING 
POWER SUPPLIES 
UL RECOGNIZED 

PSNSeries 

e UL recognized file E74064, also design­
ed to meet CSA 
e Super mini; very small ; light weight; 
durable 
e Meets FCC Class B requirements 
e Single output from 15 to 150W, 110 VAC 

e Finest quality, yet very competitively 
priced 

Write for information, prices, details today, 
or, communicate with your KSC 
manufacturers' rep. 

543 West Algonquin Road, Arlington Heights, IL 60005 
(312) 981-5655- TELEX: 28-2438 TWX 910-687-2847. 

CIRCLE 200 



PACKAGING & MATERIALS 

Module allows 
close-center probing 

Designed for testing bare 
substr ates on test centers 

down to 0.010 in., a probe module 
contains flexible wire contacts 
i n a dedicated housing that 
matches test points. The wire 
contacts provide a full travel 
ra nge of 0.030 in. and have a 
minimum contact force of 0.5 oz 
(1.25 oz maximum). The module 

NEW PRODUCTS 

uti lizes an Euler-column prob­
ing technique, which can also be 
used to design and manufacture 
custom modules to fit a variety 
of test applications. The max­
imum contact density is 400 con­
tacts/in.2. 

Ev e re tt/Charle s Contact 
Products Inc., 700 E. Harrison 
Ave., Pomona, Calif 91767; (714) 
625-5551. 
CIRCLE 329 

Conductive totes 
protect components 

Conductote is a corrugated 
plastic tote that protects 

sensitive components from elec­
trostatic discharge. Construc­
ted of a carbon-impregnated co­
polymer, the hand ling system 

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. 

I Robinson-Halpern 

One Apollo Road 
Plymouth Meeting, PA 19462 

CIRCLE 201 

\ ~ 

has a volume resistivity of 103 to 
105 Q-cm, which is unaffected by 
long-term use. It complies with 
DOD 263 specifications for con­
ductive packaging material and 
MIL-P-82646. All Conductotes 
are custom-designed to meet 
users' requirements. Sizes can 
be as small as 1 square in. or as 
large as necessary, and there is 
no minimum order size. 

Set Point Paper Co. Inc., 69 
Elm St., Foxboro, Mass. 02035; 
(617) 543-3800. 
CIRCLE 330 

Chrome substrate 
optimizes device masks 

Suitable for most semicon­
ductor printing applica ­

tions, a see-throug h ch rome 
mask material produces better 
resolution and edge sharpness 
than iron oxide. T he SMC 
chrome blank is also an im­
proved version of standard see­
through types. The transmis­
sion, or optical density, of t he 
SMC blank is 2% at 400 nm. Re­
flectivity is approximately 20% 
in both the exposure and align­
ment wavelength ranges. 

Balzers Optical Group, 170 
Locke Driv e , Marlborough, 
Mass. 01752; (617) 481-9860. 
CIRCLE 331 
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NEW PRODUCTS 

SOFTWARE 

Fortran engineering 
arrives for the IBM PC 

In full battle dress 

S
oftware engineering 
techniques and tools have 
been applied to the large 

computers but are only slowly 
appearing for personal comput­
ers. Designed for the IBM per­
sonal computer and compatibles, 
a full set of integrated software 
engineering tools for the design, 
creation, testing, and optimiza­
tion of Fortran programs, 
known as the PC Fortran Pro­
gramming Environment (PC 
FPE), changes all that. 

This tool set, from Sof tool, is 
compatible with the company's 
existing FPEs for larger systems 
such as the DEC VAX. It may be 
used as the software basis of a 
stand-alone Fortran develop­
ment station or with a larger 
system (initially the VAX) for 
development tasks that do not 
require the host processor's full 
power. Tasks such as editing, de­
bugging, documentation, and 
static testing can be offloaded. 

Among the tools are a docu­
menter for setting up standards 
and providing templates; an in­
terface documenter for cross­
references and interfaces; a soft­
ware instrumenter for tracing, 
debugging, testing, and optimi­
zation; a library of existing rou­
tines and code for inclusion into 

RayWeiH 

new programs; and a preproces­
sor to supply structured pro­
gramming constructs for 
Fortran. Additionally, a commu­
nications program can either 
pass files between the VAX and 
the PC or let the PC act as dumb 
terminal for host processing. 
Also, an easily used interface is 
featured that includes 12 vol­
umes of on-line tutorials. 

The PC FPE supports either 
the IBM Professional Level or 
the Microsoft Fortran compiler. 
Fortran developed on the PC can 
be uploaded to the host processor 
and any compiler inconsistencies 
will be flagged by the host sys­
tem FPE. Additionally, an auto­
matic conversion translator pro­
gram for Fortan (FACT) is 

available; residing in the VAX, it 
translates Fortran from the 
VAX into the PC Fortran subset 
for execution on the smaller 
system. 

An IBM or equivalent PC with 
a minimum of 256 kbytes and 
two floppy disks is required for 
the package, but the use of 640 
kbytes and a 10-Mbyte hard-disk 
drive will increase performance 
substantially. An Intel 8087 
math coprocessor will also im­
prove performance. 

Priced at $1495 for a single 
copy, the PC FPE will be avail­
able in February. 

Softool Corp., 940 S. K ellogg 
Ave., Goleta, Calif 93117; (805) 
964-0560. 
CIRCLE 312 
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IEEE-488 Interfaces and 
Bus Extende~ For: 

IBM PC, PCjr 
& COMPATIBLES 

DEC UNIBUS, O·BUS 
& RAINBOW 100 

MULTIBUS, VMEbus 
STD & S-100 

Full IEEE-488 functionality, with the most com­
prehensiW language and operating system cMr­
age in the industry. It takes experience to make 
IEEE-488 systems work with nearty 4000 devices 
available from more than 500 different manufac­
turers, and experience is what enables National 
Instruments to take the GPIB to the 
second power and beyond. 

Your perlONll gwirantM of Uft8Ul'llUMCI 
cuatomer au_.t and aatlafacllon. 
CALL 1.aoo.$31..QPIB for lna18nl -
to 100 + man-yeara of GPIB experience. 

~ ~47...-... 7 

,. .... , mlfllHllllTI 
12109 Technology Blvd. 
Auatln, TX 11n1 
1-800-531-SOll 5121250-1111 
Telex: 751737 NAT INST AUS 

IBM and PCir '" trildenWl<s ol lntematiONI Business Machines. MUL Tl· 
BUS IS a trademark DI Intel. DEC. UNIBUS, O·BUS. and - 100 ,,. 
trademarks of Dfottal Equipment Corporation 

CIRCLE 202 

NEW PRODUCTS 

SOFTWARE 

Schematic entry software 
also programs logic 

A software package that 
runs on all models of the 
IBM PC and their look­

alikes enables an engineer to en­
ter schematics, then translate 
(compile) those schematics into 
programming patterns for all 
existing PAL and IFL (integrat­
ed fuse logic ) devices, bipolar 
P ROMs, and CMOS EPROMs 
and EEPROMs. The patterns are 
in t h e standard JEDEC file 
format and can be downloaded 
into any logic programmer over 
an RS-232 link. 

Previously, engineers were 
li mited to describing their pro­
grammable logic functions in 
Boolean equations and function 
tables, a tedious process at best 
and one more suited to mathe­
maticians or logicians. The sche­
matic method permits engineers 
to work with the system in the 
same way that they think about 
their design . The software also 

Curtis Panasuk 
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permits a user to enter his func­
tions with equations and tables. 

Assisted Technology's pack­
age , known as CU PL-GTS, 
comes with a mouse and a graph­
ics board that works with the 
IBM monochrome video control­
ler board, increasing the display 
resolu t ion of the IBM monitor 
from 720 by 352 pixels to 1056 
by 360. This increased resolution 
makes possible a menu interface 
with full command names and a 
more readable representation of 
logic functions. 

Available functions include 
AND , NAND, OR, and NOR 
gates; three-state buffers; and 
four types of flip-flops . Users 
can pick one of these, specify pa­
rameters, t hen connect the in­
puts and outputs. 

The package sell s for $4995. 
Delivery is from stock. 

Assisted Technology Inc., Suite 
150, 2381 Zanker Road, San Jose, 
Calif. 95131; (408) 942-8787. 
CIRCLE 315 



NEW PRODUCTS 

SOFTWARE · 

Design tool compiles 
logic-device schematics 

W ritten in C for easy port­
a bi li ty, A+ Plus allows 

users of erasable programmable 
logic devices (EPLDs) to enter 
designs using logic schematics. 
Other input formats include in­
teractive net lists, state dia­
grams, and traditional Boolean 
equations. A+ Plus runs on the 
IBM PC and PC-compatible 
computers, and it is compatible 
with third-party programmers 
such as Data I/O and Stag ma­
chines. 

The initial release of A+ Plus 
is supplied on 51/4-in. diskettes 
and includes IBM-compatible 
device programming hardware 
for Altera's family of EPLDs. 

Altera Corp., 3525 Monroe St., 
Santa Clara, Calif 95051; (408) 
984-2800. $2500. 
CIRCLE 332 

Simulation program 
optimizes design cycle 

The latest member of the 
TEG AS family of CAE soft­

ware, TEXSIM/ B (TEGAS Ex­
tended Simulator/ Behavioral) is 
a comprehensive simulation 
package for printed circuit board 
design and semicustom and full­
custom IC design. TEXSIM / B 
supports a hierarchical design 
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approach with mixed-level simu­
lation (simulation of a circuit de­
scription with a combination of 
behavioral, gate, and transistor 
elements). 

The software is currently 
available on Calma systems for 

approximately $70,000 and will 
be offered on the Apollo-based 
TEG AStation in early 1985. 

Calma Co., 2 901 Tasman 
Drive, Santa Clara, Calif 95050; 
(408) 970-1679. 
CIRCLE 333 

~How to save ss,ooo and more 
on v rogram. 

Model FCC 1-3 shown 

Our Interference Measuring System 
outperforms spectrum analyzers and 
outside labs ... for a lot less cost. 

When testing your product to meet FCC, 
VOE or MIL emissions compliance stan­
dards, there are three ways you can go. 

First, you can choose an outside lab. 
This can be inconvenient, unreliable, 
and time consuming. 

Second, you can do the testing with 
a spectrum analyzer. Fine, if you don't 
mind spending at least $5000 more than 
you have to ... not to mention having 
to put up with the demanding "peak" 
mode it measures, rather than CISPR. 

Or, you can do it yourself, with Chase­
Schwarzbeck Interference Measuring 
Receiver, the HFR 2000. 

Results you need ... at savings that 
may surprise you. 

With the Chase-Schwarzbeck solution, 
you can test for conducted emissions 

CIRCLE 203 

standards by purchasing our FCC 1 Sys­
tem for $5,000 to $15,000 less than a 
spectrum analyzer. 

You'll also enjoy: 
• Automatic push-button calibration for 
assured accuracy • Digital display of fre­
quency and attenuation • Switchable 
detector - CISPR/Average/ Peak • Por­
tability (under 20 lbs) • Optional battery 
pack for remote operation 

Now you can do your own compliance 
testing efficiently, easily, and for thou­
sands of dollars less than ever before. 

For more information on our complete 
line of receivers and measuring acces­
sories, and the three dimensions of 
Schaffner EMC, call or write today. 

Schaffner is the exclusive North America 
agent for Chase-Schwarzbeck. 



SOFTWARE 

Equation processor 
runs on IBM PC 

Aprofessional math tool for 
the IBM PC, Equate allows 

up to 799 equations to be entered 
anywhere on the screen using 
standard algebraic notation. The 
interactive constants window 
contains over 400 physical con­
stants and measurement con­
versions, which can be inserted 
into the equation. The user can 
also add equations or other con­
s tan ts to the window. When a 
function key is pressed, Equate 
evaluates the equations, 
prompts for undefined variables, 
and produces double precision 
(16 digit) results. 

The program's forms feature 
helps create application work-

NEW PRODUCTS 

sheets by prompting the user for 
data and arranging all results 
into tables. Supplied with 
Equate is a disk that contains 
worksheets for solving simul­
taneous equations, calculating 
standard deviation and vari­
ance, and calculating area and 
moments of inertia for the prin­
cipal shapes. 

Banyan Systems Corp. , 5632 E. 
Third St. , Tucson, Ariz. 85711; 
(602) 745-8086. $195. 
CIRCLE 334 

Program backs up 
µChard disk 

Competing with streaming 
tape backup systems costing 

up to 15 times as much is a soft-

ware program that backs up and 
restores any or all files on a 
microcomputer's hard disk. Un­
like streamers, which copy the 
entire disk, Bakup software cop­
ies only those files that have 
been altered or changed. In addi­
tion, it automatically creates a 
data base of backup information 
from which files can be chosen 
for restoration. The Bakup pro­
gram also prints a variety of 
reports and features context­
sensitive help screens. The pro­
gram runs on an IBM PC XT or 
compatible computer and re­
quires 256 kbytes of memory. 

lnfoTools Inc., 1138 Pomeroy 
A ve., Santa Clara, Calif 95051; 
(800) 538-8157 or (408) 246-3462. 
$149.95. 
CIRCLE 335 

EMI PROBLEMS? 
EMl/RFI suppression 
problems solved by 
Equipto Electronics 

Our unique new stainless steel cabinet design plus the 
application of new high-tech gasketing material provides 
the most advanced electronics cabinets available for sup­
pression of radio frequency interference ( EMI/ RFI) . 

Our new High Reliability cabinets overcome the prob­
lems inherent in previous shielding systems. where galvanic 
reaction between the dissimilar metals used caused rapid 
deterioration of shielding ellectiveness. 

Equ ipto Electronics' new cabinet design also eliminates 
the need for special hardware that restricts access to the 
cabinet interior. The new line is ollered with the modularity 
of Equipto's industry-leading non-RF! cabinets. 

Write for a free TECHNICAL GUIDE 
and further information on Equipto's 
new line of High Reliability EMI/RFI 
suppression cabinets. 

Who You Gonna Call? 

EAGLE MAGNETIC CO., INC . 
. ~:~ Magnetic Shields (CRT·XTM·PM) Sheet & Foil 
. \~ 317-297-1030 

P.O. Box 24283 Indianapolis, Ind. 46224 
CIRCLE 205 



NEW PRODUCTS 

DIGITAL ICs 

Preprogrammed µC 
directs speech chip 

for simple, compact voice 1/0 

To make the task of build­
ing a speech recognition 
and synthesis system 

simpler, the VRSlOOO, a single­
chip microcontroller has been 
preprogrammed to complement 
the SPlOOO speech-processing 
chip that General Instrument 
introduced about a year ago. The 
controller (a PIC-7040 micro­
computer) thus becomes the 
first chip to contain all the con­
trol software so that very simple 
and compact systems can be 
built to add speech recognition 
or synthesis to personal com­
puters and other digital sys­
tems. 

The algorithms in the control­
ler's ROM let the device control 
the SPlOOO and feed it stored 
speech from an external ROM 
for synthesis or perform 
speaker-dependent discrete­
word recognition with an accu­
racy of up to 98%. 

In a typical application, the 
pair of chips could be set to rec­
ognize between 10 and 20 user­
defined words from a given list 
and switch between lists by 
means of a menu. Consequently, 
although the instantaneous size 
of the vocabulary is only about 20 
words, the actual number of 
words can be extended almost in­
definitely (limited only by the 

Dave Bursky 

system's memory capacity). 
The speech chip can readily 

be connected to most 8-bit mi­
croprocessor buses and is pro­
grammed via four user-accessi­
ble registers. The heart of the 
chip is a filter block that oper­
ates as an eight-stage all-zero 
lattice filter in the analysis mode 
and as a 10-stage all-pole lattice 
filter in the synthesis mode. 

Like the speech processor, the 
controller is fabricated in 
NMOS, operates from a 5-V 
supply, and consumes about 
500 mW. Unlike the speech chip, 
though, which is housed in a 
28-pin package, the controller 
comes in a 40-pin DIP. 

To evaluate the chip set, the 
company offers a board that can 
plug into a long card slot in most 
IBM-compatible personal 
computers. On the VRSMlOOO 
board, which comes with disk-

based demonstration and inter­
face software, are the two chips 
as well as a ROM with several 
words of prepared speech, plus 
support circuits for both syn­
thesis and recognition. What's 
more, a board developed by Tel­
innovation can be used in con­
junction with the VRMSlOOO to 
develop speech utterances (see 
p. 422). 

The chip set, but not the eval­
uation board, is aimed at OEM 
systems. It will cost just $12. 77 
apiece in 10,000-unit quantities. 
The board is priced at $500 in 
single-unit quantities and comes 
complete with manual, software, 
and microphone. All items are 
available from stock. 

General Instrument Corp., 
600 W John St., Hicksville, N. Y. 
11 802; Jan et May , (516) 933-
3280. 
CIRCLE 310 
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d 
It 

twas engineered and 
~for heavy usage, 
~handling, low cost, and easy 
maintainability. 

The model 1080 
mechanism 
produces a 
ticket a 

second at 1100 CPS on two-inch 
wide electro-sensitive paper. The 
model 1110 prints at speeds up to 
2200 CPS on four-inch wide paper. 

The SCI Rotary Printer is avail­
able as a standalone unit with RS 
232C serial or industry standard 
parallel interface, or as a 
mechanism for incorporation into 
your products. 

To learn more about how these 
printers can meet your needs, and 
for confidential OEM pricing call 
or write: 

SCI SYSTEMS INC. 
PRINT E R DIVIS ION 

1866 INDEPENDENCE SO. 
ATLANTA, GA 30338 

404/396-3428 CIRCLE 206 
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DIGITAL ICs 

8-bit microcomputer 
contains 64-kbit EPROM 

Based on the popular 8-bit 
8051, the Am9761H 
contains 64 kbits of 

EPROM, the largest amount of 
EPROM storage available on a 
single-chip microcomputer 
and twice the amount on the 
EPROM version of the 8051, the 
8751. Consequently, it can take 
on new and larger control appli­
cations while saving the de­
signer 12 to 16 weeks' lead time 
over a standard ROM-based 
implementation. 

Completely pin-compatible 
with the 8051, the NMOS device, 
from Advanced Micro Devices, 
runs at a maximum of 12 MHz. 
Among its important features 
are 128 by 8 bits of RAM, four 
8-bit ports, 32 I/O lines, two 
16-bit timer-counters. Other no­
table hardware includes a Bool­
ear1 processor, a programmable 
serial port, and five interrupt 
sources with two priority levels. 

I n addition, the device ad-

Heather Bryce 
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dresses 64 kbytes each of pro­
gram memory and data memory 
and performs a multiplication or 
division in four cycles. Four 1/0 
ports add to the microcompu­
ter's flexibility. 

Programming is a simple 
matter, involving writing into 
the EPROM while applying a 
21-V programming voltage. The 
21-V source must be well-reg­
ulated and glitch-free to prevent 
spikes that cause permanent 
damage to the device. A security 
bit guarantees against un­
authorized access to the 
EPROM's contents. 

The chip is available now, 
with production quantities 
requiring four to eight weeks for 
delivery after the receipt of an 
order; it costs $105 apiece in 
100-unit lots. The "H" suffix in­
dicates operation over the com­
mercial temperature range. 

Advanced Micro Devices Inc. , 
4115 Freidrich Lane, Austin, 
Texas 78744; (512) 441-6900. 
CIRCLE 308 



DIGITAL ICs 

Logic array is 
reprogrammable 

Des i gned with CMOS 
EPROM technology, a re­

programmable logic device has 
1200 gates and more than 14,000 
reprogrammable bits. Desig­
nated the EP1200, the array 
features dedicated latchable in­
puts, local and global communi­
cations, product-term sharing, 
buried registers, and program­
mable I/O structures. The de­
vice-which comes in a win­
dowed 40-pin ceramic DIP-is 
capable of operating at speeds 
above 16 MHz, while dissipating 
only 400 mW in the active mode. 
Standby power dissipation is 
only 15mW. 

Altera Corp. , 3525 Monroe St. , 
Santa Clara, Calif 95051; (408) 
984-2800. $129. 50 (100 units) . 
CIRCLE 336 

Image processor chip 
handles 5 MIPS 

Due to the use of a non-von 
Neumann a rchitectu re, a 

si ngle-chip image processor is 
capable of processing 5 mill ion 
instructions/s. Furthermore, up 
to 14 of the uPD7281D chips can 
be cascaded to ac h ieve even 
greater processing speeds. When 
installed in a personal computer, 
the image processor can rotate 
graphics or pictures of 640 by 
400 pixe ls to a ny angle in no 
more than 1.4 seconds. 
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In addition to image pro­
cessing, the uPD7281D can be 
used for high-speed signal pro­
cessing and numerical calcu­
lations. It features an on-chip 
16-by-16-bit multiplier, which 
has multiplication times of up to 

200 ns. Available instructions in­
clude barrel shift, bit operation, 
and bit check. 

NEC Electronics Inc., 401 Ellis 
St. , Mountain View, Calif. 94043; 
(415) 960-6000. 
CIRCLE 337 

ring the full spectrum of your 
telecommunications needs. 

Solve your telecommunications design problems with Teltone·s complete family 
of telecom IC's. You'll find innovative, up-to-the-moment single-chip and hybrid 
generators. detectors. receivers and relays - all backed by Teltone 's commitment 
to performance, reliability and quality. 
Leading the Industry In Designing the first call 
DTMF technology. progress IC's. Need to 
Consider the M-9 5 7, a monitor for or generate 
monolithic 22-pin CMOS dial tone. circuit or station 
DTMF receiver. It needs busy, audible ringing and 
fewer support compo- other call routing tones? 
nents, so designs can be Tuke a look at our exciting 
simple and use a 8-pin CMOS M-980 Call 
minimum of space. The Progress Tone Detector 
new M-958 Is a hybrid or our unique new 14-pin 
PCM-compatible DTMF CMOS M-991 , the only 
receiver that is dial tone Call Progress Tone 
immune and packs µ-Law Generator on the market. If 
or A-Law PCM input at up you require precise 
to 3 MHz into a single detection of the four 
22-pin package. common call progress 

tones (3 50, 440.480 and 
620 Hz). Teltone has a 
22-pin CMOS solution for 
you called the M-982 . 

A reputation for telecom 
Innovations. Rounding 
out our complete family 
of telecommunications 
components are the 
M-949 Line Sense Relay 
and the M-959 Dial Pulse 
Counter and Hook Status 
Monitor. The M-949 is a 
small PWB-mount loop 
current detector that. 
when connected to the 
tip and ring voice pair of 
an ordinary telephone 
line, responds to currents 
of 18-12 5 mA with a I 
form A relay closure. The 
CMOS M-959 features 
independent hook status 
monitoring and includes 
time-guarded dial pulse 
counting and pin­
selectable dialing speeds 
of 10 or 20 PPS. 

For more information on components from the leader in telecom technology, call 
Teltone today: 1·800-227-3800, ext. 1130. 

\CEL1:QNE® 
Teltone Corporation , the telecommunications company. P.O. Box 657 , Kirkland. WA 98033 . 
In the east call : Teltone Corporation. (904) 262-691 0. In Canada . contact: Teltone Ltd .. 
183 Amber Street. Markham. Ontario L3R 384 . (4 16) 47 5-0837. 
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2-GHz synthesizer chip 
reduces system costs 

§,I - I(--,.,,,::-'. l . c.;=;i ~ 
·r L '"-1. L· ~:~'".J ·; - · .-::-

. . ~P:1·[1· '" 
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PLESSEY S PSOS0 /1 

Designed for use in satel­
lite, TV, or cable TV re­

ceiver devices, a 2-GHz single­
chip frequency synthesizer 
reduces development costs by 
eliminating the need to match a 
divider with the synthesizer. 
When used with a voltage­
controlled oscillator, the IC 
creates a complete phase­
locked-loop system capable of 

NEW PRODUCTS 

synthesizing a range of fre­
quencies from 64 to 2048 MHz. 

Housed in an 18-pin DIP, the 
SP5050 consists of a divide-by-
32 prescaler with its own pream­
plifier and a 14-bit program­
mable divider controlled by a 
serially-loaded data register. 
The device is also available 
without the preamp, designated 
the SP5051. 

Plessey Solid State, 3 What­
ney, Irvine, Calif 92714; (714) 
951-5212. $20. 
CIRCLE 338 

60-cell library backs 
CMOS gate arrays 

Two families of CMOS gate 
arrays are supported by a li-

brary of 60 predefined macro­
cells, including master-slave 
flip-flops and compound latch­
es. The PCC/ PCF arrays have 
330, 450, 700, and 1100 gates. The 
high-speed family has typical 
gate delays of 2.6 ns at 5V (25 °C) 
and an operating voltage range 
of 2 to 6 V. The medium-speed 
arrays have typical gate delays 
of 8 ns at 5 v (25 °C) and an oper­
ating voltage range of 3 to 15 V. 
A variety of DIP and SO pack­
ages is available. 

Signetics Corp., 811 E. A rques 
A ve., Sunnyv ale, Calif 94086; 
(408) 739-7700. 

Philips Elcoma, PO Box 523, 
5600 AM Eindhoven, the N eth­
erlands; (040) 757005; Telex: 
51573 
CIRCLE 339 



NEW PRODUCTS 

COMPONENTS 

Thin-film heads serve 
1200-tpi drives 

A 
series of thin-film read/ 
write heads is one of the 
first to meet the needs of 

advanced hard-disk drives hav­
ing densities in excess of 1200 tpi. 
The 1200 series, an addition to 
Read-Rite's RR-1212 line, will 
handle a data track width as thin 
as250 µin. 

The heads are intended for 
new-generation, high-capacity 
hard-disk drives employing ad­
vanced servo-tracking tech­
niques to increase track densi­
ties and higher data tr an sf er 
rates to handle greater bit densi­
ties. 

The heads are built by sputter­
deposi ting magnetic poles on 
and plating copper coil windings 
onto the ultrasmoooth surface of 
an alumina and titanium carbide 
substrate. The heads have two 
rails (one for writing, the other 
for reading), each 0.030 in. wide. 
The metal poles are deposited on 
these rails. 

The write head is specified for 
a 1600-µin.-wide top pole and a 
1750-µin .-wide bottom pole; the 

Stephan Ohr 

read head, for 700 µin. for the top 
pole and 850 µin. for the bottom 
pole . Together, they produce 
head gaps of 38 and 30 µin., re­
spectively. 

The coil structure of the head 
consists of 24 center-tapped 
turns. With a flying height of 
13.5 µin. ( + 1.5 µin .), a 45-mA 
write current, and a 3600-rpm 
disk speed, the heads will pro­
vide a minimum amplitude of 
400 µ V into an industry-stan­
dard SSI-104 read channel. Un­
der these conditions, the signal­
to-noise ratio is better than 30 
dB. 

The recommended suspension 
consists of Whitney flexures 
with about 15 grams of pressure. 

Evaluation samples of the 
heads are available now at a 
price of $100 each, with a min­
imum order being 10 pieces. In 
very large OEM quantities, how­
ever, the price will approach that 
of ferrite heads (approximately 
$15 each). 

R ead-Rite Corp., 345 Los Co­
ches St. , Milpitas, Calif 95035; 
Fred Barez, (408) 262-6700. 
CIRCLE 318 
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frequency 
doublers 
+ 1 to + 15 dBm input 

l to 1000 MHz 
only $21 95 <s-24) 

AVA ILABLE 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 hsted 

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 

600-1 000 MHz F1 - 20 - 15 
F3 - 30 - 25 

For complete specifications and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory , the Goldbook or EEM. 

finding new ways . . 
setting higher standards 

t:;I Mini-Circuits 
A Drv1s1on of Sc1e nt1hc Components Corpora11on 

World's largest manufacturer of Double Balanced Mixers 

2625 E. 14th St. B'klyn , N.Y. 11235 (718) 769-0200 
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FULLY 
ASSEMBLED 

AND 
SCREENED 
LEADLESS 

CHIP 
CARRIERS 
For Military 
APPiications 

• ASSEMBLY, FULL TESTING 
AND SCREENING 

• CUSTOM IZED TO 
SPECIFIC REQUIREMENTS 

• PROCESSED TO GROUP 
A, B, C AND D MIL-STD-883 
REQUIREMENTS 

Solitron, the leading manufacturer 
of hi-rel semiconductor chips , 
now offers capabilities beyond im­
agination to users of custom 
leadless chip carriers. 
Whatever your app licati ons, 
whatever your specifications, you 
can depend on the rel iability of 
Solitron's leadless chip carriers. 

For complete information, 
call Sales Dept. toll free 

1-800-327-8462. 

E3olitron 
DEVICES, INC. 

1177 Blue Heron Blvd. 
Riviera Beach. Florida 33404 

(305) 848-4311 /TWX: (510) 952-7610 

CIRCLE 210 
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Packaged wire-form 
connectors have contacts 

"

established, reliable 
mating technique that 
promises to outlast the 

printed circuit board itself is 
now implemented for the first 
time in dual-contact form. The 
DRP series of Digi-Klip card­
edge connectors, from Com­
ponents Corp., consists of free­
standing wire connector, formed 
from a tough beryllium-copper 
alloy wire that holds tight and 
keeps on gripping. 

Available earlier as single­
contact units (the SRP series), 
the connectors are packaged in 
plastic carrier strips that make 
mounting and positioning easy. 
Previously, wire-form card-edge 
connectors, which give the tight­
est contact, have only been avail­
able unpackaged, so that they 
needed to be individually sol­
dered on to the motherboard. In 
addition, they were limited only 
to single-contact versions. 

The connectors mate so tightly 
that they form a gas-tight con­
tact. Thus they eliminate the 
need for precious metal plating 
on the connector and the circuit 
board tab. 

The combination of the wire 
form, the beryllium-copper al­
loy, and a proprietary heat­
treating process that optimizes 
the temper after the alloy has 
been formed into the desired 
shape produces contacts that 
maintain their tight spring-in 
tests at the company, the connec­
tors required the same extrac-

Carole Patton 
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tion force even after 5000 mating 
cycles. 

After soldering, the plastic 
carriers can be removed by the 
motherboard maker after the 
normal washing cycle or left in 
place as a protective device until 
the product is used. They are 
removed with a special tool, 
much like an IC extractor, and 
can be either disposed of or rec­
ycled back through Components 
Corp. for credit. 

Carrier-strip contact spacing 
is available in popular incre­
ments of 0.100, 0.125, 0.150, or 
0.156 in., and row spacing is the 
standard 0.200 in. Any number 
of contact points can be specified 
so that no terminal positions go 
unused, and the price depends on 
the number of contacts specified 
per strip. 

Standard configurations are 
available from stock; custom 
configurations take four to six 
weeks. A subminiature version 
is scheduled for availability in 
June. 

Components Corp., 6 Kinsey 
Place, Denville, NJ. 07834. (201) 
627-0290. 
CIRCLE 322 
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EL flat panel slims down to 3/4 in. 

in virtually all lighting condi­
tions, whereas the readability of 
LCDs depends on the ambient 
light . 

0 nly the second electro­
luminescent flat-panel 
display subsystem to 

appear commercially with a 
CRT-sized screen for computer 
systems, the EL6648 MX from 
Planar Systems is onl y 3/4 in. 
thick and takes up a mere 5% of 
the volume of a comparable 
CRT. 

The panel has a matrix of 256 
rows by 512 columns (131,072 
pixels), for a display of 25 lines 
by 80 characters of text or graph­
ics. It is housed in a package 5.7 
in. high by 10.3 in. wide and 
weighs only 16 oz. 

are responsible for trimming the 
package size from 1.8 in., the 
thickness of t he one previous 
computer-sized EL display (also 
made by Planar Systems). 

Compatible with many exist­
ing CRT control lers, the panel 
uses two driver chips for the 
rows and two for the columns. It 
is designed to operate from 0° to 
55°C and to be stored at - 40° to 
+75°C. 

Shipments begin this month 
at $775 each in orders of 1000 
units. The price is $1750 for up to 
4 units and $875 for 25 to 49 units. 

Extensive use of custom ICs 
and surface-mounted packaging 

Although the unit draws more 
power than thin-panel liquid­
crystal displays, its 6 to 8 W 
typical, 15 W maximum, is still 
much lower than a CRT's power 
consumption. Also, it operates 

Planar Systems Inc. , 1400 NW 
Compton Drive, Beaverton, Ore. 
97006; (503) 629-2006. 
CIRCLE 304 

Die-Tech's RE-LI-ON connectors provide superior 
mechanical and electrical interconnection. Surface or 
through - board mounting , these durable receptacles 
mate with .025 sq. pins. 

The RE-LI-ON connector provides the versatility of a 
box connector with the accuracy and flexibility of a sep­
arate beryllium copper contact spring. Available in sin­
gle or double row on .100 centers, in 3 thru 33 posi­
tions. 

For more information on Die-Tech 's RE-LI-ON con­
nectors, write or call : Die-Tech , Inc., R.D. #1, Sipe 
Road, Box 518A, York Haven, PA 17370, (717) 938-
6771 . 

Engineered productivity. 
CIRCLE 211 

High quality -~ 
low cost cables 
within 24 hours! 

Compare Craig prices for 
RS232C Extended Distance Data Cables 

EDC04 $11 both ends + .20 per ft .- 1000 ft. reel - $93 
EDC08 $12 both ends + .20 per ft. -1000 ft. reel-$149 
EDC12$12bothends + .40perft. -1000ft.reel-$215 
EDC25 $16 both ends + .60 per ft. -1000 ft. reel- $384 

RS232C AB DATA SWITCHES - Now only $79 each 

FREE GENDER MENDER WITH FIRST $100 ORDER! 
To order or request literature, 

call toll-free 800-243-5760. In CT: 356-9315 

EiCR~IGiil 
DATA CABLE 

652 Glenbrook Road, Stamford , CT 06906 

CIRCLE 212 
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Quartz oscillator has 
low phase noise 

Aminiature ovenized quartz 
oscillator uses SC-cut crys­

tals to achieve low phase noise, 
low power consumption, and 

NEW PRODUCTS 

good thermal stability for fre­
quencies between 3and11 MHz. 
SSB phase noise for the Small 
Fry series 5-MHz oscillator can 
be specified to -140 dBc at 10 
Hz from the carrier and better 
than - 165 dBc at 1 kHz from the 

Standard Format ... Interchangeability Guaranteed! 
It's easy to see why OEMs are getting excited about The 
Mainstreamer! 
- At $1850; the price is right! 
- At 57% smaller than Cipher, the size is right! 
- At 53% lighter than Cipher, the weight is right! 

The times demand smaller, lighter, more cost-competitive OEM 
designs. And the Mainstreamer is right for the times. 
- Storage of up to 136M bytes per reel. 
- Transfer rates of 20K to 160K bytes/second . 
- 800 bpi NAZI, 1600 and 3200 bpi PE. 
- Cipher/ Pertee interface. 
- Internal diagnostics. 
- Mounting options: door, drawer or table top. 

The IBEX Mainstreamer. It's simple, reliable and quiet. It's right for 
your systems of the future, because it's Right for the Times. 

Call , TWX or write today for the rest of the story. 
·oEM quantities, 1600 bpi PE format, domestic prices. 

I B E X 
Right for the Times 

IBEX COMPUTER 
CORPORATION 

IBEX COMPUTER 
CORPORATION 

20741 Marilla Street Eastern Regional Office : 
Chatsworth , CA 91311 2 Industrial Way 
(818) 709-8100 Salem, NH 03079 
TWX 910-493-2071 (603) 893-7036, 893-7037 

CIRCLE 213 

.. 
( 

carrier. For 10-MHz models, the 
respective figures are -135 dBc 
and -165 dBc. The device con­
sumes less than 1 Wat 25 °C, 
while maintaining a typical 
temperature stability of ± 2 X 
10 - 9 from - 25° to +65°C. The 
Small Fry comes in a package 
size of 1.5 by 1.5 by 3 in. 

W enze l Associat es Inc. , 
11124-B Jollyville Road, Austin, 
Texas 78759; (512) 345-2703. 
From $510 to $780. 
CIRCLE 340 

UV fluorescent lamp 
is just 23/s in. long 

One of the smallest ultra­
violet fluorescent lamps on 

the market is 23/s in. long and 
only 3/s in. in diameter. Despite 
its small size, the 1-W Model 
BF959 delivers 300 µW I cm 2 of 
intensity and is rated for 20,000 
hours. The UV fluorescent lamp 
is also available in a 1.6-W con­
figuration . This version offers 
an intensity of 600 µ W / cm 2

, 

however, the rated life drops to 
10,000 hours. 

JKL Components Corp., 13343 
Paxton St., Pacoima, Calif. 
91331; (818) 896 -0019. From 
$4.20 (100 units); stock. 
CIRCLE 341 
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Film chip capacitor 
comes in mini cases 

I n keeping with the trend 
toward miniaturization, the 

MKT 1824 metallized-film chip 
capacitor comes in three sizes 
with maximum lengths of 4.2, 
5.7, and 7.5 mm. All three sizes 
are rated for 63 V de . Capaci­
tance values range from 0.01 to 
0.15 µF for the 4.2- and 5.7-mm­
long devices and from 0.01 to 
0.22 µF for the 7.5-mm-long 
chip. The MKT 1824 capacitor is 
suitable for wave soldering up to 
260°C (for 5 seconds) and reflow 
soldering up to 260 °C (for 10 
seconds). 

Roederstein Electronics Inc., 
PO Box 5588, 2100 W. Front St. , 
Statesville, N. C. 28677; (704) 
872-8101. 
CIRCLE 342 

Tactile-feel keypanel 
weathers > SM cycles 

The Microkey Elastomer 
MKE keypa nel features a 

proprietar y silicon rubber 
dome-switch mat that provides 
true breakover tactile feel and 
reliability in excess of five mil­
lion cycles. The switch mat also 
offers spill proof ESD protection 
to the keypanel's circuitry. Con­
tact resistance is 200 Q maxi­
mum with a 5-ms bounce. Prices 
as low as $0.15 per key station 
(for large quantities) make the 
MKE cost competitive. 

Advanced Input Devices, W. 
250 A.I.D. Drive, Coeur d'Alene, 
Idaho 83814; (208) 765-8000. 
CIRCLE 343 
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NEW 
R5635 CCITT V22 bis. full-duplex Switched-Capacitor Filter l.C. with MUXes. 

R5636 Bell 201/CCITT V26 combo filter l.C. 

R5637 Bell 208/CCITT V27 combo filter l.C. 

R5638 Bell 209/CCITT V29 combo filter l.C. (available Dec.'84). 

R5630 Bell 103, full-duplex filter l.C. with MUXes. 

R5631 CCITT V21. full-duplex filter l.C. with MUXes. 

R5632 Industry Standard, Bell 212A/CCITT V22 full-duplex combo filter l.C. 

R5633 Selectable filter array l.C. for 103, V21, DTMF and Videotex applications. 

R5626 Mask programmable to your specification. 

Contact: EG&G Reticon 345 Potrero Avenue, Sunnyvale, CA 94086-4197 (408) 
738-4266 TWX 910 339-9343; or, Chicago (312) 640-7713; Boston (617) 745-7400; 
Japan 03-343-4411; England (0734) 788666; Germany (089) 92692-666. 

n EGIZG RE'flCO~l ~~WHERE VISION AND TECHNOLOGY MEET 
CIRCLE 214 
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Film capacitors meet 
international standards 

Designated the ECQ-UN 
series, a family of metal­

lized-film capacitors is ap­
proved by most international 
standards agencies, including 
UL, CSA, VDE, SEMKO, and 
SEV. The universal capacitors 
are suitable for across-the-line 
applications meeting UL/ CSA 
standards and class X applica-

NEW PRODUCTS 

tions meeting European stan­
dards as interference suppress­
ors. Values ranging from 0.001 
to 0.22 µFare available with 
tolerances of ± 20%. Rated volt­
age is 250 V ac at 50/60 Hz. 

Panasonic Industri al Co., 
Electronic Components Divi­
sion, 1 Panasonic Way, Secau­
cus, N.J. 07094; (201) 348-5246. 
$0.20 (typical); 12 to 14 weeks. 
CIRCLE 344 

Optical interrupter 
uses Schmitt trigger 

Alow-power optical inter­
rupter module employs a 

Schmitt trigger to produce 
switching speeds with rise and 
fall times of 0.1 µs. Designated 

the H21L (with mounting tabs) 
or the H22L (without tabs), it 
consists of a GaAs infrared­
emitting diode coupled to an in­
tegrated circuit detector across a 
3-mm (1/s-in.) sensing gap. Pow­
er consumption is 5 mA at 5 V in 
the detector and 15 mA at 1.6 V 
in the emitter. The H21 / 22L 
operates from supplies of 4 to 15 
V, and its open-collector output 
sinks 20 mA to under 0.4 V. 
Typical applications include 
robot position sensing or shaft 
encoder and positioning in disk 
drives. 

General Electric Co., Power 
Electronics Semiconductor De­
partment, W. Genesee St. , Au­
burn, N. Y. 13021; (518) 454-2533. 
$1.95 (1000 units). 
CIRCLE 345 

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

1. For FASTEST service you must attach 
old mailing label in space below. 

CP/M 2.2 
INCLUDED 

• 4 MH1 Z80A CPU, 64K RAM, Z80A ere, 2732 Boot ROM 

*UNDER $200 IN 
OEM QUANTITIES 

• Mini/Miao Floppy controller (1-4 Drives, Sl~lc/Doublc Density, 1 ·2 sld<d, 40/ 80 track) 

• Onty 5.75 x 7.75 lnchcs, mounts directly to a 5 1/ 4" floppy drtvc 

• 2 R5232C Serial Ports (75-9600 baud & 75·38,400 baud), 1 Ccntronlcs Printer Port 

•Power Requirement: +SVDC at .75A; +12VDC at .OSA/On-board - 1'ZV converter 

• CP/ M 2.2 BDOS • ZCPR3 CCP • Enhanced AMPRO BIOS 

• AMPRO Utilities Included: 
• read/ write to more than 2 doxcn other formats (Kaypro, Tclcvld<o, IBM CP/ "'86 .. .. ) 
• format disks for more than a dozen other computers 
• menu-based system customization 

• BIOS and UtJlltJn Source COdc Available 

• SCSl/ PlUS Adapter: 
•Mounts dirc:ctfy to Little Board • SI.wt 1/ 0 board control • Full ANSC X3T9.2 
• 16 bidirectional 1/ 0 lines • $99/ Qu1ntlty 1 

Distributor /Dealer / Reps 
Inquiries 111Vlted 

ZPIJA IS " registered trademart °' blog, Inc 
COMPU TERS. INCORPORATED CP/ M 1sa n~g1stere:d tr~rt ct [)g1ta! ~h 

67 East Evelyn Ave . • MountainView,CA94041. (415)962-0230 · TELEX4940302 
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Keyboard module 
is customizable 

Permanently molded into a 
bezel for front-panel 

mounting, a control-display 
module contains a user-speci­
fied number of dom e switches, 
LED indicators, electronic com­
ponents, and a pin connector . 
The dome switches are actuated 
through auxiliary external cir­
cuitry to deliver up to 10 mA at 
24 V de to the terminals of the 
built-in connector. Actuation of 
the switches also illuminates 
the respective LED indicator. 
The normally open SPDT switch 
contacts have a resistance of 
less than 100 n. 

Tricon Industries Inc., Elec­
tromechanical Division, 2325 
Wisconsin Ave., Downers 
Grove, Ill. 60515; (312) 964-2330. 
CIRCLE 346 

18-wire print head 
performs wire shifting 

A n 18-wire dot-matrix print 
1-'lhead performs print-wire 
shifting, which increases the 
vertical dot density to produce 
letter-quality print and high­
density graphics. The shifting 
motion is completed in 3 to 5 ms 
and requires less than 2 W con­
tinuous. What's more, the head 
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is capable of operating at speeds 
of up to 2000 impressions/s 
per print wire. 

The Series 4500 comprises 
three models, which off er ver­
tical resolutions ranging from 
72 to 240 dots/ in. in single-pass 

and double-pass modes. 
DH T echno logy I nc . , 575 

Maude Court, Sunnyvale, Calif 
94086; (408) 738-2082. From$110 
(OEM quantities); four to eight 
weeks. 
CIRCLE 347 
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Tests also show the GXT plating 
system is better than gold in solderability, 
porosity, bend ductility, and corrosion 
resistance. Yet GXT can reduce costs 
as much as 20%. 

Independent testing laboratories have proved that 
the Du Pont GXT plating system is superior 
to gold in wear resistance, solderability, porosity, 
environmental corrosion resistance and bend 
ductility. And is as good as gold in contact resist­
ance and wire-wrapping performance. 

Moreover, connectors protected by this remarka­
ble new coating system frequently cost considera­
bly less than comparable parts plated with gold. 
For example, savings of up to 20% are possible 
on pins plated with GXT. (Savings depend on the 
price of gold and upon the amount of gold being 
replaced.) 

GXT is a trademark of the Du Pont Company. 
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WEAR CYCLES 

GXT assures minimum 
contact resistance after wear 
and exposure to H2S 
By 25,000 cycles, gold shows contact resist­
ance increases to 4,000 milliohms or higher. In 
contrast, GXT shows excellent electrical per­
formance even after 25,000 cycles. 

Berg Electronics is now 



In these tests, other gold substitutes didn't meas­
ure up to GXT, either. In porosity, solderability, 
intermetallic growth, bend ductility, internal stress, 
and manufacturing process stability, the GXT 
plating system clearly outperformed all other gold 
alternatives including other palladium-nickel and 
pure palladium coatings. 

In fact, in no test did any gold substitute­
or gold itself-outperform GXT. 

GXT plating, an exclusive Du Pont development, 
is now available on DuPont's 0.025" square pins, 
including BergStik'" headers, BergPost'" and 
Berg Pin'" terminals, and compliant press-fit pins. 
Some industry leaders already have switched 
from gold to GXT to help improve the reliability of 
their products. 

If you require high reliability connectors, you're sure 
to want complete test results. They're yours for the 

asking ... along with sample pins for your own 
tests/inspection. 

Get all the facts! Order this free GXT 
Convincer Kit. 
Review results from 
independent test 
laboratories. Proof positive 
that GXT palladium-nickel 
plating outwears, 
outperforms gold. To 
request kit .. 

Make the 
"Du Pont Connection" 

Call (800) 237-2374 EXTENs10N201 

Or write The Du Pont Company, 
Du Pont Connector Systems, 
30 Hunter Lane, Camp Hill , PA 17011. 

DU PONT CONNECTOR SYSTEMS ~ 
CIRCLE 150 
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Programmer handles 
99o/o of device types 

A
universal programmer 
allows an engineer to 
program over 99% of all 

existing programmable logic de­
vices , including PROMs and 
PAL and IFL (integrated fuse 
logic) devices. The Model 60A, 
made by Data 1/0, is available 
with a handler interface for pro­
gramming parts in production 
quantities. 

PROMs are verified by read­
ing the loaded value and com­
paring it with the desired value. 
PAL and IFL devices can be 
tested by applying a group of 
128,000 pseudorandom test pat­
terns to a known good part, gen­
erating a signature. This signa­
ture can then be produced from 
parts under test and compared 
with the good signature to verify 
functionality. 

The programmer provides a 
second way to test PAL and IFL 
devices by accepting test vectors 
generated by languages, which 
allow a selected stimulus to be 
applied to a part and the output 
examined. Both the fuse and bit 
programming patterns, as well 

Curtis Panasuk 
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as the test vectors, can be loaded 
into the machine over an RS-232 
interface using the JEDEC file 
format standards. 

A menu-driven screen lets a 
user easily control the program­
mer. All entered variables are 
stored in EEPROM . Chip pa­
rameters are stored in ROMs, 
and parameters for new chips 
can be added by plugging in a 
new ROM set. 

The programmer comes with 
20, 24, and 28 pin sockets. An ex­
tra adapter is available that al­
lows the sockets to be extended 
several feet out to a chip handler. 
With that type of setup, which 
includes a special capacitor 
boostthatstrengthensthesig­
nals going out to the head, to 
hold down programming errors, 
a user could program 20 parts in 
30 seconds. 

The Model 60A is available 
two weeks after receipt of an or­
der for $3425 for a single unit. 
The handler interface costs an 
additional $1000. 

Data 110 , 10525 Willows Road 
NW, C-46, R edmond , Wash. 
98052; (206) 881-6444. 
CIRCLE 316 

Monitor debugs 
8-bit microprocessors 

- I f '":.'." .. H ::.-:. !!l I• _,.:.;:i 
~-·-.. e 

Packaged in the form of a 
breakout box, a micropro­

cessor bus-monitoring instru­
ment is a useful debugging aid 
for real-time control software, 
since it does not affect the oper­
ation of the system under test. 
The Model 08 is available for use 
with a variety of 8-bit micro­
processors. With some addi­
tional parts, the system can be 
easily reconfigured to accommo­
date 6502, 6809, 8085, and Z80 de­
vices. 

The user selects a set of trig­
ger condi t,ions and a delay value. 
Each time a bus cycle matches 
the trigger conditions, the mon­
itor delays the specified number 
of cycles. It then captures the 
states of the address bus, along 
with two successive data bus cy­
cles. The results are displayed 
on the instrument's dot-matrix 
display. 

Mecklenburg E ngineering, 
PO Box 744, Chagrin Falls, Ohio 
44022; (2 16) 338-4237. $490. 
CIRCLE 348 
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PC-based workstation 
performs logic analysis 

Costing less than most stand­
alone logic analyzers, t he 

MicroAnalyst workstation inte­
grates t he power of an IBM PC 
AT wit h t he Ser ies 2000 logic 
a na lyzer a n d a Lotus -based 
general-purpose software pack­
age. Five software fu nctions­
spreadsheet, data base, word 
processing, graphics, and com­
munications-allow the user to 
perform complex data analysis. 

The complete workstation, in­
cluding the PC AT and the Lotus 
software, is priced at $17,900. 

Northw est I nstrument Sys­
tems Inc., 15201 NW Greenbriar 
P kwy. , Suite 140 , B eaverton, 
Ore. 97006; (503) 645-5151. 
CIRCLE 349 

Synthesizer switches 
in less than 100 ns 

Aboard-level frequency syn­
thesizer operates from de to 

15 MHz and switches in less than 
100 n s-o n e of t h e fastest 
switching speeds in the industry. 
Wh at's more, t h e VDS -2000 
maintains perfect phase conti­
nuity at the switching point. The 
synthesizer has a standard reso-
1 u t i on of 1 Hz. Ph ase noise is 
extremely low, even very close to 
the car rier, and spurious levels 
as low as - 60 dBc are avai lable. 
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Accuracies to within a fraction 
of a part per million are optional. 

The board, which requires less 
than 42 in.2, can provide simulta­
neous pulse (TTL) and sinusoidal 
outputs, contro l of phase, and 
digital output of phase informa-

tion. The VDS-2000 is also avail­
able in a chassis with a power 
supply and interface. 

Sciteq Electronics Inc., 7380 
Clairemont Mesa Blvd., San Di­
ego, Calif 92111; (619) 292-0500. 
CIRCLE 350 

THEY DON'T WANT TO GIVE IT BACK. 
That 's because the SRT-1 A 

provides a new, fast alternative for 
testing DRAMs, SRAMs and other 
byte wide memories. It gives you 
true-location, real-time bit mapping 
in just seconds. Instead of the 
hours or days you're often,forced 
to wait with large ATE systems. 

With the SRT-1 A, you simply 
adjust controls to vary timings, 
voltages, and test patterns. And 
monitor the contents of each 
memory cell in real time, and in 
topologically accurate bit position 
on the wide bandwidth monitor. 

It's that simple. 

There's no software to write. 
And the system is modular, 
permitting fast reconfiguration 
for different types of memory. 
Technical documentation and 

CIRCLE 217 

schematics are provided with 
each system. 

For product engineering , failure 
mode analysis, and long-term 
testing on DRAMs up to 256K 
and byte wides up to 64K x 8, the 
SRT-1A is the fast, low cost 
alternative- the one that more 
and more engineers don't want 
to be without. 

Call or write today for a 
demonstration of the SRT-1 A, 
and solve all your problems 
but one-how to keep it. 

[}HOS MOSAID 
~ Incorporated 

3000 Scott Blvd., Suite 10-204, 
Santa Clara, CA 95054 
(408) 727-7199 TLX 590004 
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Board tester speeds analog checks 

C
ombining up to 3,072 
hybrid pins with high 
speed and accuracy for 

analog measurements, the 

Series 700, System 770, in-cir­
cuit tester from Factron meets 
the test requirements of com­
plex printed circuit boards. 

VME System Packaging: 
Electronic Solutions 

Makes it Easy. 

A broad line of 
VME components is already 
in production. including: 
D Double size card cages with 

5. 7. 9. 12, 16 or 20 slots 
D Single size card cages with 

5. 7. 9. 12, 16 or 20 slots 
D Double size prototyping cards with hole 

pattern or 2-level wire wrap 
D Single size prototyping cards with hole 

pattern or 2-level wire wrap 
D Double size and single size extender cards 
D VME enclosures with card cage and 

backplanes with disk drive or 
Winchester option 

D Backplanes 
D Test sets 

Electronic Solutions is also the major 
manufacturer of Multibus™ cages and en­
closures-a dependable. domestic source 
for your VME system requirements. For all 
the details. give us a call today. 

Call Toll Free 
(800} 854-7086 

in Calif. (800) 772-7086 

Multibus is a trademark of Intel Corp. 

VMEasy 
fir! Electronic ll Solutions 
9255 Chesapeake Drive 
San Diego, CA 92123 
(619) 292-0242 
Telex II (TWX): 910-335-1169 
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Using a new architecture, 
dubbed AMS (automatic mea­
surement system), the tester 
holds analog errors to less than 
1 % . Moreover, at its highest test 
speed the unit is 3 to 10 times 
faster than conventional units. 

The analog accuracy is 
achieved with a high-frequency 
switch matrix that greatly re­
duces the effects of residual 
capacitance and resistance. Also, 
predictive algorithms based on 
waveform sampling and analy­
sis techniques accurately and 
rapidly determine the end-state 
responses to ac and de input 
stimuli. In addition, five levels 
of sensitivity let the user max­
imize speed and accuracy for a 
particular set of test conditions. 

Like its sister product, the 
System 730, the tester checks 
digital devices according to 
their timing specifications. 
Guard-pin contention is elimi­
nated using the company's Flex­
pin architecture. 

The base price of the tester is 
$185,000. Deliveries will begin in 
the second quarter of the year. 

Factron, Latham, 299 Old 
Niskayuna Road, Latham, 
N. Y. 12110; (518) 783-3600. 
CIRCLE 302 
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Portable servo writer 
cuts costs fivefold 

-~ 

W ell suited for R&D, pro­
duction, and depot service 

applications, the PRlOOO writes 
Winchester servo tracks with­
out the use of a mechanical posi­
tioner, granite blocks, lasers, or 
other accessories. The portable 
unit cuts the cost of a full-blown 
servo writer from over $250,000 
to under $50,000. Furthermore, 
the PRlOOO servo writer is fully 
programmable and does not 
require costly reconfiguration 
to handle different sets of drive 
characteristics. 

Pion ee r R e s e arch, 17 45 
B erkeley St., Santa Monica, Cal­
if 90404; (800) 848-1745 or, in 
California, (800) 233-1745. 
CIRCLE 351 

zao emulator is 
versatile, easy to use 

Providing both hardware 
and software for interactive 

emulation of the Z80 micropro­
cessor, the Z-Scan 80 emulator 
can be used as a stand-alone unit 
or with a host development sys­
tem. Simplistic operation 
through the use of a menu­
driven interface, a command file 
executive, and a full debugger 
command set further enhances 
the emulator's versatility. 

The Z-Scan operates at 4, 6, or 
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8 MHz and provides real-time 
emulation from 32 1-kbyte 
blocks of mappable memory. Us­
ing its 4k-by-32-bit block of 
RAM, the emulator handles up 
to 4096 trace cycles. 

Ziloglnc., 1315DellAve., Cam­
pbell, Calif 95008; (408) 370-8126. 
$6695. 
CIRCLE 352 

Instrument locates 
short-circuit sources 

Unlike instruments that 
detect only the presence of a 

shorted circuit in printed circuit 
board assemblies, the MS-1 
traces the shorted path to locate 
the source of the fault. It con ­
tains a 300-kHz low-voltage 
signal source, which is used to 

create an ac magnetic field in 
the vicinity of the shorted 
current path. The MS-l's Omni­
Probe responds to any orienta­
tion of the resulting three­
dimensional flux patterns and 
emits an audible tone whenever 
it is held near a 300-kHz cur­
rent-carrying conductor. Faults 
are typically located in less than 
one minute. 

MD Systems Inc., 3178 Doolit­
tle Drive, Northbrook, Ill. 60062; 
(312) 564-3110. $299. 
CIRCLE 353 

The Cost-Efficient Programmer 

$1195.00 COMPLETE -· 
(MODEL NO. SCC-512) 

DISPLAY: 
• Bright 1'" high display system 
• Progress indicated during 

programming 
• Error messages 

KEYBOARD: 
• Full travel entry keys 
• Auto repeat 
• Illuminated function indicators 

INTERFACE: 
• RS-232C for data transfer 
• 110-19.2K baud 
• X-on X-off control of serial data 

FUNCTIONS: 
• Fast and standard programming 

algorithms 
• Single key commands 
• Search finds data strings up to 256 

bytes long 
• Electronic signatures for easy data 

error 1.0. 
• "FF" skipping for max programming 

speed 
• User sets memory boundaries 
• 15 commands including move, edit, fill , 

search, etc. functions 
• Extended mode read/write EPRDM sets 

GENERAL: 
• Programs new A Series (12 3 volt) 

64K, 128K, 256k devices 
• Printer interface port standard 
• 1K-256K devices 
• Faulty EPRDMS indicated at socket 
• Gang program micro computers 
• Built-in diagnostics 
• No calibration required 
• No personality modules to buy 
• Programs new CMOS EPROMS 
• Terminal control mode or stand alone 

mode 

ALSO AVAILABLE FROM S.C.C.: 

The Cost-Efficient Erasing Unit 
FEATURES INCLUDE: • Production environment ready 
• Unique wave design • Timer included 
• Efficient bulb design 
• All-steel , heavy duty design EU-156 .. . over 150 chips 
• Quick erasure time, 7-12 min . 
• Industrial design $265.00 

Quick Delivery! For further information call ... 

Southern Computer Corporation 
3720 N. Stratford Rd ., Atlanta, GA 30342, 404-231-5363 
Telex #317-867 
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Low-cost microwave counters transfer data fast 

Built around a hybrid gal­
lium arsenide sampler, 
two microwave frequen­

cy cou nters combine low cost 

with fast data transfer and a 
resolution of better than 1 Hz, 
plus optional low-aging-rate 
oscil lators . The 20-GHz HP 

WHEN QUALITY AND RELIABILITY COUNT . .. 

COUNT ON 
SIMPSON METERS 
& METER RELAYS 

Analog , digital or Ana·Led® . .. Simpson 
meters and meter relays are the choice of 
design engineers everywhere. 
Our self-shielding movements provide opt i· 
mum sensitivity and are immune to stray 
magnetic fields . Simpson taut-band and piv· 
ot·and·jewel mechanisms withstand shock 

and vibration and stay accurate. 
When you need a meter fast. get fast del ivery 
on over 1500 stock ranges, types and sizes 
... or order custom ranges, scales, damping , 
tracking , accu racy. 
See your Simpson distributor or wri te for full 
line catalog . 

KATTI NDUSTAIU 

SIMPSON ELECTRIC COMPANY 
853 Dundee Avenue. Elgin , IL 60120 
(3 12) 697·2260 • Telex 72·2416 • Cable SIMELCO 

COMPACT EOGEWISE 
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EL ECT RICAL EQUIPMENT 
AHOPAOOUCTSO AOOP 

5350A and the 26. 5-GHz HP 
5351A from Hewlett-Packard 
are priced at $5000 and $6000, 
respectively. 

Because of the single-syn­
thesizer design and new mea­
surement algorithm , the 
counters can send 80 measure­
ments / s over the HP-IB while 
tolerating up to a 20-MHz FM 
variation on the input signal. 

Their sensitivity is rated at 
- 25 dBm from 500 Hz to 12.4 
GHz, -20 dBm from 12.4 to 20 
GHz, and - 15 dBm from 20 to 
26.5 GHz. A separate low­
frequency input with 0.001-Hz 
resolution measures signals 
from 10 Hz to 525 MHz. 

A smoothing function, in­
voked from the keyboard, uses a 
running weighted-average tech­
nique to maintain full resolution 
when measuring unstable sourc­
es. Moreover, an offset feature 
adds or substracts successive 
measurements from a chosen or 
measured value, displaying only 
deviations. 

Both units are delivered in six 
weeks from receipt of an order. 

H ewlett-Pac ka rd Co. , I n ­
quiries Manager, 1820 Embar­
cadero Road, Palo A lto, Calif 
94303. 
CIRCLE 301 
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A-d converter board 
captures transients 

One of the first commer­
cially available 8-bit a-d 

converter boards for the IBM 
PC, the PCTR-160 digitizes and 
stores analog signals at a base 
sampling rate of up to 20 MHz. 
Finer resolution can be achieved 
by equivalent-time sampling at 
40, 80, or 160 MHz . Pre- and 
post-trigger modes of operation 
are available under software 
control. 

General R esearch Corp., 
Adaptronics Products, 7655 Old 
Springhouse Road, McLean, Va. 
22 102; (703) 893-5900. $2300; 
stock to 30 days. 
CIRCLE 354 

CMOS computer board 
totes 5-A relays 

S uitable for industrial con­
trol, a CMOS board-level 

computer features eight on­
board 5-A relays (Form C). Des­
ignated the C-Con, the board is 
programmed in simple 6805 as­
sembly language and includes 
128 bytes of static RAM. It also 
includes 6 kybtes of EPROM and 
forty-eight parallel I/O lines. A 
multiplexed serial interface via 
the Data-Link three- or four­
wire bus permits communica­
tions with peripheral boards up 
to 4000 ft away. 

Valinor Electronics Inc. , 1268 
Pembroke St. , Uniondale, N. Y. 
11553; (516) 538-3247. 
CIRCLE 355 
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SMD drive controller 
slashes access times 

SCSl ••tt bus ,. 

SCSI 
Interface 

logic 

OMA 
logic 

T
he first SMD drive con­
troller board containing 
a cache memory of 0.5 

Mbyte speeds up data accesses 
by an order of magnitude or 
more over other controllers. The 
ASC-800, from Advanced Stor­
age Concepts, uses 64-kbit dy­
namic RAMs for the cache; fu­
ture versions will use 256-kbit 
chips to provide 4 MBytes of 
cache memory. 

Normally, the head moves to 
find a track, a process that in­
volves a seek time-20 or 30 ms 
for a high-performance drive. 
Additionally, there is a rota­
tional latency for locating the 
sector, which averages 8.3 ms for 
most drives. These delays add up 
to 28 to 38 ms. 

With the ASC-800 and a hit in 
the cache, however, these delays 
are not a part of the transfer, 
and the access time is under 1 
ms. Thuswitha50% hitrate, the 
performance of the system can 

Heather Bryce 

0 .5-Mbyte 
cache 
RAM 

Disk 
control 
circuitry 

be approximately doubled (to 14 
ms), although the company pre­
dicts hit rates of 70% to 80%, de­
pending on the application. 

Implementing the standard 
SCSI interface, the controller 
transfers data at 3 Mbytes/s and 
supports the disconnect/ recon­
nect feature, which allows a de­
vice to disconnect itself at any 
time if its access time is excep­
tionally long. 

Another performance-en­
hancing feature is an early write 
command that pipelines the 
operation for simultaneous ac­
cesses. The controller will pre­
write to the cache so that the 
host may begin to write to anoth­
er disk while the previous one is 
still completing its write. 

The drive costs $1990 in OEM 
quantities and will be available 
beginning in the second quarter. 

Advanced Storage Concepts 
Inc. , 9660 Hillcroft, Suite 325, 
Houston, Texas 77096; (713) 729-
6388. 
CIRCLE 313 
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Speech development board plugs into IBM PC 

A
single board turns an 
IBM PC personal com­
puter into a vocabulary 

or phrase development system 

for General Instrument's 
SPlOOO speech-processing chip. 
Designed by Telinnovation, the 
board and supporting software 

THE BEAUTY OF A ROGERS INTERFACE 
IS NIORE THAN SKIN DEEP. 

We admit our MEKTRON~ micromotion 
keyboard assemblies look good from the 
outside. We use a wide range of striking 
visual effects such as deadfronts, back­
lighting and embossing. 

But the real beauty of our keyboards 
lies below the surface, in the total design 
capabilities we put behind them. Our 
engineering staff helps you choose the 
most economical and practical way of 
arranging switch functions. We select the 
proper dielectrics, conductors, adhesives 
and rigidizers and, if you need it, we'll 

Graphic layer designed 
with your switching and 
display. in any color, size 

or background. 

assemble your complete data entry 
system incorporating LED's, LCD's and IC's. 
We can even show you how a membrane 
keyboard assembly can be an easier, cost­
effective alternative to full travel tech­
nology. We won't deny that it helps to 
have a pretty face in this business. But at 
Rogers, we think true beauty is reflected 
from the inside out. 

0 ROGERS 
Rogers Corporation, Keyboard Division 
Box 700, Chandler, AZ 85224 602 963-4584 
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package costs just $2000. 
In conjunction with the soft­

ware and a tape recorder, the 
board gives designers the means 
to record speech, digitize it, ana­
lyze it, as well as to extract the 
parameters to be stored and edit 
them, review the data, and set up 
the code for direct loading into a 
PROM programmer. It plugs in­
to a full-sized slot in the PC and 
contains a 12-bit analog-to­
digital converter to digitize the 
recorded speech. To test the final 
code, the development board also 
contains an SPlOOO speech chip. 

To use the software and hard­
ware, the PC should be equipped 
with a hard-disk drive, at least 
256 kbytes of RAM, an 8087 
coprocessor, and either a color 
monitor adapter or a video card 
like the one from Hercules. 
Thanks to the coprocessor, the 
computer takes about 10 minutes 
to process 1 second of speech and 
extract the parameters. For 
large amounts of speech, the pro­
gram permits tasks to be stacked 
so that the processing can be 
done overnight. 

Delivery is from stock. 
T e linnovation Inc ., 4100 

Moorpark Ave., San Jose, Calif 
95117; Charles Davis, (408) 249-
1190. 
CIRCLE 305 

422 Electronic Design • January 10, 1985 



COMPUTER BOARDS 

68000-based Eurocard 
works with G-64 bus 

Utilizing a 16-bit 68000 micro­
processor, the GESMPU-4A 

microcomputer board is built on 
a single-height Eurobcard (100 
by 160 mm) that is compatible 
with the G-64 bus (the de facto 
standard in most European coun­
tries). The single-board com­
puter's 68000 microprocessor 
operates at a clock rate of 8 MHz, 
with clock frequency generated 
by an on-board crystal oscillator. 
The G ESMPU-4A has four 
JEDEC-standard sockets to ac­
commodate up to 128 kbytes of 
EPROM and up to 16 kbytes of 
RAM. It also incorporates a tri­
ple 16-bit timer and an RS-232-C 
serial interface with a fully 
programmable baud rate. The 
GESMPU-4A can interface with 
a growing number of 8- and 
16-bit memories and peripherals 
that are compatible with the G-
64 bus (more than 300 products 
are available from approximate­
ly 50 manufacturers worldwide). 

Gespac Inc. , 550 E. Grand­
view, Mesa, Ariz. 85203; (602) 
962-5559. $4 75. 
CIRCLE 357 

Filter board is 
STD bus-compatible 

Amicroprocessor software­
controlled switched capaci­

tor filter is available on a board 

NEW PRODUCTS 

that is compatible with the STD 
bus. Programmed frequencies 
span from 1 Hz to 5 kHz-or to 
30 kHz slightly stepped, but 
smoothed by a simple resist­
ance-capacitance circuit. 

The board sustains a pair of 
individuall y program med 
clocks, each capable of setting 
the center frequency of a pair of 
second-order filters. Each 
second-order filter has desig­
nated high-pass, low-pass, and 
bandpass outputs. The Q and 
gain of the high- , low-, and 
bandpass sections may be mod­
eled to fulfill specific require­
ments of varied applications. 

With software modifications, 
the pair of second-order filters 
can be cascaded to y ield a 
fourth-order filter. Higher­
order filters may be obtained by 
using a second board. 

Spectra Design Time, PO Box 
146, San L uis Obispo, Calif. 
93406; (805) 544-6093. $350. 
CIRCLE 358 

SBC has on-board 
video controller 

Asingle-board computer with 
an on-board video controller 

interfaces directly with a TTL or 
composite video monitor, elimi­
nating the need for a terminal. 
The module also includes a 6-
MHz Z80B CPU, 64 kbytes of 

RAM, a floppy-disk controller, 
and serial and parallel I/0-all 
on a board that is only 4 by 6 in. 
The package is supplied with a 
copy of CP / M 2.2, complete with 
a customizable BIOS, CP/M util­
ities, and source code. 

The board is capable of oper­
ating in an alphanumeric mode 
and in a bit-mapped graphics 
mode. The latter supports a reso­
lution of 640 by 240 pixels. The 
former provides a display consis­
ting of 80 columns by up to 35 
lines. 

Megatel Com'[JUter Technolo­
gies, 1051 Clinton St., Buffalo, 
N. Y. 14206; (416) 745-7214. $375 
(including a transition board and 
connector). 
CIRCLE 359 

Analog 1/0 board 
works with STD bus 

Compatible with the STD 
bus, a multifunction analog 

I/O board has four differential 
and eight single-ended analog 
inputs, plus eight analog out­
puts. Thegain of the RSD-7518's 
differential and single-ended 
inputs is resistor-p r ogram­
mable from 1 to 1000 and 1to10, 
respectively. Resolution on all 
channels is 12 bits, accurate to 
within ± 0.05% FSR, ± 1/2 LSB. 
Six programmable input modes 
permit sampli ng on single or 
multiple channels, sample aver­
aging, a nd determination of 
sample minimums and max­
imums. The RSD-7518's output 
channels may be used as voltage 
outputs, current loop outputs, or 
a combination of both. 

Robotrol Corp., 16100 Caputo 
Drive, Morgan Hill, Calif 95037; 
(408) 778-0400. $595; two weeks. 
CIRCLE 360 
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IBM PC-compatible computer board offers more 

IBM PC-compatible 
computer gives engi­
neers a one-board build­

ing block to create a variety of 
designs and at the same time, 
thanks to MS-DOS compatibil­
ity, runs thousands of pieces of 
software. The SBM-88, from 
Mostron, has the capability of 
an IBM PC, plus monochrome 
video and floppy-disk control­
lers, and still provides five IBM 
PC-compatible slots that can be 
used to plug in any of the 300 
boards available for special ap­
plications. 

The board can run as well un­
der the CP /M operating system 
and iRMX-86, a real-time oper-

ating system that is suited to 
automation applications. It also 
has a BIOS in ROM, developed 
by the company, to provide com­
patibility for application pro­
grams that make calls that by­
pass MS-DOS. 

By using custom CMOS gate 

CIRCLE 223 

arrays it was possible to get the 
controller for the CRT and flop­
py disks onto the one board, 
along with 256 kbits of RAM 
(expandable up to 640 kbits), an 
8087 coprocessor, IBM printer 
and keyboard interfaces, and 
two RS-232 ports. 

The board, 12 by 81/2 in., con­
sumes 2.5 A at 5 V and requires 
50 mA at ± 12 V. It is available 
now for evaluation, with volume 
production slated for February. 
The price in 100-unit quantities 
is $560 each. 

Mostron Inc. , 560 Valley Way, 
Milpitas, Calif 95035; (408) 
946-1727. 
CIRCLE 314 
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Ink-jet printer 
eliminates clogging 

E pson's first ink-jet printer, 
the SQ-2000 features a 

cleaning system to ensure re­
liable operation . The system 
automatically cleans the print­
head every few pages in a 1-sec­
ond cycle. Additionally, the user 
may initiate a 10-second cycle 
that cleans both the ink line and 
the printhead. The printer also 
initiates the 10-second cleaning 
process whenever it is shut off 
and turned on. 

When the unit is powered 
down, ink is extracted from the 
line and replaced with a solvent. 
Air, which can dry the ink and 
clog the printhead, is prevented 
from entering the line by means 
of a suction cup that covers and 
extracts ink from the printhead. 
When the printer is powered on, 
the solvent is flushed out and re­
placed with ink. 

The SQ-2000 prints draft copy 
at 176 char/ sand letter-quality 
copy at 88 char/ s-at noise lev­
els lower than 50 dB. It uses a 
sealed ink cartridge to prevent 
air bubbles from entering the 
line. 

Epson Amer ica In c. , OEM 
Products Division, 23600 Telo 
Ave., Torranc e, Calif 90505; 
(213) 534-4500. Less than $2500 
(OEM discounts available). 
CIRCLE 356 
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Hard-disk subsystem 
stores 1.4 Gbytes 

A
disk storage subsystem 
handles 1.4 G bytes of un­
formatted data (1.2 

Gbytes formatted), with very 
fast transfers between the host 
and the peripheral controller. 
Created by Aptec Computer 
Systems for DEC's VAX com­
puters, the DPS-1412 combines a 
1.4-Gbyte 14-in. hard-disk drive 
(Ibis Systems' Model 1400) with 
Aptec's DPS-2400 controller. 

The controller provides a data 
transfer rate of12 kbytes/ s be­
tween host and peripheral in the 
burst mode and 10 Mbytes/s in 
the normal mode-a substan­
tial improvement over the 1.5 
kbytes / s typically associated 
with DEC's Unibus architecture. 
This high-speed transfer is es­
pecially useful in scientific, 
image-processing, and graphics 
applications, which require ex­
tensive number crunching and 
therefore often use hard-disk 
space as an extension of main 
memory. 

The speed of the controller is 
due to its internal Data Inter­
change Bus, a 32-bit bus capable 
of carrying 24 Mbytes/ s, and to a 
series of parallel 16-bit micro­
processor cards that handle the 
buffered transfers to and from 
the host. The processor cards, in 
addition, provide intelligence (to 
manage disk formatting oper­
ations) and expandable buffer­
ing of 1to200 Mbytes. 

Integrating the storage 
subsystem with its VAX host is 
relatively easy, thanks to 1/0 

Stephan Ohr 

drivers (supplied by Aptec) 
which are added on the VAX. 
The drivers include operating 
software (monitor and execu­
tive) for the controller and a 
communications program. 

In addition, application- or 
peripheral-specific software for 
the controller can be created us­
ing Fortran programs (which 
must be compiled before use) or a 
C-like language called Staple. 
An alternative is to select 1/0 
driver routines from an avail­
able library using short call 
routines written in Fortran or 
Staple. The Fortran compiler, 
Staple interpreter, and 1/0 li­
brary are optional. 

A complete subsystem, in­
cluding software, is priced at 
$123,000. Additional disk drives 
with adapters for the controller 
are available for $81,000 apiece. 

Aptec Computer Systems Inc., 
10180 SW Nimbus Ave., Port­
land, Ore. 97223; Woodrow Witt­
mayer, (503) 620-9840. 
CIRCLE 321 
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Low-cost terminal 
emulates VT220 

Priced nearly 40% lower than 
the DEC VT220, the TVT-

7220 video terminal offers 100% 
emulation of the DEC unit . 
Quantity shipments of the TVT-
7220, which carries a suggested 
retail price of $850, are available 
immediately. The terminal has 
a 14-in. display, a tilt-and-swiv­
el enclosure, and a 105-key DIN­
standard keyboard. The display 
screen can be formatted for 80 or 
132 columns. In addition to full 
emulation of the VT220, the 
TVT-7220 emulates the VTlOO 
and VT52 terminals. 

Tatung Co. of America Inc. , 
2850 El Pr esidio St. , Long 
B eac h , Calif. 90810; (800) 
421-2929 or (213) 637-2105. 
CIRCLE 361 

FloppyTape unit 
works with IBM PC XT 

Users of the IBM PC XT can 
take advantage of 1/4-in. car­

tridge tape backup with the 
Model 5210 FloppyTape system. 
The Model 5210, which provides 
25 Mbytes of storage, is designed 
to use the industry-standard 
floppy-disk interface and to re­
spond to floppy-disk commands. 
Since it plugs directly into the 
computer's external floppy-disk 
interface connector, the need for 
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a controller interface card is 
eliminated. 

The Model 5210 is capable of 
backing up two IBM 10-Mbyte 
hard disks or one 20-Mbyte hard 
disk at approximately 1 Mbyte/ 
min onto a single DC600A 1/4-in. 
tape cartridge. The system also 
adds three new commands to 
PC-DOS for backup, restoring, 
and formatting functions. 

Cipher Data Products Inc., 
10101 Old Grove Road, San Di­
ego, Calif 92138; (800) 982-8808 
or (619) 578-9100. $1095; Jan­
uary, 1985. 
CIRCLE 362 

Fast memory system is 
cost-effective 

Not only does the Fastfile 
semiconductor memory sys­

tem reduce the cost of high­
speed storage, but it improves 
microcomputer response times 
as well. Prices for the storage 
system range from $1795 for the 
1.5-Mbyte capacity to $3495 for 
the 5-Mbyte version. Access 
times are less than 0.25 ms, with 
data transfer rates of up to 1 
Mbyte/s. 

The Fastfile system, which 
utilizes 256k memory chips, 
works with the IBM PC and PC­
compatible computers. It com­
prises the memory unit, along 
with an uninterruptible power 
supply, PC-DOS-compatible 
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software, an integral memory 
controller, and positive fan cool­
ing. 

Th es ys M em ory Products 
Corp., 7345 E. Acoma Drive, 
Scottsdale, Ariz. 85260; (602) 
991-7356. 
CIRCLE 363 

Monochrome displays 
work with IBM PC 

Two 12-in. monochrome 
display terminals are fully 

compatible with the IBM mono­
chrome adapter used for the PC. 
Each unit has a video bandwidth 
of 25 MHz and produces a dis­
play of 80 characters by 25 lines. 
The Model TR-122MYP features 
a long-persistence yellow phos­
phor display ; the TR-122M9P 
has a long-persistence P39 green 
phosphor display. The direct 
etched faceplates of each model 
are designed to minimize glare. 

Panasonic Industrial Co., 
Computer Products Division, 1 
Panasonic Way, Secaucus, N.J. 
07094; (201) 348 - 7183. $259 
(MYP) and $249 (M9P). 
CIRCLE 364 
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FET driver provides 
1500 V of isolation 

A n optically coupled FET 
ft driver provides 1500 V of 
isolation for operation in tele­
communications, process con­
trol, data acquisition, and ATE. 
The FDA-200 comprises a Ga­
AlAs LED coupled with two pro­
prietary photovol taic-ou tpu t 
I Cs encapsulated in a wave­
solderable 8-pin DIP. As little as 
1 mA of LED current can drive 
the FDA-200 to speeds of under 
1 ms. 

Theta-J Corp., 107 Audubon 
Road, Wakef ield, Mass. 01880; 
(61 7) 246-4000. L ess than $2 
(1000 units). 
CIRCLE 365 

Protection device 
monitors generators 

The FBB frequency-band 
monitor-relay is designed to 

monitor single-phase standby 
or portable generator sets. 
When the frequency goes above 
or below the preset limits, an 
internal relay de-energizes. A 
differential between energize 
and de-energize pevents oscil­
lations at the set point. The FBB 
device operates from 24, 120, or 
240 V ac at 50, 60, or 400 Hz. 

Diversified Electronics Inc. , 
PO Bo x 207 , L eesburg , Fla. 
32748; (800) 874-0619 or (904) 
787-7259. 
CIRCLE 366 
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100-W supplies occupy 
only 53.4 in.3 

The XLlOO series of 100-
W switching power sup­
plies sport an exception­

ally small package of 7.5 by 
3.75 by 1.9 in ., for a volume of 
53.4 in. 3

. Available from CEI, 
the series features single, triple 
and quad output models offer­
ing combinations of ± 5-, ± 12-, 
± 15-, and ± 24-V outputs. 

All members of the series use 
a power FET design and operate 
at a switching frequency of 
100 kHz. Typical efficiencies 
range from 70% to 85 %. 

For those applications requir­
ing operation in low-air-flow en­
vironments, vertical or horizon­
tal heat-sink fins are available 
at no extra cost. In those cases, 
the total package size increases 
only slightly, to 7.5 in. by 4.6 in. 
by 1.9 in . 

The supplies offer current 
foldback on all high-current 
outputs, with limits adjusted to 
individual specifications; dy­
namic in-rush protection; and a 
selectable connector for oper-

ation at either 110 or 220 V ac. 
An FCC Class A line filter is in­
cluded as standard. 

Noise and ripple are each 
25 mV rms maximum. Line 
regulation on all outputs is 
± 0.5 % for input variations 
ranging from 85 to 13 V ac or 
from 170 to 270 V ac. For the 5-V 
output, load regulation is within 
±0.5%. For the 12-, 15-, or 25-V 
outputs, it is within ± 1 % when 
set by the factory and within 
-4% to +1 % when adjusted 
by the user. All supplies meet 
VDE hi-pot specifications, in 
addition to UL 1012 and CSA 
safety requirements for data­
processing equipment. 

The pricing for lots of 100 is 
$103 each for the single-output 
units and $108 each for the quad­
output supplies. Delivery is in 
two to four weeks. 

CE! Corp., PO Box 501 , Lon­
dond erry, N.H. 0305 3; Matt 
Pierson, (603) 623-8888 or (800) 
DC POWER. 
CIRCLE 303 
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Switching supply has 
reduced parts count 

To enhance reliability, the LR 
series of fifth-generation 

switching power supplies incor­
porates a custom integrated con­
trol circuit that replaces 40 dis­
crete components. The 16 models 
that comprise the LR series pro­
vide adjustable fixed voltages of 
5 to 48 V. Current ratings include 
up to 40 A for the lowest-voltage 
supply and up to 5.8 A for the 
highest-voltage supply. Ripple is 
from 10 to 35 m V, depending on 
the output voltage. Line and load 
regulation are 0.1 % . 

The supplies are available in 
two package sizes: the LRS-53, 
which is rated for up to 225 W, is 
23/s by 47/s by 8 in.; the LRS-54, 
rated for up to 380 W, is 3 by 47/s 
by 11 in. Respective prices for 
LRS-53 and LRS-54 models are 
$375 and $460. 

Lambda Electronic s, 515 
Broad Hollow Road, Melville, 
N. Y. 11747; (516) 694-4200. Stock. 
CIRCLE 367 

Four-output switcher 
supplies up to 1050 W 

Operating from a 115-V ac 
single-phase 47- to 440-Hz 

input, a switching power supply 
delivers 1050 W of power. The 
modular unit's four de outputs 
provide 5 Vat 200 A, - 5Vat1 A, 
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and ± 15 V at 1.5 A. The Model 
M7963 meets MIL-E-16400 and 
MIL-E-5400 specifications, en­
abling it to be used in govern­
ment defense programs and de­
manding industrial environ­
ments. Military parts and pack­
aging also contribute to its high 
reliability and long life. 

The M7963 features current 
limiting, as well as overvoltage 
and undervoltage protection. 
Line and load regulation are 
0.2 %. Noise, ripple, and spikes 
are less than 100 mV pk-pk. 

Ceag Electric Corp. , Power 
Supply Div ision, 1324 Motor 
Pkwy., Hauppauge, N. Y. 11788; 
(516) 582-4422. 
CIRCLE 368 

Voltage detector 
sends ASCII data 

To protect computers and 
other sensitive electronic 

equipment, the Remotector 
VMD400/ 410 detects, identifies, 
and quantifies incoming power­
line voltage aberrations. The ob­
tained data can be displayed on 
any ASCII terminal or personal 
computer equipped with an RS-
232-C port. The unit's remote 
monitoring capability allows 
data from several locations to be 
sent over the standard tele­
phone network. 

The detector monitors single­
and three-phase lines up to 680 
V, with adjustable voltage 
thresholds for sag, surge, low 
and high average, and impulse 
levels. 

Sup erior Electric Co., 383 
Middle St. , Bristol, Conn. 06010; 
(203) 582-9561. F r om $3200 to 
$3500. 
CIRCLE 369 

Monolithic IC drives 
two-phase steppers 

Housed in a high-thermal­
dissipation version of the 

industry-standard 16-pin DIP, 
the MC3479P is designed to 
drive two-phase stepping mo­
tors used for disk drives and 
robotics. Clockwise and count­
er-clockwise motor operation, 
including rotation reversal, is 
selectable. The monolithic IC 
also permits full or half-step 
rotation, depending on the logic 
input, and can handle sustained 
motor currents of up to 1/ 4 A per 
phase. A single power-supply 
pin for both the logic circuit and 
the motor-coil current covers a 
range of 7.2to16.5 V. 

Motorola S e m i conduc tor 
Products Inc. , PO Box 20912, 
Phoen ix, Ari z . 85036; (60 2) 
897-3823. $3.10 (100 units); six to 
eight weeks. 
CIRCLE 370 
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Unix-based computer goes portable 

The first computer in a 
portable package to run 
under Unix will serve as 

an aid to software developers 
and other computer users who 
must do their work away from 
the host. The Integral Personal 
Computer, from Hewlett­
Packard, takes its directions 
from a ROM-based version of 
Unix III, called HP-UX. (In addi­
tion to the convenience of its be­
ing stored in ROM, HP-UX is one 
of the fastest versions of Unix 
running on any machine.) 

The computer uses a 68000 and 
has 800 kbytes of local memory 
and a 31/2-in. disk drive for up to 
710 kbytes of file or program 

Multi-user computer 
runs 8-/ 16-bit programs 

Enabling users of stand­
alone CP/ M-based comput­

ers to enter a multi-user, multi­
tasking environment while pro­
tecting their hardware and soft­
ware investments is the MC-186, 
a dual-processor computer capa­
ble of handling both 8- and 16-bit 
programs. When networked to 
the MC-186, IBM PC-compatible 
computers can run both CP/M 
and PC-DOS programs. 

The MC-186 operates under 

storage. A 25-lb unit 13 in. wide, 
16 in. high, and 7 in. deep, it in­
cludes a 9-in. electroluminescent 
display driven by a proprietary 

MC-DOS, an enhanced version of 
Concurrent DOS. It allows up to 
four programs to run concur­
rently on up to eight different 
workstations. What's more, up 
to 255 MC-DOS-compatible com­
puters-such as the IBM PC or 
leading S-100 bus-based ma­
chines-can be linked in a high­
speed network. 

Gifford Computer Systems, 
2446 Verna Court, San Leandro, 
Calif. 94577; (415) 895-0798. 
CIRCLE 371 

Memory management 
enhances multi-user µC 

Using a memory-manage­
ment scheme to enhance 

multi-user operation, a Multi­
bus-compatible line of 16/32-bit 
computer systems operates as 
fast as nonmemory-manage­
men t types. Using a 68000 or 

graphics processor, a built-in 
ink-jet printer, five slots for I/O 
cards, and an HP-IB (IEEE-488) 
expansion interface. 

The $4995 price includes the 
operating system and the HP 
Windows and HP Personal Ap­
plications Manager software. 
Available software includes 
CAD, mathematics and statis­
tics, data-base management, 
communications, spreadsheets, 
and word-processing packages, 
as well as Basic and C inter­
preters. Delivery is from stock. 

Hewlett-Packard Co., 1020 
NE Circle Blvd., Corvallis, Ore. 
97330; Attn: Inquiries Manager. 
CIRCLE 317 

68010-/.!P and with the Regulus 
operating system, the SBE 300 
executes at 10 MHz without wait 
states. The memory-manage­
ment circuitry contains 32 inde­
pendent maps, each capable of 
supporting a real-time task that 
is 4 kbytes to 8 Mbytes in size. 

The CPU interfaces with a 
high-speed disk controller 
through the SBEX-SASI multi­
module interface. Mass storage 
is provided by a 10-Mbyte 51/4-in. 
hard disk and a 320-kbyte 51/4-in. 
floppy. The rack-mounted SBE 
300 has 10 Multibus slots, eight 
of which are available for expan­
sion. The more compact SBE 350 
offers four expansion slots from 
its total of six. 

SEE Inc., 4700SanPabloAve., 
Emeryville, Calif 94608; (800) 
221-6458 or (415) 652-1805. $5795 
including software (100 units); 30 
days. 
CIRCLE 372 
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Micros link PCs with 
Unix environment 

Two Unix - comp at i bl e 
multi-user business sys­

tems-part of the CIES 680 
family-offer IBM PC users a 

NEW PRODUCTS 

cost-effective gateway into the 
Unix environment. The CIES 
680/100 supports 4 to 12 users 
a nd is priced between $14,995 
and $30,000. The 40-user CIES 
680/200 starts at $29,995. 

With PCworks, a networking 

DON'T GAMBLE WITH KC 
DOCKET 20780 GOVERNING 

CONDUCTED AND RADIATED EMI 

USE TOTALLY SHIELDED AND MOLDED CABLE 
ASSEMBLIES FROM HARBOR ELECTRONICS 

Harbor has responded to the new shielding requirements with a low profile totally 
shielded cable assembly configuration that is available for 9, 15, 25 and 37 position 
"D" subminiature connectors. Custom molds are available for circular, edge and coaxial 
connectors also. 

Harbor has complete molding and assembly facilities as well as engineering and 
customer service that is always at your disposal. 

STANDARD SHIELDED ASSEMBLY FEATURES: 
•Low profile (only .620" high) • EMI tested (30 MHz to 1 GHz) for FCC 20780 
• Total cable stress-relief • Conductive tinned connectors for positive grounding 
• Permanent contact seating • Customer logo molded in (if desired) 
• Total connector shielding • Selective pinning according to customer specifications 

~~~~ 
650 Danbury Road, Ridgefield, CT 06877 
Toll Free 800-243-4794, in Ct. (203) 438-9625 • TWX: 710-467-0699 

CIRCLE 224 

application package, IBM PCs 
and PC-compatible computers 
can be linked with the CIES 680 
machines. The 680/100 and 680/ 
200 serve as network managers, 
allowing PCs to communicate 
with one another and to utilize 
the 680s' powerful hardware 
and software. The CIES family 
supports the Regulus, Pick, and 
RM/COS operating systems. 

CIE Systems Inc., 2515 Mc­
Cabe Way, Irvine, Calif 92713; 
(714) 660-1800. 
CIRCLE 373 

Lisp machine is 
attractively priced 

W ith prices starting at 
$52,500, the Lambda/E is 

designed to be a cost-effective 
delivery vehicle for artificial­
intelligence application pack­
ages. The most compact of all 
LMl's Lisp machines, it features 
the same high-speed NuBus ar­
chitecture common to all the 
LMI products. 

The Lambda/E employs a 32-
bit Lisp processor with a 128-
Mbyte virtual address space. In 
addition to 2 Mbytes ofphysical 
memory, the system can be con­
figured with multiple disk 
drives to provide up to 1120 
Mbytes of storage. 

Lisp Machine Inc., 6033 W. 
Century Blvd., Los Angeles, Cal­
if 90045; (213) 642-1116. Second 
quarter. 
CIRCLE 374 
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COMMUNICATIONS 

Versatile repeater shuts out noise, crosstalk 

!though intended for re­
storing and retransmit­
ting time-division­

multiplexed PCM telephone 
signals riding on a Tl carrier, a 
monolithic repeater can even 
handle 2-Mbit/s digital data 
over up to 6000 ft of twisted-pair 
lines and includes clock­
shutdown circuitry. Since the 
latter ends transmission if the 
level of the input signal does not 
allow accurate reconstruction, 
the RPT-83 transmits neither 
noise nor crosstalk. 

The chip, from Precision 
Monolithics, contains a broad­
brand preamplifier, an age cir­
cuit, a phase-locked clock oscilla-

Broadband LAN kit 
permits evaluation 

Comprising four Token/ Net 
interface modules, a trans­

lator head-end, and broadband 
cabling, a local area network 
starter system allows the evalu­
ation of an IEEE-802.4 broad­
band token-bus network. The 
Token / Net interface module 
(TIM) contains a 5-Mbit/s rf 
modem, a media-access unit 
that implements the token­
passing access method, and a 

tor, and output line drivers. With 
its gain-bandwidth product of 
better than 1500 MHz, the pre­
amp compensates for system 
losses of 45 dB or more at fre­
quencies of up to 10 MHz. To­
gether with the age circuit, the 
preamp compensates for signal 
level changes of 30 dB. 

control unit, which provides TIM 
management functions and the 
user interface ports. 

Concord Data Systems, 303 
Bear Hill Road, Waltham, Mass. 
02154; (617) 890-1394. $12,000 to 
$20,000; stock. 
CIRCLE 375 

Security system uses 
nonrepetitive passwords 

To prevent unauthorized 
access to any network or 

multi-us er system, the PFX 

Because it can handle digi ta! 
signals having frequencies of 
100 kHz to 3 MHz, the RPT-83 
suits a wide variety of applica­
tions, including signal recovery 
from fiber-optic lines, trans­
mission of geophysical signals 
from remote sensors over long 
distances, and of course commu­
nication between computers. 

The device comes in a 16-pin 
ceramic DIP and sells for $6.15 
each in lots of 100. Small quan­
tities are available from stock. 

Precision Monol ithics I nc., 
1500 Space Park Drive, Santa 
Clara, Calif 95050; John Chris­
tensen, (408) 727-9222. 
CIRCLE 306 

identity authentication system 
requires a new password for 
each user every time the system 
is accessed. The PFX system con­
sists of a personalized hand-held 
unit, called a PassPort, and the 
AlOOO authentication server, 
which is a special-purpose com­
puter that attaches to the host 
computer. 

For each identity authentica­
tion process, the AlOOO supplies 
the host computer with a non­
repetitive numerical challenge 
and the corresponding response. 
The user enters the challenge 
number into the PassPort unit, 
which computes the same re­
sponse as the AlOOO. Access is 
gained after the correct response 
from the PassPort is typed into 
the terminal. 

Sytek Inc., 1225 Charleston 
Road, Mounta in View, Calif 
94039; (415) 966-7330. 
CIRCLE 376 
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COMMUNICATIONS · 

Encryption board 
works at 1.3 Mbits/ s 

One of the fastest encryp­
tion devices currently avail­

able, the WD2200 data security 
board allows personal computer 
users to control or prohibit ac­
cess to data files. The board, 
which is based on the NBS­
approved WD2001 data encryp­
tion chip, operates at a data 
transfer rate of 1.3 Mbits/ s. 

Designed for use with IBM PC 
and PC-compatible computers, 
t h e WD2200 automatically 
encrypts and decrypts data 
while remaining transparent to 
the applications software . It 
protects data on floppies, hard 
disks, and tapes. 

Western Digital Corp., 2445 
McCab e Way , Irvin e, Calif. 
92714; (714) 863-0102. $95 (OEM 
quantities). 
CIRCLE 3n 

Infrared device 
links ProNET LANs 

A s an alternative to physical 
~cable connections, an infra­
red communications link pro­
vides the same high-speed and 
reliability for ProNET token­
passing networks. The infrared 
device can link the networks 
together or act as a connecting 
medium in a single star-shaped 
ring. Information is trans-
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mitted at a speed of 10 Mbits/ s 
over unobstructed distances of 
up to 250 meters. The device is 
lightweight and easy to install, 
requiring only a stable plat­
form. 

Proteon Inc. , 4 Tech Circle, 
Natick , Mass. 01760; (617) 655-
3340. 
CIRCLE 378 

Rf power amplifiers 
cover VHF /UHF ranges 

Two rf power amplifiers, the 
SCAlOO and the SCAlOOV 

provide output power levels of 
up to 150 Wat 136 to 174 MHz 
and up to 100 Wat 406 to 512 
MHz, respectively. The rf drive 
capability for the SCAlOO is 10 
W; for the SCAlOOV, rf drive is 
30 to 40 W. A massive heat sink 
permits cool operation in hot en­
vironments, even under 100 % 
continuous-duty conditions. The 
units come in standard 19-in. 
rack-mounted enclosures. 

Spectrum Communications 
Corp., 1055 W. Germantown 
Pike, Norristown, Pa. 19401; 
(215) 631-1710. $793. 
CIRCLE 379 

Operating system 
enhances popular LANs 

A dvanced NetWare 1.0, a 
~LAN operating system, al­
lows the use of multiple file 
servers on any NetWare-sup-

ported local area network. Each 
user has simultaneous access to 
eight servers, with storage ca­
pacities reaching 500 Mbytes 
per server. Advanced NetWare 
also allows multiple networks to 
be interconnected through Net­
W are Bridges, a hardware and 
software package that connects 
file servers of different net­
works . The operating system 
software can be installed on vir­
tually all popular LAN s. 

Novell Inc., 1170 N. Industrial 
Park Drive, Orem, Utah; 84057; 
(801) 226-8202. $1595. 

CIRCLE 380 

PC board supports 
multiple protocols 

L inkup, a family of hardware 
and software products, al­

lows high-speed network com­
munications between IBM PC 
and PC-compatible computers 
and mainframes. The plug-in 
adapter boards support a variety 
of synchronous and asynchro­
nous protocols on each of two in­
dependent communications 
channels. 

The Linkup 1 adapter board, 
which employs a protocol con­
verter and up to 36 kbytes of 
RAM, operates at speeds of up to 
64 kbits/ s and frees the PC pro­
cessor from most communica­
tions tasks. The Linkup XT and 
XT+ boards offer line speeds of 
up to 19.2 kbits/ s. Together with 
Linkup protocol and emulation 
software-including VT52/ 100, 
3270 SN A, 3270 BSC, 3770 SN A, 
and 3780 BSC-they provide 
multiple network access. 

Information Technologies 
Inc., 7850 E. Evans Road, Scotts­
dale, Ariz. 85260; (602) 998-1033. 
CIRCLE 381 
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FACTORY AUTOMATION 

Data acquisition and control system is modular 

A
stand-alone data acqui­
sition and control system 
is quickly modified or 

expanded with self-configuring 
plug-in 1/0 modules. The ease 
with which the modules are 
changed also lowers installed 
costs. For remote monitoring 
and control, the SCADAR (sup­
ervisory control and data acqui­
sition remote) Series 10 from 
Burr-Brown is equipped with an 
RS-232-C interface that permits 
communications with a host 
computer, such as an IBM PC or 
a VAX. 

The base unit-a self-con­
tained 8088-based single-board 
computer-has eight digital in­
puts, four digital outputs, and 
four analog inputs, plus four con­
nectors to accommodate addi­
tional 1/0 modules. Up to 255 
Series 10 units may be separate­
ly addressed in a single system. 

Two plug-type terminal blocks 
at the edge of the modules 
(cards) enables them to be re­
moved without disturbing the 
sensor and signal wiring. Avail­
able modules offer a choice of 
analog, digital, and pulsed in­
puts and digital or analog volt­
age and current outputs. 

The system comes in a rugged 
wall-mounted or an attractive 
desktop enclosure. A NEMA-4 
housing is also available for 
harsh environments. 

The basic system is priced at 
$2500; I/O modules start at $475. 
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Production shipments are sched­
uled to begin in March. 

Burr-Brown Corp., Data Ac­
quisition and Control Systems 

Division, 36Sl E. 44th St., Tuc­
son, Ariz. 85713; Del Ellis, (602) 
746-0711. 
CIRCLE 311 

The 
Simply Sophisticated 

1040 MHz Synthesizer 

The term user-friendly takes on a whole new 
meaning with Polarad's 0.1 to 1040 MHz Model 
SMS2 Synthesized Signal Generator. 
Polarad has married the latest, most sophisticated technology 
with operating and programming philosophies so simple that 
even the newest of technicians can immediately operate most 
functions of the SMS2 without ever opening the operating manual. 

Check the performance, like 120 dBc phase noise at 20 kHz 
offset, 3 Hz residual FM, 100 Hz resolution and 40 mS settling 
time. If that's not enough, how about store and recall of 40 front 
panel settings, AM FM, cf> M and simultaneous modulation, 
with complete GPIB control and built-in self test. 
Call today, find out how simple sophistication can work for you. 

Polarad-built product intelligence for measurement convenience. 

polarad 
Polarad Electronics, Inc. 5 Delaware Dr., Lake Success, N.Y. 11042 

Tel : 516-328-1100 TWX: 510-223-0414 

CIRCLE 225 
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LAN card links 
STD bus and IBM PC 

Based on the WD2840 LAN 
controller chip, a LAN inter­

face card connects the IBM PC 
with the STD bus for industrial 
control applications. The card, 
designated the NETPC/STD, 
implements a token bus protocol 
that is similar to Arcnet, but 
with higher throughput rates 
(1 Mbit/s) and greater noise im­
munity. Lengths of up to 1000 ft 
between daisy-chained nodes are 
permitted, with a maximum 
total distance of 10,000 ft. 

Beal Communications, 11020 
Audelia Road, Suite C101, Dal­
las, Texas 75243; (214) 340-2044. 
$495. 
CIRCLE 382 

Front end replaces 
controllers, data loggers 

Operating as a stand alone 
process computer or as a 

remote front end for distributed 
control and/or data acquisition, 
the Safe 8000 replaces program-
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mable controllers and data log­
gers. It is programmed in Safe 
Basic, which provides 64 PID 
control algorithms, 128 timers, 
and 26 priority interrupts. 

The SAFE 8000 comprises a 
CPU module and up to eight card 
cages. Each I/O rack supports up 
to 128 analog channels or 256 
digital channels. Communica­
tions are handled via two RS-
232-C and two RS-422 ports. 

Dynage/Controls Inc., 2 Wil­
lowbrook Road, Cromwell, Conn. 
06416; (203) 635-6257. From 
$3767. 
CIRCLE 383 

Tiny camera performs 
robot vision tasks 

Unusually small, light­
weight, and rugged, a solid­

state video camera lends itself to 
robotics, industrial, aerospace, 
and security applications. The 
Micro-Cam has an optical sense 
head that is only 3 in. 3 and 
weighs just 2.3 oz. The device is 
encapsulated in a shock-absorb­
ing material for durability in 
harsh environments. A flexible 
6-ft cable links the sense head 
with the power supply and elec­
tronics module, which has an 
output that is capable of driving 
a 50-ft video coaxial cable to a re­
mote TV monitor or recorder. 
The camera operates from an ac 
line or from a 12-V battery. 

Applied Science Laboratories, 
335 Bear Hill Road, Waltham, 
Mass. 02154; (617) 890-5100. 
CIRCLE 405 

Vision system finds 
pcb assembly errors 

The Checkpoint automatic 
visual tester simultaneously 

detects assembly errors on the 
top and bottom of a loaded 
printed circuit board. The sys­
tem's WideEye scanners search 
the test area to locate any board 
positioned to within ± 0.5 in. of 
the expected location. It then 
reads the identification code and 
calls up the appropriate test rou­
tine. Images of both sides of the 
board are captured and analyzed 
to detect such faults as missing 
or damaged components. The 
5500 vision system also verifies 
component identification num­
bers and shapes, as well as date 
and lot codes. 

Cognex Corp., 72 River Park 
St., Needham, Mass. 02194; (617) 
449-6030. Second quarter of 1985. 
CIRCLE 384 

Graphics printer is 
factory-hardened 

Complementing the IBM 
5531 industrial computer is 

a graphics printer designed to 
operate on the factory floor. The 
printer, like the computer, can 
withstand temperature ex­
tremes, humidity, vib ration, 
dust, and voltage variations. 
Designated the IBM 5533, the bi­
directional printer produces 120 
char/sand responds to a variety 
of commands that control page 
spacing, select desired charac­
ter sets, and tab to specified col­
umns. 

IBM Manufacturing Systems 
Products, Mail Drop 4006, PO 
Box 3025, Boca Raton, Fla. 
33432; (305) 998-7066. 
CIRCLE 385 
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PRODUCT NEWS 

Rectifiers come in T0-218 plastic cases 

P reviously available in T0-3 metal cans, three series of silicon 
rectifiers from Semicon Inc. (Burlington, Mass.) are now 
being offered in T0-218 plastic packages, reducing com­

ponent costs and simplifying pc board mounting. The SSB Schottky 
rectifier series replaces the SSH series; the SUR ultra-fast-switch­
ing (35-50 ns) rectifier series replaces the SUES series; and the SR 
switching rectifier series has been renumbered. Prices for the 
repackaged devices, in quantites of 100, are approximately $4 for the 
SSB and SUR series and $2.60 for the SR series-vs approximately 
$5 for the SSH and SUES series and $3 for the previously used SR 
numbers. All of the devices have a maximum forward current of 
30 A at 25°C. The PIV rating for the SSB series is 20 to 80 V, while 
the SUR and SR series cover 50to1000 V. 
CIRCLE 386 

Program links CAD data, in-circuit test 

A
software package from Marconi Instruments' ATE Divi­
sion (Sunnyvale, Calif.) automatically generates in-circuit 
test programs, fixture designs, and computer-aided repair 

(CAR) graphics using the data derived from a CAD system. Called 
CADlink, the program uses the CAD data base to develop a color 
graphic board-description file that enables Marconi's CAR system to 
display traces and components on pc board assemblies. CADlink em­
ploys the same data to generate test programs, assign test nodes, and 
design the pin layout and wiring for bed-of-nails fixures to be used 
with the System 80 in-circuit tester. 
CIRCLE 387 

Program simplifies analog filter design 

Filter synthesis software comes from Analog Design Tools 
Inc. (Menlo Park, Calif.) as an option for its Analog Work­
bench, an engineering workstation for designing analog cir­

cuits. The S/ Filsyn program allows the user to design a wide range 
of filter types, including passive, active, microwave, switched capac­
itor, and digital (FIR and IIR). The user need only specify the per­
formance requirements and parameters for the desired filter , and 
S/ Filsyn indicates which circuits will be needed to meet those crite­
ria. The program accommodates low-pass, high-pass, linear-phase 
low-pass, bandpass, band-reject, delay-equalizer, and bandpass 
impedance-matching designs. Priced at $17,500, the S/ Filsyn option 
will be available during the third quarter. 
CIRCLE 388 
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Distover the 
Setretsof 

Better BASIC 

•' 

Secrets of Better BASIC 
Ernest E. Mau 

Reveal s the sop histicated programming 
techniques used bv professional software 
authors to write more effective programs. 
Also discloses professional secrets for 

·~~ • testing & debugging 
~-~ -y."'\ programs 
::l.~( ,~~' 1~ • using memory effi cientlv 
~~ • executing loops & 

~::;.::, subroutines 
• creating disk files 

Helps you overcome the limitations of BASIC 
programming, improve program execution 
time, handle fil es more easilv, and fo rmat 
your programs for easy refere11ce. 

#6254, $14.95 

Order By Phone• 1-800-631-0856 
opemtor FE63 • /11 NI201 -368-2202. e.rt. 19 

Dept. FE63 •Hayden Book Company, Inc. 
10 Mulholland Dr. , Hasbrouck Hts. , N.J . 07604 

Please send me Secrets of Bener BASIC. If I am 
not completely satisfi ed, I may return the book 
undamaged within 10 days for a complete refund. 
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 

Name 

Address 

Citv 

State/Zip 

\' isa/MastcrCard # 

Signature 

Exp . 

8228 

Residents of NJ and CA must add sales tax . 
L _______ Pric~ubje~~angc _J 
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PRODUCT NEWS 

Interface options extend graphics system 

T
o provide a greater number of system environments access to 
the VectorScan 512 color graphics system, Applied Data 
Systems Inc. (Laurel, Md.) is offering optional serial, paral­

lel, and IEEE-488 interfaces. Also available is a version of the Vec­
torScan system that will plug into the IBM PC and PC-compatible 
computers. Additionally, the company has announced a memory ex­
pansion option to expand the internal memory map from 128 to 512 
kbytes, providing the user with four independently stored images. 
CIRCLE 389 

Bernoulli storage available for Macintosh 

P
reviously available for use with such computers as the IBM 
PC and those from Compaq, Zenith, and Texas Instruments, 
the Bernoulli Box is now compatible with Apple's Macintosh 

computer. The mass storage system, from Iomega Corp. (Ogden, 
Utah), uses 51/4-in. flexible disk cartridges that hold 5 Mbytes of 
formatted data and are completely interchangeable from one drive 
to another. The Macintosh Bernoulli Box, which is 5.1by10.7by12.5 
in., has an average access time of 50 ms. Start and stop times are 5 
and 10 seconds, respectively. The unit's suggested retail price is 
$1895; the 5-Mbyte Iomega cartridges sell for $59. 
CIRCLE 390 

10-MHz version of 80186 µP is unveiled 

I
n addition to 6- and 8-MHz versions, Advanced Micro Devices 
Inc. (Sunnyvale, Calif.) is now offering a 10-MHz version of the 
80186 microprocessor. One of the first such devices available at 

this speed, AMD's 10-MHz 80186 increases system throughput by 
25%. It is packaged in a 68-pin leadless chip carrier and is priced at 
$98 each in quantities of 100. The processor will also be available in a 
pin-grid array package during the first half of the year. 
CIRCLE 391 

Voice-synthesis chip costs less 

V otrax Inc. (Troy, Mich.) has reduced the price of the SCOl 
voice synthesizer-a solid-state device that enables comput­
ers to speak with an unlimited vocabulary-to the lowest lev­

el in the product's three-year history. The new price of $32 in unit 
quantities can be further reduced for larger orders. Encapsulated 
in a 22-pin CMOS package, the SCOl producers continuous speech 
at an average data rate of 70 bits/s. 
CIRCLE 392 
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APPLICATION NOTES 

Integrated circuit 
layout and design 

IAIAlllPllllll 

INTAODVCTION TO 
INTEGRATED· 
CIACVIT 
LAYOUT 

Entitled Introduction to In­
tegrated Circuit Layout, 

this textbook provides the basic 
theory for the layout of MOS I Cs 
and a method for translating a 
logic diagram into a schematic 
diagram used for designing an 
integrated circuit. Also shown 
are techniques for designing a 
composite drawing of masks for 
use in the fabrication of ICs. A 
glossary of trade vocabulary is 
included, along with drawings, 
diagrams, and examples. The 
material is compiled solely from 
sources provided by members of 
Motorola's design staff. 

Motorola Inc., 3501 Ed Blue­
stein Blvd., Austin, Texas 78721; 
(512) 928-6804. $19.95 (soft cov­
er), $24.95 (hardcover) . 
CIRCLE 393 

Applying conductive 
coatings 

Afour-page brochure dis­
cusses the use of metallic­

filled conductive coatings for · 
RFI/EMI shielding. The bulletin 

covers surface preparation, mix­
ing and handling, masking of 
parts, application, quality con­
trol and testing, safety pre­
cautions, and drying times. 

Advanced Coatings & Chem­
icals, 4343 Temple City Blvd., 
Temple City, Calif 91780; (818) 
579-6270. 
CIRCLE 394 

Selecting relays, 
timers, and controls 

A36-page booklet serves as a 
valuable reference manual 

for the selection of electronic 
and electromagnetic compo­
nents and controls. It contains 
definitions, descriptions, illus­
trations, and applications infor­
mation for various components, 
including most types of relays, 
timers, counters, switches, and 
proximity sensors. 

R elay Specialists Inc., 13-00 
Plaza Road, Fair L awn, N.J. 
07410; (201) 797-3313. 
CIRCLE 395 

Using packaged 
capacitor assemblies 

E mp'loying multiple-capac­
itor assemblies is the sub­

ject of a four-page treatise, 
which discusses the reasons for 
doing so and the effects- both 
obvious and subtle-of series 
and parallel connections on 
operating parameters. Reliabil­
ity data is also included. 

Tansitor Electronics Inc., PO 
Box230, West Road, Bennington, 
Vt. 05201; (802) 442-5473. 
CIRCLE 396 
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NEW LITERATURE 

Control knobs 
and custom dials 

Featured in Rogan's control 
knobs and custom dials 

catalog is the company's copy­
righted material specification 
and mechanical tolerance 
standards-the first published 
standards in the knob industry. 
The data helps determine ex­
actly how a given knob will per­
form, both functionally and aes­
thetically, in a given application. 
The products in the 44-page cat­
alog are fully illustrated and dis­
played with skirts, inlays, indi­
cators, and dials. 

Rogan Corp., 3455 Woodhead 
Drive, Northbrook , Ill. 60062; 
(312) 498-2300. 
CIRCLE 397 

Filters and traps 
for cable TV 

Patterned as a tutorial guide, 
a comprehensive catalog 

(C/84) specifies filters and traps 
for cable television, as well as fil­
ters for MATV, SMATV, and 
TVRO systems. The catalog of-
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fers complete descriptions and 
applications for all products. It 
also explains the pole trap leak­
age standard, the factory test 
method to ensure that trap leak­
age conforms to FCC require­
ments. 

Microwav e Filt er Co. Inc., 
6743 Kinne St., East Syracuse, 
N. y 13057; (315) 437-3953. 
CIRCLE 398 

Photoelectric 
sensors, controls 

More than 30 product 
series are featured in a 

114-page catalog of subminia­
ture photoelectric sensors and 
electronic controls. Products in­
clude through-beams, reflective 
scanners, and special-purpose 
scanners. An informative tech­
nical section describes the indi­
vidual components of a photo­
electric system and discusses 
response time, sensing modes, 
output devices, and selection 
criteria. 

Skan-A-Matic Corp. , Route 5 
W., PO Box S , Elbridge, N. Y. 
13060; (315) 689-3961. 
CIRCLE 399 

Temperature 
transmitters 

Degussa 
Temperature Transmitters 

~' Tt ,n'' s Oft •r .:x.:ounk." 
! 1i Si f\.I A.pp•o\lf.'d 

Degus,sa _.--

Temperature transmitters 
for resistance thermo­

meters and thermocouples are 
the subject of an eight-page 
booklet. The document contains 
detailed drawings, design speci­
fications, and application dia­
grams. 

Degussa Corp., Metal & Cata­
lyst Div ision , 104 N ew Era 
Drive, South Plainfield, N.J. 
07080; (201) 757-6500. 
CIRCLE 400 

Solid-state choppers 
and analog switches 

Solid-state choppers and ana­
log switches are specified in 

a 32-page brochure, which con­
tains numerous circuit dia­
grams, illustrations, mechanical 
data, and applications informa­
tion. The miniature devices are 
suitable for military and indus­
trial applications. 

Solid State Electronics Corp., 
18646 Parthenia St. , Northridge, 
Calif. 91324; (213) 993-8257. 
CIRCLE 401 
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Electron tubes and 
solid-state devices 

E lectron tubes-such as 
special-purpose industrial 

tubes, magnetrons, klystrons, 
traveling wave tubes, and bal­
lasts-are listed in a catalog, 
along with prices and conversion 
charts. Four pages of ICs and 
solid-state devices are also 
included , covering Schottky 
devices, transistors, varactors, 
rectifiers, microprocessor com -
ponents, and voltage regulators. 

Unity Electronics, 107 Trum­
bull St., Elizabeth, N.J. 07207; 
(201) 351-4200. 
CIRCLE 402 

Resistance 
temperature detectors 

More than 200 resistance 
temperature detectors 

(RTDs) and accessories are de­
scribed in a 60-page catalog (TS-
101), including models for im­
proved sensing in both OEM and 
end-user systems. An introduc­
tory section helps the reader 

compare sensor types, choose an 
RTD element, and identify possi­
ble sources of system error. 

Minco Products I nc., 7300 
Commerce Lane, Minneapolis, 
Minn. 55432; (612) 571-3121. 
CIRCLE 403 

Microwave components 
and systems 

Over 400 microwave com­
ponents are presented in a 

224-page catalog (No. 17) writ­
ten in a simple-to-use, cross­
referenced format . Among the 
products covered are 90 ° and 
180° hybrids, directed couplers 
and power dividers, mixers, 
modulators, p-i-n attenuators, 
and phase discriminators. Com­
plete application and technical 
data is given for each com­
ponent. The catalog also high­
lights Anaren's digital EW re­
ceiver line, quality-assurance 
program, and hi-rel capabilities. 

Anaren Microwave Inc., 6635 
Kirkville Road, Syracuse, N. Y. 
13057; (315) 432-8909. 
CIRCLE 404 
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wideband 
spst,spdt 

switches 

10 to 2500 MHz 
only $2995 

(6-24) 

IN STOCK ... IMMEDIATE DELIVERY 

• rugged construction; 
pin-diode chips 
on thick-film substrate 

• only 5v control signal for 1 µsec 
switching 

• 50 ohm matched in "open" state, 
SPSTonly 

• low insertion loss, <2 dB typ. 

• high isolation , >30 dB typ . 
• hermetically-sealed to meet 

MIL-STD-202 
• one-year guarantee 

SPECIFICATIONS FOR 
PSW-1111 (SPST) and PSW-1211 (SPOT) 

FREQUENCY RANGE 

INSERTION LOSS 
10-2000MHz 

2000-2500 MHz 

ISOLATION 
10-500MHz 

500-1000 MHz 
1 000-2000 MHz 
2000-2500 MHz 

SWR 
SWITCHING SPEED 

10-2500MHz 

1.7 dB max. 
2.7 dB max. 

40dBmin. 
30dBmin. 
25dB min . 
22dB min . 

1.5 max. ("on" state) 

1 µ sec. (max.) 

MAXIMUM RF INPUT +20 dBm 

CONTROL +5 V (5 mA max.) 

OPERATING TEMPERATURE - 54°C to + 100°C 

STORAGE TEMPERATURE 54°C to + 100°C 

PRICE (6-24) 
PSW 1111 $29.95 
PSW 1211 $29 .95 

Call or write for free 64-pg . catalog 

finding new ways . 
setting higher standards 

t::1 Mini-Circuits 
A Dtv1s1on of Sc1en11flc Components Corporation 

World 's largest manufacturer of Double Balanced Mixers 

P.O. Box 166, B'klyn , N.Y. 11235 (718) 934-4500 

CIRCLE 227 C 102·3 REV ORIG 



Recruitment Advertising 
Electron1cDeslgn 

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 Communications Engineer • Hardware Engineer 
• Project Engineer • Software Development Engineer • Microwave Engineer 
• Reliability Engineer • R & D Engineer • Operations Manager 

Circulation 128,279 
Total Readership 384,837 

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 

Jan . 24 Jan.4 Jan. 18 

Feb. 7 Jan. 18 Feb. 1 
Feb. 21 Feb. 1 Feb. 15 
Mar. 7 Feb. 15 Mar. 1 
Mar. 14 Feb. 22 Mar. 8 
Mar. 21 Mar. 1 March 15 

ElechoncDeslgn RECRUITMENT ADVERTISING RATES 

1 5% commission to recognized agencies supplying offset film nega­
tives . Net 30 days. Four column makeup. 

DIMENSIONS 
SPACE Wide Deep COST 

One column inch 1-3 /4 " x 1 " $99 
1 /8 page 1-3/4" x 5" $491 
1 /4 page 1-3/4" x 10 " Vert. $982 

3-1 /2" x 5" Hor. 
1 /2 page 3-1 /2" x 10 " Vert . $1,964 

7" x 5" Hor. 
3 /4 page 5-'/." x 10 " $2,946 
1 page 7" x 10 " $3,928 

Rates 1X 4X 7X 13X 19X 26X 39X 52X 
Per Column Inch $99 $97 $90 $84 $81 $77 $76 $74 

COLOR RATES 
Second color . per page or fraction $590 Matched color , per page or fraction $81 O 
Additional insertions . same form 340 Additional insertions , same form 475 

3 & 4 color . per page or fraction 930 Sheen inks , per page or fraction 915 
Add itional insertions, same form 505 Additional insertions , same form 475 

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 

Employment Opportunities in Sacramento, California 

JOB DESCRIPTION: 

ASSOCIATE CONTROL SYSTEM ENGINEER 
SALARY $2670- $3222/Month 

Performing engineering work involved in the design, construction, operation and maintenance of automatic process control systems. 
Evaluating available process control computers and equipment for conformance with operational requirements and preparing 
procurement specifications for new/replacement equipment. 

Conduction engineering/economic analysis of equipment malfunctions and recommending appropriate corrective action. 
Designing/developing modifications to analylog/digital circuitry, data transmission links, communications equipment, electro-mechanical 
equipment, or process control computer programs. 

Reviewing/approving field modification requests, making corrective design changes to hardware or software, and updating 
documentation . 

MINIMUM QUALIFICATIONS: 
Two years of experience in the California state service performing the duties of an Assistant Control System Engineer. or Three 
years of professional control system or electronic experience, including at least two years in the design, development and appplication 
of control systems utilizing complex electronic circuitry, combinations of electronic, electro-mechanical and hydraulic equipment, 
digital logic techniques, data transmission and interface equipment; and equalivalent to graduation from college with major work in 
engineering, or related physical sciences . 

An oral examination will be given in California during March/April 1985 and will cover a candidate's: 

Knowledge of: Practices and techniques involved in the design, development and maintence of complex automatic process control 
systems. 

Ability to : Perform research work on new equipment for process control system applications and analyze technical information 
pertaining to the operation of existing control systems with a minimum of guidance or training; work cooperatively with others; give 
technical direction to subordinate personnel. 

Submit resumes by January 31 , 1985 to : Department of Water Resources 
1416 Ninth Street, Room 304-2 
Sacramento, CA 95814 
Attention : Exam Unit 

Positions are located in California only. 
The State of California is an equal opportunity employer. 
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E'VEGOTIT! 
THE PROGRAMS ... Today, Fairchild Communications & Electronics Company is an 
evolving division of Fairchild Industries which draws on established traditions of leadership 
and innovation. Our charter is to meet new market challenges in telecommunications by 
building on our experience in digital electronics. This challenge is met through an integrated 
approach ... design, manufacturing, testing and support ... executed by a dedicated team of 
engineers, technicians, and management personnel. Now we're staffing for programs which 
will lead America's technological thrust in communications well into the next century. 

CONSOLIDATED SPACE OPERATIONS CENTER (CSOC) .. . DOD program to develop the 
most sophisticated, secure, TDMA-based communications network ever installed. This 
system links Air Force sites with the CSOC. 

NASA COMMUNICATIONS (NASCOM) ... Earth station development for systems which will 
link NASA operational sites world-wide with a satellite communications network. 

INTEGRATED COMMUNICATIONS CONTROLLER (ICC) ... Development of systems which 
will provide the latest in real-time demand assigned TDMA networks capable of providing 
secure, integrated voice, data and video-conferencing. 

The key technologies underlying the development of products for each of 
these programs are TOMA, encryption, switching and network 

management under software control. 

THE OPPORTUNITIES ... The advanced projects on board at Fairchild require the kind of 
people who can handle the challenge. Bright, motivated professionals ready to make a long­
term commitment as key team members and leaders for these important projects. We're 
expanding our staff with the following positions; all require relevant degrees and experience. 

0 SOFTWARE ENGINEERS 
0 SYSTEMS DESIGN AND TEST ENGINEERS 
0 COMMUNICATIONS SALES MANAGER 
0 HARDWARE DESIGN ENGINEERS 
0 PROGRAM DIRECTOR 

THE LOCATION ... Fairchild Communications & Electronics Company is located in German­
town, Maryland on a 200-acre complex only 30 minutes from the heart of the Nation's Capital. 
Our campus-like facility offers an exceptional working environment. You'll see recreational 
facilities which include a golf course, tennis courts, softball field , and workout facilities. It's 
the ideal place to expand professionally in a relaxed atmosphere. For more information on 
our current and planned staffing requirements, write: Professional Employment, Fairchild 
Communications & Electronics Company, 20301 Century Blvd., Mailstop S-5, Germantown, 
MD 20874-1182 or call (301) 428-6493. 

lJI 
FAIRCHILD 
COMMUN/CATIONS & ELECTRON/CS COMPANY 

An Equal Opportunity Employer M IF 

NEW CHALLENGES IN 
-------- COMMUNICATIONS------.... 
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Delivering innovative systems in an exciting and com­
petitive marketplace is a formidable challenge- one that 
we accept. 

At work within the Micro Products Division and Sperry 
Network Systems groups, we'll surprise you with uncom­
mon opportunities for career growth in state-of-the-art 
microprocessor and network communications technology. 

We are seeking individuals with expertise in the follow­
ing areas: UNIX Software programming, Systems design 
engineering, systems programming, SNA, DCA, OSI 
communications architectures, LAN technology communi­
cation software engineering, and many others. 

At Sperry, you '11 work in a business environment 
which encourages your participation as you share reS.JIORSi­
bility with other team members, for developing new 
generations of micro-based products and data communica­
tions systems. 

This is the Sperry challenge and we invite your 
participation. 

And, nowhere in America will you ~. Dllllll:l !IKIUMI~ 
than in Utah-powder snow, blue $Q' =t~Miltl;!Jliii•A• 
than 40 minutes away from woik. 

If you are inten:sted in die; !ID!dll~lil 
send your reSQfflC to: 
SPERkY, Emp~ ~·,"'" - ._,_,..,."'-= 
322 N. Spenj ay, Sdkta11Wt(tlff;J. 



Together, 
we test 
the limits 
at Tau-tron. 

America's highest-speed commercial PCM test equipment, 
operating in excess of 1 Gb/ s .. . a record of telecommunications standard­
setting that includes our 1975 development of the DS3 and 90 Mb/s 
multiplexer ... products and research projects defining the state-of-the-art 
in such applications as fiber optics, digital microwave radio, DDS, LAN and 
high-speed satellite communication. An impressive list, but just a few of 
the credentials that place us among the world's most advanced manu-
facturers of digital telecommunication test equipment. The accepted 

limits of technology are only where you begin at Tau-Tron. 
But like you, we're much more than our resume can show. Tau-Tron is the sort of 

place where someone will come by just to ask how your work 's going, and it will be our CEO. 
Your answer won 't have to be politely superficial. He's an accomplished engineer himself. If 
you have a disagreement not being addressed within your project team-a rare event-or an 
idea beyond your immediate assignment- not a rarity at all-our Director of Engineering has 

his own way of hearing about it. You walk right up and tell him. Of course, there 's a great deal more to say, but we 
hope you 've learned enough to consider one of the opportunities that follow. Particularly if you agree that for 
talented, perceptive people working as closely and intensely as we do, there really are no limits at all. 

PRINCIPAL ENGINEER (R&Dt 
This position of technical leadership requires an MSEE or 
Ph.D. as well as 3-5 years' experience designing high-frequency 
circuits and thin film microcircuits. Requires expertise in the 
design of RF/high-speed switching amplifiers and an under­
standing of transmission lines, terminating techniques for 
ECL/GaAS logic circuits, circuit models and analog simulation 
GAE design tools; and custom design/application of gate 
arrays. 

ELECTRONIC DESIGN ENGINEERS 
Responsibilities consist of designing high-speed discrete 
component RF/switching amplifiers, emphasizing communi­
cations applications. Qualifications must include a BSEE, 
knowledge of high-speed logic circuit applications and 2-4 
years of experience with GAE design procedures, circuit 
modeling and simulation. 

TELECOMMUNICATIONS DESIGN 
ENGINEERS (TEST EQUIPMENyt 
Duties include the design of digital test used in communi­
cations networks, multiplexers, line monitoring and main­
tenance at the standard T-carrier data rates. Requires a BSEE 
or MSEE with 2-3 years' experience in test equipment design; 
knowledge of TIL, CMOS and EGL logic families; under­
standing of Bell System Data Rates, OSI, DSIC, DS2, and DS3. 
Must 'be familiar with framing formats, clock recovery tech­
niques, data structures and multiplexer hardware. 

SOFTWARE DEVELOPMENT ENGINEERS 
Your involvement will consist of developing both real-time 
microprocessor control software for telecommunications 
equipment and related test instrumentation, and structured 
assembly language and PASCAL for C programs from design 
pseudocode (POL), as well as testing/debugging programs 
with microprocessor hardware. A BSEE or CS is required, as 
are 1-3 years' experience, and a working knowledge of an 
assembly language and either C or PASCAL. 
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QUALITY ASSURANCE ENGINEER 
Responsible for developing, implementing and maintaining 
QA/QC process, procedures and systems for processing 
materials into finished products. Also, involves evaluating 
components and material manufacturers to ensure sources of 
quality parts. Requires a BSEE degree with 2-5 years' experi­
ence in a quality assurance for control engineering or manu­
facturing environment. 

SENIOR MANUFACTURING ENGINEER 
Duties include developing and installing manufacturing methods, 
systems and procedures to achieve efficient and economical 
production of complex or specialized products. Requires a BS 
degree in mechanical or industrial engineering with a mini­
mum of 4 years of related experience in a manufacturing 
engineering environment. 

SENIOR ELECTRONIC TECHNICIANS 
Responsible for performing a variety of complex electronic 
tests to determine the case and source offailures, using a wide 
range of electronic test equ ipment. Requires an Associate's 
degree or an equivalent amount of military or vocational 
training/ experience in electronic technology and a minimum 
of 4 years of related experience. 

Please send your resume to Dave O'Bri en at Tau-Tron , 
Inc., Dept. ED 110, 1 o Lyberty Way, Westford, MA 
01886. Equal Opportunity Employer. 

tau-tron 
A UNIT OF 

G ENERAL SIGNAL 



Hardware and Software Engineers (PhD, MS, BS) 
for Communications Research and Development ... 

Join Racal-Milgo, where you can develop 
advanced data communications~~~~--, 

SOFTWARE/FIRMWARE 
solutions. Work in 
modems, multiplexers, 
UNIX™·based network manage-

~~ ment systems, local area net­
works and intelligent 

workstations. Or advance -
the technology of digital signal 
processing (data, voice, image), real-time 

operating systems and com­
munications protocols. 

(You'll always have opportunities to challenge 
the state-of-the-art and communications 
technology.) 

Our continuous growth creates opportunities 
ranging from Senior Research Fellow to entry-level 
Engineer. Racal-Milgo offers fast-paced challenges, 
sunny Florida lifestyles, and a beautiful new 
corporate headquarters. Our people and micro­
processor-based products have earned a worldwide 
reputation for excellence -we'll treat you right! 

---------------------------------------------
Briefly describe a recent project: Name ______________ _ 

Engineering Employment Supervisor 

Racal-Milgo 
Dept. 12158ED 
7800 W. Oakland Park Blvd. 
Ft. Lauderdale, Florida 33321 
An EEO/Affirmative Action Employer 
UNIX is a trademark of Bell Labs. 

Address _____________ _ 

City ______________ _ 

State __________ Zip ____ _ 

Phone - day (_) ____ night(_)·-~--

Degree(s) _____________ _ 

from _____________ _ 

Years of experience ___________ _ 

Please enclose a resume if you have one. 
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Engineers WHY YOU SHOULD CONSIDER 
MOVING TO SPERRY IN ALBUQUERQUE ..• 

Because ... 

I 

'~! 
• Sperry-Defense Systems Div1s1on 1n Albuquer ­
que is looking for some of the best engineers to 
help design and build state -of-the-art avionic 
systems. 

• Albuquerque was recently named the 2nd 
most liveable City 1n the United States. 

• Albuquerque 's climate. mountains. attractive­
ness and affordability sets it above the rest 

• Sperry 1s engineering at its best' We 're in ­
volved in flight contro l systems. color CRT Dis­
plays, reference systems - to name a few. 

• we have an attractive relocation and benefits 
package to include 5 year vesting . substantia l 
company contribution to retirement. and liberal 
vacations. 

• we are undergoing our second maJor plant 
expansion in three years. rapidly approaching 
700 million 1n annual sa les. 

• we probably have a place for your expertise 
in the following areas 

k 
Engineering Design 
CRT Displays 

Requires a BSEE and two or more years· experience in one 
of the following areas: hardware design of microprocessor­
based electronic systems; analog circuit design related to CRT 
displays; high and low voltage power supplies; and design 
of programmable symbol generation systems. 
• Analog Design 
• Electronic Flight Instruments 
• Programmable Symbol Generators 
• Software Development. 

Helicopter Avionics 
Requires a BSEE and two or more years · experience in one 

of the following areas: analog and digital circuit design; test 
equipment design; human factors/systems design; micropro­
cessor-based systems including 1/0, 1553B bus architecture 
and data processing. 
• Analog and Digital Design 
• Human Factors 
• Software Development 

Flight Control Systems 
Requires a BSEE and two or more years · experience 

associated with design or microprocessor-based systems 
including 1/0, data transmission, bus architecture signal 
conversion, and analog digital circuit design. Applications 
include : 
• Flight Management System Development 
• Analog/Digital Circuit Design 
• Flight Control System Development 
• Software Development 
• Simulation/Algorithm Development 

Engineering Support 
Reliability Engineer 

Performance of circuit stress analysis, reliability prediction 
and failure mode analysis, and participation in reliability de­
velopment testing. 
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Components Engineer 
Preparation of component specifications and provision 

of technical liaison between Sperry component vendors. 
Need specialists in electrical/electronic and mechanical 
components. 

EMIC Engineer 
You will participate in equipment design, prepare control 

and testing. Experience in EMIC testing and planning. Famil­
iarity with MIL-STD-461 and-462 is necessary. Position also 
available for EMI technician. 

Power Supply Engineer 
Assist project groups in the analysis and design of low and 

high voltage power supplies for high-reliability applications. 
A working knowledge of MIL-STD-704 and power FET 
switch-mode conversion circuitry is essential. 

Designers: 
Electrical 

The position involves the layout of high density multi-layer 
boards with a background in automated design generation. 

Mechanical 
You will be involved in completing conceptual design lay­

outs including form fit. function and tolerance analysis. Famil­
iarity with ANSI Y 14.SM. MIL-STD-100, DOD 1000, and en­
gineering principles is preferred. Each of the above positions 
requires a BSEE or BS Engineering Physics. 

Come Join Us .•• 
Send your resume and salary history, in confidence to, Jim 

Richter, Sperry, P.O. Box 9200, Albuquerque, NM 87119. 

Equal Employment OpportunitytAHlrmattve Action Employ-e1 
US C1t1zensh1p Required 
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INTEL • • • HAVING A VISION. 

MAKING IT HAPPEN . 
Our leadership is a result of our technology ... that's 
how the VLSI revolution came about , here at Intel. 
Our standard setting microelectronics developments 
include the first RAM, EPROM, microprocessor, 
single-board computer, microcomputer development 
system , and million-bit bubble memory . We also 
originated CMOS and HMOS technologies , and we 
will continue to set the standard in the next 
generation of advanced microprocessors , memory 
devices and microcontrollers . Intel professionals 
have vision, desire , convictions and discipline to 
lead ... do you? 

PROCESS DEVELOPMENT SCIENTISTS 
Carry out independent advanced development in the 
areas of thin films , plasma etch and diffusion for next 
generation IC products. Areas of emphasis are : 

• LPCVD enhancement , and 

• Defect reduction and yield improvement. 

All positions require a PhD in Chemistry , Chemical or 
Electrical Engineering or related fields, with at least 5 
years experience in research and development. 

ADVANCED MEMORY DESIGN 
ENGINEERS 

Responsible for the design and characterization of 
advanced memory products, including DRAM , 
E/E2PROM , Static RAM and Magnetic Bubble 
Memories . Responsibilities include all phases of 
logic design , circuit design , characterization and 
transfer . BS/MS/PhD in Engineering Sciences plus 
related experience . 

FUNCTIONAL/PHYSICAL DESIGN CAD 
We are seeking CAD professionals with logic and 
fault simulation , behavioral modeling and mixed level 
simulation for our Functional Design area . Our 
Physical Design area requires expertise with layout 
synthesis including sticks, place and route , cell com­
pilers as well as post design tools including pattern 

• 
I 

generation and frame generation . CAD and work­
station experience desired . 

SYSTEMS CAD (Oregon) 
This area encompasses functional and physical 
aspects of board and system-level products . This 
includes functional through gate-level simulation , 
testing and test generation , and automatic placement 
and routing for boards . 

PRODUCT ENGINEERS-DEVELOPMENT 
Will develop test programs , yield/cost analysis on 
Sentry , Teradyne , L TX or Megatest systems. Respon­
sible for product characterization and new product 
introduction for memory component, microprocessor 
or peripheral products groups. BS/ MSEE and related 
MOS / CMOS experience. 

VLSI DESIGN ENGINEERS 
Design new high-integration , high-performance 
CMOS I CH MOS microprocessors or peripherals . 
Responsible for architecture/ m icroarchitecture sim­
ulation , chip and circuit design , chip planning , and 
layout supervision on CMOS/CHMOS products 
within our peripheral or microprocessor groups. 
BS/ MS / PhD in Engineering Sciences plus related 
experience . 

Dedicated professionals are now extending our 
technology into a growing family of components for 
the future. If you have vision , we'll help you make it 
happen . For consideration, send your resume to the 
locations that interest you c/o Intel Employment , 
Dept. 155830, Phoenix, AZ , 5000 W . Williams Field 
Road , Chandler, AZ 85224 ; Santa Clara, CA, P.O. Box 
2546 , Santa Clara, CA 95051 ; Folsom, CA, 151 Blue 
Ravine Road , Folsom , CA 95630 ; Albuquerque, NM , 
4100 Sara Road , Rio Rancho, NM 87124 ; Portland, 
OR, 5200 N.E. Elam Young Parkway, Hillsboro , OR 
97124-6497 . An Equal Opportunity Employer MI FI H. 

'" Intel is proud to introduce our new facility in the 
beautiful and affordable Sacramento Valley. " 

® 

:·:-:·:-:-: 
)ff 

:::::::::::: 
············ :::::::::::: 
············ ··········-= 
imiiiimi 
:::::::::::: 
•!•!•!•:•:-: 
!•!•'•!•!·~· 

·=·===·=·=·~ :::::::~~= 
!•!•!•!•.•!•' 
·:·:·~::i 
···~ 

Electronic Design • January 10, 1985 447 



• F~ 
ee Rayth 

• Cornplet eon stock 
dental Pl e rnedica1 

·10 an 
.0% tuition 

re1rnb 
• lax ursernent 
. deterred 
mvestrn savings & 

ent Plan 

COLLE er 
OP Pon 

,,TUN/T/f: 
AT S 

scoco 
Systems I nc. 

At SEDCO we have a monopoly 
on the best engineering careers. 
We've cornered the market on blue-chip careers in engineering as well 
as manufacturing and engineering support. We achieved this enviable 
position by capitalizing on the technological strength and financial re­
sources of Raytheon, our parent company. We've also invested heavily 
in diversification, expanding from independent research in advanced 
electronics to full performance capability- from initial conceptual de­
sign to systems production and support services. 

At SEDCO, the pay-off for your expertise is both immediate and long­
term. Immediately, you 'll be involved in pushing the limits of micro­
wave component and phased array technology with emphasis on its 
application to our national defense. For example, you could be part of a 
team responsible for ECM Phased Array Antenna Systems which is an 
integral part of the B-1 Program. In the long· term, you can look forward 
to a unique kind of career satisfaction . The kind you get from a profes­
sional environment where you're given meaningful responsibility and 
rewards, where your individuality is encouraged and where you have the 
opportunity to effect change. 

We have a full range of engineering, manufacturing and engineering 
support positions immediately available. All require degrees (typically a 
BS/BS EE for engineers) and directly applicable and current experience 
combined with previous work in advanced electronics for the military. 

ENGINEERING 
MICROWAVE 
Section Managers 
7-10 years' experience required , including project or program manage­
ment (manpower and budget allocation). Will have responsibility for de­
sign and development of antennas and passive microwave components. 
Other duties include proposal writing and subsystem analysis . 

Sr. Engineers 
Requires 5-10 years' experience . Will design/develop antennas and 
passive microwave components (2-40 GHz) and maintain budget and 
schedule control over approximately 5 people. 

Engineers 
Requires 2-5 years' experience. Will design/develop passive microwave 
components (2-40 GHz) and antennas. 

ADVANCED SYSTEMS 
Sr. Engineers 
• Will be responsible for the support of all IR & D programs. Requires 

BSEE and 6+ years' experience in receiver and digital signal process­
ing techniques with knowledge of microprocessor software-2900 
family-essential. 

• Primary responsibilities will focus on advanced ECM applications to­
ward new business. BSEE and 6+ years' experience in radar ECM and 
threat intercept systems engineering required . 

Engineers 
• Will assist on proposal preparations and interface with support groups. 

Will also be involved with theoretical analysis. Requires BS EE/Physics 
and 2 + years' experience in RF technology including stripline, antenna 
and transition lines. 
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• Will design driver circuits , be involved in test measurement and assist 
on proposal preparations. Requires BSEE/Physics with 2+ years' ex­
perience in Computer Program in Basic or HFL required . Working 
knowledge of transistors. LSI and IC's mandatory. 

Proposal Managers 
Will edit, organize and write proposals for new business and be involved 
in cost management. Requires BSEE and 8+ years' experience with 
related knowledge of ECM systems, phased array antenna and control 
processor engineering necessary. 

ELECTRICAL 
Principal Engineers/Section Managers· 
Analog Design 
MBA and 15 years' experience required. Will direct feasibility studies and 
proposal generation for high speed analog signal processing (AD/DA 
converters), including analog systems architecture. Will also supervise 
designers of power supply voltage regulators . Strong management 
background essential. 

Sr. Engineers 
• Requires minimum 8 years' experience . Will design analog circuits and 

power supply, including switching and linear voltage regulators, power 
switching circuits and shunt regulators . Will also be involved in elec­
trical power system and analysis. 

• Requires 8 or more years' experience in RF IF MIC receiver desi!)n in 
the frequency range of 100 MHz to 10 GHz and active passive micro­
wave integrated circuit design (2-18 GHz). Must have working famil­
iarity with filters , attenuators , limiters, switches and solid state 
amplifiers. 

• Requires minimum 7 years' experience in hardware/software design for 
computer-based 'process control, ATE, precision measurement and 
positioning equipment. Will conduct hardware software integrations 
and system text . Must be experienced with the INTEL 8080, Z80 micro­
processors as well as HP 9836 microcomputers. 

Please send a detailed resume, indicating position applied for and in­
cluding salary history, to : Director of Personnel, Dept. EDIO, 
SEDCO Systems, Inc., 65 Marcus Drive, Melville, N. Y.11747 

( A Raytheon Company) 

US Citzenship Required 
An equ a l oppo rtunity emplo ye r. M / F 



MOTOROlA'S GOVfRNMf NT Hf CTRONICS GROUP 
Motorola's Government Electronics Group is a 
leader in the research, development and production 
of e lectronic hardware for our country's defense, 
national security and space programs. Our success 
is founded on the strengths of people like Ralph 
Love. People with the minds to imagine and the 
skills to do. 

If you are such an individual and have a 
background in one of the following areas, 
we'd like to talk to you . 

Principal System Eng ineers/ Designers 
Knowledge should include communications signal 
processing theory, awareness of current 
communications technology and strengths and 
weaknessess of hardware/software for 
implementation trade-off purposes. Abilities must 
include system concept development, testing and 
refinement. Prefer BSEE and 5 years related 
experience. Contact Paulette Dorris. 

Senior M echa n ical Engineers 
Responsible for conducting thermal, structural and 
vibration analysis in support of project requirements 
during product design, fabrication, assembly and 
testing . Experience in electronic packaging for 
military applications, design of mechanical elements 
of mechanisms and exposure to DOD-STD-100 and 
DOD-D-1000 highly desirable. Prefer BSME and 
4 years experience. Contact Jerry Chadwick. 

Software Manager - Engineer to manage a 
large software development project. Must have 
technical ability to understand unique hardware 
interfaces, design and evaluate multi-tasking 
operating systems and project cost and schedule 
for future developmental tasks. Prefer BSEE or 
BSCS with 10 years related experience . 
Contact Jerry Chadwick. 

Systems Eng ineers - Senior level engineers 
to direct the technology inception effort for radar 
programs. Considerable customer interface in 
conceptualizing system technologies to enhance 
and expand current projects into fully functional 
CJI systems. Prefer BSEE with 10 years 
experience . Project leader experience a plus. 
Contact Jerry Chadwick . 

Test Equipment Development 
Manager - Manager of development projects 
for manual and automatic test equipment for missile 
radar fuze development and production programs. 
Experience in test equipment system architecture, 
system level spec generation, radar signal 
processing and design of computer driven IEEE 
bus controlled systems. Contact Jerry Rule . 

Join the people of Motorola's Government 
Electronics Group. The benefits are many, including 
sunny Arizona - a land as beautiful as it is booming 
with recreational and cultural outlets. For more 
information, send your resume in confidence, or call 
the appropriate technical recruiter collect at (602) 
949-3759. Motorola Government Electronics Group, 
8201 E. McDowell Rd., Dept. 8241 , Scottsdale, 
AZ 85252. 

MOTOROLA INC. 
Government Elec tron ics Group 

An Equal Opportunity/Affirmative A c tion Employer 
U .S . Citizenship Required 

"If you want a broad spectrum of experience, 
you'll find the right technical outlet 
at Motorola." 

7?4flt L.ove 
fNGINHAING MANAGrn, Aa~ar Systems Office 

lite Ml11tl to lmagjite 
THf SKlll TO DO 

Electronic Design • January 10, 1985 449 



SYSTEMS 
PROGRAMMERS 

If you are the best Systems Programmer 
you know ... If a tricky problem can keep 
you excited from sunset to sunrise .. . If 
you'd like to work hard using the world's 
best tools to produce the world's best 
products, then we want you at Microsoft. 
You'll work with a fe.w others I ike yourself to 
create breakthroughs in the software 
state-of-the-art. Working with .. . 

• BRANDNEW 
MICROCOMPUTERS 

• NEW NElWORK TECHNOLOGY 
• UNANNOUNCED HARDWARE 

PRODUCTS 
Microsoft provides the best systems 
programming work environment... 

• FLEXIBLE WORKING HOURS 
• PRIVATE OFFICES 
• COMFORTABLE LOUNGES 
• FREEDOM TO CREATE 
... a small companywith lots of interaction 
and sharing of ideas. 

And to make a good thing better, 
Microsoft is located in the great Pacific 
Northwest with mountains, skiing, 
beaches, forests, rivers and lakes all 
within easy reach. We're just 15 minutes 
away from Seattle - a livable city with 
mild winters and affordable housing. 
Send your name, address, phone, and 
summary of languages and systems 
you've worked with (and sample of your 
source code, if you have it) to: 
MICROSOFT CORPORATION, Department 
SC, 10700 Northup Way, Box 97200, 
Bellevue Washington 98009. We are an 
equal opportunity employer. 

MICROSOFt 
The High Performance Software •M 
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Explore Tomorrow's 
Automotive Frontiers 
Now With General Motors 
General Motors' Advanced Product and Manufac­
turing Engineering Staff has immediate challeng­
ing opportunities in Controls Engineering. 

CONTROLS ENGINEERING 
Seeking CNC control hardware specialists to help 
develop state-of-the-art high performance equip­
ment and cells for the manufacture of automotive 
components. Those applying should possess a 
BSEE or MSEE and should have working 
knowledge of interfacing equipment to automat­
ically guided vehicles and robots. 

Candidates must have U.S. Citizenship or Visa sta­
tus which permits them legally to accept perma­
nent employment under U.S. Immigration laws. 

Exploring new automotive frontiers with GM 
means virtually unlimited opportunity to realize 
your full career potential , plus the outstanding sal­
aries and benefits only the leader in its industry 
can offer. To receive prompt, confidential consider­
ation , please submit your resume with salary his­
tory/requirements to: 

Technical Staffs 
Personnel - 74P 
GENERAL MOTORS 
TECHNICAL CENTER 
Engineering Building North 
30200 Mound Road 
Warren , Ml 48090-9010 

Software 
Engineers 

Space Applications Corporation, a leader in 
systems and software engineering, is 
involved in projects of international impact 
- projects that offer the challenge and 
diversity you deserve. 

Opportunities exist for individuals with a 
BS/MS/PhD in Math, Physics, Engineering or 
Computer Science and experience in space­
craft command and control, computer com­
munications security, satellite communi­
cations, military C31 and/or SIGINT systems 
analysis. Prior aerospace experience 
desirable. 

We have openings in Santa Ana, CA; 
Sunnyvale, CA; Seattle, WA; and 
Washington, D .C. 

We offer an attractive salary and benefits 
package. For prompt, personal consi­
deration, send your resume with 
geographic preference to: Carmen 
Barbee, Dept. ED, Space Appllcatlons 
Corporation, JOO E. Sandpolnte Ave., 
Suite JOO, Santa Ana, CA 92707. An 
Equal Opportunity Employer/U.S. 
Citizenship Required. 



HARDWARE/FIRMWARE/SOFTWARE ENGINEERS 

Bendix Test Systems' 
significant growth in ATE 
means significant career 
opportunities for you. 
Dramatic ongoing projects and R&D programs 
are stretching our ATE capabilities ... and 
engineers ... to the utmost. 

We are a pace-setting division of the Fortune 30 
Allied Corporation ; our operations in Teterboro, 
New Jersey are expanding. There's an exciting 
range of new openings. Filling them has our 
highest priority. 

If you have a minimum of a BSEE (or degree in 
math , physics or CS) and have the experience 
specified , here are " invitations" to initiate career 
discussions, and broaden your professional 
horizons: 

Manager, Software Engineering 
Must have at least 10 years in development of SW to 
support avionic systems, preferably automatic test 
equipment software. MSEE and 5 years of leadership 
experience preferred. Knowledge of modern software 
languages and techniques essential. Background in 
ATE highly desired. Will take charge of the develop­
ment of ATE compilers and test executive programs for 
multiple projects. Will also manage the development of 
next generation ATE software. 

Supervisory RF Engineer 
At least 5 years of specialized experience in ATE/RF 
applications essential. Will assume RF design project 
responsibilities. Supervisory experience beneficial. 

Microprocessor-based 
Designer/Engineer 
Openings for engineers with at least 1 year 's ex­
perience in digital microprocessors and software, as 
well as for senior engineers with 3 or more years 
related experience and knowledge of Intel 8086 family, 
development tools , and IEEE-488 bus protocols. 

Senior Firmware Engineer 
Staff and senior staff openings for engineers with a 
minimum of 5 years experience in firmware engineer­
ing , and thorough knowledge of Assembly language, 
modern microprocessor architectures and interfaces, 
and/or Intel 8086 programming and broad digital hard­
ware/analog circuitry design/debug experience. 

Waveform Analysis Engineer 
Openings for senior and staff engineers with 5-15 years 
of experience in the field , and knowledge of Fourier 
Analysis technique, sampling and other HW/SW tech­
niques used for digitizing and analysis of waveforms. 
Knowledge of Digital Signal Processing techniques and 
DIA and A/D conversion techniques highly desirable. 

Software Designer/Engineer 
Openings at staff , senior engineer and engineer levels. 
Designers must have 5-10 years of software design ex­
perience ; ATE experience preferred-as is knowledge 
of ATLAS, operating systems, compilers and test ex­
ecutives, as well as modern computer architectures. 
Other openings require 1, 2 or more years of applicable 
experience. 

Artificial Intelligence Engineer 
Senior and staff level openings. Must have 5-15 years of 
background , and working knowledge/experience of 
knowledge-based or expert SW systems. Knowledge of 
heuristic techniques and application to systems is an 
asset- as is ATE experience. 

Graphics Engineer 
5-10 years of experience in field essential-as is 
thorough knowledge of high order languages and data 
structures. BSEE or CS degree vital ; advanced degree 
preferred . 

Analog System Designer 
Must have at least 4 years experience in the design and 
development of analog control systems. Ability to control 
a project also necessary. Digital experience is an asset. 

Microwave/Millimeter Wave Engineer 
Openings for engineers with a minimum of 5 years of 
experience in microwave technology. Specific electronic 
warfare and mill imeter wave experience required . 

For prompt, confidential consideration , and full briefing 
by senior managers if qualified , please send your 
resume with salary history to : Mr. Blaise A. Russo, 
Manager, Employee Relations, Bendix Test Systems 
Division , Route 46, Teterboro, New Jersey 07608. An 
equal opportunity employer. 

-rAILLIED Bendix 
~ Aerospace 
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Engineers 
We Are Improving 
Communications Through 
Your Imagination 

At CASE RIXON, you will find a system 
of internal communications designed for 
the professional. It allows you to concen­
trate on improving global communica­
tions instead of fighting red tape. The 
spirit of our company is one of dedica­
tion, enthusiasm and adventure . CASE 
RIXON believes 1n its product and 
believes in its people. We recognize and 
reward innovative thinking and we ap­
preciate the impact your ideas can have 
on the data communications industry. 

For those individuals who are interested 
in accepting responsibility and who grow 
with each challenge, CASE RIXON offers 
the ideal climate for making real con­
tributions. We currently have oppor­
tunities in the following areas : 

• Network Management Architecture 
• LANS Research Engineering 

[Broadband) 
• Hardware Design Engineering 
• Software Design Engineering 
• LSI Design Engineering 
• Applications Engineering (pre 

and post sales support) 

For complete information about these 
outstanding positions, call John Jaeger 
at [3D1] 622-2121, or send your 
resume in confidence to : CASE RIXON 
COMMUNICATIONS, Inc .. 2120 In­
dustrial Parkway, Silver Spring, MD 
20904. An equal opportunity employer. 

CASE 
COMMUNICATIONS 
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Become Part Of The Success 
Of MSB System's New 

Medical Products Division 
MSB SYSTEMS is a recognized leader in advanced acoustical signal 
processing technology. The following key technical positions involve 
start-to-finish project responsibilities and offer exceptional professional 
growth . 

System Design Engineer 
BSEE with at least 5 years experience in the design and development of 
digita.1 image processing systems. MSEE preferred . Responsible for the 
architectural and functional design of high performance image processors 
and of picture archiving and communication systems. 

Digital Signal Processi.-.g Engineer 
MSEE, Ph .D. preferred , with at least 3 years experience in the computer 
modelling, analysis and design of adaptive signal processing or image proc­
essing systems. Must have a strong background in modern estimation theory 
and spectral analysis techniques . Knowledge of hardware and software 
implementation of digital signal processors is highly desirable. 

Digital Design Engineer 
BSEE, MSEE preferred, with minimum 3 years experience in the design and 
development of digital signal processing and microprocessor based systems. 

Analog Design Engineer 
BSEE, MSEE preferred, with at least 5 years experience in the design and 
development of H.F. circuits , including pulsers, power amplifiers, low noise 
receivers , adaptive controls , AID and D/A converters, with a strong back­
ground in interfacing analog and digital circuitry. 

We provide excellent salaries, a comprehensive benefits program and 
a superb life-style in Southern Connecticut , only one hour from N.Y.C. 

Please send your resume, in confidence, to: Operations Manager, 
MSB SYSTEMS, INC., P.O. Box 2029, Westport , CT 06880. An Equal 
Opportunity Employer. 

MSB SYSTEMS, INC. 
..-----..... ~ 

ENGINEERS 
• • • • • • • • • • • • • • • • Software, Hardware & QA • qv.cy GI-' • "'-V " 

• <Ne ~ 1. d • Do You Qualify? 
: ew ng. an : We have more 1obs lhan we can 1111 lor graduate 

e RF Design .. $19,000 e ~~~~e~~~c~; 1t~n~~P=~1;0~cpea~ne l~~~o~.~~~e/y e Antenna RID . · · · · SS0,000 • electronics l1elds Ma ny US locations lnlerview 
e Digital Logic . . . . H~.000 e relocation and agency lee paid by companies 
e Sales , Telecom ............. S~B .000 e Send resume & latest salary or call for 

e Microproceuors ........... $+4,000 e ~~~~~,;n(~~6i~~~-1~~1 ;~ P~~~11 ~;~~5- ~gi~Y 5 1 

• CAD/CAM Systems · · · · · · · · · S~S .OOO e ~ A L Krasnow. iUSNA . MIT) 
e Fiber Optics R/D · · · · · · · · · · · S4S,OOO • Electronics Department 
e Microwave Systems ......... SS0 ,000 e Atomic Personnel Inc 
e Medical Diagnostics ......... $49,000 e At& Suite 0·2. 1518 Walnut 

• We 're your complete personnel service • ~ Ph il adelphia PA 19102 

• in the Northeast . It 's all confidential, no : .... iiEiiniig1iineiieriisiiHeiilpiiiniigiiEiingiiiniieeiiirsiiisiiiiniiiceiii1iii95iii9;;;;;;;., 
• resume needed & no fees . Contact us. 
• today . • 

: Engi•arsD0~ : 
• Box 252 Latham, New York 12110 • 

•••••••••••••••• 

ENGINEERS 
Nat1onw1de professional search l recru111ng 

Serving high technology industries since 1958 

• Aerospace • Defense • Electronics 

• Analog / D1g1tal Design • A TE 

• Communicattons • CAO/CAM • Robotics 
• Software / Hardware • LSI / VLSI 

• Optics • E/ W • Image Processing 
• Microwave Systems • Sona1 

• Microprocessors! Hardw / Sftwr) 

EXECU TI VE SEARCH SPECI ALISTS 

P.O. Box 5325 • Baltlmore, Md. 21209 • 3011433-6610 

CALL THE 
RECRUITMEN 

HOT LINE 

Gail Goldstein 
Recruitment Advertising 

Manager 
10 Mulholland Drive 

Hasbrouck Hts., N.J. 07604 



We're FMC's Northern Ordnance Division , leaders in sophisti­
cated ordnance systems and related products for the U.S. Navy, 
Army, and Marine Corps. 

Superior technology has pushed FMC to the forefront of our 
field , and it 's kept us growing. Our current objective, which con­
tinues ten years of sustained growth, will increase the size of 
our electronics-engineering staff by 35% by the end of 1985. 
We're prepared to offer challenging engineering opportunities 
in project leadership to qualified professionals with 5 or more 
years experience. 

SEQUENCE AND CONTROL LOGIC ENGINEER 

You'll direct the development of advanced control systems incor­
porating interactive displays, 16-bit microprocessors, and self­
diagnostics. We require a BSEE or MSEE, 5 years' experience 
or more in logic design, microprocessors, and software develop­
ment, as well as some supervisory background and a record 
of effective interaction with mechanical designers and non­
engineering professionals. Defense industry experience would 
be an asset. 

SENIOR LOGIC & MICROPROCESSOR DESIGN ENGINEER 

You'll provide support to all phases of design and development 
of high-performance electronics equipment utilizing the most 
recent advances in digital logic and microprocessors. We require 
a BSEE or MSEE, and at least 5 years' related experience. A 
working knowledge of the 8086 would be a plus. 

-FMC 

DAT A BUS ENGINEER 

You ' ll be involved in design and development of state-of-the­
art fiber optic data bus systems employing 16-bit microproces­
sors, semi-custom ICs and high speed logic. A good knowledge 
of data bus architecture, protocol , reconfiguration, and error han­
dling are required . BS/MSE and 5 years of experience are 
required. 

MATERIALS ENGINEER 

Excellent opportunity for candidate seeking an application­
oriented research environment. Solid understanding of com­
posite materials, high temperature coaUngs, materials fabrica­
tion process and corrosion resistance 1s essential. An MS in 
Materials Science is required . 

ARTIFICIAL INTELLIGENCE SCIENTIST 

Qualified professional is needed to develop Expert Systems in 
Symbolic or equivalent machines for DoD application . Solid 
experience with Rule Based Expert Systems and one of the Al 
languages (LISP, C, PROLOG , etc.) is preferred. Candidates 
holding PhD in Computer Science; PhD in Psychology with com­
puter exposure and 4 years experience ; or MS 1n Computer 
Science with 4 years experience will be considered. 

The satisfaction of an engineering career with FMC does not 
stop with powerful technology and flexible caree_r paths. We also 
offer compensation that will reward your experience an~ skills 
with attractive salaries and generous benefits. For considera­
tion, please call Sherry Peterson at (612) 572-6540 or Dennis 
Mixdorf at (612) 572-6539, or forward your resume and sal­
ary history in confidence to: Professional Staffing, FMC Cor­
poration, Northern Ordnance Division , Dept. ED, 4800 East 
River Road, Minneapolis, MN 55421 . 

Equal Opportunity Employer U.S. Citizenship Required 
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Career Extra, the industryS 
leading recruitment newspaper 
is now reaching over 
200,000 engineering and 
computer professionals 
on tfie move. 

~th 
gro 

te' o fo~ 
O'Pu fl1o~/ . d cO dB # Issue Date 

~of>' . ues January 
LJ\tl~f"' February 

(<' pP March pf' 

Career Extra combines 
with Electronic Design and 
Systems & Software to give 
you maximum savings at 
frequency discounts. Plus 
bonus distribution at the 
hottest trade shows and job 
fairs in the industry! 
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April 
May 

June 
July 
August 
September 
October 
November 
December 

1985 CAREER EXTRA 
ISSUES MONTHLY! 

Closing Date Mailing Date 

January 18 January 25 
February 15 February 22 
March 15 March 22 
April 12 April 19 
May 10 May 17 

June 7 June 14 
July 8 July 12 
August 16 August 23 
September 1 3 September 20 
October 11 October 18 
November 8 November 15 
December 6 December 13 



No. 1 Recruiting Event 

teaderf 
. tentlY the 

con sis ... 
Offering Challenging Opportunities 

to the EXPERIENCED Technical Professional 
... ENGINEER AND COMPUTER SOFTWARE 

' 
IF. .. You 're an Experienced Engineer 
(any discipline, including Design, Mi­
crowave, CAD/CAM, Hardware, Soft­
ware, Wafer Fab, Systems, Project , 
Electrical, Electronic, Quality, Process, 
Communications, Fie~d Service, Test 
Systems, VLSI, Data Systems Assur­
ance, Advanced Engineering Manufac­
turing, Technical Marketing, Technical 
Sales or Management). 
IF ... You 're an Experienced Hardware/ 
Software Computer Professional (any 
area , including Applications, Program­
mer Analysts, Program Planners, Sys­
tems , Scientific , Logic Designers , 
Technical Marketing, Technical Sales or 
Management) . 
AND ... You 're curious to compare your 
present job to others now available in 
the marketplace. 
THEN ... You must attend TECH 
FAIR '" ! 

1985 SCHEDULE OF 
RECRUITING OPPORTUNITIES 

San Jose .. . ............ January 14-15 
Washington, D. C./Ballimore January 21-22 
Boston .. . ........ . .. . .. January 28-29 

·Anaheim - AFC EA .. . .... January 29-3D 
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 
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 

• 

Sponsored nationally by 
BUSINESS PEOPLE INC. 
100 North Seventh St. 
Minneapolis, MN 55403 
612/370-0550 

"We are not an employment agency " 
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quick ad1 New and current products for the electronic designer presentetl by their manufacturers . 

SJ:ZE 5 
('/2 INCH DIAM.) 

Space and weight can now be saved without 
compromising the quality of your prod­
uct.• Shaft encoders up to 256 pulses • Laser 
scanning motors up to 36,000 RPM • Film po­
tentiometers with infinite resolution • clutches 
and brakes with torque to 4.5 oz./in . Call or write 
VERNITECH , 300 Marcus Blvd ., Deer Park, New 
York 11729 • 516-586-5100 • TWX 510-227 -
5079. 

VERNITECH 

Guaranteed 
FCC/VOE 

Compliance! 

251 

In case of failure, you need to know exactly 
how to bring your device into compliance. Our 
test sites are tested to be identica l to the FCC's. 
We show you inexpensive, effective board level 
fixes to satisfy the regulation . We are also your 
complete one-stop U.S. test facility for VOE regu ­
lations. Total assistance on overseas submis­
sions , too . Fixed pnce, agreed upon in advance. 
Dash, Straus & Goodhue, Inc., 593 Massachu­
setts Avenue, Boxborough, MA 01719 (617) 
263-2662. 

FCC/ UDE COMPLIANCE 254 

PSPM Seies, 25W Modular Switcher. * 5V-5A, 
* 12V-2A, *24V-1A meets int'l safety & EMl/ RFI 
specs, including UL/ CSA/ VDE-0871 / 875 1/ 0 
isolation is 3750 VAC & creepage distance be­
tween 1/ 0 circuitry is 9 mm. Leakage current is 
less than 5 ua which meets medical standards. 
The units are short circuit protected, have soft 
start circuitry , & list at $156.00 each in 1-9 . Ask 
for our complete modular AC/ DC & DC/ DC cata­
log. Total Power International, Inc. 418 Bridge 
St. , Lowell , MA 01850: (617) 453-7272. 

SWITCHING POWER SUPPLIES 257 
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The 1816-R 1s a 5 volt 2048x8 bit electrica lly 
erasable programmable read on ly memory 
(E2prom) . Intended for use in applications that 
require or wou ld benefit from non-volati le memo­
ry ca pable of in-system mod1f1cation , WHEREEXTEN · 

SIVE WRITE CYCLES ARE NOT REQUIRED . Guaranteed for 
at least 100 write cycles with full 10 year data re­
tention . Devices are tested , burned-in and guar­
anteed . Price is $5.95 ea . (lk quan .) Offered ex­
clusively by ROONEY & ASSOCIATES, Alamo 
Corp . Ctr . 102 S. Teion . Ste . 1100 Colorado 
Spnngs,Co. 80903(303)578 -3326 

NEW (SHORT CYCLE) E2PROM 252 

i 
PC-BASED DATA ACQUISITION PERFECTED 
The ACR0-900 Modular Data Acquisition and 
Control System works wi th any PC; requires no 
programming knowledge, but can also be pro­
grammed; provides true , on-board intelligence; 
offers speed, ease-of-use and modular design at 
an attractive price . From ACROSYSTEMS, 66 
Cherry Hil l Drive, Beverly. MA 01915. (617) 
927-8885- Dave Bennett . 

DATA ACQUISITION 255 

10 MHz Z8000™ PERFORMANCE In addition 
to 10 MHz, the NEW MBx8000 SBC features a 
single width SBX connector for adding standard 
expansion modules, such as the SBSxFDC Floppy 
Controller. MBx8000 maintains all the capabili­
ties of its predecessor, the MB8000: Z8001/ 
Z8002 CPU 4/ 6/ 10 MHz; 32K/ 128K/ 512K 
DRAM ; up to 48K static RAM or EEPROM ; up to 
128K EPROM ; 2 RS-232 ports; 40 parallel 1/ 0 
lines; six 16-bit counter-timers; etc . Z8000™ Zi 
log. SINGLE BOARD SOLUTIONS, 7669 Rain­
bow Drive , Cupertino , CA 95014 . (408) 
253-0181. 
SINGLE BOARD SOLUTIONS 258 

DSTD-102 is a complete STD Z80 BUS compati 
ble single board microcomputer. This board con 
tains byte-wide memory sockets for up to 2411 
Bytes of EPROM and RAM , two seria l RS232C 
channels and fair counter/ timer channels , 2.5 01 
4 .0 MHz operation , programmable waitstate gen­
erator and an on-board memory disable ca pabili · 
ty. dy-4 SYSTEMS, 888 Lady Ellen Pl , Ottawa , 
Ontario, Canada Kl Z 5Ml. 613-728-37 11. 

DSTD 102 253 

0 0 ° u 
0 

Seiko Instruments now offers three models of 
Lithium Batteries, CR2016, CR2025, and 
CR2032. Primari ly designed for memory backup 
applications, these button type batteries feature: 
wider operating temperature range, higher ener­
gy density, superior leak resistance, stable opera­
ting voltage , and high reliability . For complete de­
+<iils and pricing information, contact Seiko 

•struments U.S.A., Inc. , 2990 W. Lomita Blvd ., 
rorrance, CA 90505 (213) 530-8777 . 

LITHIUM BATIERIES 256 

SERVICING HOME VIDEO CASSETTE RE­
CORDERS: Marvin Hobbs, Save time and money 
by fixing a VCR yourself! Covers the circuitry and 
mechanical features of typical Beta and VHS for­
mat 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 259 



quick ad1 New and current products fo r the electron ic designer presented by thei r manufactu rers. 

PC CIRCUIT LATCHING FAULT INDICATOR. 
Smallest new magnetic-latching MC 25 indicator 
mounts on pc boards to indicate circuit status . 
When pulsed, internal drum rotates to display 
color, retains position until reset. Ultra·small , 
lightweight, enclosed in clear dustproof Lexa n 
case, with 4 solder pins for individual or gang pc 
mounting. Op. temp range 0°C to 71 °C. Bulletin, 
Prototypes. Minelco, Inc., Division of Talley In­
dustries, 135 South Main St. , Thomaston , CT 
06787-0459 . Phone 203·283-8261. TWX 
710-475-1091. 

FAULT INDICATOR 260 

ELECTROSTATIC DISCHARGE CONTROL: 
Tarak N. Bhar & Edward J. McMahon , A com­
plete guide to establishing, implementing, and 
monitoring an ESD control program . Static con ­
trol materials, manufacturing processes, and 
special precautions are emphasized . Send 
$21.95 plus $2.00 to cover postage & handling 
to Hayden Book Company, 10 Mulholland Dr. , 
Hasbrouck Hts. , NJ 07604. Reference number 
5689 must be included on your check or monPy 
order. If not satisfied, return the book und::m­
aged, within 10 days for refund . 

HAYDEN BOOK 263 

178 IC DESIGNS & APPLICATIONS: Robert M. 
Mendelson, Comprehensive collection of linear 
IC developments for electronic design and basic 
applications. Includes schematic diagrams that 
make each project easier to understand. Send 
$14 .95 plus $2.00 to cover postage & handling 
to Hayden Book Company ,' 10 Mulholland Dr., 
Hasbrouck Hts., NJ 07604. Reference number 
0654 must be included on your check or money 
order. If not satisfied, return the book undam­
aged . within 10 days for refund . 

DESIGNS & APPLICATIONS 266 

MIL SOLID STATE AC/ DC RELAY Teledyne's 
M640-1W features AC/ DC switching up to 40V, 
& low on resistance (2 ohms typ), Transformer 
coupling provides lOOOVAC isolation & low off. 
state leakage. Hybrid microcircuit assembly to 
MIL-883B in T0·5 case . MIL P/ N M28750/ 5-
001 on QPL. The M640-1 Wis used as data cou­
pler, isolated line driver. current loop switch, ana­
log & transducer signa l switch ing. $38 ea for 500 
pcs. Teledyne Solid State Products, 12525 Daph· 
ne Ave., Hawthorne, Ca, 90250 (2 13) 777-
0077 . 

RELAYS 261 

New64KSBC 
• Requires no terminal. Includes Only 

Video Controller and CP/M@ 2.2 $375 
• Runs any size ftoppy drive. 1 

~ 4'-a·:':.~~-:: 
"i""'-~.' 

- :is-\ ·=--.M 
' ::·.-' ~1' ~~1 
-- ~ I 

, _r. _._ .. , .... ·- ."t.:'"' 

64K SBC (6" X 4" ) indudes: GM Hz Z80B TM • 2 
Serial Ports • 4 Parallel Ports • 1/ 0 Expansion • 
Source Code and Orivers • Video Controller • 
CPM ™ 2.2 Other models include Hard Disk 
Controller• CPM TM 3.0 • 128K or 256K RAM 
• 8088, Call our Toronto office today . (4 16) 
745-7214 or write : Megatel- 1051 Clinton St. , 
Buffalo , N.Y. 14206 Substantial OEM Discounts 
Available. 

SINGLE BOARD COMPUTER 264 

ROL YN ·OF!TICS CO. supplies all types of "Off 
the Shelf" optical components. Lenses,. prisms, 
mirrors, irises, microscope objectives and eye­
pieces and many others . All from stock . We also 
supply custom products and coatings in proto­
type or production quantities. 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 267 

SILICON DIODES FOR MEDIUM AN D HIGH 
CURRENT APPLICATIONS FROM RENARD 
MANU FACTURING. Specifications range from 
50-400 volts. 25·50 amps, 1 milliamp-10 
microamp P.l.V .. Each diode must pass for 100% 
Quality Control testing. For immediate service 
call toll -free 800-327-7244, 1n Florida, call (305) 
592-1500 ext. 24/ or write for a free catalog 
RENARD MANUFACTURING CO, INC , 3131 
N.W. 79TH Ave ., Miami . FL. 33122-1011. 

RENARD·s SILICON DIODES 262 

··-·• 
Vii's 250 1 Video Generator is programmable 
providing a full range of test patterns at virtually 
any scan rate. Using keyboard entry in real num­
bers, it stores all pulse and proportion parame­
ters for up to 69 raster formats , permanent 
EEPROM data storage, user·friendly with 16-
character display with complete support manual. 
Only $4950. Contact your Vi i Rep or send for lit­
erature: Vii , P.O. Box 33, Xenia , OH 45385-
0033 . Telephone: 513·376-4361. 

PROGRAMMABLE VIDEO GENERATOR 265 

COMPON ENTS CORP'S TP-101 SERIES PC 
MOUNT TEST POI NT JUM PERS. • Lowest cost 
so lution to board level trouble 
shooting • Exclusive self·positioning feature aids 
in soldering operations • Detented legs for snug, 
interference fit • Accepts wide range of test 
probes and spring clips • Available in variety of 
popular mounting dimensions and loop 
profiles • Affords flexibility in placement of cru­
cia l test points on high density circuits. Compo­
nents Corporation , 6 Kinsey Place, Denville , NJ 
07834. (201 ) 627 -0290. State of the Art since 
1943. 
COMPONENTS CORPORATION 268 
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quick ad1 New and current products for the electronic designer presented by their manufacturers . 

NEW FREE PRECISION TRIMMER CAPACI­
TOR CATALOG! Voltronics Corporation precision 
trimmer capacitors offer high stability and multi ­
turn fine tuning in a wide variety of sty les and 
sizes. New surface-mount subminiature Teflon® 
trimmers allow the design engineer to minimize 
board space and increase overa ll ci rcuit stability. 
Air, glass, and sapphi re dielectric trimmer capaci­
tors are also available . These parts meet the 
specifications of MIL-C-1 4409D and many can 
be ordered with MIL numbers. VOL TRONICS 
CORPORATION , P 0 Box 476. East Hanover, 
NJ 07936 (201) 887-1517 
CATALOG 269 

RUNNER'S GUIDE TO BUYING DISK DRIVES. 
Sprinting all over town for the best disk drive pric· 
es? You'll be first on the blocks with a new price 
list from Drives, Inc . Small OEM 's (50 to 500 
units/ year) now get brand name drives at costs 
comparable to their faster-paced competitors , 
5114" and 8" f loppies, 5114'' Winchesters. bare or 
with case & power supply . Al l run a 48-hr. mara ­
thon before shipping. Drives. Inc ., P.O. Box 
24829, Dallas. TX 75224. (214) 985-1 055 . 

LOW COST DISK DRIVES 272 

MUL Tl FUNCTION INTELLIGENT ANALOG 
1/ 0. Replace as many as three of our competitors 
boards with the RSD-7518 which allows you to 
measure both low level & high level inputs & con­
trol outputs with one board . STD bus compatible 
w. 4 diff. inputs, 8 single-ended inputs & 8 out­
puts, all w. 12 bit resolution . Diff . inputs have 
precision high gain instrumentation amp. w. re­
sistor prog. gain . On-board microprocessor has 
13 programmable modes. Memory or 1/ 0 
mappable. Vectored interrupt. ROBOTROL 
CORP., 16100 Caputo Drive , Morgan Hill , CA 
95037 . 408-778-0400 
MULTIFUNCTION STD ANALOG 1/ 0 275 
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6502 SINGLE BOARD COMPUTER with 16K 
CMOS RAM , sockets for two 2532 EPROM 8K. 
Real t ime 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. As­
sembled and tested . $389.00. 5 volt, 1 amp 
SWITCHING POWER SUPPLY with floating bat­
tery backup circuit. Input l 15VAC or 10 to 
15VDC, 3 X 7 inches PCB. Assembled and test­
ed . $79.00. Custom Programming Group, Inc., 
47-2A Marchwood Road, Exton. PA 19341. 
(215) 363-8840. 
CUSTOM PROGRAMMING GRP , INC . 270 

SWITCH BOXES CAN ADD TO THE VERSATIL­
ITY OF YOUR HARDWARE. Data Set Cable pro­
vides ABC & ABCDE boxes 1n a wide va riety with 
all kinds of connectors. Avoid need to change ca­
bles manually . Economical, too-ultra-compact 
ABC Single Coax box only $55 . In addition, Data 
Set has the biggest selection of interface ca bles , 
test equipment and other essentials to support 
your DP department. Send for cata log to Data Set 
Cable Co , 722 Danbury Road , Ridgefield , CT 
06877 - (203) 438-9684 or Las Vegas - (702) 
382-6777 . 

SWITCH BOXES 273 

68008 Single Board Computer. 100 by 160mm 
Eurocard . 3 RAM/ EEPROM/ EPROM sockets for 
2K-64K byte devices (2K RAM included). 6 8-bit 
Bi-Dir 1/ 0 ports with handshake and individually 
vectored interrupts . 4 16-bit timers . Dual async 
serial RS232 ports. 256b nvRAM. Diagnostics 
LEDs. Multitasking kerna l option . $295/ unit. 
Quantity discounts available. Heritage Systems 
Corporation , P.O. Box 10588, Greensboro, NC 
27404. (919) 274-4818. 

32BIT SINGLE BOARD COMPUTER 276 

Maximize IC density with MINI/ BUS.® Roger~ 
MINI/ BUS® PCB bus bars let you create higher 
density boards without the added design time 
and expense of multilayer. Because they elimi· 
nate on-board power and ground t~aces. And 
save valuable real estate 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 271 

RS232 or 8 BIT PARALLEL MINI CASSETIE 
SYSTEM. • Low Cost-$388 @ 100 units• 
• Microprocessor Controlled • > 200K Bytes 
Formatted/Tape; • Variable Baud Rate (110-
9600) •Error Rate 1 in 10 to the 9th• Small-
3"X 3.5"X 5" W/ O Case.• 2 1 other cartridge, 
cassette, floppy systems with storage to 12 meg­
abytes. Basic Drive with R/ W Electronics Start at 
$150. ANALOG & DIGITAL PERIPHERALS INC., 
816 Diana Drive, Troy, Ohio 45373 . 513/ 339-
2241 TWX 810/ 450-2685. Branch Off : Oklaho­
ma City, OK-Factory: Yucca Valley, CA. 

MINI CASSETIE SYSTEM 274 

ANDROID DESIGN: Martin Bradley Weinstein , 
Build your own android with the tools and tech­
niques presented in this easy-reference instruc­
tion manual. Fully illustrated. Send $15.95 plus 
$2.00 to cover postage & handling to Hayden 
Book Company, 10 Mulholland Dr., Hasbrouck 
Hts. , NJ 07604. Reference number 5192 must 
be included on your check or money order. If not 
satisfied, return the book undamaged, within 10 
days for refund . 

ANDROID DESIGN 277 



quick ad1 New and current products for the electronic designer presented by their manufacturers. 

FREE! 224 PAGE ELECTRONIC HARDWARE 
CATALOG . .. Items shown include standoffs, 
:aptive nuts and screws, chassis fasteners, han­
dles, ferrules, spacers and washers ... all with 
dimensions and tolerances shown for easy selec­
tion . 24 pages highlight new products 

. including new locking fastener section . AC­
CURATE SCREW MACHINE CO , INC , 19 Balti ­
more St., Nutley, N.J. 07110. (201) 661-2600. 

FREE CATALOG 278 

AFFORDABLE ENGINEERING SOFTWARE 
ACNAP2 Fast Circuit Analysis, 200 parts 30 
nodes, chained circuits , 1/ 0 impedance, full cir­
cuit 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 #207, Riverside, CA 92501 (714) 
781 -0252. 

ENGINEERING SOFTWARE 281 

THE 8086/8088 PRIMER, Second Edition: 
Stephen P. Morse, A complete introduction to mi­
croprocessor architecture, system design, and 
programming written by the man who designed 
the 8086. Send $16.95 plus $2.00 to cover post­
age & handling to Hayden Book Company, 10 
Mulholland Dr., Hasbrouck Hts., NJ 07604. Ref­
erence number 6255 must be included on your 
check or money order. If not satisfied , return the 
book undamaged, within 10 days for refund. 

8086/ 8088 PRIMER 284 

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 mar­
ket through the 27512 EPROMS. It also supports 
the Intel 2764A and 27128A chips. The 7956 
also programs single chip processors. $979 stand 
alone; $1099 with RS232 option . GTEK, Inc .. 
P.O. Box 289 . Waveland . MS 39576 ; 
601-467-8048. 

GANG PROGRAMMER 279 

EXPERTS IN SWITCHING TRANSFORMERS & 
INDUCTORS-FAST SERVICE. HI REL/ HI 
QUALITY-For Military End Products. Why set­
tle for Less? MAGNETICO gives you best design . 
For expert design help and immediate response 
call 516/ 654-1166, or send for Literature . 
MAGNETICO, 182 Morris Avenue , Holtsville, 
N.Y 11742. 

SWITCHING TRANSFORMERS 282 

FREE for Intel MOS users: Guide to time saving 
opportunities for Intel microprocessor develop­
ment systems 20-90% TIME SAVINGS. If you 
have or plan to get an lntellec Series II, Ill or 
Model 800 you need this guide. Call: Winches­
ter Systems, 400 West Cummings Park, Woburn , 
MA 01801. Toll free: 800-325-3700, in Mass 
617-933-8500. 

WINCHESTER SYSTEMS 285 

CMOS IC GENERATES CALL PROGRESS 
TONES. Generate audible ri nging and other call ­
routing tones such as dial , busy and reorder­
with just one chip. Teltone 's M-991 produces 
combinations of seven standard frequencies 
using one 5V supply and a 3 .58 MHz crystal . As 
the only tone generator on the market . it joins 
Teltone's family of telecommunications genera­
tors, detectors. receivers and relays. 1-800-227-
3800, ext. 1130. Teltone Corporat ion , P.O. Box 
657 , Kirkland , WA 98033. 

M-991 280 

6809 Single Board Computer. 6809 MPU , 2 
serial ports. 4 parallel ports. RAM . EPROM , real ­
time clock , watchdog timer, 44-pin 4.5" X 6.5" 
PCB. EXPANSION MODULES RAM, EPROM, 
CMOS RAM/ battery. analog 1/ 0 , serial 1/ 0 , par­
allel 1/ 0 , counter/ t imer , IEEE-488, EPROM pro­
grammer. floppy disks, cassette. breadboard , 
keyboard/ display. Wintek Corporation . 1801 
South Street, Lafayette , IN 47904-2993. (317) 
742-8428. 

SINGLE BOARD COMPUTER 283 

FREE ELECTRONIC TOOL CATALOG Color­
illustrated catalog from Jensen Tools covers an 
extensive line of specialized tools, tool kits, and 
accessories for electronics, telecommunications 
and computer equipment. Also includes a selec­
tion of test equipment, soldering tools , pliers , 
screwdrivers, wire strippers and other tools, as 
well as tool cases and complete field service kits. 
For free copy, call or write: Jensen Tools, 7815 S. 
46th Street, Phoenix, AZ 85040 (602) 968-
6241. 

HARD-TO-FIND TOOL CATALOG 286 
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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 

O Mini-Circuits 
A Division of Scienlilic Components Corporation 

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 

CIRCLE 132 
C92REV. A 

• Freq . 
(MHz) 

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

DC- 1000 1000- 1500 DC- lOOOMHz 1000- 1500 MHz 
DC·l500 MHz ±0.3 0.6 0.8 1.3 1.5 

•oc- 1000 MHz (all 75 ohm or 30 dB models) DC500 MHz (all 40 dB models) 

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

ATTEN 
1 
2 
3 
4 
5 
6 
7 
8 
9 

JO 
12 
15 
20 
30 
40 

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

SAT(SMA) CAT(BNC) 

• 
•• 

•• 

•• 

•• • • • • 

NAT(N) 

• 
• 

• 

• 

• • • 
PRICING (1 -49 qty.): CAT (BNC) .. $11.95. SAT (SMA). $14.95 

TAT(TNC) $1295, NAT(N) $1595 

TAT(TNC) 

• 
• 
• 

• 
• • • 



The AD6Z5 makes short work 
of long-standing In-amp 
problems. And it does it 
Inexpensively. 

Like a low-cost dlf· 
ferentlal gain block. 
If you've been using a dis­
crete approach involving 
several op amps and a 

resistor network. stop right 
here. The AD625 is available 

in a plastic version . Just S6 .10 
in 1.000's. 

Like a low-cost software pro­
grammable gain ampllfler 
(SPGAJ. 
An AD625 plus a CMOS multiplexer 
and a suitable resistor network will 
deliver 12-bit precision . It's configured · 
such that the switch on-resistance 
doesn't add to the gain-setting network 

Analog In 

AD7502 
MUX 

AD625 
IA 

Resistor 
Network 

Analog Out 

-no expensive relays are needed. If 
you can think of a better way to make 
a low-cost programmable gain ampli­
fier. call us. 

Like fixed gain applications. 
If you're looking for non-standard 
gains-those not found on the AD524 
or AD624-the AD625 is the in-amp 
you've been waiting for. With three 
external resistors. the AD625 will 
provide any gain from I to 10.000. 
And the gain accuracy and gain T.C. 
depend almost entirely on the choice 
of external resistors. 

More good news. 
The AD625 delivers 0.001% nonline­
arity. 0.25µV/°C input offset dri~ and 
0 .2µV p-p low-frequency noise. It 
delivers the performance you expect 
from an Analog Devices in-amp. Write 
us. Analog Devices. PO . Box 280, 
Norwood, MA 02062 . Or call us at 
(617) 658-8313 and ask for Applica­
tions. We're offering an evaluation kit 
to qualified users, and we'd like to 
send you one. Do it today. It could 
solve a lot of problems. 

r.ANALOG 
WDEVICES 

t ". ' . 
I 

• 

The new AD6ZS ln-Alnp:i 
Come up with a problem 

itcan't solve. -
Analog Devices. Inc.. Two Technology Way. Norwood. MA 02062; Headquarters: 1617) 329-4700. California 1714/ 64 1-9391 .1619/ 268·4621.1408/ 947-0633; ColoradO" l303/ 590-8906. 
Florida: {305/ 851 -3939; llhno1s: {3 12/ 653-5000; New York · 1716/ 425·4 IOI . {315/ 437-5277; Oh10· f614/ 764-8795. Pennsylvania {215/ "643-7790; Texas· {214/ 231-5094. {713/ 664-6704 . 

Washington: 1206/ 251-9550; Belgium: 13/ 237 48 03; Denmark 12/ 845800. France: /I/ 687-34-11. Holland. lf620/ 51080; Israel 1052/ 28995; Italy: 12/ 688383 1. 12/ 6883832. 12/ 6883833. 
Japan: 13/ 263-6826. Sweden: 18/ 282740; Switzerland: 122/ 315760; United Kingdom: 101/ 9410466. West Germany: 189/ 570050 
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