
Programmable 
transistors 

bring a new touch 
to analog arrays 



stands alone. 

error correction technique, the ICL7134 provides 
up to 14 bits of accuracy and ultra-high stability 
over the entire operating temperature range. Plus 
the same cool low-power CMOS performance. 

Right now, we've got plenty of stock avail­
able. So once you see how easily the ICL 7115 
interfaces to your hardwired system and hooks 
up to 8- or 16-bit buses, you can spec the AID chip 
that stands without peer. 

Matter of fact, give us a call today and we'll 
put this super AI D converter in your hands. After 
all, we designed the ICL7115 for great engineers. 
Like you. 

Call us for your free evaluation ICL 7115, 
or write Intersil, Inc., Mail Stop Rl-26, 10600 Ridge­
view Court, Cupertino, CA 95014. In Europe, call 
(02) 673-93-79 or 660-20-14. Or write General 
Electric, International Operations, Chaussee de la 
Hulpe, 150-Bte. 5, 1170 Brussels, Belgium. 

And discover-first hand-why GE stands 
for Great Engineering. 

G E and fl are registered trademarks of General Elect ric Company, U.S. A. 

Sample the future. Call 800-626-2001. 
Ext. 428. Free evaluation ICL7115s are available to the first 3000 qualified call ers. 
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The only 14-bit monolithic AI D converter 
on the market today-that's Intersil's ICL7115. 
It's the chip that will change the definition of 
signal processing. 

Data acquisition and data logging applica­
tions are a whole new ball game with the ICL 7115. 
It's monolithic, which means lower cost and higher 
reliability than systems built with hybrids or 
modules. And its successive approximation tech­
nique gives you 25,000 conversions per second, 
for more rapid sampling and greater digitizing 
capabilities. 

The key to the ICL7115 is our proprietary 

Our ICL7115. 

EPROM error correction technique. Unlike con­
ventional techniques such as laser trimming, this 
unique EPROM correction method compensates 
for linearity and full-scale error with greater 
precision and stability, over the entire operating 
temperature range. 

Though it's a hot new product, the ICL 7115 
is a very cool performer: thanks to our advanced 
CMOS technology, the whole package dissipates 
only lOmW. 

And if your system requires equal precision 
in a DIA converter, our ICL7134 meets the chal­
lenge. Utilizing the same proprietary EPROM 





More 
performance. 
Our new smart 
displays have built­
in RAM, ASCII 
decoder, and LED 
drive circuitry. 

They also feature 
a super-fast access 
time of 160 ns, full 
TTL compatibility, 
and a wide range of 
operating tempera­
tures. 

More reliability. 
Large built-in 

input protection 
diodes help eliminate 
the possibility of 
electrostatic damage. 
And a special package design 
ensures excellent temperature 
cycling performance. 

The HPDL-1414, HPDL-
2416, and HMDL-2416 are all 
wave-solderable. 

The HMDL-2416 is 
especially designed for high­
reliability applications and 
conforms to military specifica­
tion MIL-D-87157. 

More choices. 
With the addition of 

these three new products, 
Hewlett-Packard now offers 
you a complete line of 

CG08509 

alphanumeric displays. All at 
competitive prices. 

Choose one of these new 
smart displays or one of our 
other displays. Choose dot 
matrix or segmented displays. 
Choose your color. Choose 
character heights of 0.112 
inch to 0.27 inch. Or choose 
special features such as 
extended temperature ranges, 
sunlight viewability, or 
hermetic sealing. 
More for your money. 

Prove the value of our 
new displays for yourself. 
Return the coupon with your 
check for $20 and we'll send 
you the smart display of 
your choice along with a free 
demo box. 

F//99 HEWLETT 
~~PACKARD 

CIRCLE 2 

For more infor­
mation about our 
complete line and the 
name of your author­
ized distributor, call 
the Hewlett-Packard 
sales office listed in 
your white pages and 
ask for the Compo­
nents Department. 

I want more. Please send me the 
display checked below along with my 
free demo box. I've attached my business 
card and enclosed my check for $20 
made out to Lynda Welch, Hewlett­
Packard, 370 W. Trimble Road, San 
Jose, CA 95131. 

0 HPDL-1414 (0.112;1 epoxy sealed) 
0 HPDL-2416 (0.16; 1 epoxy sealed) 
0 HMDL-2416 (0.16;1 hermetically 

sealed) 
Limit one per customer. Offer good in U.S. only. 
Expires I une 30, 1986. 
ED 511186 



from 

de to 3GHz 
• less than 1dB insertion loss over entire passband 
• greater than 40dB stopband rejection 11nd1ng new ways 

setting higher standards 
• 5 section, 30dB per octave roll-off 
• VSWR less than 1.7 (typ) 
·over 100 models, immediate delivery 
• meets MIL-STD-202 

O Mini-Circuits 
A Division of Scientific Components Corporat1on 

·rugged hermetically sealed package (0.4x0.8x0.4 in.) 
• BNC, Type N, SMA available 

LOW PASS Model *LP- 10.7 50 100 150 200 
Min. Pass Band (MHz) DC to 10.7 48 98 140 190 
Max. 20dB Sto Fre uenc MHz p q y( ) 19 70 147 210 290 

300 
270 
410 

Prices (ea.) : P $9.95 (6-49), B $24.95 (1-49) , N $27.95 (1-49), S $26.95 (1-49) 

HIGH PASS Model *HP- 50 100 150 200 300 400 

Pass Band (MHz) 
start , max . 41 90 133 185 290 395 

end , min . 200 400 600 800 1200 1600 
Min . 20dB Sto Fre uenc MHz p q y( ) 26 55 95 116 190 290 

Prices (ea.): P $12.95 (6-49), B $27.95 (1-49) , N $30.95 (1-49) , S $29.95 (1-49) 

P.O. Box 166, Brooklyn , New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 

450 550 600 750 850 1000 
400 520 580 700 780 900 
580 750 840 1000 1100 1340 

500 600 700 800 900 1000 
500 600 700 780 910 1000 

1600 1600 1800 2000 2100 2200 
365 460 520 570 660 720 

* Prefix P for pins, B for BNC, N for Type N, S for SMA example: PLP-10.7 C105 REV. ORIG. 
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BEHIND THE COVER 

A few years back, Giovanni Gia­
nnella, manager of engineering ser­
vices at Exar, made an astounding 
proposal. He told Surgit Nijjer, the 
company's marketing manager for 
linear products, that he could design 
a bipolar analog array so that any 
transistor could become an npn or a 
pnp device simply by changing the 

L-__.._.._...__. metallization. Nijjer reacted with 
G. GIANNELLA disbelief, a feeling that intensified 
when Giannella added that transistor density would 
double. 

Eventually Giannella brought Nijjer and the rest of 
the Exar staff members over to his side. But while he set 
about his work, Nijjer spent several sleepless nights­
happily tossing about thoughts of chips that could reach 
130% silicon utilization. Clearly, transistor structures 
that could assume dual roles (npn or pnp) had tremen­
dous appeal. 

Giannella, for his part, seemed an unlikely candidate 
for designing the Beta analog array that scores as this 
issue's cover story (p. 171 ). "About 14 years ago," he 
recalls, "I got tired of IC design and switched over to 
manufacturing and marketing"; his primary re­
sponsibility now at Exar is test system development. 
However, he did begin to dabble again in IC design 
several years ago. In fact, in his spare time he conceived 
the Alpha array, predecessor of the Beta array. 

One day, as work on the Alpha array was nearing 
completion, Giannella was sitting in bumper-to­
bumper Silicon Valley traffic when an idea struck him. 
Though it was too late to implement in the Alpha array, 
the idea still seemed attractive. Why not combine the 
Alpha's npn transistor structure (similar to a structure 
used on many standard products but never on arrays) 
with a pnp structure that he had designed 12 years ear­
lier and that he knew worked. 

With a great deal of confidence- and moxie- he de­
vised not one but three unique transistor structures: the 
Twinstor, the Twin booster, and the Padstor. 

Giannella had one more trick up his sleeve. Though 
the Beta array was to be Exar's largest ever, he con­
vinced the company to lay it out and fabricate it with­
out first building and characterizing the three internal 
structures. So much faith did Exar place in the Beta 
array that it has decided to patent the three transistor 
structures in virtually every Western country, investing 
about as much money in that campaign as it did in de­
signing the array itself. 
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171 COVER: ANALOG ARRAY IC 

Industry Newsmakers 
73 PLD software takes on big.board projects 

CAE software tracks, compiles, and simulates designs full of pro­
grammable logic. Any logic compiler or technology can take part. 

81 Preamplifier IC advances fiber.optic receivers 
Priced under $2, a low-noise 300-Mbaud device heralds low-cost 
fi ber-optic systems and other interesting applications. 

91 Wide output swings mark CMOS op amp 
For the fi rst time, a quad CMOS op amp gives designers a mix of 
de and dynamic specifications from chips running off a 5-V rail. 

Electro/86 
115 Introduction 

117 Program close.up 

129 Product highlights 

Electronic Design Reports 
156 Siiicon compilers travel rough roads to industry 

acceptance 
Last year's 'wunderkind' struggles with reality. But once in its 
niche, silicon compilation will lead to much higher productivity. 

Design Entries 
171 Cover: Array presents new ways to customize 

analog circuits without wasting silicon 
Exploiting the unusual cell-like architecture of an analog array, 
designers can freely turn any transistor into an npn or pnp device. 



1986 winner, Jesse H. Neal 
Editorial Achievement Award. 
Best In-depth analysis article series: 
1985 Technology Forecast 

156 SILICON COMPILATION 115 ELECTR0/86 

189 Targeted for speed, triple-bus DSP IC 
dispatches real numbers at 6.25 MIPS 
Working with three rather than two buses, a fast digital signal 
processor makes short work of real and complex data. 

201 EEPROM·based ASIC propels programmable 
loglc to new levels of complexity 
With a NOR structure and multiple logic levels, a reprogram­
mable ASIC replaces about 20 low-power TTL devices. 

213 Interface chip links floating-point coprocessors 
to host to form supermlnl look-alike 
A memory-mapped interface and its companion coprocessors bring 
5 MFLOPS to a host CPU. 

229 68000-type microprocessor packing peripheral 
subsystems smooths workstation design 
Designers can build low-cost, high-performance CAE workstations 
with a chip that sports dual OMA channels and MMU counters. 

239 1-Mblt DRAM controller shuns complex timing 
and protocol to streamline high-speed systems 
Engineers looking for new and better ways to drive and control dy­
namic memory arrays can turn to a fast controller. 

Cover photograph by Herbert/ Wagner Computer Images 

ELECTRONIC DESIGN (USPS 172-080; ISSN 0013-4872) Is published biweekly with one 
additional Issue In January, May, June and July; two additional Issues In March, 
September. and November by Hayden Publishing Company, Inc., 10 Mulholland 
Dr .. Hasbrouck Heights, NJ 07604. Subscription rates are $65 one year U.S. (foreign 
rates available upon request). James S. Mulholland Jr., President. Printed at Brown 
Printing Co., Waseca, Minn., and somerset, NJ. Second-class postage paid at Hack· 
ensack, NJ 07602 and additional malling offices. Copyright © 1986, Hayden Publish­
ing Company. Inc. All rights reserved. POSTMASTER: Please send change of address 
to ELECTRONIC DESIGN, P.O. Box 1036, southeastern, PA 19398. 

In The Next Issue 
• ELECTRONIC DESIGN Reports: An update 

on MAP, the Manufacturing Auto 
motion Protocol 

• Industry Newsmaker: Easy·te>drlve 8·blt 
flash converter 

• Product Report: Conductive epoxies 

• Newstrend: 32·bit, Unix-based workstations 

• Hybrid op amp reaches 100 W 

New Products 
Analog 

249 Converter handles 126-dB dynamic· 
range signals with 15-bit accuracy 

250 Op amp driven by ± 0.8.Y supplies 
252 Intelligent modules link sensor to 

computer 
254 Lowest-noise op amp checks in at 

1.1 nV/Hz1/2 

Computer·Alded Engineering 
·262 Compact chip design ensured by 

layout station 

Computer Boards 
270 Drop-In board turns PCs into mult~ 

user systems 

Power 
274 Variable supplies pump out 

programmable power 

282 Communications 
288 Factory Automation 
294 Instruments 
300 Packaging & Production 
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326 Product News 
328 Appllcatlon Notes 
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DON'T MISS THESE ... 

4 2 For about $1300, the Com­
modore Amiga can make a 

cost-effective color workstation. 
Add-in boards further enhance the 
box. In one case a 68020 processor 
shares a board with a floating-point 
processor. 

51 On the agenda at the up­
upcoming Custom IC Confer­

ence: In a 20,000-gate chip, using a 
few thousand gates for self-testing 
more than pays for itself. Eliminating 
wiring channels leads to a chip with 
almost 100,000 gates. A layout pro­
gram, Spares, produces digital and 
analog ICs independent of device 
technology. 

81 What's holding back fiber 
optics? The cost of receivers, 

for one. Now there's a preamplifier 
IC with wide dynamic range, broad 
bandwidth, low noise, and a super­
low price of just $2. A transimped­
ance-type amplifier, it also makes 
a good voltage-controlled ampli­
fier or crystal oscillator. 

68000 

512-kbyte RAM 
(expandable 
to 8 Mbytes) 

l 

+sv 

RS-422 
(800 kHz) 

(a) 

+ 

201 Here's a CMOS program­
mable logic device that 

contains 800 electrically repro­
grammable gates. On a board it 
packs 1000 logic gates/in. 2

. And 
running with a 10-MHz clock, it 
draws less than 20 mA-about 50% 
to 90% less than other bipolar and 
CMOS PLDs. 

......-i--t--t--+-+-. AND 8 

249 A voltage-to-pulse-width 
converter can lend a hand 

in measuring voltages that may 
vary by as much as a million to one. ~ 
Its dynamic range falls between 
120 and 126 dB, and in a typical 
input voltage range, it generates 
pulses of about 400 µs. 

6 Electronlc Design • May 1. 1986 
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Productannounce- •tHE MAKINGS Butprobably 
ments do not a SCSI chip OFA SCSI the biggest re~son 
make. Over the years, more compames rely 
NCR has cultivated a on NCR SCSI chips 
SCSI reputation by deliv- REPUfATION. is availability. We 
ering chips. Not promises. actually have product 

To date, hundreds of host and peripheral on the shelves. Here and now. 
manufacturers have committed designs to 5385E - Full protocol integration, highest 
our SCSI chips. We like to think that's be- performance family member-48 
cause NCR expertise played an instrumental pin package 
role defining the ANSI X3T9.2 standard from 5380 - Single-ended bus transceivers 
the start. included-40 pin package; CMOS 

Or maybe more manufacturers design our available 
SCSI single-chip controllers into hosts, 5381 - Differential pair implementation 
printers, tape drives, rigid and optical disks -48 pin package 
because of the breadth of our product line. 5386S - Synchronous superset of 5385 E 

Or perhaps it's a compatibility issue. The which provides parity through 
fact that NCR SCSI chips assure plug com- the chip-samples available. 
patibility with hosts and peripherals regardless When you need more than SCSI talk, talk 
of manufacturer. to NCR. We're in the shipping business. 

Or a real estate issue. The fact that NCR For additional information, specifications 
offers the system integrator single-chip solu- and catalogs call your local NCR represen-
tions that replace multiple chips or boards. tative, 1-800-525-2252. 

QUALITY, SERVICE, SUPPORT. YOU CAN EXPECT IT FROM NCR. 

NCR Microelectronics Division CIRCLE 229 © 1986 NCR Corporation 



WEEK WEEK WEEK 
27 28 29 

Floating point arithmetic is 
no longer the chore it used to 
be, thanks to our new Am29325 
32-Bit Floating Point Processor. 

Sure it's fast A oorst-case 
multiply takes but 150ns. But 
the real story is how easy it is 
to use. The Am29325 is a single­
chip, non-pipelined, drop-in 
part-a true, easy-to-interface, 
black box solution. 

Am29325 

It's simple 
arithmetic. 

Forget about internal pipeline 
registers, latency delay times, 
exotic software routines. Instead, 
start developing more powerful 
and more accurate array proces­
sors, desk top computers, digital 
signal processors and sophisti­
cated robots that take less time 
to design and even less time 
to debug. 

The Am29325. One easy-to­
use chip that adds up to higher 
performance. 

Could arithmetic be any 
simpler? 

CIRCLE 5 

Design and application seminars are available 
for this product Write or call for information. 

Every new IC claims reduced 
boardspace. But this baby deliv­
ers. The Am29Cl01 is a CMOS 
16-Bit Slice, and the newest 
member of our 2900 family 
gone CMOS. It is equivalent to 
four 2901s. Plus one 2902. 

The pin count went from 172 
to 64. And package count from 5 
to 1. 

Power's part of the reducing 
program. You'll need only 0.7W. 
(Equivalent bipolar parts typi­
cally require 5.8W) 

Am29C101 

Lose ugly fat. Fast. 
How much performance did 

we have to sacrifice? None. The 
speed of the Am29Cl01 is equiv­
alent to 2901 C- based systems. 

The Am29C101 is software 
compatible, so the only thing 
you'll need to modify is your PC 
board layout 

It's expandable for longeroord 
lengths (16-, 32-, 48-bit systems, 
etc.). And it's available in 64-pin 
plastic or ceramic DIP, 68-pin 
PLCC, or ceramic LCC. 

Ask for the Am29Cl01 and cut 
the fat out of your next system. 

CIRCLE 6 

Design and application seminars are available 
for this product Write or call for information. 

Announcing the Am29C827 /28 
high-performance CMOS Bus 
Buffers, the first members of AM D's 
hot new Am29C800 series-9 and 
10-bit buffers, latches, registers 
and transceivers in CMOS. They're 
bipolar fast, CMOS cool. 

Am29C827 /28 

Hot is cool. 
Requiring only 80 microAmps 

of stand-by current both parts 
have 8ns propagation delays for 
truly high-performance systems. 
With 24mA of drive, they can be 
used in place of or along with 
their Am29800 bipolar counter­
parts to match your drive and 
power requirements. 

Additionally, both devices have 
MOS/TTL compatible inputs 
and outputs. (The Am29C828 has 
inverted outputs, the Am29C827 
is non-inverting.) Board space is 
conserved because both have wide 
data widths.And their flow-through 
structure means simpler, more 
compact interfaces. 

If you're looking for bus inter­
face chips that keep their cool 
under the pressure of high 
performance, look no further. 

CIRCLE 7 



WEEK 
30 

Introducing the Am29C014-Bit 
CMOS Microprocessor Slice. The 
latest CMOS part of AMD's 2900 
family. Advanced Micro Devices 
created the 2900 phenomenon in 
the first place. So you can count 
on the Am29C01 being a product 
of elegant engineering. 

Because the Am29C01 is in 
CMOS, it uses a mere 25% of the 
power used by the bipolar version. 
But it doesn't ask you to give 
up anything in performance. 
Anything. 

Am29COI 

The arrival 
of the fiHest. 

And this new breed is the quick, 
cool, multi-talented, plug-in 
replacement for our industry 
standard Am2901. It comes in 
PLCC and LCC packages. And a 
military version will soon be 
available. 

The Am29C01, Am29C10 and 
the Am29C101 are here now. 
Soon you'll be able to get the 
Am29C116/ll 7 and the 
Am29C516/517. All so you can 
create the next generation of high 
performance, cooler boards. 

So keep up with evolution. 
Give AMO a call. 

CIRCLE 8 

Design and application seminars are available 
for this product. Write or call for information. 

On October 1, 1985, Advanced Micro 
Devices told the world it would deliver fifty-two 
new products in one year. A new product evety 
week. Tall order. 

So where's seeking the impossible gotten 
us? Right where we expected. After twenty-six 
wee~, we're 26 for 26. Batting a cool 1,000. 
And here's what the world is telling us: 

"Reduced networking costs'.' ~o{ Qt\~ 
"State machines that have ~~,-vc 
simplified the state-of- ~~~ 
the-art'.' "More powerful, ~~e11<-:::.;~...cM1.,. 
smaller air traffic control 
systems'.' "Extraordinaty 
graphics for ordinaty wor~tations'.' "PC's with 
fax capabilities'.' 

And more. But that's only half the story. 
Watch this space for more chances to make your 
best idea better than you hoped it could be. 

More new products. One a week Evety week 
On the shelf. In volume. 

Watch us open up the lead. 

. 4d~~~J~* ~& 
-- ___ , ·-· - -___._. .. ::~L~~~~~- ~ga 

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

Call toll free (800) 538-8450, ext. 5000, inside California, call (408) 749-5000. 
© Advanced Micro Devices, Inc. 1986 



The New 172 Relay 
we put Centi.~-

• • • 
• • 

lllClVVlJ S 

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

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

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

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

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

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

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

"~ TELEDYNE RELAYS 
Innovations In Switching Technology 

12525 Daphne Ave., Hawthorne, Califurnia 90250 • (213) 777-0077 
European Hqtrs: Abraham Lincoln Strasse 38-42 • 62 Wiesbaden, W. Germany 06121-7680 

Belgium Sales Office: 181 Chaussee de la Hulpe • 1170 Brussels (2) 673-99-88 
U.K. Sales Office: Heathrow House, Bath Rd., Cranford, Hounslow, Middlesex, TW 5 9QQ • 01-897-2501 

Japan Sales Office: Nihon, Seimei Akasaka Building• 8-1-19 Akasaka, Minato-Ku Tokyo, 107 Japan (03) 403-8141 
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Japanese break 
into bit-slice 
macrocells 

MOSFET packs 
2 million cells/in. 2 

IC will tie 
Multibus II 
to popular µPs 

Icons shape 
new software era 

NEWSPULSE 

Close to a dozen Japanese semiconductor manufacturers plan to offer CMOS 
standard-cell libraries with macros that mimic the popular microprogrammable 
2901 bit-slice family . Six of the companies-Toshiba, Sharp, Sanyo, Ricoh, 
NEC, and Mitsubishi-have already committed design resources to develop the 
macros by 1987 , and several others are considering doing the same. Although the 
2901 architecture is close to 10 years old, its flexibility and performance upgrades 
still find new design applications . A number of U.S. companies are also offering 
CMOS versions of the 2901 family , including its creator, Advanced Micro 
Devices Inc . (Sunnyvale, Calif.). 

The demise of bipolar power transistors may be at hand. RCA Corp. 's Solid State 
Division (Somerville, N .J .) is about to introduce a MOSFET carrying 2 million 
cells/in. 2 -twice the maximum density of typical MOS transistors . What' s more, 
the company plans to price the 50-V transistor at 3¢ per ampere, about the same 
tag as the popular 2N3055 bipolar transistor. The new MOSFET is 100 times faster 
than the bipolar device and claims lower resistive losses: The on-resistance is 
about 1.5 mD/cm2

. In addition, it has reached fall times of30 ns, one-third that 
of bipolar chips with the same on-resistance . Thus the MOSFET should excel in 
power-switching applications in the megahertz range. 

System designers around the world are anxiously awaiting the release soon of a 
Multibus II interface chip that will link boards to a wide variety of 
microprocessors. The message-passing coprocessor (MPC), developed by Intel 
Corp.'s Systems Group (Hillsboro, Ore .), will interface not only with the 
company's 80186, 80286, and 80386 chips, but also with the 68000 family from 
Motorola and the 32000 line from National Semiconductor. To avoid contention, 
interrupts and data are transmitted across the 32-bit bus in packets . VLSI 
Technology Inc. 's Application-Specific Logic Products Division (Phoenix) has 
already agreed to manufacture and offer the interface chip. 

Bull Systems (Les Cl aye, France) is just one of the system suppliers now turning 
to Multibus II . It is counting on the coprocessor to give its 68010- and 68020-based 
workstations an upward expansion path. High-performance-system designers will 
be particularly interested in the extra board space available with Multibus II-the 
card is 60 mm deeper than the 160-mm-deep VME card. Designers can fill the 
extra space with memory extensions and controllers . 

Microcomputer software pioneer Bill Gates forecasts a new era of man-machine 
interfacing, sparked by the icons that Apple Computer Inc . (Cupertino, Calif.) 
created for the Macintosh . Indeed, specifications for the symbols will soon 
emerge, he predicts . In a recent seminar for top business users, the chairman of 
Microsoft Inc. (Bellevue, Wash.) and the creator of IBM PC and compatible 
operating systems, noted that graphics is becoming standard equipment in 
microcomputer systems . From a processing angle, Gates says that software now 
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32 ports 
on 80286 PC 

ECL chip 
combines logic, 
memory circuits 

Router handles 
odd blocks 
and analog 
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at hand takes advantage of the faster throughput and larger main memories of 
desktop machines based on the 80286, but the further development of software 
for 8088 machines is unlikely, he adds . 

Looking for a personal computer-network host that sports more ports than the 
IBM PC AT or its clones? ITT's Information Systems Division (San Jose, Calif.) 
equips its new 80286-based personal computer with up to 32intelligent1/0 ports 
for a maximum of 16 concurrent users. The XTRA XL is more than just a souped­
up PC AT look-alike. ITT redesigned the motherboard using programmable logic 
arrays and a faster, 8-MHz CPU without memory wait states. As a result it can 
cram up to four 80186-based, eight channel 1/0 boards and an optional 80287 math 
coprocessor into the computer's console. With a unit base price of $5300, it 
establishes a new price-performance benchmark for PC network hosts at around 
$12,300 for 8-port host. 

As a file server, the XL offers up to two 72-Mbyte hard-disc drives with an 
access time of just 28 ms . An ITT version of MS-DOS 3.1 handles file-server 
tasks, and a proprietary version of the Xenix operating system takes over in the 
networking mode. 

Using tight-feature geometries and a self-aligned structure, an ECL chip 
integrates more memory and circuits than previously possible on a commercial 
IC. Fujitsu Ltd. (Kawasaki, Japan) squeezed 4608 bits (512 by 9) of static RAM 
onto the device along with circuits like a parity generator-checker and a 9-bit high­
speed comparator. The MB70802 performs address or parity matching in a 
maximum of20 ns , and eitherdata matching in 15 ns or chip-select access in 10 
ns . The high speed offers engineers the option of designing fast cache subsystems 
and rapid translation look-aside buffers . The ECL chip consumes about 1. 35 W 
and interfaces with lOK family logic levels . Fujitsu plans to sample the chip this 
summer. 

A block placement and routing program will handle not just regular digital cells 
but odd-sized and analog blocks too. The package, now under development at 
SGS Microelett ronic: SpA (Agrate Brianza, Italy) , will work with the outlines 
and pinouts provided for such predefined blocks as standard cells or special 
macrocells. Since the router is insensitive to the elements inside the blocks , it can 
place and route both analog and digital cell blocks, even mixed analog-digital cells 
like data converters . The software is expected to perform l 00% placement and 
routing and to generate data on interconnection path lengths and capacitive loading 
for subsequent use by a simulator. The program will run on a VAX and be used 
with the company' s Zodiac family of predefined cells . 



Accuracy. Speed. Reliability. Support. PSpice. 
Since its introduction over two years ago, MicroSim's 
PSpice has become the most popular commercial SPICE 
program in the world. 

With over 20 years of combined real world experi­
ence in CAD, MicroSim offers an analog circuit 
simulator based on Berkeley version 2G.6 that has 
set the standard for IBM PC based machines. 

PSpice allows you to simulate up to 140 transistor 
circuits (and over 10,000 nodes). With PSpice 
you will be able to design in minutes com-
plicated circuits that used to take hours, 
without doing costly breadboarding, 
all with the convenience of using your 
own PC. 

SPICE-based programs, we also offer: 

• a GaAs MESFET model 

• a device library which includes bipolar transistors, 
power MOSFETs, opamps, diodes and comparators 

• full telephone and mail-in support. 

In addition we also offer an innovative graphics 
post processor called Probe that transforms 

your CRT into a "software oscilloscope". 
(The picture above was generated using 

Probe.) 

Besides offering improved con­
vergence properties over other MicroSim Corporation 

If you are interested in doing your 
circuit simulations in a timely man­
ner and at a fraction of a mainframe's 

cost, please give us a call today! 

23175 La Cadena Drive • Laguna Hills, CA 92653 
(714) 770-3022 • (800) 826-8603 • Telex: 265154 SPICE UR 

CIRCLE 10 



The difference 
between our 15ns, 24-pin 

PAC ICs and theirs. 

Ours. 



If you need production quantities of 15ns, 
24-pin PAL"' !Cs, there's only one name worth 
knowing. 

Monolithic Memories. 
Our PAL 24B Series is available right now. 

It's pin-for-pin compatible with our PAL 24A 
Series, only 40% faster. And supported by 
PALASM"' CAD software. 

Here arethe part numbers. PAL20L8B, 
PAL20R8B, PAL20R6B and PAL20R4B. 

And here are the specs. Maximum propa­
gation delay, 15ns. Maximum current drain, 
210mA All in a 300 mil SKINNYDIP"' package. 

The PAL 24B Series. 
There's really nothing else to compare it 

to. Unless you count the lOns series we11 be 
introducing soon. 

For datasheets and samples, call us at 
(800) 24 7-6527, ext. 6005. 

Or write Monolithic Memories, 2151 
Mission College Blvd., Santa Clara, CA 95054. 
PAL, PALASM and SKINNYDIP are registered trademarks of Monolithic 
Memories, Inc.© 1986, Monolithic Memories, Inc. 

ltllanalithla ~~n 
Memories mJrJJ 
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tough flatpack 

P.Ower 
splitters 

lOto 500 MHz 
only $1595 <5-24) 

IN STOCK . . . IMMEDIATE DELIVERY 

• rugged construction 
larger diam. leads, 25 mils. 
stronger glass seals , extra fi ll, 
hermetic to MIL-Standard 202 

• MIL-P-23971 performance* 

• low insertion loss 0.6 dB 

• hi isolation , 25 dB 

• one-year guarantee 
·units are not QPL listed 

LPS-109 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 10-500 

INSERTION LOSS, dB 
(above 3dB) 

10-250 MHz 0.6 
250-500 MHz 0.8 

ISOLATION, dB 25 dB 
AMPLITUDE UN BAL 0.3 dB 
PHASE UNBAL 2° 
IMPEDANCE 50 ohms 

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

finding new ways . 
setting higher standards 

r;;;I Mini-Circuits 
A 01vis1on of Scientific Components Corporation 

World ·s largest manufacturer of Double Balanced Mixers 

P.O. Box 166, B'klyn , N.Y. 11235 (718) 934-4500 
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EDITORIAL 

Engineers vs programmers: 
Will myth become truth? 

There is a common myth in the design 
community that engineers are conser­
vative and rigid while programmers are 
more flexible and open-minded. But 
generally, it is the other way around. 
Engineers are the ones who must be 
flexible, as they are continually forced 
to keep pace with hardware technology. 

Take logic designers. Every few 
years they must adapt to new logic families, new bus 
and microprocessor systems, and new packaging con­
straints coming down the pike. Programmers, on the 
other hand, usually stick with one or two programming 
languages and operating systems, and many assembly­
language programmers become bound to one micro­
processor family. In fact, it is not uncommon for pro­
grammers to swear by a single language-say, Fortran 
-throughout their entire career. They become tied to 
it, even acolytes of it. 

I've spent time in both camps: seven years as a sys­
tem software developer following six years as a logic 
designer. I never heard the same kind of heated, almost 
religious arguments among engineers that I did among 
programmers over languages. Small wonder, since 
engineers must always be ready for the next circuit 
family. 

Today the balance is shifting. Programmers are be­
ginning to loosen up; they are starting to experiment 
with several languages and use different ones where 
needed. Concurrently, engineers are becoming more 
adept at programming 

The bottom line is this: Engineers who cling too 
closely to one design tool or language risk becoming 
like the rigid programmers of yesterday. If we're not 
careful, the myth may become truth. 

Ro~)_~ 
Ray Weiss 
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IMPACT PROMs deliver 25-ns 
speed at industry ... standard power. 
New Series 3 IMPACT™ PROMs from 
Texas Instruments make 16K-memory 
performance upgrades quick and easy. 
If speed is your most critical parameter 
in a high-complexity PROM, you can 
achieve it now without paying a power 
penalty. Just design in Tis new 25-ns, 
175-mA IMPACT PROMs: The 
TBP38S165-25 (2K x 8) or the 
TBP34S162-25 (4K x 4). 

Or use the world's fastest 16K regis­
tered PROMs. Tl's TBP34R165-18 
(2K x 8), with a minimum address-to­
clock setup time ( t,J of only 18 ns, is 
nearly 2Y-i times faster than the closest 
competitor. And the TBP34R162-30 
(t," = 30 ns) is the only 4K X 4 regis­
tered PROM on the market. 

Standard speed 
at 4 3 % less power 
You can also cut power without sacrific­
ing speed, using Tl's new TBP38L165-35 
IMPACT PROM. It is pin-for-pin 
compatible with existing 2K x 8 PROMs 
and operates at the same 35- ns speed, 
but instead of 175 mA, it draws only 
JOO mA. Tis broad family of Series 3 
IMPACT PROMs also includes 256-bit, 
lK and 2K devices. 

Reliability built in 
IMPACT PROMs are designed by TI 
for exceptional reliability. Current den­
sities, metal spacing, and contact sizes 
are all conservatively designed. Electro­
static-discharge tolerance up to 4,000 V 

is designed in. During programming, 
TI-developed titanium-tungsten fuse 
links insulate themselves with titanium­
oxide caps. Electromigration is elimi­
nated by copper-doped aluminum in 
the first-level interconnection. And you 
can program any of Tl's new Series 3 
PROMs on widely available commercial 
equipment, using Tis standard Series 3 
programming algorithm. 

Shift 3 2 positions in less 
than 29 nanoseconds. 

Now Tl's 2-µm IMPACT technology 
also brings you high-speed "flash-shift" 
operations - with the new 74AS8838 
32-bit barrel shifter. Shifting as many as 
32 positions in a single 29-ns instruc­
tion cycle, it can dramatically increase 
throughput in such applications as 
graphics systems, wide-word CPUs, and 
array processors. At an energy cost of 
less than 1. 5 W, you get higher speed 
with lower power, in a single 84-pin 
ceramic pin-grid-array package. 

You can program the 74AS8838 for 
logical, circular, or arithmetic shifts. Its 
two 3-state, 16-bit outputs give it the 
versatility to be configured as a 32-bit­
in, 32-bit-out barrel shifter, as a 16-bit 
funnel shifter, or as a 16-bit shifting 
transceiver. And it can drive buses di­
rectly with 24-mA low-level output -
with no additional circuitry. 

The 74AS8838 barrel shifter, first 

HIGH-SPEED/LOW-POWER 16K (2K x 8) 
60 

55 •N82S191A 
Ill c 

50 6351681• 
I • TBP38L165-45 N82S191B Am27S291 w 45 • :E 

I= 40 

"' "' 35 • w Am27S291A 0 30 
~ 

25 
TBP38S165-25 

100 120 140 160 180 200 

lcc-mA 

Bracketing the speed/power spectrum, Tl's IMPACT PROMs cut power requirements from 
180 to 100 mA for "standard" 35- to 45-ns access time. Or at 180 mA, they can give you 
25- ns speed. 

device in Tis 74AS88XX 32-bit pro­
cessor chip set, is available today 
through your local authorized Texas 
Instruments distributor. 

I MPACT technology 
doubles speed of new 

PAL ICs. 

Four new exclusive-OR programmable­
array logic (PAL®) ICs from TI feature 
the highest speed available today. Their 
20-ns propagation delay at 180 mA 
makes them twice as fast as any com­
parable devices. 

These devices - TIBPAL20Ll0-20, 
TIBPAL20X4-20, TIBPAL20X8-20, 
and TIBPAL20X10-20 - are designed 
primarily for counter-intensive applica­
tions. The exclusive-OR feature suits 
them ideally to digital voice applica­
tions and video-screen information cor­
rection. They can also be useful in 
memory addressing and mapping. 

P rogrammable logic 
sequencer is 250°/o 

faster because of IMPACT 
processing. 

Still another new product in Tl's grow­
ing line of high-speed programmable 
logic devices is the TIB82Sl05B. At 
50 MHz, it is 2Yz times as fast as func­
tionally equivalent 16 X 48 X 4 field­
programmable logic sequencers - at 
the same 180-mA power. Unlike them, 
however, it maintains that speed even 
when using many product terms. 

Because of its improved clocking 
scheme, the IMPACT TIB82S105B is 
not a direct replacement for the TI or 
Signetics N82S105A. But it is ideal for 
those new high-speed state machines 
designed to control peripheral I/O, 
dynamic memory systems, and video 
blanking systems. 

For more detailed information 
about any of Tl's growing line of high­
speed, low-power IMPACT products, 
just check the appropriate box on the 
attached reply card and return it to Tl. 



High ... density IMPACT circuits 
speed logic, memory access. 

TI 's unique Implanted 
Advanced 

Composed Technology 
(IMPACT) capitalizes on 
the advantages of ion 
implantation, oxide 
isolation, and composed .. 
masking techniques to 
increase the speed and 
density of bipolar ICs. 

This innovative technology dramatically 
reduces the size and the sidewall capaci­
tance of circuit elements (see diagram). 
As a result, speed/power ratios are sig­
nificantly improved: In PROMs that cut 
power consumption by 43%, or more 
than double the speed (see story op­
posite). In PAL ICs that reduce propaga­
tion delay by as much as 40% - to 

only 15 ns at 180 mA. 
With the high speed and low power 

that Tl's IMPACT process makes feasi­
ble, its potential for large-scale integra­
tion will reduce package counts in 
many high-complexity circuits. 

Composed masking 
yields high density 
In composed masking, critical 
components are defined on the 
chip with a minimum number of 
masks. Thus they can be more 
tightly defined and more 
densely spaced than by 
conventional 
masking. 

A major reduction in capacitance results from the 2-µm feature size which Tis IMPACT 
processing makes possible. Silicon dioxide is the isolation material. Switching speed is 
further enhanced by utilizing this silicon dioxide for emitter and base sidewalls. 

The IMPACT process also makes it 
possible to insulate critical base 

and emitter components 
with oxide walls. This 
insulation reduces sidewall 
capacitance, which, at 
the 2-µm dimensions 
of IMPACT features, can 
represent as much as half 
the overall capacitance. 
Small size and oxide 
walling together con-

tribute significantly to 

the increase in switching speed. 

DRAM technology 
spurs IMPACT growth 
The IMPACT process is not a direct 
descendant of DRAM technology. Nev­
ertheless, Tl's commitment to DRAM 
production has provided IMPACT tech­
nology with vital processes. 

It was the DRAM effort, for exam­
ple, that drove photolithography to its 
present advanced state and contributed 
key dry-etching processes. Ion implant­
ers designed to produce CMOS 
DRAM !Cs enhance the quality -
and the economy - of Tl's bipolar 
IMPACT ICs. And this vital "cross­
fertilization" from VLSI memory is one 

reason Texas Instruments - almost 
alone among U .S. semiconductor 

manufacturers - is committed to 
the development and manufacture 
of DRAM devices. 

<Ill More chips per slice help cut 
costs. The 150-mm wafers now 
used on Tl's advanced MOS 256K 

DRAM wafer-fabrication line have 
125% more area than the 100-mm 

slices fo rmerly used. 



your competitive edge. 
ro 
K eeping you 

competitive: 
ASICs and TI. 

If you're looking for increased system­
level integration and performance, 
shorter design-cycle time, and reduced 
VLSI development costs, take a hard 
look at application-specific integrated 
circuits (ASICs). And a long look at TI. 

Broad choice lets you pick the 
right implementation 
Texas Instruments supports an extePsive 
library of 3-µm CMOS standard cells -
more than 200 of the standard SN54/74 
TTL functions you have designed with 
for years - including MSI, analog, and 
procedural LSI functions like RAM, 
ROM, PLA, and ALU. In addition, 
high-drive cells (up to 48 mA) are true 
TTL replacements. 

From Tis new family of advanced 
standard cells you'll be able to choose 
among more than 280 functions and 
achieve increased system integration 
and performance. 
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TEXAS INSTRUMENTS 
ASIC TECHNOLOGY ROAD MAP 

Or for the performance you need, 
and quick turnaround to get your prod­
uct to market fast, there's Tl's OLM 
TAC-Hand TAC-VH silicon-gate 
CMOS gate-array family. These de­
vices, fully alternate-sourced, offer com­
plexities from 440 to 8,000 gates. 

Extensive design support 
Whatever level of help you need, you 
get it from Tl. In your design cycle as 
well as in meeting your prototype and 
production requirements on time. Tl's 
proven expertise and worldwide man­
ufacturing facilities are your assurance 
of dedicated support and products in 
the volume you require. And you have 
a wide range of package options: DIPs, 
SOs, PLCCs, pin-grid arrays - from 
8 to 179 pins. 

Design your own way 
You can reduce your costs and speed 
your ASIC design with TI because 
you don't need special proprietary 
software or design tools. And you can 
do it at a TI regional design center or 
at your own work station. Because Tl's 
cell libraries are supported by most 
work stations, including Daisy LOGI­
CIAN®, MEGALOGICIAN®, and 

o SNS4/ 74 SSl/MSl /LSI FUNCTIONS 
• RAM, ROM, PLA 
• ANALOG CELLS 
• PROCEDURAL FUNCTIONS 
o CONAGURABLE MICROCONTROLLERS 
o DSP 

GATES 

Advancing technology in ASICs need not demand new rules and tools. Your investment 
in hardware and training is protected when you move up with Texas Instruments to faster, 
more complex ASIC functions. 

" N ew series of input .. 
latched and registered 

PAL ICs lowers parts 
counts. 

Eight new 30 MHz PAL devices 
from TI are the first input-latched 
(TIBPALT19XX) and input-registered 

(TIBPALR19XX) PAL ICs in the mar­
ketplace. Functionally similar to Tis 
TIBPAL20XX series, they include 
either 11 0-type transparent latches or 
11 0-type input registers on chip. This 
added circuitry allows you to syn­
chronize inputs without external regis­
ters or latches. These devices can 
reduce your parts counts and simplify 
your design task in a wide range of 
applications such as random logic, bus­
interface logic, and input synchroniza­
tion to custom controllers. 

GATEMASTER ®; Mentor IDEA 
1000®; Valid SCALOsystem®; and 
P-CAD® and FutureNet® in IBM PC® 
environments. 

Tl's worldwide network of 13 train­
ing and design centers, staffed with 
experienced ASIC design engineers, 
can provide access to work stations, as 
well as mainframe capability. And 
you can learn ASIC design in one of 
Tl's unique hands-on workshops. 
Using Tl's semicustom libraries with a 
real-world standard-cell example, 
you'll learn every phase of design 
from schematic capture through test­
pattern generation and simulation. 

Select TI distributors can also give 
you local access to Tl's leading-edge 
ASIC options, with dedicated facili­
ties, tools, and trained engineers. 

To find out more about what TI 
ASICs can mean to you, check the 
appropriate box on the return card. 

• And now, a new, 
easy .. to .. use EPROM 

microcomputer. 

Tl's new TMS7742 EPROM microcom­
puter can cut to zero your lead time for 
development, prototyping, field tests, 
and product qualification. And it 
bridges the gap to ROM-based volume 
production. For low-volume applica­
tions, it can be a cost-effective alter­
native to mask-programmed ROM. Its 
4K bytes of on-chip EPROM are identi­
cal to Tl's TMS2732A- transferred 
into the chip area vacated by masked 
ROM. So if you can program the 
TMS2732A you can program the 
TMS7742. This new microcomputer 
provides EPROM capability for the 
TMS7020, the TMS7040, and the new 
TMS7042 ROM microcomputer. 

Also new to Tl's TMS7000 family is 
the ROM-less TMS7002 micro­
processor. Both the TMS7002 and the 
TMS7042 feature 256 bytes of RAM, a 
serial port for USART and serial I/O 
functions, 32 I/O lines, and three 
timers. And with their 60% perfor­
mance increase over earlier TMS7000 
!Cs, they can improve system perfor­
mance in such applications as disk and 
tape drives, printers, and industrial and 
motor controls. 



8 new ways TI can help sharpen 
u 

new alternative for A memory .. systems 
design: TI SIP DRAM 
modules. 

Memory-intensive packaging for the fu­
ture is available today - in Tl's highly 
reliable modules in single-in-line pack­
ages (SIPs). With them you can have 
the many advantages of surface-mount 
technology (SMT) - while using 
through-hole-mounted or I I I 
socketable packages. Thus - 1 -

without changing your man­
ufacturing technology, you 
can increase memory density 
by a factor of up to 3. 5 over 
dual-in-line packages (DIPs). And you 
can simplify board layout while facil­
itating replacement and future upgrades. 

Each SIP module uses DRAM chips 
in plastic leaded chip carriers (PLCCs), 

• 
I nterface performance 

enhanced by TI. 

Also new from Texas Instruments is an 
improved direct replacement for the 
UCN5812 vacuum fluorescent display 
driver. Tl's TL5812 is 11% faster and 

II 
F ast line drivers and bus 

transceivers from TI. 

In the new SN75ALS192/194 quadru­
ple EIA Standard RS-422-A differential 
line drivers, Tis exclusive ALS 1. 5 pro­
cess technology (oxide-isolated Ad­
vanced Low-power Schottky) yields the 
best speed/power ratio in the industry: 
At approximately half the power con­
sumption, these devices are 30% faster 
than the competition. 

A new family of differential bus 
transceivers, SN75176B, 177B, 178B, 
and 179B, are faster than earlier ver­
sions. Designed for bidirectional com­
munication on multipoint transmission 
lines in noisy environments, they meet 

surface-mounted along with decoupling 
capacitors on an epoxy substrate. Since 
all connection points are on one edge 
of the substrate, the module "stands on 
end" to make the most of your board 
area. 

Tl's full line of SIP memory modules 
- from 64K x 4 to 256K x 9 and 
IM x 1 - includes standard DRAMs 
and Multiport Video RAMs in various 
organizations. And all are available 
through your authorized TI distributor. 

For more information, just check the 
appropriate box on the reply card. 

Memory can be 3.5 times denser using 
fully-qualified, production-proven RAMs 
configured in SIP modules. TI S!Ps com­
bine the densiry of surface-mount tech­
nology with economies of through-hole 
insertion. 

draws 60% less current. With an 
output voltage swing of 70 V and an 
output source-current capability of 
40mA. 

Only Tis patented BIDFET tech­
nology - combining bipolar, double­
diffused MOS (DMOS) and N-channel 
and P-channel CMOS transistors on 
the same chip - makes these improve­
ments possible. And at a competitive 
price. 

EIA Standards RS-422-A and RS-485. 
Typical propagation time is only 22 ns. 

Want to know more about these new 
interface products from Tl? Just check 
the appropriate box on the reply card. 

INDUSTRY'S FIRST ADVANCED LINE DRIVERS 
USE ALS TECHNOLOGY 

SPEED - ns (.,_, t.uJ 

Advanced Tl line drivers are 30% faster, 
typically draw only half the power of the 
devices they are designed to replace. 

II 
Fast, economical 

new s .. bit SAR 
AID converters. 

Now Texas Instruments offers 8-bit 
SAR (serial-approximation resolution) 
AID converters that are as economical 
as any you can use. And because they 
use LinCMOS T• polysilicon-gate-process 
technology, they are unsurpassed in 
speed. Tl's TLC549 analog-to-digital 
converter performs 40,000 conversion 
cycles per second (cps), while the new 
TLC548 pushes speed to an unprece­
dented 45 ,500 cps. At any supply volt­
age between 3 and 6 V. And typical 
power consumption is only 6 mW 

Performance of the serial-approxima­
tion algorithm is not only fast. It's accu­
rate: Conversions are performed with 
the guaranteed low error rate of ±0.5 
LSB (least significant bit) across the 
temperature range from - 55°to125°C. 

" 681 military TI 
devices comply 

with 1.2.1. 

Now designers of military electronics 
have the broadest choice ever of devices 
that comply with the requirements of 
MIL-STD-883C, Paragraph 1. 2.1. The 
vast majority of Tl's military I Cs - 681 
different devices - now qualify: 

Product Type Number 

ALS/AS 83 
TTL 131 
LS/S 238 
HCMOS 80 
PAL ICs 16 
Linear 113 
Memory/LSI 19 
MOS DSP 1 

IDTAL: 681 

For more detailed information on 
specific TI military devices, just check 
the appropriate box on the reply card. 



Texas Instruments quality 
recognized in Tokyo and Detroit. 
Outstanding Texas Instruments quality­
assurance programs were lauded during 
1985 both at home and abroad. In 
June, Ford Motor Company granted TI 
linear products the coveted Q 1 Award. 
And in November, TI\; wholly owned 
Japanese semiconductor operation re­
ceived the prestigious Deming Prize. 
Both awards recognize exceptional 
levels of quality and reliability, 
achieved through aggressive defect­
prevention programs. 

First Ford Q 1 Award to a 
semiconductor supplier 
Ford Motor Company\; Ql Award to 
Texas Instruments Linear is the first 
ever to a major U.S. semiconductor 
manufacturer. 

Qualification is based on a demon­
strated defect-prevention program, 

along with Ford's review of warranty 
returns, specifically keying part num­
bers to failures. Thus it recognizes both 
initial product quality and continuing 
reliability. 

Both quality and reliability are at­
tributes that TI Linear has pursued 
aggressively through its "monitor pro­
gram," begun in 1979. The goal of the 
program has been to achieve levels of 
quality and reliability equal to or better 
than the best worldwide competition. 
And the Ford Ql Award is one visible 
token of its success. 

First U.S. winner of 
Japan's Deming Prize 
At ceremonies on November 11 in Tokyo, 
the Japanese Union of Scientists and 
Engineers awarded the prestigious Deming 
Prize for total quality control to Tl's bi -
polar semiconductor operation in Japan. 

The prize, never before won by a 
wholly U.S.-owned company, recog­
nizes outstanding quality-control 
achievement in all aspects of business 
- including marketing, engineering, 
manufacturing, and support. It is 
named for W Edwards Deming, the 
American statistician whose work in 
defining and measuring quality control 
in Japan after World War II became the 
basis for the legendary Japanese com­
mitment to quality. In 35 years, the 
Deming Prize has been awarded to only 
48 individuals and 111 institutions. 
Texas Instruments Japan, Ltd. was one 
of only eight companies so honored 
in 1985. 

More news upcoming from TI in the next issue: 

• A new CMOS version of Tl's trend­
setting TMS320 Digital Signal 
Processor. 

• More new additions to Tl's growing 
family of IMPACT PAL ICs. 
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• New CMOS standard cells and gate 
arrays that augment Tis leadership in 
Application-specific Integrated 
Circuits (ASICs). 

• And more ... 

As is the case with the Ford Ql 
Award, sensitivity to customers' require­
ments is a key factor in selecting win­
ners of the Deming Prize. Tis successful 
commitment to quality and reliability 
in support of all our customers' needs 
has been demonstrated twice again. 
And TI is justifiably proud of this 
achievement. 

IMPACT and LinCMOS are trademarks of Texas 
Instruments Incorporated. 
PAL is a registered trademark of Monolithic 
Memories, Inc. 
LOGICIAN, MEGALOGICIAN, and GATEMASTER 
are registered trademarks cl Daisy Systems Corporation. 
IDEA !000 is a registered trademark of Mentor 
Graphics. 
SCALDsystem is a registered trademark of Valid Logic 
Systems Incorporated. 
P-CAD is a registered trademark of Per>0nal CAD 
Systems Inc. 
FutureNet is a registered trademark of FutureNet 
Corporation. 
IBM PC is a registered trademark of International 
Business Machines Corp. 

For more information ••. 
Check the appropriate square on the 
reply card, or write Texas Instruments 
Incorporated, Department SY093, 
P.O. Box 809066, Dallas, Texas 
75380-9066. 

TEXAS .,, 
INSTRUMENTS 

Creating useful products 
and services for you. 



OKI RVN EAAQj!P()'NfR - EASE 
80C51/59 

-._ ._ ._ ._ ._ ._ --------------------------

----------------, 80051/59 Development Ease Available Now! 
Order complete data from OKI for: 

( ) OKI EASE 80C51/ 59 ICE System 
( ) OKI 8-bit MCU Piggyback Development Chips 
( ) OKI 80C5 l -59 Single-Chip MCU Family 

Name/Title -----------------
Company _________________ _ 

Address _________________ _ 

City _ ________ State ____ Zip ___ _ 

Tel: ( __ ) ______ _ 

Return coupon to Customer Service: OKI Semiconductor, 
650 N. Mary Avenue, Sunnyvale, CA 94086. Tel: (408) 720-1900 
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For four hours, 
you can quit living one step at a time. 
Every great idea was new 
once, even the waltz. But one 
step at a time is one step 
behind the latest technology. 
At INMOS, we've made the 
move to parallelism and we're 
bringing our act to you. 

INMOS invites design 
engineers and engineering 
managers to come to the free, 
half-day seminars we're 
conducting throughout the 
USA and Canada. We will 
present a proven, practical and 
economic approach to the 
design and implementation of 
high performance concurrent 
systems using our Transputer 
family. Not only will we talk, 
we'll actually demonstrate 
scalable, parallel designs using 
our readily-available 
Transputer evaluation boards. 
And we'll be on our toes for 
any questions you may have. 

Transputers are high 
performance microprocessors 
optimized for high level 
language use, and incorporate 
special features for multi­
tasking and multiprocessor 
support. The IMS T414-the 
first in the family-is a 32-bit 
machine, integrating a high 
performance processor, 2 kilo­
bytes of fast RAM, four full­
duplex interprocessor 
communications links (with an 
eight channel DMA engine to 
service them), and a 32-bit 
memory interface which 
includes a DRAM controller: all 
on a single CMOS chip, dissi­
pating under a watt. And the 
best part-it's available now. 

'-O 
-

With its special design, the 
processor offers execution 
rates up to 10 MIPs. It combines 
direct support for multitasking, 
floating point and block transfer 
with submicrosecond procedure 
call and task switching. 

The links are used to 
connect any number of 
Transputers to form systems 
for a wide range of applications, 
including numerical computa­
tion, AI, robotics, distributed 
systems, real-time control and 
digital signal processing. 

Development tools for the 
T414 are available now to 
support programming both 
single and multiprocessor 
systems. Versions of the 
development system exist for 
use with IBM PC XT and AT 
machines, VAX/VMS and 
Stride 440. 

The Transputer family 
includes 32and16-bit 
Transputers, peripheral 
controllers, link adaptors, 
evaluation boards and 
development tools to support 
OCCAM, C, Fortran and Pascal. 

Now that you know a little 
more about Transputers, point 
your feet in our direction. Mark 
the date on your calendar, put 
us on your dance card and 
phone us now to RSVP. 

INMOS Corporation, 
Colorado Springs, Colorado, 
Telephone (303) 630-4000; 
Bristol, England, Telephone 
0272-290-861; Paris, France, 
Telephone (1) 687-2201; 
Munich, Germany, Telephone 
(089) 319-1028. 

-0 

Transputer Seminar Schedule 

DATE LOCATION PHONE NUMBER 
May5 *Vancouver (206) 453-8881 
May 5 Chicago (312) 382-3001 
May6 *Seattle (206) 453-8881 
May 7 Minneapolis (612) 941-9790 
May 7 Portland (503) 620-1931 
May9 Salt Lake City (801) 268-8440 
May9 St. Louis (314) 521-6683 
May 12 Dallas (214) 234-8438 
Mayl2 San Jose (408) 988-6300 
Mayl3 •san Jose (408) 988-6300 
May 14 Austin (512) 346-9186 
May14 +Los Angeles (818) 704-1655 
May15 *Los Angeles (818) 704-1655 
May16 Houston (713) 531-4144 
May16 Orange County (714) 261-2123 
May19 Tulsa (918) 744-9964 
May19 San Diego (619) 565-9444 
May21 Oklahoma City (918) 744-9964 
May21 Albuquerque (505) 888-0800 
May23 Kansas City (913) 342-1211 
May23 Phoenix (602) 996-0635 
May27 Cherry Hill, New Jersey (215) 322-7100 
May28 Orlando (305) 660-9600 
May28 +Baltimore (301) 544-4100 
May29 *Baltimore (301) 544-4100 
May30 Fort Lauderdale (305) 660-9600 
May30 Washington, D.C. (301) 544-4100 
June2 Indianapolis (317) 844-5222 
June2 Huntsville (205) 883-9630 
June4 Cleveland (216) 831-9555 
June4 Atlanta (205) 883-9630 
June6 Detroit (313) 478-8106 
June6 Raleigh (919) 878-8600 
June9 Parsippany, New Jersey (201) 692-0200 
June9 Boston (617) 449-7400 
June 11 Smith Town, Long Island (516) 351-8833 
June 11 Toronto (416) 665-m3 
June13 Denver (303) 779-8060 
June 13 Montreal (514) 694-6110 

*Morning seminar only. 
+Afternoon seminar only. 

9 ·0lrumos· 

INMOS. Transputer.. and IMS are trademarks of the 
INMOS Group of Companies. 
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SIXTEEN TOUGH ASSIGNMENTS. 

A period measurement is 
made on a 100 MHz clock using 
the extended accuracy and res­
olution of the CounterfTimer/ 
Trigger in the 2465 DVS. 

This fast-pulse rise time is 
nearly that of the scope. The 
2465 achieves maximum band­
width with minimum waveform 
aberrations . This level of pulse 

Logic-level violations can be 
spotted quickly on a TTL wave­
form (above) with measurement 
cursors set to define logic-level 
boundaries. 

TV line trigger in the 2465 DVS 
displays a full-field composite 
test signal. The built-in TV 
clamp circuit removes hum and 
tilt on the ac-coupled video . 

A frequency measurement is 
made with the same high preci­
sion. Simply press two buttons, 
and the period measurement 
on the left is converted to 
frequency. 

response ensures that pulse 
width and amplitude measure­
ments on fast waveforms 
(above) truly reflect conditions 
in a circuit under test. 

The Word Recognizer (with a 
binary word) is used to pick out 
a pulse train in a data stream. 
The time cursors measure pulse 
train duration. 

Calibrate cursors in IRE units 
with variable attenuation. Blank­
ing level to reference white 
level is defined as 100 IRE units 
in NTSC video. 

Copyright © 1986, Tektronix , Inc. All rights reserved . PMA-628 

Short time intervals can be 
measured most accurately with 
the easy-to-use time cursors. 
They also make quick work of 
longer intervals , with 1% 
accuracy. 

Propagation delay measure­
ment accuracy is assured by 
built-in propagation delay 
matching . Delay between Chan­
nels 1 and 2 can be corrected to 
the probe tip. 

Identify a word position. The 
Word Recognizer (in HEX) is 
intensifying a word position and 
measuring delay relative to a 
waveform on another line. 

Burst amplitude should be 40 
IRE units in NTSC video. The 
cursors quickly measure other 
waveform amplitudes . Field 
triggering checks any line. 

Calculated frequency takes 
only seconds. The time cursor 
measurement on the left can 
be converted to frequency with 
push-button ease and 1 % 
accuracy. 

Overshoot and ringing mea­
surement accuracy requires flat 
response in a probe/oscilloscope 
system. Tek probes and scopes 
are designed to work together. 

Delayed sweep is used to 
expand the last pulse in a pulse 
train. The intensified zone 
identifies the expanded pulse 
position . 

Sync width and blanking are 
common , easy-to-make timing 
measurements. Accurate time 
measurements can be made 
anywhere in a video system. 



FIVE EASY ANSWERS. 
THE TEK 2400 SERIES. 

You can simplify even the panel settings, and sim-
most complex measure- plif ied trigger operation 
ments with the perform- make these scopes a 
ance and convenience of Features 2445 2465 2465 CTS 2465 OMS 2465 DVS pleasure to use. 
Tek's 2400 Series family. Bandwidth 150 MHz 300 MHz 300 MHz 300 MHz 300 MHz Three specially con-
No other portable scopes Max. Sweep figured, specially priced 
meet such diverse require- Speed 1 ns/div 500ps/div 500ps/div 500ps/div 500ps/div Special Editions offer 
ments in research and Accuracy; enhanced measurement 
design, manufacturing Vert/Hor 2%/1% 2%/1% 2%/1% 2%/1% 2%/1% capabilities for both sys-
and service. Vertical terns and stand-alone 

The 300 MHz 2465 and Sensitivity 2 mV/div 2 mV/div 2 mV/div 2 mV/div 2 mV/div use. At the top is the 2465 
150 MHz 2445 are at the Trigger Freq. DVS with integral GPIB 
foundation of the family. Range 250 MHz 500 MHz 500 MHz 500 MHz 500 MHz interface, DMM, Counter/ 
They include all the fea- Trigger Modes Auto Level , Auto. Norm, Single Sequence Timer/Trigger/Word Rec-
tures that set a new high Counter/Timer/ ognizer, and Video mea-
performance precedent. Trigger/Word surement capabilities. 
For example, standard Recognizer STD STD STD Easily the most powerful 
delayed sweep Li-Time to DMM N/A STD STD portable ever developed. 
0.5% accuracy. Coupled Video/TV N/A N/A STD The 2465 OMS and 
sweep speeds to 1 ns/div Four P6131 2465 CTS are special 
in the 2445 and 500 ps/div Probes STD STD STD editions with different 
in the 2465 for tough tim- GPIB STD STD STD feature sets. The 2465 
ing measurements. And 

Rackmount 
OMS provides all the 

four-channel capability capabilities of the DVS 
for observing and trouble- Warranty 3-year on parts and labor, including CRT except Video. The 2465 
shooting logic circuits. Pricet $3590 $5350 $7150 $8400 $9200 CTS provides all the fea-

Best of all , these stand- tu res of the DVS except 
alone scopes are proof Software Video and DMM. 
that powerful capability 

TEK GURU for IBM PC/XT/AT and 2445/65/GPIB $595 
call your Tek Sales 

doesn't have to be compli- Engineer for a demo 
cated . Time and voltage EZ-TEK 2400 for TEK 4041 and 2445/65/GPIB $400 today! Or call the Tek 
cursors for fast and easy "Configurable only at time of order. Additional cost required. National Marketing Center 
measurements, CRT read- tPrices subject to change without notice. toll-free, 1-800-426-2200. 
outs showing waveform 

IBM PC is a registered trademark and AT and XT trademarks of International Business 
In Oregon, call collect, 

parameters and front Machines Corporation. (503) 627-9000. 

COMMITTED TO EXCELLENCE 
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JiSystems with our kind qf p<JWer 
and upgrade potential are 
difficult fl) resist" 

'!4 nd that's goodj(Jf' us, too. 
Software re-writes are totally 
unnecessary." 

~' .. And naw, so are we." 

Siemens builds 
·-user systems 

·ble with the future. 
sing Nationars 

Series 32000® family. 
Not long ago, Siemens faced a 
difficult challenge in the emerg­
ing office automation market: 
How to build a family of com­
patible micros and minis that 
coverthe entire spectrum of 
business applications-from 
single-user systems to high per­

rmance, multi-user SINIX"' 
ms. And without having to 
nt the software "wheel" 
ryproduct. 

a demanding objective 
demanding specifica-

32-bit architecture; 
computing cluster, 

1 emory management 
and floating point coprocessors; 
full software compatibility, both 
upward and downward; high 
level language support; and 
comprehensive development 
tools. 

The Siemens design team 
investigated a range of 32-bit 
solutions, and found only 
one that me ·all their needs: 
National's eries 32000 family. 

ik other 8- and 16-bit 

processors being extended 
upward, the Series 32000 has 
no programmer-visible changes 
in architecture-throug~out 
the entire family. So Siemens 
could develop any application 
the market demanded, now or 
in the future, without depre­
ciating its existing software 
investment. 

Which means the Series 
32000 was not only the right 
engineering decision for today, 
but was also the right business 
decision for tomorrow. 

But find out how you can 
build the future into your next 
32-bit design. Contact National 
Semiconductor today. 

National's Series 32000, MS 23-200 
P. 0. Box 58090 
Santa Clara, CA 95052-8090 

'?A National 
~Semiconductor 

We're doing it. 
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SEVENTH-GENERATION MULTI-CAGE ® CARD CAGES 

See What Our Nine Years of 
Multibus Reliability Engineering 
Can Do for Yours. 
Provisions for 
fan mounting. 

Structural materials 
beefed up 
for toughness. 

Less crosstalk on 
high-speed clock lines. 

Durable 
Corrosion-resistant 
Finish 

Card guides in 
fifth generation 
of rigidity 
improvement. 

Deeper grooves 
for better card 
grip, less flexing. 

Alternating guide 
colors for easier 
card insertion. 

Before you put your Multibus 
system packaging through the 
same rigorous engineering as 
the rest of your system, let us 
tell you about what's already 
been done. 

When we designed and built 
our first Multibus card cage, the 
engineering was just beginning. 

It was back in '76-genera­
tions ago as computer eras are 
measured. Electronic Solutions 
was a Multibus systems house. 
And Multibus was just begin­
ning, too. 

The card cage was the best 
around. So we put it into 
production. 

And we've never stopped im­
proving it since. 

Today our Multi-Cage is the 
number one selling Multibus 
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card cage. Because over the 
years it has been engineered 
and re-engineered to make your 
engineering job easier. 

High-performance back­
planes feature extensive ground 
planes that minimize crosstalk 
and improve TTL performance. 
Busing on both sides gives the 
backplane a large current carry­
ing capacity. 

Multi-Cages through an 
evolutionary process have been 
made more and more rigid. So 
cards stay put better under 
shock and vibration conditions. 
Special aircraft-type fasteners 
never loosen their grip. And the 
brushed anodized aluminum 
finish has developed into one of 
the most corrosion resistant 
ever put into a card cage. 

And whatever you want in a 
Multibus card cage you can get 
in a Multi-Cage card cage. 

~ Recognized. 

Lip stiffens the 
backplane board. 

Big backplane 
ground plane for 
less ambiguity 
in TTL logic. 

Fully Terminated 

Heavy current 
carrying capacity. 

Configurations for 
iSBX™ and 
wire wrap cards. 

Mount on any axis. 

Models w ith 3 to 26 slots. Con­
figurations for iSBX and 
wirewrap cards. Free standing 
or horizontal or vertical rack 
mounting. You name it , you can 
have it. 

Multi-Cage. We never 
stopped improving it. Because 
if the card cage isn 't engineered 
right, your system won't be 
either. Dial our toll-free number 
today and ask for complete 
information. 

Electronic 
Solutions 

9255 Chesapeake Drive, San Diego, CA 92123 
(619) 292-0242 Telex II {TWX): 910-335-1169 

™ Multibus and iSBX are trademarks of Intel Corporation . 
Call Toll Free: (800) 854-7086 In Calif: (800) 772-7086 

Multi-Cage is a t rademark of Electronics Solutions 



NEWSFRONT 

'Hard' cells lift ASICs module imitating modern ICs (see 
the figure). Then the design is veri­
fied a nd a waveform ana lysis run . 
At this point the placement a nd rou­
ting software, based on proprietary 
algorithms, takes over. It auto­
matically determines the number of 
"domains" on the chip. Domains 
represent the blocks of sta ndard 
cells and macrofunctions drawn 
from a customer's net list. 

to board-level performance 
BY MARTIN GOLD 

Somerville, N.J.- A new approach 
to placing and routi ng standard cells 
and macrocells gives application­
specific ICs the performance nor­
mally expected from discrete logic 
elements connected on a pc board . 
The so-called "silicon circuit board," 
conceived by RCA Corp.'s Solid 
State Division, draws on an exten­
sive library of CMOS logic cells and 
on new software that automatica lly 
lays out and interconnects rectan­
gular cells of any size. 

"It's a comprehensive package­
including simu lation- that takes 
t he AS IC desig ne r from a func­
tional block diagram to a pattern­
generation tape or a mask, all in as 
little as two weeks," says Hesh Kha­
jezadeh, division vice president for 
I Cs. Already the software is up and 
running for a few RCA customers, 
and by mid-year it will be available 
at RCA design centers and then at 
distributors. 

MODEL SHORTCOMINGS 

Until now cell-based AS ICs used 
software models for the logic func­
tions. The models are assembled by 
interconnecting the elements of a 
net list to emulate a desired func­
tion. However, when migrating 
from discrete components on a pc 
board to an AS IC, performance can 
be lost, basica ll y because of wiri ng 
delays . 

RCA's technique turns that up­
side-down. Desig ners now have 
more than a fighting chance of get­
ting pc board performance from 
their ASIC ch ips. Instead of con­
necting only net-list elements, the 
actual discrete components are rep­
licated on the ASIC chip as hard­
ware-based macrofunctions. Masks 

from existing discrete logic elements 
are used, with their bonding pads 
and any unnecessary output struc­
tures removed. 

Before placement and routing be­
gin, the chip is fully simulated by a 
program RCA dubs Mimic, for 

The system actually uses two 
placement and routing programs 

Engineering 
workstations 

(Daisy Systems, 
Valid Logic, IBM PC, 
and Mentor Graphics) 

1 
Mimic 

r-1 (logic simulation and 
fault grading) 

Net list l Siiicon Compilers' J RCA 

J Genestl system L complier 

Macros 

l 1 
MP2D 'Vital' programs 

(automatic (automatic 
placement and placement and routing, 

routing for Chiplan and Happi , 
standard cells) for macro functions) 

J 
I 

Ecad Concert 
'After ' 

(verification) (layout analysis) (test-program 
generation) 

I 
Pattern generation 

1 Masks Test program 

RCA's development system for application-specific ICs uses hard­
ware-based macrocircuits to deliver boardlike performance. Key ele­
ments include Chiplan and Happi, two Vital programs that handle 
placement and routing, and RCA's Mimic logic simulator. Other mac­
rofunctions can be designed with silicon compilers. 
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NEWSFRONT 
that fall under the name Vital, for 
VLSI interactive and a utomatic lay­
out. The first program, called Chip­
lan, routes the chip automatically 
but lets the designer interactively 
move the cells around the chip . 
Basically a floor planner, it allows 
the designer to view the overall lay­
out and make changes as necessary. 
The second program, referred to as 
Happi, makes both placement and 
routing automatic, using data culled 
either from a net list or a schematic 
diagram. 

The software programs will de­
fine the standard cells and macro­
functions in the RCA library , as 
well as the size of those cells. 

At the start, the "hard" cells will 
encompass HC and HCT circuits in 
3-µm CMOS, followed by the com­
pany's 2-µm ACL circuits . Even­
tuall y the lineup will include more 
complex 2-µm macrofunctions, for 
example, core processors and ana log 
circuits. 

IN THE WORKS 

In addition, nonvolatile memory 
cells and bit-slice devices will work 
their way in , thanks to RCA's alli­
ance with WaferScale Integration 
Inc . (Fremont , Calif.) . What 's 
more, si licon compilation tools de-

veloped by RCA and Silicon Com­
pilers Inc. (San Jose, Calif.) will 
generate new cells as well. 

The placement and routing pro­
grams now run on VAX superminis 
and will be ported to Mentor Graph­
ics workstations. The Chiplan inter­
active software also works with cer-

tain Tektronix termina ls . 
Following the package's release 

to RCA design centers, the software 
will be available through RCA's dis­
tributors, Schweber Electronics and 
Hamilton / Avnet. Later this year, 
customers will be a ble to license the 
software for their own use. D 

National readies 250-cell library 
Santa Clara, Calif.-National Semiconductor Corp. is quick on RCA 's 
heels. Later this month, at the Custom IC Conference in Rochester, N. Y ., the 
company will unveil an extensive library of standard cells and macrocell 
functions-nearly 250 in all. Among the initial pickings will be CMOS 74HC 
logic devices, dual-port RAM building blocks, 2900 series bit-slice process­
ors, microcontrollers (for instance, the new 16-bit HPC), and advanced prod­
ucts like RAM and PLA generators. Moreover, the analog portion of the li­
brary will be filled by comparators, simple op amps, voltage regulators, and 
digital-to-analog converters. 

Next year the cell library will expand considerably, taking in the 32-bit 
32000 microprocessor, as well as telecommunication devices like codecs, fil­
ters, and building blocks for the Integrated Services Digital Network. 

National targets cells with 2-µm geometries now and 1.5-µm geometries 
later this year. "Many of our functions will be available as either cells or gate 
arrays, so that system designers can migrate to either technology," says Fred 
Horne, National's vice president for customer-specific products. 

Like RCA, National will offer a variety of design automation software for 
its cell library, but mostly it will rely on popular packages from outside soft­
ware vendors. It also has its own automated CAEsystem that performs timing 
analysis as an integral part oflogic simulation. The program, called Newton, 
will be described in detail at the conference. 

Already National has lined up workstation support for the library. IBM 
PC- based FutureNet and Dais)' systems will take care of schematic capture 
and prerouting simulation; support for workstations from Mentor Graphics 
and Valid Logicisduelaterthis year. Placement and routing tasks run on Na­
tional's IBM-compatible mainframes, using the Merlyn-S software from 
Tektronix's CAE Systems Division. Engineers will also be able to work 
through National's design centers and its distributor, Hamilton/ Avnet. 

-Martin Gold 

Packaging catches up 
working with speedy chips, that can 
handle power much higher than the 
3 to 5 W typical of today's applica­
tions. to VLSI power demands 

BY VINCENT BIANCOMANO 

Seattle- The thermal and elec­
trical problems spawned by dense 
chips and packed circuit boards 
force packaging technology to de­
part radically from its traditional 
evolutionary path. Consequently, a 
package' s primary job- to house 
the chiir-now takes a back seat to 
the more technically challenging 
task of making a chip carrier ther-
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mally and electrically inert. 
Fortunately, tape-automated 

bonding and surface mounting al­
ready minimize a package's para­
sitic capacita nce and inductance, 
the biggest obstacles so far to 
achieving high-frequency response 
in a chip. At next week's Electronic 
Components Conference, attention 
will be focused on the packages 

Dissipating or otherwise with­
standing large amounts of power re­
mains the most elusive goa l for 
VLSI packages . To increa se re­
liability, manufacturers are turning 
to such esoteric techniques as cool­
ing chips with liquid reservoirs and 
laser-bonding packages for high­
frequency, high-power work. In ad­
dition, the relatively new art of pho­
tolithography is bolstering pin-grid 
a rray packages. 

In an innovative scheme, water 



carries off heat from an array of 25 
square packages mounted on an alu­
mina substrate. Nippon Telegraph 
and Telephone Corp. 's Electrical 
Communications Laboratory (To­
kyo) fabricates 29 coolant channels 
1 mm deep on a six-layer substrate 
containing 900 1/0 pins. The chan­
nels are staggered to a void dis­
turbing the arrangement of the via 
holes, which are formed before the 
coolant channels. 

NTT's experimental water­
cooled substrate, with dimensions of 
85 by 105 mm, dissipates up to 
600 W (7.5 W /cm2) for a flow rate 
through the channels of 0.8 liter/ 
min. Power-handling capacity of the 
module (per volume) is 5 kW per 
liter of water, which the company 
claims is a tenfold improvement 
over conventional methods for indi­
rect cooling. If practical in produc­
tion volumes, it is a breakthrough. 

The minimal thickness of the 
cooling channels enables designers 
to reach a long-sought goal of stack­
ing VLSI packages. From the man­
ufacturing standpoint, the same 
punching process that makes via 
holes can form the cooling and con­
ductor sections on the substrate. 

STRONG SEALS 

Heat from a package is only half 
the cause of poor reliability. Equally 
responsible is the heat produced by 
high-temperature processing. For 
example, arc welding used during 
hermetic sealing of ceramic pack­
ages calls for a package that can en­
dure a short, intense beam of en­
ergy. As a result, new materials and 
laser welding are prominent. 

Nickel plating of aluminum-alloy 
housings, suitable for high thermal 
conductivity, simplifies hermetic 
sealing by laser. Fujitsu Laborato­
ries Ltd. (Atsugi, Japan) applies the 
experimental technique to a chip for 
microwave applications. The nickel­
plating scheme overcomes cracks in 
the weld zone caused by high­
temperature arcs. Indeed, just the 
opposite occurs: The electroless 
nickel plating strengthens the weld 

and protects the package from out­
side elements. 

Today's chip carriers owe their 
high density to photolithography. 
This technology, combined with 
some new materials, could make the 
pin-grid array the leading package 
for both speed and power. 

POWERFUL PIN GRIDS 

A 208-pin grid array with a ce­
ramic base and cap comes from 
Mitsubishi Electric Corp. (Hyogo, 
Japan). Courtesy of photolithogra­
phy, the device has etched ~opper­
foil patterns on a film of polyimide. 
This technique is an extension of one 
used by Amp Inc. (Harrisburg, Pa.) 
earlier in the year for in its densely 
packed leadless ceramic chip car-

rier. 
Mitsubishi puts to work an inex­

pensive method for creating low­
resistance, low-loss signal paths as 
well as for the array's power and 
ground planes. Line width is re­
duced to 0.1 mm and spacing to 
0.05 mm. 

The polyimide film draws its ad­
vantage from a low dielectric con­
stant, about 40% that of the alumina 
ceramic typically found in pin-grid 
arrays. Thus, pin-to-pin capaci­
tances are reduced by a factor of 
four, and capacitance between sig­
nal leads and ground by a factor of 
five. Furthermore, thermal conduc­
tivity can be improved several times 
over that of alumina if the housing's 
base plate contains silicon carbide. D 

400-dot/in. plotter attacks 
thermal and ink-jet arenas 
BY STEPHAN OHR 

Santa Clara, Calif.- The electro­
static color plotter stands poised to 
defend its position in the low-cost 
CAE plotter market from a chal­
lenge by ink-jet and thermal ma­
chines. At the forefront of the de-

fense is a new version of Versatec 
Co.'s Spectrum series. With a price 
tag below $15 ,000, it may be the 
first color plotter to lay down 400 
dots/in . for 8 1/2-by-l l-in . and 
11-by-17-in. narrow-paper formats 

Versatec's 400-dot/in. electrostatic printing process allows higher 
drawing resolution and densities (left) than that of the previous gen­
eration of 200-dot/ln. printers (right) at lower cost. The layouts are 
magnified 400%. 
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known as the A- and B-sizes. 

Versatec, a subsidiary of Xerox 
Corp., plans to introduce the plotter 
at the National Computer Graphics 
Association convention in Anaheim 
in two weeks. Versatec's move is in 
response to the recent explosion of 
low-cost CAE workstations. 

Used with these machines, ink­
jet, thermal, and electrostatic plot­
ters take on engineering applications 
such as IC design and pc board lay­
out, as well as business graphics. 
They can deliver thousands of colors 
and print at speeds of under 2 min­
utes per page at a cost of less than 
20¢ each. 

Typical of what Versatec is up 
against is the CH-5300 series of 
thermal printers from Seiko Instru­
ments Inc. (Milpitas, Calif.). The 
units deliver as many as 4912 colors 
with resolutions ofup to 203 dots/in. 
for less than $10,000. The Seiko 
plotters use a thermal transfer pro­
cess in which heated probes transfer 
ink to paper. 

Improvements in ink-jet technol­
ogy now yield resolution that ap­
proaches the de.nsity needed for 
CAE drawings, at the $15,000 price 
point. The information display 
group of Tektronix Inc. (Beaverton, 
Ore.) just introduced a unit that pro­
duces paper copies in 2 minutes at a 
resolution of 154 dots/in. 

C LEARER AND SMOOTHER 

Versatec raises the stakes with its 
higher-resolution machine, which 
produces printouts with smoother 
lines and curves. It is particularly 
suited to complex circuit layouts be­
cause it generates denser plots than 
200-dot/in. machines (see the fig­
ure) . 

Versatec extensively modified the 
Spectrum's print head to yield the 
improved resolution, according to 
company product manager Dale 
Richmond . Not only did the dots 
have to be smaller, but the head­
and paper-positioning system also 
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had to be refined. 
The company added a second row 

of 200-dot/in . electrodes to the 
head, with the second row offset 
from the first. The ink deposition 
from the two rows is timed so that 
negative charges on the moving pa­
per attract a si 1~ gle line of over­
lapping 4-mil dots, each on 2.5-mil 
centers. 

GOOD MEMORY 

High resolution depends not only 
on the size of the deposited dot, but 
also on the plotter's mechanical abil­
ity to bring the paper back to the 
same spot exactly to deposit a sec­
ond or third color. The registration 
for each dot- what Richmond calls 
the dot-to-dot accuracy- is within 
0.5 dot, or 1.25 mils over a 17-in. 
range. In comparison, 8-mil dots are 
held to a 3- or 4-mil registration ac­
curacy on 200-dot/in. plotters. 

A resolution of 400 dots/in . re-

quires enormous memory, since 
each dot must be addressed individ­
ually . For instance, standard bit­
mapped technology would require 
a 13-Mbyte file to store an 
l l-by-17-in. drawing. 

Versatec, though, incorporates a 
vector-polygon drawing technique 
into its controllers that demands less 
memory. Drawing elements, such as 
an npn transistor layout, are stored 
as a combination of polygons on a 
hard disk. With about 1.2 million 
elements involved, approximately 
12 Mbytes of memory are needed to 
store the entire library of symbols as 
polygons. But since a typical draw­
ing requires only 30 elements, the 
data file would be significantly less 
than the 13 Mbytes required for 
standard bit-mapped technology. 

Richmond foresees the 5 1/4-in. 
optical disk, with 140-Mbyte ca­
pacity, as the eventual storage de­
vice for the plotter. D 

Fabrication line for 6 in . 
wafers foils spies 
BY TERRY COSTLOW 

Bloo mington, Minn. - W orried 
about Soviet spies stealing your chip 
fabrication techniques? Concerned 
that the microwave dish on the 
building next door may be picking 
up confidential product specs? VTC 
Inc. can set your mind at ease. On 
the ground floor of its recently 
opened headquarters , in a Min­
neapolis suburb known as "silicon 
tundra," is a high-security vault that 
meets Department of Defense re­
quirements for the entire IC produc­
tion process, from design to fa bri­
cation. 

Elsewhere, devices destined for 
military equipment are designed in 
one facility, their masks created in a 
second, and the chips fabricated in a 
third. Now the cautious designer, or 
someone with a paranoid client, can 

go the whole nine yards in one place. 
The walls of the VTC vault, 14 in. 
thick and lined with copper, shield 
CAE devices from external spooks ~ 

Fiber-optic telephone and data ca­
bles prevent rf leakage, and band­
pass filters on power lines ward off 
tapping. Access controls limit entry 
to the entire vault , including the 
30,000-ft2 clean room. 

The VTC facility contains CAE 
workstations from Mentor Graphics 
working with a VAX supermini­
computer host. CMOS chips with 
1.25-µm geometries are fabricated 
there from 6-in. wafers. 

Under a recent agreement , the 
Genesil compiler system from Sil­
icon Compilers Inc . (San Jose, 
Calif.) will be available for VTC's 
cell library. D 
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High-power switchers 
survive 100,000 hours 
BY VINCENT BIANCOMANO 

Melville, N.Y.- A hot innovation in 
power-supply technology enables 
high-power switchers to run cooler 
and longer. The latest example of in­
creased reliability at lower cost will 
arrive in July when Lambda Elec­
tronics Corp. introduces the LFS 
family of power-supply switchers for 
50 W to 2 kW. Compared with cur­
rent supplies, specifications for 
mean time between failure will dou­
ble to I 00,000 hours while the price 
will drop about 25%. Pivotal to the 
price-performance of the foward­
converter supplies is a bipolar con­
troller chip. 

Module 
functions 

Line­
voltage 

sampling 
circuit 1-+----./ 

Vee (chip) 

To handle a power range 50 W to 
2 kW, a switcher would normally 
need several hundred discrete com­
ponents . The bipolar chip and the 
module it mounts on (see the figure) 
cut the parts count to 70. Further­
more, the IC and the module are 
compatible with other Lambda sup­
plies, owing to a proprietary circuit 
for voltage-offset compensation. 

The chip includes a 150-kHz time 
base and voltage reference as well as 
circuitry for current limitation , 
brownout protection, and soft start. 
The combination of chip and mod­
ule handles over-voltage protection 

Open for ---.-poln .. t A low 

2k + 

Turn-off 
Circuit 
Enable 

The b ipolar controller chip from Lambda contains virtually all the log­
ic for switching high-power supplies. Compatible with the company's 
entire line of supplies, the combination of chip and module delivers 
current limitation, voltage regulation, brownout protection, and a 
stage for driving the supply's output transistor. 
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and line and load regulation of 
± 0.1 %. A 500-W unit will carry a 
price tag of about $330, while a 
200-W supply will go for about 
$150. 

Credit for the switcher's flex­
ibility goes to Lambda's undisclosed 
improvements in forward-converter 
technology, in which both the pri­
mary and secondary circuits operate 
simultaneously. The new generation 
of forward converters improves cost­
performance threefold over the pre­
vious models . {The ratio of power 
per dollar is multiplied by the sup­
ply's power-vs-size ratio.) 

"Compared with push-pull, fly­
back, and half-bridge topologies 
common in a conventional switcher, 
forward converters yield the most 
efficient and low-cost design ," ex­
plains Dan Enzone, vice president of 
engineering. "They inherently re­
quire fewer parts, and they apply 
less electrical stress to those compo­
nents." 

The forward converter permits 
the bipolar chip to easily extend the 
supply's duty cycle by controlling 
both the switcher's on-time and the 
switching period . Thus, the on-off 
timing ratio can be adjusted auto­
matically depending on the line 
voltage. 

The current limiter works in three 
modes- standard, foldback limit­
ing, and foldback with frequency 
shifting. The choice of modes im­
proves the regulation 's efficiency 
and the supply's response time. The 
overload circuitry also reduces the 
supply's susceptibility to switching 
noise. 

Despite the high power levels 
handled by the relatively small sup­
ply, the unit meets the European 
VOE standard of 5-mm spacing be­
tween primary a nd secondary cir­
cuits. 

Finally , with a special de­
magnetizing circuit, Lambda can 
employ a single-ended FET rated at 
500 Y at I 00 kHz in the power out­
put stage, instead of the usual tan­
dem FETs or bipolar stages.D 

(Newsfront section continues on p . 42) 
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sense 
temperature 
quickly 

These NTCs-hermetically 
sealed in glass-are well pro­
tected from hostile environments 
to temperatures beyond 200°c. 
They protect themselves while 
reliably sensing air or surface 
temperatures either exposed or 
within probe housings. Resist­
ance values @ 25° C: 1 K to 5 
megohm . Response time : 3 
seconds. Price: Well below glass 
bead designs in any quantity. 

Also available 
in tape and reel 
for automatic insertion. 

Send for data bulletin. 

\Keflc!!'?ol!! 
Thermistor Division • St. Marys, PA 15857 
Phone 814-781-1591 • Te/ex No. 91-4517 

Keystone Thermistors are distributed by 
Allied Electronics Phone: 817/336-5401 
Newark Electronics Phone: 312/638-4411 
Hl-COA (West Coast) Phone : 415/365-5087 
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INDUSTRY WATCH 

Chip users, prepare. 
Spring cleanup could 
affect your supply 

After the dust settles from the industry re­
cession, your favorite semiconductor devices 
may suddenly become hard to find . Many IC 
vendors are busily cleaning house, dropping 
products they no longer deem worthwhile pro­
ducing in volume. 

For example, Motorola recently said it will 
discontinue more than a half-dozen micro­
processor components, including some from the 

once-popular 6800 series. In addition, over the past year Fairchild 
Semiconductor has phased out some 8-bit microcontrollers and 
cut back production of its low-power Schottky logic circuits. 
These moves are just the tip of the iceberg. No doubt chip vendors 
will increasingly examine their old product lines, training an eye 
on turning them off quickly if necessary. 

The reasons are clear-cut. Technology is changing rapidly. 
CMOS now wins out over NMOS as the process of choice; in 
fact, few new NMOS devices are being designed. Gate arrays and 
standard cells are displacing "glue logic" in new system designs, 
and many, if not most, companies are refurbishing their older 3-
and 4-µm production lines with equipment that can produce chips 
with 2- and 1.5-µm geometries. 

Another factor comes into play, too. As the semiconductor in­
dustry recovers from the worst setback in history, resources are 
severely limited. Layoffs over the past year have sharply reduced 
the head count at many companies. Naturally, deploying the 
smaller staffs to the areas of greatest potential profit means that 
older product lines will no longer get support. Moreover, available 
capital is going into upgrading equipment. 

Chip users, you should devise your strategy with care. To en­
sure the future of your products, you may have to change your de­
sign methods and throw your lot in with the latest chip design 
techniques and software. It's also important to improve your 
relationship with chip vendors: Make them aware of your 
long-term needs for specific components. 

True, many discontinued circuits will become available from 
alternative suppliers, but second and third sources are rarely as 
good as the first. With fewer companies supplying a specific prod­
uct, prices could rise. And don't forget, there's no guarantee that 
the alternative source won't do the same as the original manufac­
turer and discontinue products as the market declines. 

fY~t~ ~~ 
Martin Gold 
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EXPERT LAYOUT POWER OF A 
MAINFRAME ON YOUR PC. 

You no longer need a large dedi­
cated workstation to lay out even the 
most complex printed circuit b.oart:ls . 
FutureNet's® DASH™ -PCB is the first 
PC-based layout system to parallel the 
performance of a VAX-class main­
frame. So, you can give your design­
ers the same expert layout capabilities 
right on their PCs - for a fraction of 
the cost. 

RESULTS OF AN EXPERIENCED PCB 
DESIGNER, IN ONE-QUARTER THE 
TIME. Even with minimal experience, 
you can lay out PCBs four times faster 
than skilled layout designers can man­
ually. Easy to use and learn, DASH­
PCB mimics the experts. A multi­
strategy auto-routing system lets 

Distributed by Hamilton Avnet. 

you choose from several sophisticated 
routines to optimize your circuit . 
Traces are automatically run as closely 
together as you want and routed at 
45 degrees to save board space. Real­
time rubber banding helps you find the 
shortest, most direct interconnect 
paths. And with switched screens, 
mouse control, hierarchical menus 
and command files, you can easily 
lay out printed circuit boards just like 
the experts. 

SCHEMATICS TO PCB LAYOUT IN ONE 
CAE SYSTEM. If you're already using 
the DASH Schematic Editor, you're 
well on your way to automated PCB 
layout . The Net List created during 
schematic editing is used as input to 
DASH-PCB, allowing you to draw 

Autho rized IBMe Value-Added Dealer. 
FuturaNet Division 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311 5728 !818) 700-0691/Te!ex 910-494 2681 
DATA 1/ 0 Corpora tion 10525W1llows Road N E .. P.O Box 97046. Redmond. WA 98073-9746, U S A !20618816444/ Telex15 2167 
DATA 1/ 0 Europa World Trade Center, Strawmskvlaan633, 1077 XX Ams1erdam, The Netherlands i20) 622866/ Telex 16616 DATIO NL 
DATA 1/ 0 Garmany Bahnhofstrasse 3, 0 -6453 Sehgenstadt, Federal Aepubhcof Germany (6182) 3088/ Telex 4184962 DATA D 
DATA 1/0 Japan Ginza Orient Building, SF, 8-19-13, Gmza Chuo ku, Tokyo 104, Japan 1031574-0211 / Telex 2522685 DATAIO J 
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schematics and lay out PCBs within 
one integrated environment. Through­
out auto-routing, the board net list is 
constantly checked against your origi­
nal net list . Your final board designs 
will match your specifications 
precisely. 

WE'LL SHOW YOU HOW TO GET 
EXPERT RESULTS. Call FutureNet 
today, and compare our PC-based 
layout system to any existing meth­
ods. You'll find the DASH-PCB gives 
you the same results as the top design­
ers or expert mainframe programs. 
The big difference is the time and 
money you'll save. Our representatives 
can show you just how much . Contact 
FutureNet at 818-700-0691 . 

FutureNet 
A Doto 1/0 Company 
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Amiga taking bows as 
bench workstation 
BY RAY WEISS 

Gardena, Calif. - lntroduced last 
year as the latest and brightest per­
sona I computer for the low-end 
home market , the Commodore 
Amiga is finding a niche as a tool for 
engineers working in the laboratory. 
What attracts the technical com­
munity to the machine is its ability 
to deliver the performance of a 
68000-based, multitasking color 
graphics worksta tion for $1300-
far below the cost of any competing 
model. 

At the winter Comdex, Datacraft 
Inc. took the wraps off an engineer­
ing data acquisition system that uses 
the Amiga for data analysis. The 
computer serves as a back-end sys­
tem for Datacraft's specialized 

Amiga 
Data storage 

Spreadsheet manipulation 
Curve generation 

Display 

68000 

front-end J1rocessor, the RAW 68. 
Data is piped into the Amiga from a 
data acquisition subsystem at rates 
of up to 800 kbits/s. The data is then 
processed and held for later use. 

The front-end subsystem fields up 
to 64 channels of data from applica­
tions as diverse as process control, 
medical monitors, and la boratory 
analytics. Moreover, the front end 
can support 12-bit resolution of 
analog-to-digital conversion at up to 
100-kHz. 

The front end is based on another 
68000 mounted with 512 kbytes of 
RAM and 128 kbytes of ROM. In­
side the ROM are various routines 
for smoothing and correlating raw 
data, including fast Fourier trans-

Raw68 
Data acquisition 
Preprocessing 

Data smoothing 
FFT operations 

68000 

RS-422 
64 channels 
(from digital 

or analog 
signal sources) 

800-kbyte 
floppy-disk 

drive 

512-kbyte RAM 
(expandable 
to 8 Mbytee) 

(800 kHz) 512-
kbyte 
RAM 

128-. 
kbyte 
ROM 

Datacraft uses an Amiga personal computer to provide back-end 
processing for a 68000-based data-acquisition front end, the RAW 68. 
Front-end routines smooth and preprocess the data. The Amiga 
stores, manipulates, and displays the data. 
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TRUERS-232 
FROM A 

+5VSUPPLY. 

~ 
• IN I i 

Introducing the MAX232 +5V RS-232 dual transmitter-receiver. 
Now you can run full spec RS-232-C ±10V output levels from a 

single -t5V supply. 
With the new CMOS MAX232. 
It's the first dual transmitter-receiver with on-chip charge pump 

voltage converters that generate +10V and -10V power supplies from 
your +5V source. 

The MAX232 includes two RS-232 transmitters that convert +5V 
TIL/CMOS inputs into RS-232 outputs. And two RS-232 receivers that 
convert them back again. 

So you see, the MAX232 is the perfect single-chip solution for a 
wide range of computers, peripherals and instruments where a ±10V 
supply is not available. 

The low-power MAX232. 
At a 100 unit price of $3.60, it's the only thing that'll ever come 

between your -t5V system and RS-232-C. 
For sample parts and data sheets, call your Authorized Maxim 

Representative or Distributor today. Maxim Integrated Products, 
510 N. Pastoria Avenue, Sunnyvale, CA 94086, (408) 737-7600. 

You have Maxim's Charlie Allen to thank 
for the MAX232. Or perhaps you should thank 
yourself. Charlie, you see, is our Manager of 
Applications Engineering. And he defined the 
MAX232 based on your requests for Just such 
a part. 

While you're thanking people, don't forget 
Maxim's Dave Bingham, the guy who 's invented 
more industry standard parts than most com­
panies. It was his design genius that turned 
Charlie's idea into silicon. 

Anything for the customer. Right, guys? 

Distributed by Hall-Mark, Graham, Diplomat, Bell and ACT. Authorized Maxim Representatives: Alabama, (205) 536-3044 ; Arizona, (602) 949-0873; California, 
(415) 962-0660, (619) 279-0420, (818) 883-7606; Colorado, (303) 841-4888; Connecticut, (203) 269-7964; Florida, (305) 771 -6501, (305) 944-5031, (305) 276-0070, (813) 
441-4702, (813) 223-7969, (305) 727-0192; Georgia, (404) 448-1215 ; Idaho, (503) 297-1719, (503) 620-1931; Illinois, (312) 956-8240; Iowa, (319) 377-8275; Kansas, (316) 
838-0884; Maryland, (301) 583-1360; Massachusetts , (617) 444-8071 ; Missouri, (314) 291-4777, (816) 356-6340; Montana, (503) 620-1931; New Hampshi re, (603) 772-3300; 
New Jersey, (609) 933-2600; New Mexico, (505) 884-2256; New York, (516) 543-0510, (716) 385-7744 ; North Carolina, (919) 847-8800; Ohio, (216) 659-9244, (513) 278-0714, 
(614) 890-2743; Oklahoma, (918) 664-0186; Oregon, (503) 620-1931; Eastern Pennsylvania, (609) 933-2600; Western Pennsylvania, (614) 890-2743; South Carolina, (803) 
233-4637/8; Texas, (214) 647-8225, (512) 331-7251, (713) 977-4354 ; Utah, (801) 266-9939; washington, (206) 453-8881; Wisconsin, (414) 476-2790. Canada, Dist., RAE. Ind. 
Elect. Ltd. (403) 451-4001, Rep., Tech-Trek Ltd ., (416) 674-1717. 

International Representatives/Distributors: Australia, R&D Electronics Pty. Ltd ., 61-3-288-8233/62, 61-2-439-5488; Austria, Transistor Vertreibsges M.B.H., (0222) 
82-94-01-0; Belgium, MCA Tronix, 041/362780-362795; Denmark, Nordisk Elektronik A/S, 02-84-2000; Finland, Turion, (90) 372-14 4; France, Valdix, (6) 920-26-06; 
Hong Kong, Tektron Elect (HK Ltd .), 3-856199; India, Mahlar Corp., 564464 ; Israel, Unitec Universal Tech. Ltd., 052-555053; Italy, Micro Elit S.R.L., 46-90-444, Esco 
ltaliana S.P.A., (02) 2409241/51; Japan, Maxim Japan Co., ltd., (03) 232-6141, Microtek Inc., (03) 363-2317, Dai-Nichi Seigyo Kiki Co., ltd., (03) 265-7381, Maruei Shoji Co., ltd., 
(0422) 54-6800, Si l-walker, Inc., (03) 341-3651; Korea, Komax Elect. Inc., 784-6936; Netherlands, Techmation Elect. B.V., 04189-2222; Norway, Nordisk Elektronic 
(Norge) A/S, (02) 846210; South Africa, South Continental Devices (PTY) ltd., 011 -789-2400; Spain, Anatronic, S.A., 242-44-55, 242-55-66; Sweden, Scancopter AB, 
08-761-78-20; Switzerland, Laser & Electronic Equipment, 01-55-33-30, 022-425-677; Taiwan, Wo rld Peace, (2) 7212154, 5, 6; United Kingdom, Maxim UK Ltd ., 
07-357-5255, Dialogue Distribution, ltd., 0276-682001, Thame Components, ltd ., 084 -421 -4561; West Germany, Spezial-Electronic KG 05722/203110, 089/530387, 
07961/4047, SemTech GMBH, 0911-831003. © 1985, Maxim Integrated Products 
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forms a nd spectral analysis . Addi­
tionally, users can specify line filter­
ing and optoisolation. 

Data fed to the Amiga is entered 
into a spreadsheet with 256 columns 
by 8000 rows for further manipu-
1 a t ion a nd proce ss ing . Using 
Amiga's graphics package, design­
ers can map the data into curves for 
display. 

The only modifica tion t o the 
Amiga involved converting the sys­
tem's 20-kbyte/s RS-232-C serial 
interface into a 2-Mbyte/s RS-422 
port. The conversion increased 
throughput to more tha n 800 kH z 
from less than 100 kH z. 

NEW G AME PLAN 

Commodore Internationa l Ltd . 
(Westchester, Pa .), developer of the 
Amiga, ta rgeted the machine at the 
home and commercial end user, not 
the technical professiona l. But its 
sophisticated multitas king ha rd­
ware a nd operating sys tem a nd 
graphics capabilities designed for 
advanced video games a re more 
than adequate for many engineering 
tasks . A variety of software pack­
ages a re now available for Amiga's 
distinctive operating system, devel­
oped by Metacomco Inc . (Mon­
terey, Calif.). 

Under its plastic case are some 
savvy desig n techniques tha t ac­
count for its high performance a nd 
low cost. For instance, special VLSI 
processors offload operations from 
the microprocessor for graphics, an­
imation, and 1/ 0 processing. 

Amiga designers take advantage 
of the 68000's relatively slow, 
10-MHz clock rate. The custom co­
processors steal memory cycles 
while the CPU is processing an in­
struction. For most instructions, ev­
ery other memory cycle can be used 
by the coprocessors without inter­
fering with the CPU. Thus, multiple 
operations, such as graphics and 
1/ 0 processing, are generally con­
current with the Amiga's CPU pro-
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cessing cycles. 
Amiga 's 25 DMA channels by­

pass the CPU, further aiding multi­
tasking and intensive 1/ 0 process­
ing. Each device or port is assigned 
its own channel, red ucing conten­
tion . Also, the limited memory of 
some low-end personal computers is 
not a problem, si nce up to 8 Mbytes 
can be directl y addressed with ex­
pansion boxes. 

WHAT'S NEXT? 

Amiga's growing reputation as a 
capable engineering tool is prompt­
ing a host of other improvements. 
Rumors that a full 32-bit version is 
under development are nying. Some 
industry observers say Commodore 
will release a new model based on 
the full 32-bit 68020 by the end of 
this year. 

Already, there is a t least one sup­
plier of a plug-in 68020 board . In­
troduced last year by Computer 
Systems Associa tes Inc. (San Diego, 
Calif.), the board connects directly 
into the Amiga's 68000 socket. 
Computer Systems' la test board, the 
68020-PGYC/ MEM, also carries a 
68881 noating-point unit and 512 
kbytes of 120-ns sta tic RAM for 
high-speed, number crunching. 

Datacraft plans to use the Amiga 
as a termina l for other engineering 
systems. Moreover, the company is 
working on an interface for direct 
data acquisition a nd a number of 
additions to speed the Amiga's inte­
gration into the engineering world . 
Also being readied is a peripherals 
box that will link add-on boards for 
the I B M PC to the Amiga, off­
setting the incompatibility of it s 
operating system.D 

Be sure to see 
Electronic Design 's 
Professional 
Opportunities 
Section. 

It starts 
on page 334. 

ENABLE SOURCE A 

UDN-29338 
3-CHANNEL HALF-BRIDGE 

MOTOR DRIVER 

• Ideal for Interface Between Low­
Power Logic Levels and Windings of 
3-Phase Bipolar Brushless 
D-C Motors 

• Output Capabilities up to 1 A and 
30 V Per Phase 

• Low Output Saturation Voltage 
• Transient-Protected Outputs 
• Compatible with TIL and 5 V CMOS 
• Reliable Monolithic Construction 
• Supplied in Standard 16-Pin Batwing 

DIPs with Copper Lead Frames and 
Heat Sinkable Tabs 

• Priced at Less than $1 ea. in Volume 
Quantities 

Write for Engineering Bulletin 
29318.10 or: 
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FORCEFUL. 

SDD 1'. 4GUE Sprague has led the way in power interface since 1970. After originating its line of 
£ ~ Power ICs (PICs), Sprague has increased emphasis on circuits for stepper, servo, and 

Pj[.c EV-£'1EL AS brushless d-c motors. Output drive capabilities have been extended to 
~ S ~"'--" ±4 A per channel and to sustaining voltages exceeding 60 V. Motor 

0 S 
driver types include half-bridge, full-bridge , dual full-
bridge, three-phase, translator/ driver, and power driver M ff OR :MlJ: CLE. sink or source arrays. All devices include diode transient 

protection. Many feature current limiting (PWM), thermal shutdown, over-voltage and/ or short-circuit protection. Sprague 
Electric Company, a Penn Central unit, World Hdqtrs. , Lexington, MA. For Brochure WR-202, 
write to Technical Literature Service, Sprague Electric Company, P.O. Box 9102, Mansfield , 
MA 02048-9102. For applications assistance, call Mark Heisig or Tom Truax at (617) 853-5000. 
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Corporation 



Advanced 
Peripheral 
Processing 
Solutions 

Take our mass sto~e 
VLSI chiP. . out fOr a 

little spin. Or a big one. 
Only one family of mass storage chips 

can move you along the entire 
design spectrum-from 50 Kbps to 25 Mbps. 

Without shifting gears. 
The disk industry today has a lot of heads 

spinning. With drives of all sizes, shapes, 
types and interface requirements. With more 
advanced technologies pushing transfer rates 
and densities ever higher. And with users 
demanding higher capacities - but in 
smaller, lower-power packages. 

That's why hundreds of designers have 
already specified National's DP8466, the 
hard disk controller, and its complete family 
of support chips. The only chip set versatile 
enough to handle today's broad range of 

microCMOS. All of which reduces your overall 
system costs, and boosts both your compet­
itive edge andyour profits. 

drive products. From the PC to the mainframe. ~-...:...______:..__~....a.c""----~~""'-----
Nationa1·s Mass Storage Family 

The DP8466 makes key operating features DP8466 (NS 32966) Disk Data Controller 

user programmable. So things like data for- DP8462 INS 32962) 2.10ata Synchronizer 
DP84638 (NS 329638) 2.7 Endec 

mats, error correction codes, and interface DP84648 INS 329648) Pulse Detector 
DP8465 (NS 32965) Data Separator 

characteristics can be configured interactively DP847D INS 329101 Floppy Disk Data separator 
for virtually any drive- using the same DPB472 INS 329721 Floppy Disk Controller Plus 

controller chip. Then too, the DP8466 and 
supporting parts work with National's Series 
32000" microprocessor and any other 8-, 
16- or 32-bit microprocessor. And they con­
form to all major drive interface standards. 

Wherever your system falls in the price/ 
performance spectrum, our mass storage 
family has you covered. With data rates rang­
ing all the way from 50 Kbps to 25 Mbps. With 
advanced VLSI architecture that integrates 
more disk data path functions than has been 
possible before. And with exceptionally 
low controller power consumption, using 
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Drives courtesy of Control Data Corporation and Aodime, Inc. 
APPS is a trademark of National Semiconductor Corporation 

So whatever type of high-performance 
disk product you're designing, look to 
National for the complete controller solution. 
We can help you get to market quickly. 
Without spinning your wheels. 

For full details, contact your local National 
office today. 

National Semiconductor Corporation, 
MS/23-200, P.O. Box 58090, 2900 Semicon­
ductor Drive, Santa Clara, CA 95052-8090 
( 408) 721-5893 

National 
Semiconductor 
Corporation 

Series 32000 is a registered trademark of National Semiconductor Corporation. 
© 1986 National Semiconductor Corporation 







Advances in system 
simulation yield substan­
tially increased success 
rates in ASIC design. 

1 

Automatic gate array 
layout workstation reduces 
risk. Designers control 
costs, schedules, and ASIC 
performance. 
i 

CDI, NEC, RCA, add 
design-through-layout kits 
to the GATEMASTER™ 
Library. 
L 

MegaFAULT: ASIC 
''Manufacturability 
Insurance.'' 
l 

Daisy Literature Line: 
1-800-556-6661 
1-800-824-2385 in CA. 
Department D27 

L ..II. 

BULLETIN: 
SEMICUSTOM SOLUTIONS 

FACT: Semicustom IC vendors report a 97-99 % success rate 
for gate arrays, yet only 33 % actually work when first tested in 
the system. Daisy's complete simulation environment improves 
design control and success rates two ways: First, array resimula­
tion incorporating circuit timing modifications due to physical 
layout. Second, system level simulation where the array is simu­
lated in the context of the target system. RESULTS: Substan­
tially increased gate array and system design success rates. 

] 

""':.::L • ..•. ...:;:;. ..... ] 

Workstation-based layout on Daisy's MegaGATEMASTER™ 
gives the designer maximum control for better net routing and 
increased array utilization. Automatic, in-house layout reduces 
risk by avoiding vendor queues and reducing or eliminating 
iterations, assuring the designer of ASICs that are on time, on 
budget, and perform to specification when used in the final system. 

California Devices, Inc.~ NEC Electronics Inc.~ and RCA® have 
each introduced automatic gate array layout design kits for the 
MegaGATEMASTER. Now eight ASIC vendors support physical 
layout on the MegaGATEMASTER, in addition to the over 55 
vendors who support electrical design and simulation on Daisy 
workstations-and the list is growing. Designers can select from 
a wide "portfolio" of ASIC vendor capabilities, gate counts 
and technologies. 

] 

] 

MegaF AULT,™ Daisy's new high speed fault simulator provides the 
engineer with the highest confidence level in working, manufac­
turable silicon through reliable fault grading of test patterns 
required to detect potential manufacturing defects. MegaF AULT is 
fully integrated with Daisy design and verification tools and pro­
vides full support of ECL, CMOS, and other circuit technologies, 
and can also be used for fault simulations of board-level designs. 

] 

For information on Daisy's growing Semicustom Design Solutions, 
and the Daisy product line, call the Daisy Literature Line at 
1-800-556-6661 (in California, 1-800-824-2385) Department 027, 
or write the Daisy Literature Line, 3606 W. Bayshore Rd., 
Palo Alto, California, 94303. 

Trademarks: Daisy, MegaGATEMASfER, MegaFAULT- Daisy Systems Corp. Registered trademarks: California Devices, 
Inc. (CDl)- Cali fornia Devices, Inc., NEC- NEC Electronics, Inc., RCA- RCA, Inc. 



CONFERENCE PREVIEW 

Testing complex chips and 
software issues top agenda 
at Custom IC Conference 
BY DA VE BURSKY and MAX SCHINDLER 

With the use of gate arrays and cell­
based chips expected to grow dra­
matically over the next few years, 
designers are beginning to attack 
the problem of testing chips with 
many tens of thousands of gates. At 
the same time, work is under way to 
enhance present design methods and 
to extend speed and density bench­
marks. These developments, and 
others related to the fastest growing 
segment of semiconductor design, 
form the backbone of the annual 
Custom Integrated Circuits Confer­
ence. 

Testing emerges as a critical issue 
as designers cram more and more 
high-speed circuitry onto a semi­
custom chip. As a result, designers 
are focusing on incorporating self­
testing and fault-isolation schemes 
in their new chip designs. 

In parallel with the efforts to 
crack the testing issues, designers 
are increasing density and speed. 

If you go . .. 
CUSTOM INTEGRATED 
CIRCUITS CONFERENCE 
MAY 12- 14 

ROCHESTER, N.Y. 
ROCHESTER RIVERSIDE 
CONVENTION CENTER 
(716) 865-7174 

The channelless, sea-of-gates ap­
proach is expanding the density of 
gate arrays, while parameterized 
cells are adding to the complexity of 
cell-based chips. Many companies 
with standard-cell libraries are busy 
adding large cells that can be 
custom-configured simply by setting 
a few basic format values. Included 
among the cells are RAMs, ROMs, 
PLAs, shift registers, and other 
standard and simple structures. 

Meanwhile, silicon compilation 
schemes are emerging that can pro-

duce complex devices like multi­
plier-accumulators. Furthermore, 
silicon compilation routines for 
analog-to-digital and digital­
to-analog converters as well as 
switched-capacitor filters are be­
coming more practical. 

That is not all that designers will 
hear at the conference. While 
CMOS comes on as the dominant 
process technology for semicustom 
and custom ICs, other approaches 
such as bipolar, gallium arsenide, 
and a mixture of CMOS and bipolar 
offer higher speeds than CMOS can 
achieve, but at a higher power con­
sumption. For example, designers 
are now starting to use bipolar pro­
cessing, which made its mark in 
high speed gate arrays, for cell­
based circuits. 

The volume of technical papers, 
however, shows that testing the up­
coming generation of semicustom 
chips continues to be of paramount 
importance for designers. As circuit 
complexities reach 20,000 gates, 
setting-aside a few thousand gates 
for self testing and fault isolation 
more than pays for itself, according 
to designers at ETA Systems Inc. 
(St. Paul, Minn.). They believe that 
many VLS I circuits can no longer 
be tested at a reasonable cost unless 

1. Congestion on a gate a rra y a s originally laid out shows up in red (left). But General Electric's ICmove 
can step in to produce a more e asily routed layout (right). 
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testability is built in . 
ET A designers have developed a 

CMOS array that combines 
12,000 logic cells ( 1.5 equivalent 
gates per cell), 2000 gates that 
form self-testing circuitry, and 238 
signal 1/ 0 cells . The array, fabri­
cated by Honeywell Inc. (Colorado 
Springs, Colo.) , contains test cir­
cuitry that consists of an internal 
pattern generator which drives the 
logic array while a check-sum reg­
ister accumulates the results. The 
final check sum can be compared 
with the desired value by an exter­
nal maintenance controller. A test 
system with fewer than 40 pins can 
analyze the chip . Moreover, the 
test logic reduces the complexity of 
the test programs. 

SELF-TESTING 30,000 GATES 

Fujitsu Laboratories Ltd . (At­
sugi, Japan) developed a prototype 
for self-testing circuitry: a 30,000-
gate array patterned with RAM , 
ROM, and multiplier blocks. The 
concept uses a pseudorandom num­
ber generator and a pattern com­
pressor that operate as 32-bit pat­
tern manipulators, 16-bit pattern 
manipulators, or 32-bit shift regis­
ters . A simple counter generates 
memory addresses. The test cir­
cuitry, consisting of about 1160 
gates, takes up about 4% of the chip; 
another 4% goes to a signal multi­
plexer and related wiring channels. 

Stanford University (Stanford, 
Calif.) proposes a technique using 
scan paths to test for stuck-at-open 
fau lts in CMOS circuits. The two­
pattern test employs specially de­
signed shift register latches and 
cannot be invalidated by arbitrary 
delays . 

At Caedent Corp . (Colorado 
Springs), engineers devised a 
method to apply deterministic fault 
grading at the transistor level. On 
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the other ha nd , Microelectronics 
Center of North Caro lin a (Re­
search Triangle Park) came up with 
a way to apply accelerated methods 
of testing combinatorial logic to 
synchronous, sequential logic. The 
technique relies on an extension to 
the center's Fault Blaster program, 
si nce its C PU and memory demands 
grow linearly with circuit size rather 
than exponentially. 

As the test issues are being re­
solved, other companies are using 
new schemes and software tools to 
reap higher-density ga te arrays. 
Two separate developments squeeze 
close to 100,000 gates on a chip by 
eliminating wiring channels . For 
one, LSI Logic Corp . (Mi lpit as , 
Ca lif.) teamed up with Toshiba 
Corp. (Kawasaki , Japan) to develop 
a channe lless array with 3 18 pro­
grammable 1/ 0 pads . Any one of 
the pads can be an input, an output, 
or a bidirectional signal line. How­
ever, because of wiring limitations, 
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2. A bootstrapped arrangement 
(highlighted area) for the output 
buffer of a Schottky-diode FET 
logic gate yields circuit oper­
ation at close to twice the 
speed of a standard SDFL gate. 
Honeywell and the Mayo Foun­
dation developed the array. 

the company estimates that only 
about 40% of the gates are actually 
usable for now. 

The second development, from 
Mitsubishi Electric Corp. (ltami , 
Japan), does away not only with wir­
ing channels, but a lso with the dedi­
cated 1/ 0 buffers. Since the com­
pany puts extra transistor pairs into 
the regions that would have been oc­
cupied by the I /0 buffers, designers 
can create the buffers as needed for 
the system (ELECTRONIC DESIGN, 
Feb. 20, p. 38). 

Soft ware is often the major factor 
when it comes to designing gate 
arrays and standard-cell- based cir­
cuits. Designers from General Elec­
tric Co. (Research Triangle Park, 
N.C.) are readying two software 
tools for ga te-array design. The first, 
Hicap, accepts a hierarchical logic 
description in the Tegas design lan­
guage (TDL) and simplifies place­
ment of modules and submod ules . 
The second, ICmove, then displays a 
figure of merit for the flattened de­
sign and predicts the degree of con­
gestion after routing (Fig. 1). In the 
displayed 13,000-gate array, the 
number of fai led rou ter connections 
could be reduced from 15 to 1 by 
relieving expected congestion. 

As multilevel logic arrays gain 
popularity, conventional techniques 
often c reate designs with a large 
fan-in. But low fan-in is preserved 
by a design technique conceived at 
the University of California at 
Berkeley. Using this method, the 
gates in a Weinberger array can be 
stacked, producing a multilevel ma­
trix (MLM) that, in turn, controls 
the fan-in. The M LMs are con­
nected to their neighbors simply by 
abutm ent, because the routing is 
contai ned within the MLM tiles . 
The resulting layout consumes more 
silicon, but can be two to three times 
faster than an equivalent PLA im- · 



New high-density9 
low-cost9 15-watt 
DC/DC converters ... 

from the 
name no one knows. 
PACKAGED ~ New LPS Series provides twice the NJ Li power density in half the case size of 

• comparably rated DC/DC converters. 
At a very attractive price! 

Advanced surface-mount technology and a unique 
(patent pending] circuit design provide a compact, cool­
running package with near-constant 85% efficiency over 
a wide (20 to 60 VDC] input range. And achieving a 
density of 10.2 watts/cubic inch! 

Plus isolated 5, 12, 15, ± 12, and ± 15 VDC out­
puts, high efficiency, regulated, and built-in overvoltage, 
short-circuit and thermal protection. 

The low-profile (0.46" high], small-footprint (1 .6 " x 
2.0") shielded case makes cost-effective LPS Con­
verters the choice for distributed power installations, 
0 .6" on-center PC card files, and space-critical telecom, 
data conversion and process control applications. 
There's No Power Supply Problem 
We Can't Solve. 

The Power Conversion Group of Computer Products 

"VISIT US AT ELECTRO, BOOTH #2853, MAY 13-15 IN BOSTON" 

Inc. now combines the resources of six separate 
business units - Boschert, Power Products, Stevens­
Arnold, Tecnetics, Power Products Ltd. (Ireland], and 
Computer Products Asia-Pacific Ltd. [Hong Kong]. This 
means we can produce virtually any type and size power 
supply you will ever need, from % watt to 2000 watts: 

• AC/DC Linears and Switchers 
• DC/DC Converters 
• AC/DC Uninterruptible Power Systems 
• Standard, Special and Custom 
• Commercial, Industrial and Mil-Spec 
All have guaranteed reliability, and most are backed 

by our no-hassle two-year warranty. And we offer high­
quality design and application assistance, plus proto­
type services and a host of other supports we call 
PACKAGED POWER. 

Contact us now for free product literature. 

•1JrannPUTER~ 
fJPRDIJUCTS _________ __,. TM 

5TEVEn5-RRnDLD lnC. 
7 Elkins St. • South Boston, MA 02127 • (617) 268-1170 •TELEX 95-1465 •TWX 710-339-0855 
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plementation. 
An o ther Berk e ley prog r a m , 

Spares, addresses constra ints in hi ­
era rchica l circuit descriptions. The 
program is a graph-based symbolic 
layout system for ma nual a nd a uto­
mated design. Both digita l and ana­
log circuits can benefit from the pro­
gram , wh os e algorithm d e tec t s 
overconstra ints a nd produces lay­
outs tha t a re independent of tech­
nology. 

For designing complex !Cs from 
scratch, the future belongs to sili ­
con compila tion. Althoug h gra ph­
ics will be the preferred des ig ne r 
inter face with th e co mpil e r , de­
scription la nguages will play a n es­
sentia l pa rt. One such la ng uage, 
Skill from SDA Systems (S a nta 
Clara , Ca lif.) , is well- suited fo r the 
purpose. An expression entered in 
thi s incrementa l la nguage ca n be 
imm e di a t e ly ob se r ve d in th e 
graphic representa tion. Combined 
with a general-purpose structured 
compiler, the la nguage eas il y sup­
plies the use r with gen era tors for 
specific function modules. 

IT 'S AN ANALOG WORLD 

Much of today's digita l circuitry 
owes its existence to the difficulti es 
of producing ana log I Cs. As these 
problems get und er co nt ro l, de ­
signers wa nt to mix th e two tech­
nologie s. The y es pec ia ll y wa nt 
tra nsla tions into digital a nd back 
into a na log , s inc e the ph ys ica l 
world run s under a n a na log re ­
gime. 

A joint project by Seattl e Silicon 
Technology Inc. (Bellevue, W as h.) 
a nd the University of Was hington 
(Seattle) produced a compiler tha t 
synthesizes and lays out switched­
capacitor filters. The compiler gen­
erates either LC ladder simula tion 
(leapfrog) or buildin g bl ock (bi ­
quad) reali zations of Butterworth , 
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Chebyshev, Ca uer, or Thompso n 
low-pass, high-pass, bandpass, or 
ba nd-elim inat io n f il te r s . A lso 
working in the a na log world , a soft­
wa re package compiles C MOS d-a 
a nd successive a pprox ima t ion a-d 
co nvert e r s. Deve lope d b y t h e 
G eorgi a In stitu te of Technology 
(Atl a nta ), th e so ft wa re requ ires 
the desig ner si mpl y to specify th e 
number o f bits a nd the lin ea rit y 
requirement. 

In th e di g it a l world , th e fir s t 
co mpil e r fo r m ult ipl iers, m ul ti ­
plier -acc umul a tors, a nd a rith­
met ic units puts LS I Log ic in the 
spotli ght (ELECTRON IC D ES IG ' 
April 3, 1986, p. 5 1 ). Des ig ne rs 
us in g th e so ft wa re ca n s pecify 
C MOS bl oc ks th a t per fo rm th e 
o pera ti o n A X B +LC;. E lse ­
where, Sili co n Desig n La bs In c. 
( Libert y Co rn e r , N .J .) h as se t 
a bo ut t o d eve lo p a n 805 1 C P U 
core. T o keep th e co re sma ll , de­
s ig ne rs elimin a ted a ll 1/ 0 ove r­
head . The support ing functions a re 
highl y modul a ri zed so th a t t hey 
ca n be integra ted with th e core on 
a n as-needed basis . 

QUICK RELIEF 

To take ma ny of the design head­
aches away from the engineer, re­
sea rch tea ms from the U ni versi ty 
of Illinois (U rba na), Gould lnc.'s 
Research Ce nter (Rolling Mead­
ows, Ill.) , a nd the Elect ronics Tech­
nology a nd Device La bora tory of 
Fort Monmouth ( Fort Monmouth , 
N .J .) ha ve combined ex pe rt -sys­
tem techniqu es with sili con com­
pilation. The experimenta l Desca rt 
syste m t ra ns la tes behaviora l de­
scriptions a nd user constra ints into 
a sta nd a rd -ce ll representa ti on. It 
a pplies user const rai nt s to des ig n 
strategi es, eva lu a tes th e des ig n, 
a nd makes t rade-offs to sa tisfy the 
design goa ls. The t ra nsla tion pro-

cess ta kes place in two steps: First 
the microarchitecture is genera ted, 
a nd t he n t he fun ctiona l unit s a re 
crea ted . Dur ing the fi rst step, the 
soft wa re ma kes a rea a nd time esti­
mates to a id in optim izing ro utines. 

BIPOLAR LEADS THE WAY 

As a process technology, bipola r 
is leading to fas ter a nd denser cir­
cuits. A nd tha nks to unusua l cir­
c uit t ec hni q u es s u c h as n o n­
thr es ho ld logic, it ca n ac hi eve 
ex tremely short ga te delays . Such 
short delays can be compared with 
speeds that have been recorded for 
ga llium a rsenide. 

The Electri ca l Communica tions 
La bora tory of N ippon T elegra ph 
a nd T elephone Public Corp . (At­
sugi, Japa n) exploits nonthreshold 
logic and a super se lf-a ligned tran­
sistor structure to develop a 7000-
ga te a r ray th at cuts th e pro paga ­
tion delays to a blazing 50 ps. Each 
cell in the a rray consists of a non­
threshold log ic ga te a nd a current­
mode logic macroce ll (w ith two 
levels of se r ies ga t ing), which to­
gether consume 16 t ra nsistors a nd 
16 res istors. To keep the chip a rea 
as sma ll as possible- j ust 8 mm on 
a s id e- no wi rin g c ha nnel s a re 
used . 

Resea rchers a t Honeywell lnc.'s 
Physica l Sciences Center ( Bloom­
in gto n , M inn. ) a nd t h e M ayo 
Found a ti on ( R oc hes te r , Minn .) 
ca pit a li ze d o n Sc hot tk y- di od e 
FET logic to develop a n a rray with 
630-ps unloaded delays a nd power 
per ga te of a tenth th at o f Ford 's 
chip- j ust 150 µW . The a rray em­
ploys a bootstra pped buffer circuit 
to improve the ga te's a bil ity to ha n­
dle higher-ca pacita nce loads ( Fig. 
2). Although the circu it consumes 
a bout 50% more power tha n a sta n­
da rd SD FL ga te, it is twice as fas t 
fo r the sa me loading condition. D 
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talk to Polyphase. We design 
and manufacture in quantity, 
custom transformers - from 
complex defense/aerospace 
configurations such as the world's 
most sophisticated used aboard 
the B-1 - to the relatively simple 
types used in industrial and 
commercial applications. 

Our design, manufacturing and 
QA capabilities enable us to satisfy 
the diverse product requirements 
of our customers. We design 
power, converter, rectifier, audio, 
pulse and high-frequency switch­
mode models. Some weigh as 
much as 500 pounds ... others as 
little as 1/4 gram. And we work in 
ranges that span from DC to 
several-hundred KHz; microwatts 

to more than 20 KW; a few volts 
to 20 KV; microamps to 700A. 

Tell us what you want your trans­
former to do, and we'll design and 
build a bench model that will 
meet or better your specs. Then, 
with your approval, we'll build and 
test a prototype and send it to 
you for evaluation. And when 
you're ready, we'll set up our 
production line to manufacture 
your transformer in quantity. 

The quickest way to convert your 
specs into working hardware is 
to call us at 215-643-6950 and 
talk to one of our engineers, or 
arrange to visit our facility. Other­
wise, write Polyphase Instrument 
Company, 175 Commerce Drive, 
Fort Washington, PA 19034. 
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DATA GENERAL ASKS: 
OPERATING AT 

GIVE THEM TOTAL RESOURCE-SHARING WITH TEQ!M It's just one of Data General's 
total solutions for industrial and 
business automation. A solution 
that lets engineering workstations, 
superminis and servers work 
together as a single resource. 

THE FIRST COMPLETE INTEGRATED ENGINEERING ENVIRONMENT. 

Take the blinders off your engi­
neering and development opera­
tions. With a systems solution that 
affordably integrates hardware, 
applications, advanced office auto­
mation and personal productivity 
tools in a shared environment. 

Data General's Technical 
Electronic Office (TEO) combines 
your existing applications software 

and over 500 state-of-the-art pack­
aged applications with CECJ,19 our 
industry-leading office automation. 
It integrates engineering functions 
with fu ll office automation. And our 
unique AOS/DVS™ distributed oper­
ating system lets your engineers tap 
all the power and responsiveness of 
your company's entire computing 
resources from each workstation. 

AOS/DVS is the only distributed 
operating system offered on a full 
range of compatible processors, from 
our new DSnOOO™ family of worksta­
tions to the new standard for super­
mini's, the Data General MV/20000!M 
Or MV llJ)(TM and DG/lJ)(TM can provide 



ARE YOUR ENGINEERS 
A HANDICAP? 
enhanced UNJXfM operating environ­
ments throughout your organization. 

Either way, Data General 's com­
mitment to industry standards and 
compatibility lets you integrate your 
current mainframes. Easily expand 
your network. And protect your 
investment. 

From the most affordable single­
board workstation to an entire 10 
MIPS supermini system, Data Gen­
eral delivers superior performance 
and availability. 

To learn more about TEO and 
our other integrated solutions, write 
Data General , 6300 South Syracuse 

Way, Englewood, Colorado 80111. Or 
call 1-800-DATAGEN (in Canada, call 
1-800-268-5454) . 

4 •Data General 
a Generation ahead. 
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WORLDWIDE LEADER. 

4SE4163Rl 

SPD A ~GUE MINIATURE Sprague is your American source 
~ for a complete line of miniature 

ALUMINUM CAPACITORS ~~~~~?t~~-~,-~~t;olytic 

MAD~ 
general-purpose and 

IN U S A special applications ... for axial-lead and single-ended designs ... 
• • • and for operating temperature limits to +85°C, + 105°C, + 125°C 

and + 130°C. Sprague miniature aluminum electrolytics are the worldwide price/ performance leaders ... with types and 
ratings that match your requirements. Sprague Electric Company, a Penn Central unit, Worldwide Hdqtrs., Lexington, MA. 
For more information , write for our new Quick-Guide to Miniature Aluminum Electrolytic ifi:•'~• SPRnGUE 
Capacitors, ASP-627, to Technical Literature Service, Sprague Electric Co., 41 Hampden Road, 'ltlJ!1 H 
Mansfield , MA 02048-1807. CIRCLE 34 THE ..... K oF "Eu.a1L1Tv 



David Topham 

David Topham co­
founded Cambridge In­
terconnection Technol­
ogy ltd. in England two 
years ago. The company 
is a surface-mounting 
technology consultant 
and subcontractor. Pre­
viously, he worked at 
Newmarket Microsystems 
Ltd. for eight years as a 
hybrid-circuit engineer. 
Topham received a de­
gree from Cambridge 
University in natural and 
electrical sciences. 

VIEWPOINT 

EXCLUSIVE INTERVIEW 

How to avoid the pitfalls 
of surface mounting 

Excitement over surface-mounting 
technology (SMT) seems to know 
no bounds. Companies are rushing 
to follow the Japanese example in 
their conversion of assembly lines 
in the hope of saving money and im­
proving system design. They con­
sider the technique to be the ideal 
weapon to fight price competition, 
yet they ignore the drawbacks. 

On the other hand, David Top­
ham urges caution. After being in­
volved with hybrid and surface 
mounting techniques for the past 
I 0 years, Topham has observed the 
many mistakes of overzealous de­
signers chasing the brass ring. 
"Many people see Japanese compa­
nies churning out high volume with 
surface mounting, and they think 
they should be doing the same," 
notes Topham. "They are tempted 
to invest in high-volume placement 
machines, but that could be a disas­
ter." 

Consider the different design 
and production requirements of a 
product as it matures. Surface 
mounting suits the limited volume 
of a new product expected to create 
a fresh demand. However, the 
equipment that handles relatively 
small runs today may be inap­
propriate for tomorrow's large vol­
ume. 

Once the product is established 
in the market, it can be made more 
efficiently by integrating discrete 
functions into silicon. Thus, the fi­
nal version of the product is more 
likely to have several high-pin-

Mitch Beedie 

count chip carriers than many 
small DIP I Cs, notes Topham. 
"Someone who invested too soon in 
expensive high-volume placement 
equipment may find himself with 
inflexible machines that are totally 
unsuited to his needs," he warns. 
"He would have been better off 
with smaller machines and robotic 
handling." 

After deciding to convert to sur­
face mounting, it is commonplace 
for manufacturers to try to re­
create a product in the new environ­
ment. "People still try to fit existing 
products into a surface-mounted 
straightjacket," Topham says, in­
credulously. "For a start, not all 
components will come in surface 
mounted form." Indeed, compo­
nents such as large transformers 
and pot cores do not lend them­
selves to the technology. 

Topham urges that designers 
rethink the type of parts to be dupli­
cated in surface mounting in the 
context of VLSI. He advises de­
signers to "avoid transformers by 
turning to switching-mode power 
supplies and reject pot cores by us­
ing active filters instead of passive 
ones." The SMT conversion en­
ables designers to take advantage 
of advances not only in VLSI tech­
niques but also in packaging and 
production, he adds (see "Surface 
Mounting as a Halfway House," 
p. 68). 

Furthermore, redesigning a 
product does not end with a net list 
of revised components on a 
CAD/CAM system. Topham 
warns that production practices 
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and other subjects once dis­
missed as mundane or ignored 
entirely are vital to a successful 
conversion of surface mount­
ing. For example, quality con­
trol must get renewed attention 
to to avoid a disaster when con­
verting to SMT. 

"Surface mounting forces us 
to do all those things we were 
always supposed to do but could 
usually ignore and get away 
with," Topham states. "It 
leaves much less room for error 
and doesn ' t allow us to be 
sloppy." 

Incoming inspections must 
ensure that a vendor's compo­
nents meet the specifications. 
Tape reels of components are of 
particular concern, Topham 
states, since it is not uncommon 
for a batch of incorrect devices 
to be added to the component 
feeder during tape loading. 
"Just testing the first few com­
ponents on each tape will miss 
this mistake. You could end 

VIEWPOINT 

up with boards using 100-n F 
capacitors where you had in­
tended 10 nF." 

The assembly process must 
also be thoroughly scrutinized. 
"Zero defects, with their at­
tendant testing and inspection, 
are particularly important to 

planning process for conversion 
to surface mounting . Even the 
choice of chip carrier technol­
ogy is an important factor, 
though Topham believes it may 
have been overemphasized. 

The debate over thermal 
mismatching, for example, was 

'Automated equipment can make 
products quickly, but it can also be 
a fast system for producing rejects.' 

surface mounting. You are not 
only checking the finished 
product, you are monitoring the 
process itself," he notes. "Fast, 
automated equipment can 
make products very quickly, 
but unless you monitor the pro­
cess, it can also be a fast system 
for producing rejects." 

Consideration of VLSI de­
sign techniques and production 
procedures are only part of the 

blown out of proportion, he ex­
plains. "The problem was 
caused by leadless ceramic chip 
carriers (LCCCs), which were 
mainly pushed by component 
manufacturers." LCCCs ap­
peal to a manufacturer because 
the solder pads eliminate the 
materials and manufacturing 
costs and the handling prob­
lems associated with leads. 

Surface mounting as a halfway house 

Unfortunately, users may 
not find LCCCs so attractive. 
"The lack of leads robs compo­
nents of compliance and brings 
into play the different coeffi­
cients of expansion between ce­
ramic material and standard 
epoxy resin pc boards," notes 
Topham. "That ruins reli­
ability. An estimated 2 million 
man-hours were poured into 
trying to mount LCCCs re­
liably onto pc boards. 

Hidden opportunities abound for 
designers considering surface 
mounting, asserts David Topham. 
Reducing manufacturing costs is 
just the first step. "Surface mount­
ing should really be a ha lfway 
house to integrating a product in 
silicon," he says. That is, a host of 
advances in semiconductor tech­
nology is replacing discrete parts 
and improving reliability ; in­
creased integration, therefore, 
joins board fabrication economies 
in reducing the parts count as well 
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as manufacturing costs. 
Furthermore, with surface 

mounting the equipment casing 
can support the electronics in some 
instances, saving the cost of a sepa­
rate board, Topham explains. For 
example, assemblers can mount a 
touch-sensitive membrane key­
board onto a standard pc board 
with surface-mounted components 
on the back, he notes. Another 
trick is "to reduce equipment 
weight by making the substrate a 
structural member." 

"The whole problem was un­
necessary, in fact, since plastic 
leaded chip carriers do not give 
the same trouble," he states. As 
for hermetic sealing of compo­
nents, ceramic leaded chip car­
riers fill the bill. Says Topham, 
a bit defiantly, "that is just 
what we should have had in the 
first place." o 



RESISTOR 
NETWORK 

For more information 
and PMI's free 1986 
data book, circle the 
inquiry number below. 

Precision Monolithics Inc. 
A Bourns Company 
lSOO Space Park Drive 
Santa Clara, CA 
9SOS4-3499 
(408) 727-9222 

1-800-843-lSlS 
or, in California 
1-800-826-9664 

l'i8IMmo, (2061455-5846, 12141341·1742.12151 675·7600, 12161461·8333, 
.. 711-IG, '3061 757 ... 733, 13121 885-8440, 13131 227·2190, 13141 394-7271, 

1«111 :t»a773, (4041 !192-7240, 14081 nl-6616, 14121 276-7366, 14161 675-6235, 
Mi111t'1o.044l, !5051 !1611-lll2, 151312.93-3145, 15161 935-3200, 16021 941-1946, 16041 524-2131, •"a.mia flllJ ~ 16171655-8900, 16191455-0055, 17131481-6460, 17141 666-0140, 17161 323-1000, 

......... 18131S&MlllO.1818) 886-6880, 19131 764-2700, 19181 622-7744, 19191 784-7304 
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PMI guarantees 12-bit 
settling-time for its AMP-OS 
Instrumentation Amplifier. 

At all gains. 

lSµs settling-time and lSµs 
overload recovery time set 
the stage for high-speed data 
acquisition. On-board guard 
drivers and a lOOµA precision 
current source minimize 
components, save board space, 
and increase versatility. 

Like PMI's industry standard 
AMP-01, the monolithic 
AMP-OS provides a high and 
stable common-mode rejection 
of lOSdB MIN. over temperature. 
JFET inputs reduce bias currents 
to SOpA MAX. (20nA MAX. at 
12S 0 C), for high impedance 
applications. 

The AMP-OS's output is 
guaranteed stable with 2nF 
loads, slews at SV/µs, and has a 
gain-bandwidth product of 120MHz. 

The precision solution. 



Tomorrow's PCB Design Today 
-Automatically! 

With the plight of engineers 
and designers in mind, we set out to 
develop the fastest automated systems 
in electronics. Calay's easy-to-use 
system does the tedious jobs auto­
matically. This frees you for more 
creative work, while giving your com­
pany the competitive edge to get your 
products to market quickly. 

Our Technology Advances 
Your Technology 

Technological superiority is the 
hallmark of Calay. We introduced the 
first true 100 percent autorouter for 
circuit boards. Since then, we've led 
the industry in advancements ranging 

from enhanced hardware autorouters to 
software for handling Surface Mounted 
Technology, ECL routing, and automa­
tic parts placement. Moving into the 
future, our research and development 
team is conquering new frontiers. And 
with a total design system that antici­
pates the latest breakthroughs in packag­
ing technology, you can produce printed 
circuit boards that keep you on the 
leading edge. 

An Integrated Solution 
For PCB Design 

From schematics to physical 
layout and manufacturing, Calay expe­
dites the design cycle with a true front­
to-back integrated system. The Calay 
ZXlOO engineering workstation is 

PC-based to provide a low cost schema­
tic design tool with real-time error 
checking that eliminates time consum­
ing debugging. Teamed with the Calay 
V04 advanced CAD system, we give 
engineers a powerful and efficient 
solution for complete PCB design. Our 
large set of post-processors and 
documentation to mil spec assures that 
the design data can be used to manufac­
ture your boards quickly and reliably. 

Where The Only Constant is 
Change, You Need Calay 

With the Calay system every 
aspect of the design cycle is accelerated 
including the rough spots such as the 
unexpected but inevitable engineering 
change orders. Calay makes initial data 



entry smooth. Autoplacement gives 
you a quick way to lay out a mix of parts 
on the board. And, of course, Calay's 
famed autorouter can make 100 percent 
of the connections without operator 
assistance or presence. When it comes 
to those troublesome last-minute 
engineering change orders, Calay 
copes with them quickly, automatically 
removing broken connections and 
re-routing circuits for newly located 
parts. Every portion of the Calay system 
works like a team to get you from initial 
design to manufacturing ahead of your 
competition. 

Calay Puts It All Together 

Our open architecture allows 
Calay to interface with your existing 
hardware and software. You can have 

the speed, power, and quality of a Calay 
system that fits into your existing design 
environment. Calay has a range of 
upward-compatible systems that will 
meet your growing needs. And you can 
also have Calay's greatest asset, our 
people. Calay is known for personalized 
customer support including field service 
and training. With our Rapid Response 
Line, Calay users can talk to our experts 
for immediate help in meeting the 
challenges of working on the toughest 
PCB designs. 

With Calay You Can Win 
The Race 

On the fast track in electronics, 
the race belongs to the swift. In auto­
mated design for electronics, Calay is 
the pacesetter. And with Calay the 

race belongs to you. Calay makes CAE 
and CAD systems to rapidly move your 
design from initial schematics through 
layout to post-processing, while main­
taining the superior qualiry to produce 
highly manufacturable boards. 

So, if you're running out of time, 
accelerate your PCB design cycle with 
Calay, and win the race! Call us today 
for detailed information. 

CALAY SYSTEMS, INC. 
2698 White Road 
Irvine, CA 92714 
(714) 863-1700, Telex 6711321 
Outside California, Call Toll Free: 
(800) 854-0561 Ext 833 
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IN A MATIER OF SECONDS, 
THE NEW TEK 2467 CAN SAVE 
WEEKS OF TROUBLESHOOTING. 

Now. See what you've always 
needed to see with a portable 
scope. (Above) Tek's new 2467 
Transient Intensifying Oscillo­
scope, with its exclusive micro­
channel-plate CRT, highlights the 
infrequent metastability of a flip­
flop output. (Below) The same 
metastability is invisible on a con­
ventional high-speed scope. 

Don't be stymied by To see the Tek 2467 
elusive glitches, pulses in action, or to order, 

and single-shot events. contact your Tek Sales 
Our new 350 MHz Transient Engineer. Or call the Tek 
Intensifying Oscilloscope National Marketing Center, 
reveals invisible signals that 1-800-426-2200. In Oregon, 
escape detection by any call collect, (503) 627-9000. 
other portable instrument. To rent a Tek 2467 for a 
An approximate 100-fold trial evaluation, contact an 
increase in visual writing authorized Tektronix rental 
rate translates high-speed, company: 
single-shot phenomena and Continental Resources, Inc. 
low-repetition-rate signals (800) 323-2401 Nationwide 
into easi ly-seen displays- (312) 860-5991 Illinois 
in normal room light and at Electro Rent Corporation 
sweep speeds as fast as (800) 423-2337 Nationwide 
500 ps/ div. (800) 232-2173 California 

Discover marginal condi- General Electric Company 
tions you don't even know (800) GE-RENTS 
exist. Now designers and GENSTAR Rental Electronics, Inc. 
test engineers can quickly (800) 227-8409 Nationwide 
identify circuit or system (800) 331-3440 California 
faults caused by infrequent McGrath RentCorp 
metastability, asynchronous (415) 568-8866 
noise, crosstalk or erratic Telogy, Inc. 
timing-margin violations- (800) T-E-L-0 -G-Y-lnc. 
even if they occur only once U.S. Instrument Rentals Inc. 
in a million normal operations . (800) 824-2873 ' 

Not only can you shorten 
time to market, you can 
deliver more reliable new 
products. 

COMMITTED TO EXCELLENCE 
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INDUSTRY NEWSMAKER 
ELECTRONIC DESIGN EXCLUSIVE 

PLD software takes on 
big-board projects 

CAE software tracks, compiles, and simulates 
designs full of programmable logic. Any logic 
compiler or device technology can take part. 

BY STEPHAN OHR 

In the world of semicustom design, 
few applications use only one or two 
programmable logic devices. More 
likely, a Daisy Systems study re­
veals, design jobs call for hundreds 
of devices. That was the conclusion 
that prompted the company to add 
PLD design to its CAE system. 

The PLDMaster brings design 
files to the workstation for an almost 
limitless list of PLDs, including the 
latest from Altera, Advanced Micro 
Devices, Cypress, Lattice Semicon­
ductor , and Texas Instruments . 
With the software, you can enter 
logic in any form you want, compile 
the logic patterns or fuse maps in a 
convenient language, and then sim­
ulate the behavior of the device in 
situ. Once comfortable with the 
predicted performance, you can 
download the logic program into the 
device of your choice. 

gate-level, or even transistor-level­
and making them all work together. 
Large-system design teams, in par­
ticular will appreciate the capabili­
ties, since separate sections of their 
systems may be at different stages of 
the design process. 

While the simulator runs in the 
background, the user manipulates 
the circuit inputs-say, for a state 
machine (Fig . 1 )-in one window 
and displays the response wave­
forms in another window. At the 
same time, the multiwindow DNIX 
environment presents the compiler 

source file (Abel is shown) and the 
programming logic (a JEDEC file) 
in two more windows. With this vi­
sual tracking, the user gets almost 
continuous feedback on the in­
circuit performance of his PLD. 

In practice, a system containing a 
large number of PLDs would be de­
signed in a hierarchical manner with 
several modules or boards. The engi­
neer typically starts the design at the 
block level and works his way down 
to the component level at which 
PLD functions are defined . In 
Daisy's simulation environment, in 
contrast, many PLD functions can 
be tried out on the block level. As a 
result, you have the opportunity to 
modify, combine, or eliminate logic 
before blowing a single fuse. 

Versatility also comes in the form 
of inputs the PLO Master accepts. 
Daisy says it studied the general 
uses of PLDs and concluded that 
state machines constitute 30% of the 
applications, encoding-decoding 
functions slightly less than 30%, and 
glue logic under 10%. Whereas glue 

The system manages each PLD 
by its IC number rather than by its 
Unix path name, a convenient fea­
ture for hierarchical design. In fact, 
it is probably the most sophisticated 
setup of its kind, since it alone com­
bines the top-down hierarchical phi­
losophy with file-management tools 
and with interactive simulation. 
However, it still leaves the user free 
to choose devices, compilers, and 
programming inputs. 

In its "mixed mode" environment, 
PLO Master simulates an entire sys­
tem by using a variety of component 
models- behavioral , hardware, 

1. The PLDMaster takes good advantage of Daisy's multiwindow DNIX 
environment. In the design of a state machine, for example, a state­
machine flow chart appears in the center window while simulation re­
sults show up in the top window. The source file for high-level lan­
guage compilers (Abel, here) is displayed at the left, with the 
compiled JEDEC file appearing in the upper right. 
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CUSTOMIZING 
AVAILABLE 

Call or write 

RESEARCH CORPORATION 
8620 Roosevelt Ave. • Visa lia , CA 93291 

209/ 651-1203 

TELEX 5106012830 (INTEGRAND UD) 
EZLINK 62926572 

We a c c ept Banl<Americard /VISA 
and MasterCard 
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PLO programming software 

logic can be described in schematic 
form, more demanding applications 
require a more direct means of logic 
entry: state-machine and high-level 
language descriptions. 

With those findings taken into ac­
count, the PLO Master is among the 
first to let programmers not only 
work from state-machine inputs­
flow charts or tables-but also to 
enter a logic pattern as a schematic 
diagram (with patterns of gates) or 
a textual description written in a 
high-level language. 

In addition, the PLO Master sup­
ports a number of universal compil­
ers- including Data I/O's Abel­
as well as compilers dedicated to 
particular PLO types. Specific 
semiconductor compilers include 
Monolithic Memories' Palasm and 
Signetics' Amaze. 

State 
machine 

Deeign entry 

Text 

Merge 

Compilation 

Price and availability 
The PLDMaster, which goes 
for $6500, is available as a 
software package for any 
Daisy hardware. Deliveries 
will begin in August. 

Daisy Systems Corp., 700 
Middlefield Rd., Mountain 
View, CA 94039; Pamela 
Lawrence, (415) 96D-6593. 
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In the actual design flow , the 
compilers convert the state machine, 
schematic, or high-level language 
inputs into a JEDEC file that de­
scribes a target logic component and 
is used to program it (Fig. 2). The 
file feeds both a simulator and a 
PLO programmer machine. A by­
product, a test pattern, can be fed to 
an automatic tester.D 

I Schematic I 

8888 
I Automatic run 

2. As a typical design progresses, the user can select his logic in any 
form and compile a JEDEC file with any compiler. The file flows into a 
simulator, as well as into a PLO programmer. The diagram is a fac­
simile of the PLDMaster's on-screen menu. 
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Today, the prod­
uct that's first in 
the market is 
likely to win the 
biggest share of 
market. 

So when 
you're racing to get 
a great idea off the 
ground-ahead of WE®32100, 
your competitors- heart of the first 
you need more than full 32-bit chip set. 
just a "supplier:' 

You need a company with a broad line 
of high-performance components and 
electronic systems. A company with a 
networking point-of-view, an end-to-end 
capability, and the people and resources 
to assure all-out technical support. 

AT&I'. 
Ready now to offer you the total 

commitment to quality and reliability that 
we've always insisted on in the systems 
and products we develop for ourselves. 

Ready now to deliver solutions. 

We'll keep you on the 
leading edge. 

Because that's where 
AT&I' Bell Laboratories 
keeps us. 
Our new 32-Bit UNIXT" 

lYlicrosystem,for 
example, delivers 

performance others only 
promise. It's a chip set 
that's 100% complete, 
100% CMOS, and 
100% TTL-compatible­
fully able to reduce your 
design time by as much as 
50percent. 

In data communica­
tions devices, we're state­
of-the-art every step of 
the way. (As you might 
expect from the company 
that developed the world's 
biggest, most reliable 
communications 
network.) 

Right now, for exam­
ple, AT&I' is the only 
company in volume pro­
duction of a microprocessor­
controllable, single-package 
modem that can handle 
up to 2400 bits per second. 

Our Digital Encryp­
tion Processor is the 
only software­
programmable, 

When off-the-shelf won't do, our advanced 
custom design gives you the edge. 

Few remember 
James Mollison, 
the second man to fly solo 
across the Atlantic, because 
'Lindy' did it first. 

encryption processor available. 
And our X.25 Protocol Controllers 

offer the widest range of applications, 
from PCs to satellites. 

In memory, not only are we cur­
rently delivering an American-made 
256K DRAM, but we offer a range of 



leading-edge specialty memories. 
And our third-generation, single­

chip Digital Signal Processor gives you 
the edge you need to design-in superior 
system performance at a competitive 
price. 

New ST'" Connector doubles your connections. 

Count on AT&l"s advanced tech­
nology to help you move your product 
out the door on schedule. 

Advanced custom design 
capability. 

Nobody knows better than you­
moving to market first , and staying 
there, can require custom designed 
components. 

At AT&r, we'll get involved at any 
stage of your product design-from lay­
out to prototype to production. We'll 
support you with the industry's most 
advanced CAD/CAM software, rapid 
prototype turnaround, and unsur­
passed volume manufacturing capabil­
ity. Everything you need to ensure the 
success of your product-on your manu­
facturing line and in the market. 

Your specialized interconnection 
needs will be taken care of-from flexi­
ble printed wiring to multilayer boards 
to hybrid I Cs-all produced with our 
high standards of quality and reliability. 

We'll meet your application­
specific IC needs with expert design 

and engineering personnel. And with 
powerful CAD software that helps 
make sure your devices work the first 
time. The commitment and resources 
to deliver solutions-that's what makes 
AT&r, AT&r. 

It all takes power. 
AT&r's board-mounted 
power products cut 
design time with 
unmatched flexibility. 
Our low profile power 
converters are modular 
in design and about one 
quarter the size of con­
ventional DC/DC circuit 
board converters. So 
they can be mounted in 
more places. And in the 
tightest situations. 

Whatever your 
power needs, from 

board-mounted to off-line switchers, we 
can work with you to develop a system 
to meet your needs. 
Networking produds that lock-In 

tl1e future. 
For local or long-haul transmission, 
AT&r offers a complete family offiber 
optic products and apparatus. 

In !veal area networks, our new 
ST™ Connector can actually double 
your network connections-or double 
the distance between connections­
without affecting the fiber optic cable 
or electronics. 

And for high performance data 
transfer, AT&r's ODL® 50 and ODL® 
200 Lightwave Data Links, with bit 
rates up to 200 Mb/s, incorporate the 
latest optical and integrated circuit 
technology. These products, as well as 
our ODL RS232-l Fiber Optic Modem, 
a high performance data interface, 
readily mate with the ST Connector. 

Our newest addition to the AT&r 
lightwave fa~ly-the ASTROTEC™ 
ceramic laser module-is a reduced-size, 
long-wavelength laser that offers highly 
reliable, low cost performance. 
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Advanced processing technology provides 
superior buried microvias in muJtilayer 
printed wiring boards. 

News in ac plasma. 
AT&r has just introduced a new light­
weight, compact ac plasma display for 
alphanumeric and graphic images. It 
offers excellent visual characteristics in 
virtually unlimited applications. 

We'll work with you, all the way. 
Call us right from Day One, and we'll put 
our expertise at your disposal. Call us 
when you hit a snag, and we'll work out a 
solution together. After all, we've got the 
world's greatest problem-solvers on 
call-the men and women of AT&r Bell 
Laboratories. 

For more information, phone AT&r 
at 1800 372-244 7. We'll help you put 
wings on your concept, and "first" on 
your product. 

(In Europe, phone AT&r Micro­
electronics in Munich, Germany, at 
089/95970. Telex 5216884 attm d.) 
© 1986 AT&r Technologies, Inc. 

-ATs.T 
The right choice. 





THERE MUST BE A BETTER WAY 
TO CUT THE SIZE ! 

THERE IS-

(Bottom) 

DELTA'S SMD POWER SUPPLIES 
SLASH MORE THAN ONE-THIRD OF 
THE SIZE! 

Electro® '86 
Booth Nr. 1344 

Through the application of surface mounting technology (SMT), we are now able to shrink the 
size an average of 30% or more. But it's not only the size that's been improved. Higher reliabi­
lity and lower noise offer significant advantages over conventional models. Meanwhile, thanks to 
mass production and the declining cost of SMD components , our SMD power supplies are priced in 
the same range as conventional models. Call Delta today for full details! 

FEATURES 
• SURFACE MOUNTED • UL, CSA, TUV APPROVALS • INTERNAL EMI FILTER • HIGH EFFICIE­
NCY• SHORT-CIRCUIT AND OVERVOLTAGE PROTECTION • 120/240 INPUT VOLTAGE RANGE 
• 100% DYNAMIC BURN-IN • 200% AUTO FUNCTION TESTED BEFORE AND AFTER BURN-IN 

•ELT~ 
FOR MORE INFORMATION PLEASE CONTACT: 

DELTA PRODUCTS CORP., 
361 FAIRVIEW WAY, MILPITAS, CA 95035, U.S.A. 
TEL: 408·262·2002 TELEX: 4992342 DELTAITTHY FAX: 408-262-7424 

REPS: 

HEADQUARTERS: 

DELTA ELECTRONIC IND. CO., LTD. 
9TH FL. ASIA ENTERPRISE CENTER, NO. 602, 
MIN CHUAN E. RD., TAIPEI, TAIWAN, R.O.C. 
TEL: (02) 7164822 TELEX: 26524 DEL TATRO FAX (02) 7169764 

Huntsville, AL 205-883-7893: Burbank.CA 805-527·3317; San Jose, CA 408-435-8282; Santi Ana,CA 714-643-9486; Denver, CO 303-422-8957; North Haven, CT 203-239-0212: Melbourne, 
FL 305-676-3776; Orlando, FL 305-857-3760; Pompano Beach, FL 305-942-0774; St. Petersburg, FL 813-536-3796; Atl<11ta, GA 404-257-0374; Chicago, IL 312-631-1122: Indianapolis, IN 
317-849-4260; Boston, MA 617-229-2660;Minneapolis, MN 612-925-5700; Kansas City, MO 816-229-4007; St. Louis, MO 31+839-0800; Chartotte, NC 704-525-2421 ; Raleigh, NC 919-782-2624; 
Newark, NJ 201-272-9262; Rochester, NY 716-385-4240; Cleveland, OH 216-381-1404: Dayton, OH 513-434-5507; Tulsa, OK 918-664-0482: Portland, OR 503-297-8744; Lebanon, PA 717-272-0116: 
San Juan, PR 809-720-1300: Austin, TX 512-440-7677; Dallas, TX 214-340-1300; Houston, TX 713-440-3888; Salt Lake City, UT 801-466-9594; Seattle, WA 206-285-1300; Montreal, QUEBEC 
514-334-1464 
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"Sierracin's 
new power supplies 

gotVDE~ ' 

Why not?! From 45 to 500 watts, every 
open frame switching power supply 
in our new wide line meets VDE 0806 
for safety. And all have a TUV logo on 
the side to show they've been approved 
to these precise VDE standards; not 
"designed to meet'.' Of course, none of 
this should surprise you. After all , every 
switcher we've introduced since 1983 
meetsVDE. 

In addition, these power supplies 
all meet VDE 0871, Level A for con­
ducted noise. Some even meet the more 

stringent Level B requirement, includ-
ing the new "10to120KHz" standard. 

Oh, since we got VDE, we figured 
we ought to get approvals for UL and 
CSA plus conform to FCC, IEC and other 
international regulatory agencies as well. 

"Should they really 
be talking about 

something like that 
in an ad?" 

So if your product needs a power 
supply PDQ that meets VDE, UL, CSA, 
ETC., call ASAP. Sierracin/ Power 
Systems, 20500 Plummer Street, 
Chatsworth, California 91311. Call toll­
free (800) 423-5569. In California, 
(818) 998-9873. Sierracin/Power Systems 
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ELECTRONIC DESIGN EXCLUSIVE 

Preamplifier advances 
fiber-optic receivers 
Priced under $2, a low-noise 300-Mbaud 
IC heralds low-cost fiber-optic systems 
and other interesting applications, too. 

BY ROGER ALLAN 

Optical fiber has been widely pro­
moted as a panacea for an assort­
ment of communication problems. 
Yet despite its advantages, optical 
fiber has not proliferated in sys­
tems requiring wide bandwidths of 
100 MHz and above. Why? Re­
ceiver components have simply cost 
too much. 

The receiver cost problem is un­
derscored by price reductions in 
transmitter components. Prices of 
popular light-emitting diode sources 
have dropped to about one-fourth of 
last year's levels. Yet on the receiver 
side, designers have been forced 
to limit the data rates to about 
20 Mbaud to keep prices under, 
say, $50. 

The 5212 transimpedance ampli­
fier IC changes that. The 5-Y de­
vice, made from a n oxide-isolated 
bipolar process, is optimized for 
fiber-optic receiver tasks; the part 
offers broad dynamic range, wide 
bandwidth, and low noise when 
operating at high data rates. 

The alternative, a high-input­
impedance FET preamplifier, is 
more limited in bandwidth. Further­
more, FETs exhibit integrating 
characteristics that must be equal­
ized by a differentiating second 
stage followed by an integrating 
stage, to achieve a broad frequency 
response. Moreover, the integrating 
stage is more overloaded by low­
frequency signals, compromising 

the amplifier's dynamic range. 
The transimpedance amplifier's 

60-dB dynamic range improves on 
that of available parts by about 
20 dB. The 5212 handles input cur­
rents ranging from just above the 
noise level at 33 nA to a maximum 
of 50 µA. 

WIDE 3-DB BANDWIDTH 

Another facet of the device's su­
perior performance is its wide 3-dB 
bandwidth of 100 to 150 MHz for 
the 8-pin commercial version and 
90 to 160 MHz for the 8-pin mil­
itary version. For the 14-pin com­
mercial lCs, the 3-dB bandwidth is 
140 to 220 MHz; for the military 
version, 120 to 220 MHz. 

Receiver noise performance is 

1. With buffered differential out­
puts, the 5212 low-noise pre­
amplifier, a four-stage transim­
pedance amplifier, achieves a 
high power-supply rejection ra­
tio of 70 dB. The unit, designed 
for optical-fiber systems, inter­
faces easily with ECL circuitry. 

particularly important, since most 
fiber-optic systems use noncoherent 
transmission. The receiver thus de­
tects the total incident power, in­
cluding noise. 

The preamplifier's input stage 
achieves a respectable noise-current 
density of 3 pA / Hz 112 over the entire 
operating bandwidth of I 0 kHz to 
200 MHz. This represents an im­
provement of about an order of 
magnitude compared with the 
performance of existing parts . 

The IC employs a single-ended 
signal input and differential outputs 
(Fig. I) . The differential output 
achieves a high power-supply rejec­
tion ratio of 70 dB and simplifies in­
terfacing with ECL circuitry that 
follows the amplifier. 

CURRENT INPUT 

The 52 l 2's high performance 
stems from the fact that it is a trans­
impedance amplifier; that is, it con­
verts a current input into a voltage 
output. Thus, the IC's transfer func­
tion equals voltage divided by cur­
rent with dimensions in ohms. 

Since the input is current-driven, 
input resistance must be low ( 110 Q) 
and input capacitance must be kept 
to a minimum (I 0 pf), thereby en­
suring low input-voltage swings and 
consequently low output-voltage 
swings of just 3.2 Y. The low input 
capacitance also reduces capacitive 
charge and discharge currents, con­
tributing to the amplifier's wide fre­
quency response. 

The device consists of four ampli­
fier stages. In the first, the single­
ended input has an open-loop gain of 
about 70 and a feedback resistance 
of 7.4 kQ. This leads to a second­
stage differential amplifier and then 
to a pair of output emitter-followers. 
The last two stages have a voltage 
gain of about 2. The 5212 amplifier 
has an input-to-output trans­
resistance, which equals its gain, of 
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Preamplifier IC 

14.5 kQ, about twice the value of the 
feedback resi s tance of the fir s t 
stage. 

Configuring the input stage with 
a cascade circuit would h a ve 
achieved an even wider bandwidth, 
say the chip ' s designers . But a 
single-ended input enables the de­
vice to fend off external photodiode 
and stray capacitances. For exam­
ple, a relatively high source capaci­
tance of 4 pf reduces the amplifier's 
bandwidth only 30%. 

LESS NOISE 

Moreover, the transresistance of 
the amplifier ensures that the exter­
nal high-value bias resistors often 
required for biasing avalanche and 
p-i-n photodiodes do not contribute 
to total system noise. Equivalent in­
put rms noise current does not de­
pend on the Miller effect of the input 

+ 5 v 

NE5212 

+ 5V 
(a) 

+ 

NE5212 v,,.., 

~ 

(b) 

transistor. Therefore, input rms 
noise current is about 30 nA. 

Package pa rasitics, particula rly 
ground-lead inductances and capac­
itances, can significantly degrade a 
preamplifier's frequency response. 
To minimize pa rasitics, designers 
developed the 14-pin small-outline 
version in addition to the basic 8-pin 
small-outline package. The 14-pin 
unit's multiple grounds reduce 
equivalent lead inductance and thus 
give it a wider frequency response. 

In either version, bandwidth can 
be modified by inserting a sma ll 
capacitance between input and out­
put or between input and ground of 
the preamplifier. In addition, the 
amplifier's differential output stage 
suits it for applications requiring 
both a peaking and notch-frequency 
response. 

Besides operating in optical-fiber 

+ 

I-<> 
v,,.., 

~ 

+ 5 V 

9--1 
560 

NE5212 v,,.., 
Vin 

~ 
(c) 

2. With the addition of a single input resistor, the amplifier operates in 
a differential manner (a). The unit also performs as on inverting am­
plifier (b) and in a noninverting mode (c). 
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receivers with high data rates, the 
IC applies to many other tasks too. 
For example, the part can be config­
ured as a 20-dB gain amplifier by in­
serting a resistor in series with its in­
put (Fig. 2). The amplifier performs 
in a differential manner; as a single­
ended output amplifier, the unit 
operates in an inverting and non­
inverting mode. 

RESISTOR SETS GAIN 

With no output load, the voltage 
gain of the differential amplifier can 
be set by the value of the input 
series resistor. The gain is the ratio 
of the amplifier 's transresistance 
(14.5 kn) to the sum of the input 
resistance ( 110 Q) and the external 
gain-setting resistor. With a single­
ended configuration, about half the 
gain-setting resistor value achieves 
the same voltage gain. 

As in all other rf applications, de­
signers must pay attention to power 
supply bypassing, clean grounds, 
and minimum input stray capaci-

Price and availability 
The 5212 flber-0ptic preamp. 
llfler is available in several 
packages for commercial , 
l')'lllitary , and automotive 
use . Commercial (0 ° to 
70 ° C) and automotive 
- 40° to + 80°C) versions 
come in small-Outline pack· 
ages of 8 and 14 pins, as 
well as in 8~ead plastic DIPs. 
Military-grade parts ( - 55 ° 
to + 125°C) are available in 
2(}pin leadless chip carriers 
and In 8·1ead ceramic DIPs. 
Commercial.grade ICs in SO 
packages are available in 
sample quantities for about 
$3 apiece. In lots of 1000, 
the parts sell for $2 apiece. 
Samples of the military and 
automotive versions will be 
available by summer. 

Signet/cs Corp., 811 E. Ar· 
ques Ave., Sunnyvale, CA 
94088; (408) 9914559. 
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Preamplifier IC 

+sv 

NE5212 

+sv 
v. 

0-1 v 

2.4k 

NE5230 
op amp 

0- 5 v 

3. A voltage-controlled amplifier 
can be constructed around the 
IC by adding a few external 
components, including a DMOS 
FET and an op amp. 

tance to obtain optimum perfor­
mance. 

range. Placing the FET in a shunt 
configuration rather than in series 
minimizes rf feedthroughs . In yet another application, the 

5 212 performs as a voltage-con­
trolled amplifier (Fig. 3) , with the 
help of a DMOS FET biased in the 
linear region as the gain-setting 
resistor . An operational amplifier 
with a supply-to-ground output 
swing and a supply-to-ground input 
common-mode range (such as Sig­
netics' NE5230 amplifier) can sup­
ply adequate gain-control voltage 
even with a single 5-V supply. 

AN OSCILLATOR, TOO 

In addition, the 5212 amplifier's 
utility shines in a simple crystal 
oscillator with a buffered output. 
The 5212 amplifier, a crystal, and 
one 2-pF capacitor make up the 
oscillator. The positive output of the 
preamplifier 's differential stage 
connects to one end of the crystal. 
With the capacitor in series, the 
crystal shunts the amplifier back to 
its input. The resulting 16-MHz 
oscillator has minimal components. 
Furthermore, the unit gives an inde­
pendent output that can drive 50 n 
when the crystal operates in these­
ries resonance mode. D 

The circuit has a 25-dB control 
range at 50 MHz and a 45-dB con­
trol range at LO MHz, with a har­
monic content of less than 1 %. The 
FET's on-resistance and the feed­
through capacitance of the drain to 
source terminals determine control 

-
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THE SOUND 
SOLUTION. 
PROBLEM: Find a reliable source for your speaker 
needs. 
PREREQUISITES: 
• Micro, low profile, oval , low leakage flux, mylar 

cone (weatherproof), car, P.A., hi-fi , alnico, ferrite 
and cobalt magnet speakers. 

•A wide selection of frequencies and impedances . 
• Diameters from under one, to over fifteen inches. 
• Complete custom design capabilities , backed by 

years of solving tough design problems. 
• High quality, low price and fast deliveries. 
SOLUTION: Call Shogyo. Your speaker 
manufacturer. 

PROOF: FREE CATALOG, FREE 
SAMPLES, FREE PRICE QUOTES . 

......., 
··•-411: ••. 

'» ~ ·­..,.99 
.... , ........ -'-• .;.. o @•~ 

Please contact: . -~'l;:,;._t.11 
Shogyo International Corporation, 
287 Northern Boulevard , Great NecK, NY 11021 
(516) 466-0911 , Telex: 12218 & 4758024, Cable: 
"SHOGYONEWYORK", Fax: (516) 466-0922. 

SJIKYO• 
Specify Shogyo. Electron/c components as g~od as your design. 



In the world of CMOS design, 
your competition is fierce. 

With everyone jumping into CMOS, you 
need the best CMOS resources to help you 
stay ahead of the pack. 

For more than 20 years RCA has been a 
world leader in CMOS. RCA invented CMOS, 

and silicon-on-sapphire (SOS), the technology 
that's making headlines for speed and isolation 
even today. 

As your CMOS supplier, we'll help you to 
survive and thrive in a fiercely competitive world. 

non 



. Unsurpassed CMOS experience 
gets you off to a good start. 

RCA offers the world's broadest range of 
speeds in CMOS logic, including high-speed 
CMOS and new Advanced CMOS Logic 
(ACL) that's as fast as FAST.* Our AS I Cs offer 
designer-friendly CMOS gate arrays and 

•FAST is a trademark of Fairchild Semiconductor Corp. 

standard cells, with a growing library of state­
of-the-art macrocells. We offer CMOS micro­
processors, with a complete line of peripher­
als and memories. And we're getting you off to 
a good start in CMOS flash converters. 



New partnerships are rolling out 
the products for your future. 

It takes innovation and cooperation to stay 
ahead today. That's why we've teamed up in 
the RCA/Sharp Microelectronics joint venture. 

Our factory-of-the-future will be capable 
of producing submicron geometries in space­
age clean conditions. 

But the benefits of our shared expertise are 
available now. 

We've just rolled out a new line of EPROMs 
and macrocells (including a 32-bit slice µP) 
resulting from an alliance with Wafer Scale 
Integration. And our new modem-on-a-chip 
comes from cooperation with Silicon Systems. 
Shouldn't you have a CMOS 
partnerwhoknowshowto ncn 
make partnerships work? 



50 ppm quality gives you 
the jump on the competition. 

We're breaking through to new levels of 
quality and reliability. In "quality partner­
ships,'' we're helping customers eliminate 
incoming inspections. And helping them 

squeeze more performance from their designs 
by tightening specs to the RCA quality zone. 

If you're interested in just-in-time delivery, 
you need RCA quality standards. 



Your winning designs deserve 
world-class CMOS support. 

Today's designs must compete with the 
best in the world. Be sure yours are backed by 
a CMOS supplier whose products, research, 
manufacturing and quality live up to the 

world-class cha I lenge. 

Call your RCA sales office or distributor to 
get a CMOS partnership started today. Or 
write: RCA Solid State, Box 2900, Somerville, 
NJ08876. 

Together, we can take on the world. 

non 
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Wide output swings 
mark CMOS op amp 

For the first time, a quad CMOS op amp gives 
designers superior de and dynamic specifications 

with chips running off a 5-V rail. 

BY FRANK GOODENOUGH 

Beauty is in the eye of the beholder, 
they say. National Semiconductor's 
LMC660 quad op amp not only is 
the best-looking chip in some time, 
partly beeause of its symmetry, but 
it also sets a new level of perfor­
mance a t low cost. Unlike many 
quad op amps, the chip was obvi­
ously designed from scratch to hold 
four amplifiers (Fig. 1 ), and it offers 
many benefits beyond its low price 
- $1.45 in quantities of I 00. 

The op amp serves up strong spec­
ifications with its jellybean cost: 
• Its output swings rai l to rail when 
driving a 600-Q load. 
• It operates from 3- to 16-V sup­
plies. 
• It exhibits an open-loop gain of 
120 dB, a bias current of 40 fA, and 
a slewing rate of 1.7 V / µs. 
• The chip's offset voltage falls un­
der 2 mV. 

The op amp, designed by Dennis 
Monticelli, National's group leader 
for industrial linea r IC design, is 
available in commercial, automo­
tive-ind ustrial, and mi litary ver­
sions. In addition, National guaran­
tees vital specifications over each 
grade's operating tem pera ture 
range (see the table, p. 92). 

output swing into a low impedance 
load. 

Consider its operation under 
worst-case conditions-from 5 V 
with a maximum load, RL, of 600 Q 
and at - 55 ° or + 125 °C. The chip 
swings its output at least 3.61 V, 
that is, from 0.63 to 4.24 V. Under a 
typical load of 2 kQ and at a similar 

voltage supply and temperature, the 
minimum swing exceeds 4.5 V. 

The op amp's ability to operate on 
a low supply voltage puts it in the 
forefront of a n industry trend. In 
fact, a panel session at this year 's 
International Solid State Circuits 
Conference considered the rami­
fications of lowering the supply volt­
age for VLSI circuits from 5 to 
3 . 3 V (E LEC TRONI C D ES IGN, 

March 20, p . 31 ) . However , the 
panel and the audience predicted 
that when and if the reduction takes 
place, high-performance analog cir­
cuits, especially CMOS ICs, will be 
last in line. Ironically, one of the 
conference papers described the 
workings of this very CMOS quad 
op amp. 

Though at present the chip's min­
imum operating voltage is specified 

Monticelli ' s first goal was to 
achieve a rail-to-rail output swing. 
The op amp can run from any sup­
ply from 3 to 16 V. But if you put it 
to work in a digital system with only 
a 5-V bus, you probably would ex­
pect the chip to deliver a maximum 

1. The symmetrical layout of National's LMC660 quad CMOS op amp 
ensures that the eight heat-producing, output transistors (M 1, M2 ) 

create minimal offset-producing, thermal gradients across the four in­
put stages. 
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Quad CMOS op amp 

at 4.5 V, its designer says all chips he 
has seen will run off 3 V. Monticelli 
makes this statement based on his 
observation of chips from at least 
five wafer runs. O f course, the op 
amp slows d own a bit when the 
power supply is changed from 5 to 
3.3 V (as do digital VLSI circuits), 
but it meets most vital specifications 
at 3.3 V. 

The chip's characteristics remain 
constant over this wide range of 
supply voltage range because its 
quiescent current remains virtually 
unchanged between 3 and 15 V. On 
the other hand, the quiescent cur­
rent of some earlier single-supply op 
amps appears resistive, changing by 
up to a factor of two as the supply 
voltage varies. Such devices are of­
ten specified (and production-

s 250 
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2. Though the 1 If noise of the 
CMOS op amp is high, spot 
noise at 10 kHz is less than that 
of some bipolar parts such as 
the 324. 

tested) at 10 V, although they are 
used in most tasks at 5 or 15 V, levels 
at which many important specifica­
tions may be quite different. 

High performance at low voltage 
also lends the 660 to precision 
battery- or solar-cell-powered cir­
cuits . Though the chips are not 
power hogs, they do not aim at very 
low power jobs either; maximum 
quiescent current over the full tem­
perature range is 2.9 mA. 

WHAT ABOUT NOISE? 

So far, the CMOS op amp looks 
appealing from all angles. But on 
the flip side, how is its input voltage 
noise? The answer is, not bad at all. 

First, at I kHz, spot noise is typi­
cally 36 n V /Hz 1/2- which equals or 
surpasses that of other CMOS op 
amps. Moreover, at the chip's rather 
high 1 / f corner frequency of 10 
kHz, the voltage noise is about 20% 
less than at 1 kHz (Fig. 2). How­
ever, I/ f noise is severe, reaching 
250 nV /Hz'/2 at 10 Hz. 

On the other hand- and often 
more important-the chip's ultra­
low bias current (typically 40 fA) 
ensures virtually zero current noise, 
typically 2 fA/Hz 1! 2

• T hus, in cir­
cuits with a source impedance of just 
a few thousand ohms, the op amp's 
combined current and voltage noise 
is less than that of other single­
supply op amps-notably the ubiq-

The LMC660 op amp's guaranteed specifications 
Miiitary Industrial Commercial 

Specification ( - 55° to + 125°C) ( - 40° to + 85°C) (0° to + 70°C) 

Offset voltage (mV) 2.5 2.3 6.3 

Bias current (pA) 30 4 2 

Common-mode rejection 70 70 62 
ratio (dB) 

Large-signal voltage gain (dB) 109/97 113/ 101 109/ 98 
Sourcing/sinking at RL = 2 kf! 
Sourcing/sinking at RL = 600 f! 103/96 107/96 103/ 92 

Total supply current (mA) 2.9 2.6 2.6 

Output current (mA) 12 14 11 
Sourcing.+Vo uT = 
OVatV = 5V 
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Price and availability 
The LM660 op amp is avail· 
able in 14-pin ceramic and 
plastic DIPs. In the future , it 
will appear in a narrow· 
body, small-outline pack· 
age. In quantities of 100, 
the commercial -grade 
LM660C in a plastic pack· 
age sells for $1 .45 apiece. 
Small quantities are avail· 
able from stock. 

National Semiconductor 
Corp., 2900 Semiconductor 
Dr .• Santa Clara, CA 95051; 
Hugh Wright, (408) 121·5856. 
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uitous bipolar 324, which has a bias 
current of 45 nA. The 660's voltage 
noise at 1000 Hz resembles that of 
the 324. 

The op amp's typical bias current 
is 40 fA , but the guaranteed max­
imum current is 2 pA-50 times 
that value. Why? With high-speed 
automatic handling and testing sys­
tems, it is impossible to measure 40 
fA within 4 fA. Guaranteeing 40-fA 
maximum bias current requires 
more testing and could easily in­
crease the cost of the chip tenfold . 

YOUR CHIP OR MINE 

If you are building mixed analog­
digital chips in CMOS with stan­
dard cells or fully custom methods, 
the 660's capability is enticing. To­
day's typical semicustom CMOS op 
amp has a gain of 60 dB and an off­
set of 10 to 50 m V and some cannot 
even drive a resistive load (ELEC­

TRONIC DESIGN, Jan. 9, p. 137). 
However, the future holds some 

hope. The quad op amp, rather than 
being built with an exotic CMOS 
process for linear circuits, is fabri­
cated with a 4-µm , silicon-gate p­
well process designed for digita l cir­
cuits. Thus, the 660 or similar parts 
could appear for custom or eve n 
semicustom designs . D 



I Communication, coordination and cooperation in action . It's the same at ZAX. 

~:-;;;:::f1( VDU think power, speed and sophistication are all VDU 
need in an emulator, take a lesson tram a Formula One team'' 

The Formula That 
Determines Number One 

The World Driving Championship is 
contested in vehicles which represent 
the absolute pinnacle of power, speed 
and sophistication in motor racing: 
Formula One. 

Their engines are smaller than a VW 
bug's, yet they produce a formidable 
1000+ horsepower. Speed? Formula 
One cars can blister the pavement from 
Oto 100 mph before you can finish read­
ing this sentence. The sophistication level 
is astonishing: Disk brakes made from 
carbon fiber-reinforced plastic, 7-speed 
transmissions, intake and exhaust valves 
that actuate from compressed air rather 
than conventional springs. 

Yet, behind all the impressive numbers 
and sleek shapes, there remains a less 
flamboyant activity that no driver could 
complete a lap without-communication. 

We think it's the same with our 
emulators. 
Communication: The Key 
to a #1 Development System 

At ZAX, we too build power, speed and 
sophistication into each of our !CD-series 
emulators. And something more­
proficient communication. Because 
emulators that can communicate ensure 

you of a more flexible operating environ­
ment and additional emulation features. 

ZAX emulators can be controlled by 
any terminal utilizing RS-232 interface. 
This allows you to use a full-size ASCII 
keyboard and large CRT for easy view­
ing and control. So now you can see the 
output of your input. And RS-232 inter­
face means unrestricted use of personal 
and mainframe computers via ZAX's 
ZICE communications utility. (You can 
also control our emulators with a terminal 

" Simplicity to start fast, Power to finish first " 

ZAX In-circuit emulators for Z80, 6809/E, 68000 family, 8048 
family, 8051 family, 8085, 8086/88 & 80186/88, and V20/V30 
processors. 

Zax Corporation 

or PC and then download code from a 
mainframe for workstation efficiency.) 

The Logic of a Logic-State 
Analyzer Interface 

Our newest communication feature 
allows each of our emulators to directly 
interface with any standard logic-state 
analyzer connector. This potent combina­
tion merges an LSA's sophisticated 
trigger, qualification , data-acquisition 
and measurement capabilities with our 
emulator's debugging mechanisms and 
memory facilities. 

Choose from an extensive line of 
manufacturer's software products, and 
the complete package results in a 
modular development system that's 
powerful, fast, sophisticated and com­
municates with your current equipment 
inventory-economically. 

So, the next time you 're in the market 
for an emulator, take a lesson from a For­
mula One team and let communication 
be your vehicle to success. 

For information on other ZAX emulator 
features and news about entire product 
line, call us toll free 1·800·421·0982 
(714 474-1170 in California). Or write us 
at ZAX Corporation, 2572 White Road, 
Irvine, CA 92714. Telex 183829. 

SEE US AT ELECTRO '86, BOOTH #2603, 2605, 2702, 2704 CIRCLE 44 



Philips low profile IR sensors 
for as little as $3.50. 

Now you can design big performance into a very 
small space with the new Philips ceramic IR sensor 
from Amperex . .. and do it at a surprisingly low cost. 

The most advanced motion sensor available today, 
the Philips IR sensor is made of our own pyroelectric 
ceramic material that provides a very high level of 
sensitivity. It is extremely rugged and insensitive to 
moisture. And its immunity to common mode signals 
such as those generated by variations in ambient 
temperature, background radiation and acoustic 
noise virtually eliminates false operations. 

The low profile and small footprint of this remark­
able new sensor enable you to create more compact 
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equipment designs for remote switching applications 
such as occupancy monitoring , intrusion alarm , light 
switching, counting , level monitoring , speed indica­
tion and many other safety and security operations. 

Whatever your application , when it calls for low cost 
and big performance in a very small space, design it 
around Amperex/Philips. 

For detailed information and a sample device, write 
on your company letterhead to Amperex Electronic 
Corporation , A North American Philips Company, 
George Washington Highway, Smithfield, RI 02917. 
Phone (401) 232-0500. TWX: 710-381-8808. In Canada 
contact Philips Electronics Ltd , ELCOMA Division . 



Amplifier Arsenal 
SO KHz to 2000MHz, 100mWoutput Gain Controlled From$69.95 

Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 

The ZFL-2000, flat from 10 to 2000MHz, delivers+ 17 dBm 
output and is still priced at only $179 . 

Need more output? Our ZFL-1 OOOH , flat from 10 to 
1000MHz, delivers +20 dBm output. 

Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3 dBm output with 30 dB gain control 
while maintaining constant input/output impedance. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500MHz, delivers 10 dBm 
output for the unbelievably low price of only $69. 

One week delivery ... one year guarantee. 
Gain the competitive edge ... specify Mini-Circuits 

RF / IF signal-processing components. 

SPECIFICATIONS 
Model No . ZFL-500 ZFL-1000G ZFL-2000 ZFL-1000H 
Freq(M Hz) 0.05-500 10-1000 10-2000 10-1000 
Gain (dB), Min. 20 17 20 28 
Gain Flatness (d B) Max . ±1.0 ±1.5 ±1.5 ±1.0 
Max . Power (d Bm) 

(1 dB compress ion) +10 +3 +17 · +20 
NF (dB) typ . 5.3 12.0 7.0 5.0 
3rd order 

Intercept pt (d Bm) +18 +13 +25 +33 
Current at 15V de 80mA 90mA 100mA 150mA 
Price~ 69 .95 199 179 219 

qty. 1-24 1-9 1-9 1-9 
For complete specs on these and our 1- and 2-W models re fer to 1985-86 
Gold Book or Microwaves directory. 

•+1s dBm below 1000MHz 

finding new ways ... 
setting higher standards 

r;;:;J Minl:~c~n~o~s~i~ 
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World 's la rgest manufacturer of Double Balanced M ixers 
P.O. Box 166. Brooklyn . New York 11 235 (718) 934-4500 

Domestic and International Telex 125460 Internat ional Telex 6201 56 
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Fred Molinari, President 

The popular "standard" for video imaging is We could get into short strokes like VCR com-
512 x 512 x 8 bits. patibility, full-functionality-on-one-board, and exten-

But ask yourself: do you really need that much sive software support, but we won't waste your time. 
resolution? Chances are, you can get excellent The issue here is value. We'll deliver excellent 
results from one of our 256 x 256 x 6 bit real-time results for about half the price. 
processing boards. Which cost considerably less. And if you feel you need 

These image processors feature high 512 x 512 x 8, well, we have 
bandwidth, which provides a very sharp image. And that too. 
our boards give you faster processing too, because 
thedatarequirementsarereduced. Call (617) 481-3700 

IMAGE PROCESSING CHART 

i?b §!:' 
256x256x6 !g C5 03 .§ 8' 

Imaging Boards Q:j !? fl G.."" 
~VJ c5J 

DT2803 
See our new 646 pg. 

IBMPC Real-time Videolab Yes $1,495 catalog/handbook 
Image Processor or see us in Gold 

DT2603 MicroVAX II Real-time Coming Yes $1,895 
Book 1986. Or call for 

Image Processor soon your personal copy today. 

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481 -3700Tlx 951646 
European Headquarters: Data Translation, Ltd., 13 The Business Centre, Molly Millars Lane, Wokingham Berks, RG112QZ, England Tix 851849862 (#D) 
International Sales Offices: Australia (61) 2-6635289; Belgium (32) 2-7352135; Canada (416) 625-1907; Chile (2) 2-253689; China (408) 727-8222, (86) 87214017; Denmark (02) 187188; 
England (44) 0734-793838; Finland (358) 0-372-144; France (33) 146306839; Greece (30) 031-527039, (30) 13-614300; Hong Kong(852) 3-324563; India (91) 2-231040, Israel (972) 
3-324298; Italy (39) 2349751; Japan (81)3-502-5550, (81) 3-348-8301 , (81) 3-355-1111 ; Korea (82) 753-3101; Malaysia (60) 3-36299; Morocco (21) 9 -30-6949; Netherlands (31) 70996360; 
New Zealand (61) 2-663-5289; Norway (47)(02) 559050; Peru (51)(14) 31-8060; Philippines 818-0103, 818-3073, 818-4230; Portugal (351) 1545313; Singapore (65) 271-3163; South Africa (27) 
12469221; Spain (34) 14558112; Sweden (46) 87617820; Switzerland (41 ) 17231410 (41) 22360830; Taiwan (86) 2-721-7864, (86) 2-531-2434; West Germany (49) 89809020. 

Data Translation is a registered trademark of Data Translation, Inc . I BM PC is a registered trademark of I BM . 
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NEWSTRENDS 

Isolation amplifiers get better 
as their sizes and costs shrink 

With advances in packaging and transformer 
technologies, isolation amplifiers can 
tackle the most demanding applications. 

BY GENE HEITMAN 

Keeping the harsh electrical en­
vironment of the industrial and 
medical worlds from affecting the 
pristine sanctuaries of their sensitive 
computers and measuring instru­
ments. is the task of a hardy breed of 
devices known as isolation ampli­
fiers. Designers have long used iso­
lation amplifiers where low-level 
analog signals must be separated 
from high common-mode voltages 
and electrical noise or where 
ground-loop currents introduce un­
wanted errors in the signals being 
measured. Isolators have also served 
well as the first line of defense in 
protecting patients from dangerous 
voltages and currents generated by 
medical equipment. 

These missions remain un­
changed, but a new generation of 
isolators is arriving, bearing little re­
semblance to its forebears and offer­
ing designers high performance at 
relatively low cost. Amplifier manu­
facturers are improving packaging 
and magnetic components. And 
they are building-in greater resolu­
tion and linearity to make perform­
ance compatible with the analog­
to-digital converters and computer 
systems to which isolators are in­
creasingly feeding data . 

Meanwhile, some isolation ampli­
fiers are headed toward gaining the 
status of building-block or com­
modity components rather than 
highly specialized, design-intensive 

parts. In the past, many users built 
their own isolators to obtain a mix of 
cost, size, and performance that was 
unavailable from manufacturers. 
But with new construction tech­
niques, manufacturers can now turn 
out drastically slimmed-down ver­
sions of the well-known bricklike 
modules that were mainstays for 
many years. The new devices, in­
cluding a rapidly emerging class of 
hybrids, deliver reasonably high ac­
curacy and isolation voltage and are 
much less expensive than modules. 
Modules, however, are far from 
dead and remain important compo-

1. The shrinking size of the iso­
lation amplifier is apparent in a 
comparison of Analog Devices' 
new single In-line package 
AD204 and its 5-year-old modu­
lar 290A. The use of surface­
mounted chips and smaller 
transformers are two factors be­
hind the growing popularity of 
these low-cost isolators. 

nents in uses demanding premium 
specifications. 

The AD202 and AD204 single in­
line packages (SIPs) from Analog 
Devices (Fig. 1) exemplify the direc­
tion in which isolation amplifiers are 
moving. Because the parts are just 
0.25 in . wide, a designer can cram 
four channels of isolation into 1 in. 
of board space. Each small, narrow 
package is made possible by a new 
circuit design, a novel but propri­
etary transformer construction, and 
the use of surface-mounted compo­
nents on the device's internal printed 
circuit board. A dual in-line pack­
age (DIP) version boasting twice the 
isolation voltage of the SIPs- 1500 
V vs 750 V- is due out this spring. 

Although transformer coupling is 
by far the most common isolation 
technique used in amplifiers, the 
marriage of magnetic components 
to the hybrid circuits used in many 
isolators is not exactly a match 
made in heaven. In fact, hybrid cir­
cuits incorporating transformers 
and chokes are usually very difficult 
and costly to manufacture because 
of problems with magnetic-com­
ponent size, uneven mounting sur­
faces, and substrate-to- magnet­
wire interconnections. 

When Burr-Brown decided to 
enter the hybrid isolation-ampli­
fier market, it knew that it had to 
develop a better way to mount a 
toroidal transformer on a hybrid 
substrate. The result is a hybrid­
compatible transformer design that 
the company employs in its Model 
3656 isolation amplifier (Fig. 2). 
Rather than winding the trans­
former with conventional magnet 
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Isolation amplifiers 

wire, the hybrid-compatible design 
breaks the windings into two parts. 
Half of each turn is printed onto the 
ceramic substrate as a pattern of 
gold conductors. The radial pattern 
of printed wiring is covered with a 
layer of glass, ex-cept for its out­
ermost edges, and the toroidal core 
is mounted onto it. Conventional 
gold bonding wire completes the 
transformer turns. This transformer 
construction produces a hybrid iso­
lation amplifier, measuring only 1.1 
by I. I by 0.26 in ., that offers both 
signal and power-supply isolation. 

THE CASE FOR HYBRIDS 

Now, such hybrids represent the 
wave of the future in isolator tech­
nology, since they are generally less 
expensive and smaller than mod­
ules, but offer comparable per­
formance. 

Burr-Brown 's 3656 and Analog 
Devices' AD295 use similar pulse­
width-modu la tion techniques to 
transfer signals and power across 
the isolation barrier (Fig . 3) . The 

3656 is designed around the single 
multiple-winding, hybrid-com­
patible transformer, which also fur­
nishes three-port isolation. Both de­
vices can be had in different grades 
depending on the linearity accuracy 
required. The AD295 contains two 
internal transformers to provide its 
three-port (input, output, and pow­
er-supply) isolation. 

The 3656's nonlinearity specifica­
tions range from ± 0.15% down 
to ± 0 .05% while gain drift with 
temperature can be as low as 60 
ppm/°C. All versions offer a de iso­
lation voltage of 3.5 kV and an ac 
isolation voltage of 2 kV. Because 
the 3656's internal switching rate is 
750 kHz, it can operate over a 3-dB 
small-signal ba ndwidth of 30 kHz 
- unusually high for a lransfotmer­
coupled isolator. 

With the AD295, designers can 
choose from among nonlinearity 
grades A, B, and C. The least­
accurate A grade is a respectable 
± 0.05% while the C grade is speci­
fied for ± 0.012% max imum non-

2. A miniature multiturn toroidal transformer, with turns made of gold 
rather than conventional magnet wire, holds center court in Burr­
Brown's 3656 hybrid isolation amplifier. Gold wires from the trans­
former are bonded to a screened gold interconnection pattern on 
the ceramic substrate. 
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linearity. Isolation voltage is rated at 
± 2.5 kV peak , ac or de . The 
AD295 's internal oscillator runs at 
80 kHz, giving it a typical band­
width of 4.5 kHz. 

THE ISOLATOR SPECTRUM 

All isolation-amplifier manufac­
turers agree on three application 
areas for the devices: industrial, in­
strumentation, and medical. The in­
dustrial world requires isolators that 
yield accurate signal amplification, 
reject common-mode voltages and 
noise, and eliminate ground loops. 

Since industrial and instrumen­
tation systems involve numerous 
transducers and multichannel data 
acquisition, designers need isolators 
that are inexpensive, can be packed 
tightly on pc boards, and provide 
good signal-processing accuracy. 

As indicated earlier, Analog De­
vices' AD202 and AD204 SIPs rep­
resent the leading edge of packaging 
technology for multichannel indus­
trial applications. But the parts also 
offer good specifications for a range 
of industrial uses: ± I 000 V contin­
uous common-mode isolation, 
± 0.05% ma ximum nonlinearity , 
130-dB common-mode rejection 
(CMR), and a full-power band­
width of 5 kHz. The prices- $28 for 
the AD202 and $25 for the AD204 
in 100-piece quantities- make the 
devices attractive for multichannel 
systems. 

Amplifying microvolt-level sig­
nals in data acquisition is the forte of 
Datel's AM-227 isolation amplifier. 
Analogic makes an almost identical 
isolator called the MP227 A, there­
by giving designers the assurance of 
multiple sources. At gains between 
50 and 500, the AM-227's non­
linearity is specified at ± 0.005 % 
while the MP227A 's is rated at 
±0.0075%. 

Both devices typically offer a 
common-mode isolation voltage of 



at Tek' can't catch 
for$2995. 

How much scope will $2995 button controls for store, 
buy you? A lot-if it's Kik's new save and reference memory. 
DSS 5040. The 5040 stores up to 

This dual-channel port- 10 MHz in sine interpolation 
able digital storage /analog mode and can capture up to 64 
scope delivers a 10 MHz single- nsec rise times in pulse interpo-
occurrence capture rate. That's 25 lation mode. It has a signal "add" 
megasamples/sec for just $2995. You'd pay $1155 mode and reference signal storage 
more to get the same sampling rate from Tek. capability to facilitate signal comparison. 

More performance per dollar than anyone. Kik the Tek habit. Phone 800-421-5334 today. 
The Kik DSS 5040's real-time bandwidth is 40-MHz- Both the Kik DSS 5040 and its sister scope, the 

with a 25 MHz digitizing rate. That's megaperformance 5020A (with a 1 MHz digitizing rate), are backed by 
ahead of anything in its price range. And Kik's stand- a two-year warranty and a 30-day return option. Service 
ard feature package includes Level-Lock™automatic is available at over 40 Kik centers nationwide. And if 
triggering, linear auto focus, HF reject, video synch you need applications assistance, it's as close as 
separator, pre/post trigger data, sine/pulse interpolation, your phone. Call or write Kikusui International for 
lOOX expansion mode, plus lK of memory on both more information. You can match the Kik DSS 5040 
channels, a channel one output and a recorder output. for $4150. For $2995, you won't find its equal 

The DSS 5040 is as easy to operate as it Kl K® anywhere. 
is to finance. Function controls are identi- We're not riding on a reputation, 
cal to those on an analog scope. The only we're making one. 
additional controls are a push button selec-

Kikusui International Corp .. 17819 S. Figueroa. Cardena. CA 90248 
tor for Sine Or pulse interpolation and push 800 421-5334 or 213 515-6432 iin CA. Hli 

See us at Electro '86, Booths Nos. 649-651 . © Kikusui International 1986 Tck is a rc~istcrc<l tra<lcmark of Tektronics. In c. 
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1000 V de (750 V rms) and a CMR 
of 176 dB. The parts are designed 
with the same chopper-stabilized 
techniques used in the highest pre­
cision operational amplifier designs. 
Both contain an internal power 
oscillator and isolated power supply, 
so no external drivers are needed. 

While instrumentation or data­
acquisition applications may not in-

volve the high-voltage hazards of the 
industrial world, they generally 
need a higher order of accuracy. A 
12-bit system, for example, must be 
accurate to about 0 .01 %. Not only 
must an isolator afford considerable 
front-end linearity, it also must be 
able to reject common-mode inter­
ference and to break ground loops. 
Interference and ground loops can 
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lead to unacceptable errors in 12-bit 
measurements. Because of its CM R 
and galvanic isola tion features , an 
isolator is better equipped for data 
acquisition than an instrumentation 
amplifier. 

Although SIPs, DIPs, and hy­
brids are becoming more common 
forms of the isolation amplifier, the 
tightest linearity specifications and 
highest isolation voltages usually go 
to modules. Because of their larger 
size, they can withstand higher 
breakdown voltages than can other 
types of isolators. Intronics, for ex­
ample, designed its IA 175 trans­
former-coupled amplifier to operate 
at continuous de common-mode in­
put voltages as high as ± 5 kV, and 
ac common-mode voltages up to 
3 kV. At the same time, the device 
is highly linear, offering maximum 
nonlinearity specifications of 
±0.01 % and ±0.02% for ± 5-V 
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3. Two transformer-coupled hybrid Isolators-the 3656 from Burr-Brown (a) and the AD295 from Analog 
Devices (b)-share similar designs. Both are three-port Isolators using a type of pulse modulation to 
get signals and power across the isolation barrier. And both employ novel but different transformer 
designs to obtain high isolation voltages in a smaller-than-usual package. 
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Semicustom. No surorises. 
Silicon works right the first time on Mentor Graphics, Dcajsy or 

P-0\D workstations with Motorola's Macrocell Array softWare. 
New Macrocell Array software kits 

transport the unequaled capabilities of 
Motorola's mainframe-computer-aided 
semi-custom VLSI array design to 
your Mentor Graphics, Daisy or P-CAD 
workstation, for silicon that works the first 
time as simulated. 

Instant design centers. 
With the support of our MCA Design 

Kits, these workstations are great tools for 
designing all of Motorola's HCMOS and 
bipolar Macrocell Arrays-up to 4800-gate 
equivalency now and high-density BiMOS 
by mid '86. You have an instant design 
center for industry-leading ECL, TTL, and 
combined ECL/TTL mixed-mode arrays 
fabricated with our sub-nanosecond bipolar 
and BiMOS processes, and for all of our 2-
and 3-micron double-layer HCMOS arrays. 

You design with Motorola's Macrocell 
Array libraries on your workstation with kit 
software that simplifies such design phases 
as schematic capture and performance 
design verification. Kits also provide for 
transfer of compatible design files linking 
workstation to mainframe CAD for final 
manufacture and test. 

In addition to the kits available from 
Motorola for Mentor Graphics, Daisy 
and P-CAD, Macrocell Array software 
supporting workstations is available from a 
number of additional suppliers, notably 
Valid and Futurenet. 

Motorola's the source. 
Yes, when you design with Motorola 

semi-custom, you know you're working 
with the long-time leader in CAD. 
Mainframe computer models that exactly 
match silicon are transported to work­
stations. You know you're working with an 
organization dedicated to providing the 
industry's best service in ASICs, backed up 
by Motorola's renowned Technical Training. 
And you know Motorola has the manufac­
turing capacity and know-how to turn 
silicon that works right the first time into 
volumes to match your production rates. 

One-on-one design-in help. 
Get an engineer-to-engineer update. 

Call toll-free any weekday, 8:00 a.m. to 
4:30 p. m., MST from anywhere in the 
US or Canada. 

1-800-521-6274 
If the phone call can't answer your needs, 

we'll have our local ASIC specialist contact 
you. We'll get you to market faster. 

Capabilities vary from workstation to 
workstation. For 
information, fill out 
the coupon and 
send it to Motorola 
Semiconductor 
Products, Inc., 
P. 0. Box 20912, 
Phoenix, AZ 85036. 

V\k're 
pr~ur desi n-1n 
b m. 

® MOTOROLA 

r---------------------------, 

~----
To: Motorola Semiconductor Products, Inc. 
P.O. Box 20912, Phoenix, AZ 85036 

Please send me more information on Macrocell Array Kits. 
271ED050186 

,OE=>'-~-=:..===-::== Address ___________________ _ 

~ 1f1f1~t:f:t~l:FI City ____ State __ Zip __ 
I~~-;; ttttf'1, .,,,, ____ _ 

Call me ( } _______________ _ 
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and ±I 0-V output swings, re­
spectively. These rati ngs make the 
IA 17 5 suitable for 12-bit data ac­
quisitions. 

Medical isolation amplifiers exist 
mainly to protect patients from 
leakage currents and to protect 
other medical equipment from the 

extremely high defibrillation pulses 
- up to 5 kV-generated by resus­
citation equi pment. At 120 V ac, a 
ground -fault curre nt as low as 
I 0 µ.A can be lethal to a patient. On 
t he other ha nd , if an electrocar­
diograph is damaged or destroyed 
by a high-voltage pulse, it could Jose 
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Input circuit 
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•As shown, a negative Input slgnal Is required In the unlpolar mode 

4. An LED and photodiode 02 form the isolation barrier of an optically 
coupled isolation amplifier from Burr-Brown. Feedback through photo­
diode 0 1 improves the amplifier's linearity. Essentially, the optical iso­
lator is a 1:1 current translator, since current on the Input side of the 
Isolation barrier is the same as that on the output side. 

its effectiveness in monitoring the 
patient's vita l signs. Medical iso­
lators must provide good noise re­
jection, since signal levels as low as 
0.5 V are sometimes measured in 
the presence of high noise ievels. 

Medical equipment designers 
needing an isolator that ·can with­
stand the high-voltage pulses of defi­
brillators wi ll find it in the Intronics 
IA294. The 2-by-3-in. module pro­
vides ± 6.5-kV isolation from input 
to output, as well as ± 6.5-kV dif­
ferential-input protection. Input-to­
output leakage current is typically 
less than I 0 µ.A, and the input cir­
cuit incorporates a fail-safe design. 
For signal handling, the IA294 in­
corporates a true instrumentation 
front-end featuring a CMR of up to 
126 dB and so-called active right-leg 
drive. The latter is important in mul­
ti lead electrocardiography for im­
proving the CMR between the am­
plifier's input and isolated common 
terminals. With an active drive, any 
common-mode voltage appearing 
between the two terminals is driven 
to zero. 

A comparable amplifier for the 

Manufacturers of Isolation amplifiers 
Transformer-coupled Opllcally coupled 

Company Industrial Instrumentation Medlcal Industrial Instrumentation Medlcal Clrcle 

Analog Devices 
P.O. Box 9106 

* * * 467 
Norwood. MA 02062 
( 617) 329-4700 

Analoglc Corp. 
8 Centennial Dr. 

* 468 Peabody, MA 01961 
(617) 246-0300 

Burr-Brown Corp. 
P.O. Box 11400 

* * * * * 469 Tucson. AZ 85734 
(602) 746-1111 

Daiei Corp. 
11 Cabot Blvd. 

* 470 
Mansfield. MA 02048 
(617) 339-9341 

lntronlcs Inc. 
57 Chapel St. 

* * * 471 
Newton. MA 02158 
(617) 964-4000 

Note: This is a representative sampling of manufacturers and parts; it is not meant to be a definitive list. 
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Sotnetitnes it' h 
go back for a scope! 
60-Mlh full-function 
field-service Attache Case 
Oscillosco~ is so light and 
small it will be taken 
everywhere, every time. 
LB0-325 packs all the power and 
performance of a cumbersome, 
backbreaking, 60-MHz workbench 
oscilloscope into an easy-to-carry, ultra­
compact, featherweight unit. Although its 
3Y2-inch CRT is as big and clear as 
screens on large field-service scopes­
LB0-325 weighs only 9 lbs. So it won't 
weigh field-technicians down, no matter 
how far afield they go! LB0-325 is so 
small it fits inside a 3-inch deep attache 
case with room to spare for a multimeter, 
service manuals and some tools. The ideal 
full-function scope for a cramped 
work area or crowded bench. 

Reduces the cost of 
service calls. 
Time is money. A scope 
left in the vehicle takes 
time to retrieve. One kept 
in the shop causes repeat 
service calls. The LB0-325 

Attache Case Oscilloscope i so 
easy to carry and use, techs ill 
take it everywhere, every time. 
And the time saved translates into 
extra profits for years to come. 

Ou~rfonns all other 
portables: 
• 60 MHz • Dual channel • ALT TIME 
BASE simultaneously displays main 
waveform and any expanded portion 
•ALT TRIG for stable display of. 
2 asynchronous signals • Bright, 
sharp 12-kV trace• Large 3Y2-inch 
PDA CRT • Illuminated graticule 
•Comprehensive triggering• TV-V and 
TV-H sync separators • Variable trigger 
hold-off • Delay line shows sharp leading 

edges • CH-1 output drives 
low-sensitivity instruments 

•Measures only 3 x 9 x 113/e 
inches • Weighs 9 lbs. 

Two-year warranty. 
Built tough to provide long 

use, LB0-325 is backed by 
Leader's 30-year reputation 

for reliability and by 
factory service depots 
on both coasts. 

CIRCLE 50 

LB0-325 CRT Is shown actual size. 

Call toll-free 

(800) 645-5104 
In NY State 

(516) 231-6900 
Request an evaluation sample, our 
latest Test Instrument Catalog with over 
100 outstanding products, the name and 
address of your nearest "Select" Leader 
Distributor, or additional information. 

For ~rofessionals 

k~ili~ 11.!4r.;.a.u 
difference. 

380 Oser Avenue 
Hauppauge, New York 11788 

Regional Offices: Chicago, Dallas 
Los Angeles, Boston, Atlanta 

In Canada call Omnitronix Ltd. 
(514) 337-9500 



NEWSTRENDS 

Isolation amplifiers 

same medical applications is Analog 
Devices' AD286J. Also capable of 
withstanding 6.5 kV , the module 
supplies an input-to-output CMR of 
114 dB. For patient protection, 
maximum leakage current is held to 
2.5 µ,Arms . The AD286J's gain 
stage has a maximum nonlinearity 
of ± 0.2% and a maximum temper­
ature drift-gain drift with tem­
perature-of just 100 ppmj°C. 

THE OPTO NICHE 

Isolation amplifiers generally use 
transformer coupling to form an iso­
lation barrier. Burr-Brown, how­
ever, relies on an optical isolator to 
isolate its input and output stages. 
The optical isolator contains a cavity 
in which an LED and a pair of 
matched photodiodes are mounted. 
One photodiode is connected to the 

input stage to improve linearity; the 
other is in the output stage, where 
its only connection to the input is 
through the light generated by the 
LED. An optocoupled device is es­
sentially a l: l current transformer 
on the input side and a current-to­
voltage converter on the output side 
(Fig. 4). Current produced on the 
input side is duplicated on the other 
side of the isolation barrier. 

Because optical coupling provides 
wider bandwidth than with trans­
former coupling, optical isolators 
are better suited to high-speed 
switching inputs. The isolators shine 
especially bright in systems in which 
bandwidth and response speed are 
more important than gain accuracy 
and linearity. For the latter parame­
ters, the transformer-coupled type is 
preferred. 

Designers who want optically 
coupled isolators can narrow their 
choices to Burr-Brown's ISOlOO or 
3650 and 3652. The ISOlOO is a 
miniaturized device rated for 750-V 
continuous isolation voltage and a 
very wide 60-kHz bandwidth. Non­
linearity is typically 0.07% for the 
highest of the three grades offered. 
The 3650 and 3652 optical isolators 
yield lower bandwidth but greater 
isolation voltage. The devices are 
rated for a 3-dB small-signal band­
width of 15 kHz, while the continu­
ous isolation voltage is 2000 V peak 
or de. Their higher isolation voltages 
require a larger package size-a 
hybrid-than for the ISOlOO. Non­
linearity specifications are also bet­
ter than the ISO l 00, a maximum of 
0.05% for the best of the five differ­
ent grades. D 

• RRIES®PO. Box130 
Frenchtown. NJ 08825 
Telephone (201) 996-6841 

ELECTRONICS, INC. NIX 510-235-3391 

Headers • Sockets •Jumpers, etc .. For Back Panel Packaging 

FOf LED's or incandescents 

Now Grayhill gives you a DIP switch designed for easy 
checking and actuation through the front panel cutout. By 
placing· a unique right-angle terminal frame on a standard 
DIP switch, Grayhill innovation permits convenient front­
panel mounting. Available in 169 combinations of actua­
tors and circuitry. 
•Actuation: toggle; raised or •Famous Grayhill spring-

recessed slide or rocker loaded ball high-
• Circuitry: SPST; SPOT; 2PST, pressure contact system 

3PST, 4PST; DPDT • 100% electrical 
• 2 through 12 switch stations inspection 

Available off-the-shelf from Grayhill or your local Grayhill 
distributor. Ask for your FREE Grayhill DIP Switch Catalog, 
including specifications and prices. 

561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 
Ptione: (312) 354-1040 TLX: 6871375 
TWX: 910-683-1850 FAX: (312) 354-2820 
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FOf angle mounting 

For 1/4" to 1-1/4" elevation 

VERTISOCKETS® 
for LED's and Incandescents 

• 2 to 40 pins on .100 centers 
• pin rows on .200, .300 and .600 
• 30°, 45°, 60°, 90° angle 

mounting (vertical or 
horizontal) 

• elevator sockets to bring your 
displays to proper height 
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Nothing lives up 
to the FACTs. 

Internal 
Gate Delay 

ALS 
4 ns 

HC/HCT 
6 ns 

LS 
6 ns 

Power 
Consumption 

ALS 
1.2mW 

HC/HCT 
.05mW 

LS 
2.0mW 

FACT 
.05mW 

Typlcal 
Latch-up 
Immunity 

HC/HCT 
200 mA 

LS 
150mA 

FACT 
300mA 



There's an irresistible force in 
today's high-performance CMOS logic 
market: 

FACT, Fairchild Advanced CMOS 
Technology. The standard by which 
every competing technology will come 
to be judged. From the same company 
that brought you the industry-standard 
in Advanced Schottky: FAST. TM 

The FACT family provides the 
highest performance available through­
out the industry. In a comprehensive, 
growing line of high speed, ultra-low­
power devices that does more than just 
replace your old standards - LS, ALS, 
andHC/HCT. 

FACT makes them obsolete. 

Some facts you can't ignore. 
The FACT family is manufactured 

with the Fairchild 1.2 micron process, 
resulting in the industry's fastest 
CMOS logic circuits available. In fact, 
they far exceed the internal gate delays 
of every other CMOS logic family 
currently being used. 

Noise 
Immunity 

ALS 
0.410.7 v 

HC/HCT 
0.8/1.25 v 

FACT 
1.25/1.25 v 

And power consumption? 
FACT ICs feature the lowest, drawing 
two to three orders less power than 
equivalent LS or ALS devices - typi­
cally 50 µW/gate . 

FACT parts boast a high DC 
output drive at 24mA, and specify 
dynamic output currents to guarantee 
low impedance transmission line 
driving. Eliminating the need for 
external or additional buffering in such 
applications. 

FACT devices also feature high­
speed propagation delays for perform­
ance upgrades. High noise immunity 
and excellent latch-up immunity for 
higher system reliability. A broad 
commercial (-40°C to + 85°C) tem­
perature range. And compatibility 
with all competing technologies. 

Get the FACTs FAST. 
Another FACT worth consider­

ing: FACT's ACT devices are directly 
compatible with our FAST family. 
Making system performance upgrades 

Output 
Drive 

ALS 
-.418.0 mA 

HC/HCT 
± 4.0 mA 

FACT 
± 24 mA 

©1986 Fairchild Semiconductor Corporation. FAST (Fairchild 
Advanced Schottky TTL) and the FACT (Fairchild Advanced 
CMOS Technology) logo are trademarks of Fairchild Semiconductor 
Corporation. Ad packet code: COS 

We're taking 
the high ground. 

FAIRCHILD 

A Schlumberger Company 
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Breadth of 
Product Line 

HC/HCT LS 
SSl/MSI SSl/MSI 

FACT 
SSI to 

Std. Cell 
& Memory 







TELESIS GIVES YOU MORE THAN 
ONE PATH TO THE FUTURE. 

1HE CAD WORKSTATION FOR 
EVERY PCB TECHNOLOGY. 

Most CAD systems just can't 
handle today's complex PCB designs. 

But the Telesis EDA-700 Design 
Workstation lets you follow any 
technology path-from digital to 
analog to ECL to SMD. It also gives 
you complete design tools. Like 
schematic creation. Automatic 
placement and routing. Design rules 
checking. Artwork generation. And 
it's so flexible it can even handle 
tomorrow's PCB designs, regardless 
of device technology, density 
or packaging technique. 

Telesis takes you beyond 
conventional design 
solutions. Our unique 

SMDTOOLBOX 
For surface-mounted and thick-film 

hybrid designs. 

ECL TOOLBOX 
Automates design of transmission lines. 

ANALOG 
Automatically handles non-uniform 

characteristics. 

Thermal Analyzer software predicts 
thermal behavior prior to proto­
typing. And our fully integrated 
Design Capture System places 
low-cost productivity tools in the 
hands of the engineer. 

With all this capability at an 
affordable price, it's no wonder that 
Telesis ships more PCB CAD work­
stations than anyone else in the U.S. 

For complete information, call us 
at 617-256-2300. Or write Telesis, 
Two Omni Way, Chelmsford, MA 
01824. We'll put you on the path to 
the future of PCB design. 
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About 50,000 engineers and professionals will descend on Bos­
ton later this month, when Electro/86 unfolds May 13- 15 at the 
Bayside Exposition Center and the new World Trade Center. 
Besides more than 1300 exhibits, the technical program should 
catch, and keep, the interest of engineers and industry managers. 

Of the 27 technical sessions planned, 8 will devote themselves 
to semicustom and custom design techniques. Scheduled papers 
will cover trends in application-specific !Cs, choosing design 
centers, and the latest advances in standard cells, silicon com­
pilers, and programmable logic. Talks are also slated for pack­
aging technologies, power !Cs, fault simulation, and testability 
analysis. A session on the Strategic Defense Initiative will more 
than likely interest everyone, as will discussions on engineering 
education and the whys and wherefores of technology transfers. 

Once again, Mini/Micro Northeast will pair up with Electro. 
It encompasses 17 3 exhibitors and has its own technical pro­
gram of 27 sessions. Both gatherings will afford the first look 
at a host of new products, ranging from analog-to-digital con­
verters to integrated calibration systems and highly efficient 
switching power supplies. A preview of some high points in Elec­
tro's technical sessions follows, and our customary look at some 
of the conference's most exciting products begins on p. 129. 
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If you use discrete semiconductor components in motor drive circuits, 
Solitron's new power hybrids allow reduction of space and weight and 
resolve complex wiring problems. 
If you're not using Solid State components, these "Mini" packages give 
you the opportunity of moving into proven state-of-the art power hybrid 
motor drive circuitry. 
Just imagine . Power MOSFET or Bipolar hybrid circuits in copper " Mini " 
packages with the necessary interconnects including flyback diodes . Today 
it's a reality. With Solitron's new half bridges , single phase and three phase 
full bridges, all the components are electrically isolated from the package 
so that it may be directly attached to the heat sink . Electrical insulators are 
eliminated, improving mechanical stability of the system with reduced 
thermal resistance . 

POWER RATINGS FOR HALF BRIDGES, SINGLE 
PHASE FULL BRIDGES AND THREE PHASE FULL BRIDGES 
ARE 500V/13A; 400V/15A; 200V/30A; AND 100V/40A. 
SPECIAL CIRCUIT CONFIGURATIONS ARE AVAILABLE ON REQUEST. 

Solitron 's energy saving motor speed controllers have numerous aerospace, military and industrial applications 
where brush and brushless motors are employed and where high reliability and high efficiency are design 
criteria . They can replace conventional hydraulic control systems presently used on aircraft for steering , flaps 
and landing gear with increased efficiency and reliability . Other applications include drives in Automation , 
Robotics and portable equipment where limited source of power, weight , size and high reliability are very 
critical factors . 

All Solitron circuits, whether custom designed or standard types, can be tested to MIL-STD-883 requirements . 
For specific information, call our Sales Deparment toll-free 1-800-327-8462. 

~olitron 
DEVICES, INC. 

1177 Blue Heron Blvd . Riviera Beach , Florida 33404 (305) 848-4311 /TWX : (510) 952-761 O/TLX: 51-3435 

116 Electronlc Design• May 1. 1986 CIRCLE 56 



ASIC issues-design centers 
and semicustom techniques­
heat up Electro/86 program 
The immense interest in applica­
tion-specific ICs is prompting a 
flurry of questions, particularly 
from engineers at system houses. On 
one hand, they must evaluate and 
ultimately choose a design center; 
on the other, they must balance the 
advantages and drawbacks of the 
various semicustom design tech­
niques, including silicon compila­
tion. A good choice can help guaran­
tee success; a poor one may doom a 
project to failure. 

So critical are the decisions that 
ASIC houses and design techniques 
appear high on the technical agenda 
at Electro/86. Like Southcon/86 
earlier this year, the technical ses­
sions will explain the many mys­
teries underlying this new gener­
ation of semicustom technology . 
Engineers will examine the trade­
offs in design centers run by chip 
makers, industrial distributors, in­
dependent third parties, or even 
their own companies. 

Apart from design centers, differ­
ent ASIC methods are vying for the 
designer's attention. The familiar 
gate arrays and standard cells now 
face stiff competition from macro-

Martin Gold 

cells, silicon compilers, and pro­
grammable logic devices. Designers 
need to develop a feel for each one's 
turnaround, modification costs, and 
performance. 

Those issues dominate the techni­
ca I sessions, but they are by no 
means all that Electro holds in store. 
Filling the agenda will be surface 
mounting (see "Solderability Issues 
Surface," p. 118) , high-perform­
ance interconnection technologies 
(like tape-automated bonding) , and 
progress in ECL and power I Cs. 

CAREFUL SELECTION 

Choosing an ASIC design center 
should not be an afterthought. "The 
selection should not be based simply 
on economics; it should be based on 
a number of factors critical to the 
customer's needs," says Mel Kutzin, 
director of semicustom services at 
industrial distributor Arrow Elec­
tronics (Melville, N.Y.) . Whether a 
designer goes with custom or semi­
custom systems, Kutzin identifies 
several constants, namely, the tech­
nologies a design house offers, the 
amount of technical assistance 
given, the equipment available, 
turnaround, and alternative sources. 

Though the considerations may 
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seem obvious on paper, rarely are 
they given the proper study. Kutzin 
warns engineers to make sure tha t 
the design center can indeed handle 
the chosen technology. For instance, 
does the prospective design house 
specialize in gate arrays, standard 
cells, or both; in digita l, a nalog, or 
mixed digita l-analog circuitry; and 
in bipolar or MOS. If it works with 
MOS , is the process n channe l, 
p cha nnel , or CMOS ; one meta l 
layer or more; cha nneled or chan­
nelless; 5 or 15 V? 

Even technical assistance is not 
clear-cut: Does the design center re­
ally assist and support the engineer, 
or does it simply supply a worksta­
tion opera tor for the customer? Nor 
should designers underestimate the 
importa nce of the computers a nd 
workstations being used. And what 
level of confidence does the design 
center inspire in delivering an ASIC 

What's the best way to solder 
surface-mounted devices onto a 
board? Looking at this year's Electro 
program, a lot of work is going into 
finding the answer. Two companies, 
National Semiconductor Corp . 
(Santa Clara, Calif.) and Hewlett­
Packard Co., share their experiences. 

To National Semiconductor ' s 
Robert J. Walker, marketing man­
ager for surface-mounted devices, 
part of the solution may lie in an 
innovative lead-frame package with 
perforated leads. In developing it, the 
company also proved that vapor­
phase reflow soldering does not de­
grade semiconductor reliability as 
much as wave soldering does. 

Dipping a semiconductor compo­
nent into a hot solder bath, as done 
with wave soldering, can substan­
tially damage a part, says Walker. In 
fact, the effects are reminiscent of 
the "purple plague," a result of chip 
contamination that caused major 
device failure in the 1960s. When a 
standard small-outline package is 
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Program close-up 

that meets expectations? Moreover, 
how long does it need to convert a 
customer 's des ign into working 
silicon- tha t is, the ASIC ha rd­
wa re-and after tha t , how ma ny 
can it turn out? 

Methods a nd assistance as ide, 
modification costs are extremely im­
portant. Kutzin explains: "Some­
times a design does not meet the 
company's actual needs a nd has to 
be modified . Should that ha ppen, 
many customers don't wa nt to incur 
the costs of a completely new design, 
especially when the modifica t ion 
may simply enta il a few more gates 
or another 1/0 connection ." If the 
design center or its a pproved sup­
plier has caused a n error, Kutzin 
maintains tha t customers should not 
be charged fo r the modifica tions 
that would bring the device up to the 
agreed-on specifications. 

The CAE industry is also getting 

Solderability issues surface 
immersed in the solder, its composite 
materials expand at different rates, 
stressing and cracking the interface 
and giving moisture a clear path to 
the chip. With the lead-frame pack­
age, National seems to have solved 
the problem, explains Walker. Holes 
in each lead act as a barrier that re­
tards moisture ingress. 

A series of tests helped National 
compare the reliability of its package 
with that of the standard small­
outline package. Among 30 standard 
packages, 7 failed after vapor-phase 
soldering and 11 after wave solder­
ing. In sharp contrast, Walker re­
ports, the perforated lead frame in­
curred no failures after either 
soldering method. 

Two Hewlett-Packard engi­
neers- Bert Anderson from the 
plant in Andover, Mass ., and 
Stephen Hinch from the facility in 
Rohnert, Calif.- focus on a dilemma 
facing users of surface-mounted 
components. Although the job would 
be easier if soldering requirements 

into the act, not just through design 
centers but more recently through 
tools that let engineers design cir­
cuits in-house. 

These worksta tion-based design 
kits are assembled jointly by a CAE 
compa ny a nd a n ASIC vendor, so 
that their mutua l c ustomers ca n 
glean the best design possible. Es­
sentia lly the CAE company lends its 
expertise in implementing a design 
technique and the integrated circuit 
vendor in guaranteeing the design 
data. 

COMPLETE CONTROL 

CAE leade r M entor G ra phics 
Corp. (San Jose, Calif.) is one par­
ticipant in the kit business. Says its 
semicustom product manager, Lisa 
Hampton , "The design kit offers a 
dependa ble way (for engineers) to 
learn a new design method. With it, 
the task is left completely to the de-

could be specified as a total inter­
connection system- board, compo­
nent, solder- no overall solderability 
test exists. Thus the HP specification 
they describe covers only the solder­
ability of the component leads. An­
derson and Hinch cite HP's salient 
specifications: 
• Component terminations must be 
solder-coated with a tin-lead alloy 
containing 60% to 63% tin . 
• The tin-lead finish must be at least 
300 µin . thick. 
• Solder finishes applied over pre­
cious metal electrodes, such as the 
palladium-silver found on ceramic 
capacitors, must have a nickel dif­
fusion barrier at least 50 µin . thick. 

Both men note that during vapor­
phase reflow soldering, a component 
can experience a severe temperature 
gradient. After considerable dis­
cussion with component suppliers, 
they conclude that preheating the 
part at 80°C to I 00 °C for at least 
30 seconds can prevent component 
damage due to thermal shock. 
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signer, who now has control over the 
entire process, over his schedules, 
and over the data that allows him to 
experiment and produce a better 
design." 

According to Hampton, a design 
kit usually takes anywhere from six 
to nine months to complete, with the 
time divided among entering and 
verifying data, customizing pro­
grams, trying out program options, 
setting up documentation, and fully 
testing the system. Once the kit is 
complete, the semicustom IC vendor 
maintains and distributes it. 

Some design kits reach beyond 
data a nd programs to documen­
tation and tutorial information . 
Mentor, for one, gives the IC vendor 
a generic design manual that details 
how to execute the design steps on a 
specific workstation. Then the two 
companies cooperate on modifying 
the manual for the kit's technology. 

Consider the worldwide design 

Functional 
design 

Logic capture 

Logic 
simulation 

Delay 
calculation 

Quote 
programs 

Logic capture 

Logic 
simulation 
(INTSIM) 

Test grading 
(NEWSIM) 

Daisy 
Gatemaster 

Daisy 
Gatemaster 

Tl PC 

Tl PC 

Tl PC 

Tl PC 

centers of chip maker Texas Instru­
ments Inc. (Dallas). Its seven design 
centers in the U.S.-as well as oth­
ers in Japan, Europe, and Canada­
currently implement circuits based 
on gate arrays and standard cells. 

ETHERNET CONNECTIONS 

Right now TI is upgrading its 
U.S. design centers, expanding the 
CAE hardware and connecting all 
equipment through the Ethernet lo­
cal network (see the figure). Daisy 
Megalogician workstations will be 
installed for system simulation and 
Daisy Gatemaster computers for 
functional design, logic capture, 
logic simulation, and delay calcu­
lation. 

In addition, designers will have 
access to Apollo computers fitted 
with Mentor software, which will 
take care of automatic layout and 
test-vector grading. Rounding out 
the hardware are Texas Instruments 

Apollo/Mentor 9600 baud 

automatic layout 

Layout editing 

Ethernet 
IBM 
3090 

systems 

System simulation 

Test-vector grading 

Daisy 

~ 
Megalogician 

(physical modeling 
extensions) 

Texas Instruments is upgrading its regional design centers this year. 
For the first time, all CAE hardware will be linked through the Ethernet 
network. To improve design support, Tl is adding the Daisy 
Megalogician and physical modeling extensions for system 
simulation and test-vector grading. 
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personal computers, which simulate 
and capture logic and grade test 
vectors. 

The centers use model libraries­
developed, distributed, and sup­
ported by TI for several commercial 
workstations-for logic capture and 
simulation of gate-array and stan­
dard-cell circuits. According to Her­
man W. van Beek, department man­
ager for ASIC design support, this 
year Tl plans to significantly in­
crease the number of model librar­
ies. "To make that happen, " he 
stresses, "the model libraries must 
be converted to the Electronic De­
sign Interchange Format (EDIF) ." 

In the hands of a silicon vendor, 
an EDIF library can make the sup­
port of model libraries far more ef­
fective. "In the present environment, 
upgrades in engineering workstation 
software often render a part-model 
library obsolete overnight. Having 
an EDIF data base makes it much 
more practical to stay abreast of sys­
tem upgrades," van Beek notes . 

Quarterly updates add new fea­
tures to the libraries and correct any 
errors that may have escaped qual­
ity control. Yet if a workstation ven­
dor changes the operating system or 
application software in a way that 
necessitates an overhaul of the li­
brary, Tl will issue a new library. 

STRIKING A DESIGN BALANCE 

Clearly trade-offs abound in se­
lecting a design center. But Martin 
H. Malecki, strategic marketing 
manager for Gould AMI Semicon­
ductors (Santa Clara, Calif.), warns 
that the task is further complicated 
by trade-offs in semicustom design 
techniques : gate arrays, standard 
cells, macrocells , or even silicon 
compilers. 

Quick development is the biggest 
advantage that gate arrays enjoy 
over the other semicustom tech­
niques, says Malecki. But their fixed 



THE SHORTEST ROUTE 
Tek's Language Develop­
ment System (LANDS) is 
a complete, proven path­

ID SOFTWARE 
DEVELOPMENT. With LANDS' high-level 

language debugger, you 
debug your "C" or Pascal 
program while it executes way from design to final 

hardware/software integration. 
Available in "C" or Pascal for the 
DEC VAX™ under VMS or UNIX,™ 
LANDS lets you edit, compile, link 
and debug code for Motorola 
68000 and Intel 8086/80186 em­
bedded processors. 

Integrated by methodology and 
language, LANDS can pare 
development costs, speed mar­
ket entry and improve product 
quality. A unique Language Edi­
tor excludes syntax errors from 
the compiler. The compiler thus 
accepts edited code without the 
cumbersome rechecking delays 
required by conventional 
systems. 

An Integration Control System 
dramatically shortens dis­
tances between coding and 
emulation. By automating the 

error-prone task of assembly lan­
guage coding for initialization and 
interrupt handling, it allows you to 
work swiftly in your high-level lan­
guage. And it automatical ly gen­
erates the linker command file, 
correctly assigning constants, 
variables and instructions from 
your parameters. 

in your prototype. You readily 
detect program errors; correc­
tions are rapid and precise . 
Throughout the LANDS environ­
ment, tasks that once took days 
now take hours. 

LANDS is an integral component 
of Tek's Computer Aided Soft­
ware Engineering (CASE) pro­
gram. This growing toolset cluster 
from Tek's Software Development 
Products Division demonstrates 
Tek's commitment to software 
technology. For information on 
LANDS or other CASE products, 
call 1-800-342-5548, or your Tek 
representative today. 

CASE: From concept to code, 
f Tek's tools take you 
~ all Ille way. 

~ ~ ~~~~~~~~~--~~~~~-

Tektronix 0 

COMMITTED TO EXCELLENCE 

DEC and VAX are trademarks of Digital Equipment Corporation. CIRCLE 58 FOR LITERATURE 
UNIX is a trademark of AT&T 
Copyright cJ 1985 by Tektronix, Inc. All rights reserved . MIA552. CIRCLE 59 FOR SALES CONTACT 



architecture limits designers' flex­
ibility and puts production prices 
slightly higher than for an equiv­
alent circuit based on standard cells 
or macrocells. 

Standard cells fare slightly better 
than gate arrays. On the plus side, 
they offer more design flexibility, 
greater performance, and more ana­
log and digital capabilities-all for a 
good unit price. On the minus side, 
each standard cell requires a unique 
set of masks, a fact that lengthens 
development time and raises devel­
opment costs. 

The trade-offs continue. Though 
standard cells take longer to create 
than gate arrays, they nevertheless 
can be developed more quickly and 
at less expense than optimized 
macrocell-based circuits. Moreover, 
they boast a greater chance of first­
time success. In exchange, however, 
standard-cell- based circuits carry a 
higher production price tag than do 
comparable optimized cell-based 
circuits. 

Undeniably, silicon compilation 
has become an important part of the 
design picture too. Malecki says that 
silicon compilation gives the de-

(Electro/@® 
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signer leeway in adjusting an IC's 
performance without imposing the 
time, expense, or risk penalties nor­
mally associated with fully custom 
designs. Electro will have several 
talks on silicon compilation. The 
presentations, most being tutorial in 
nature, will largely cover the types 
of compilers now available. 

STANDARD-CELL SPECIFICS 

Overall progress in standard cells 
gets the nod from Intel Corp.'s Matt 
Townsend, technical marketing 
manager for the Cellular Products 
Operation (Chandler, Ariz.). His 
talk is billed as a way to clean up 
microcontroller-based designs using 
standard cells. More important, it 
gives some insight into Intel's stan­
dard-cell strategy and comments on 
a very important ASIC trend: using 
a microcontroller core as a building 
block for complex cell-based chips. 

As a case in point, Townsend re­
lates the conversion of the 80C5 l, a 
popular 8-bit controller, into the 
UC5 l core cell, which is about to be 
released . The standard-cell ap­
proach eliminates much of the sup­
port logic associated with the stan-

dard microcontroller. For example, 
assume that an 80C51 needs an ex­
tra 16 inputs and outputs-the equi­
valent of about 300 gates of glue 
logic. Ordinarily, designers might 
commit the glue logic to a separate 
gate array or standard cell, a plan 
that increases pin count, compli­
cates board wiring, and ultimately 
raises design costs. 

Cells like the UC5 l can be mode­
led in several ways, explains Towns­
end. The most straightforward 
method involves modeling them as 
transistors or simple gates, but a 
software subroutine that behaves 
like the UC5 l is more powerful. The 
subroutine becomes a behavioral de­
scription of the cell and works much 
like gate primitives do within Intel's 
iCEL design system simulator. 

In fact, Intel plans to introduce a 
behavioral model for the UC5 l that 
would contain as many as 6000 
gates. Especially noteworthy, the 
model renders UC5 l simulation 
several orders of magnitude faster 
than a gate-level run. As a result, the 
simulator can spend most of its time 
on user-defined logic. 

Comparing ASIC techniques 

An Intel-generated test program 
derived directly from the standard 
microcontroller can test the UC5 l 
completely. As for the application 
logic, it can be evaluated by using 
the model and an extended version 
of the ASM 51 assembler. The spe­
cial assembly language enables de­
signers to associate 80C5 l and 
UC5 l instructions with external 
stimuli in a source-level test pro­
gram. 

Fuse PLDs Erasable 
Fea ture (PALs/PLAs) PL Os 

Maximum logic capacity 100-300 100-400 (equivalent usable gates) 

Nonrecurring engineering None None costs 

Device costs High Moderate (1200-gate application) 

Design cycle time Days Days 

Redesign cycle time Minutes Minutes 

Field-programmable Yes Yes 
Reprogrammable No Yes 
Programming losses Moderate Low 

Architecture Fixed Fixed 

100% tested No No 

Simulation Optional Optional 

Design risk Low Low 

Inventory risk High Low 

Source : Xilinx Inc . 
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In-circuit 
reprogrammable 

logic devices 

1000-1500 

None 

Low 

Days 

Minutes 

Yes 
Yes 

None 

Flexible 

Yes 

Optional 

Low 

Low 

Gate 
array 

1000-10.000 

Very high 

Very low 

Months 

Months 

No 
No 

Not applicable 

Very flexible 

Seldom 

Required 

High 

Very high 

PLDs: NOT TO BE FORGOTTEN 

No discussion of ASIC technol­
ogy would be complete without pro­
grammable logic devices: fuse­
based PLDs, such as the well­
established PLAs and Monolithic 
Memories' PAL devices; electrically 
erasable PLDs; and programmable 



The fastest way through customs. 
1iIE PLD DF.sIGN IANGUAGE 

WITII SOMETIIING 10 DECIARE. 

You've probably heard about the advan­
tages of programmable logic devices 
(Pill's) over conventional TIL. In 
design flexibility, for example. Or 
increased functional density. Perhaps 
you've learned the hard way: a com­
petitor using Pill's has beaten you to 
market with a new product. 

What you may not have heard, 
though, is that just switching to PLD's 
isn't enough. You've got to 
choose the right Pill design 
language, too. 

FREEDOM OF 
CHOICE. 

CUPL™ is the one 
language you can apply 
to any Pill design. 
Whatever your Pill 
device. Whatever your pro­
grammer. Whatever your 
design workstation. And 
whatever form of design expression 
you choose. With CUPL, you can even 
write a logic specification for a Pill 
before you decide on the target device. 

And that means simplified train­
ing. Common data structures and 
design rules. Consistent documenta­
tion and testing. Instant adaptability to 
new devices. The productivity gains 
with CUPL just keep mounting. In the 
design cycle. And in production. 

POWER TOOL. 
CUPL is the most powerful high-level 
design language for Pill's. It incorpo­
rates features like macro substitution, 
free-form comments, indexed variables 
and parenthetical capability, to speed 

program develop­
ment. 

CUPL pro­
vides superior 
state machine 

capability, and 
supports all 

popular models 
of logic descrip­

tion, including 
truth tables and 

high-level equations. 
CUPI.:s logic minimizers (3 

are supplied), and deMorgan expan­
sion capability are unequalled. 

And CUPI.:s documentation out-

CIRCLE 60 

put file gives you invaluable feedback 
on your design's progress. These fea­
tures, plus continual enhancements, 
make CUPL the benchmark in Pill 
design languages - flexible and power­
ful enough for the most sophisticated 
logic designer's needs. 

Call P-CAD's Assisted Technology 
Division now for additional infor­
mation, at (800) 523-5207. (In CA 
(800) 628-8748.) Or write: Personal 
CAD Systems, Inc. , 1290 Parkmoor Ave., 
San Jose, CA 95126. TELEX: 278866. 

Because getting held up in 
customs can be an unsettling 
experience. 

CUPL: THAT'S 
THE BENCHMARK. 

From the 
Assisted Technology Division 

p-caa"' 
TI-IE BENCHMARK 



gate arrays (see the table, p. 122). 
Add to those a new type, the in­
circuit reprogrammable logic device 
developed by Xilinx Inc. (San Jose). 

Combining the convenience of 
PLDs with the flexibility and capac­
ity of small gate arrays, the in­
circuit device substitutes CMOS 
static RAM cells for the traditional 
fuses or dedicated IC mask tech­
niques (ELECTRONIC DESIGN, Oct. 
31, 1985, p. 123) . As a result, de­
vices can be programmed in the field 
or configured in the application cir­
cuit. 

Steve Landry, technical market­
ing engineer at Xilinx, says that the 
reprogrammable chips are off-the­
shelf standard projects; thus they 
can eliminate the high engineering 
costs and long lead times associated 
with other ASIC prototypes. Semi-

(Electro/@© 
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custom logic devices traditionally 
take several months to create, eating 
up tens of thousands of dollars in 
nonrecurring engineering charges. 
Xilinx's PLDs, on the other hand, 
can be designed into an application 
in a few days using a CAD work­
station. 

PROTOTYPE PRESSURE 

In Landry's view, design engi­
neers often hesitate to experiment 
once their breadboarded logic is 
operating properly. The reluctance 
usually stems from short project 
schedules, not to mention the me­
chanics of reworking what might 
possibly be the only working proto­
type. Experimenting with multiple 
breadboards is a luxury few engi­
neers can afford . If an experiment 
proves unsuccessful, restoring the 

previous circuit configuration 
without introducing new errors be­
comes another potential pitfall. 
Many limitations are eliminated 
with in-circuit programmable de­
vices. 

Trimming the time needed to 
generate prototype circuits emerges 
as the objective of Laserpath Corp. 
(Sunnyvale, Calif.). As IC design 
manager Conrad J. Boisvert tells 
Electro attendees, a universal net­
work physically connects all ele­
ments of a gate array. A laser beam 
severs the network at prescribed 
points, creating a personalized logic 
circuit (ELECTRONIC DESIGN, April 
3, 1986, p. 31). Thanks to the tech­
nique, Laserpath can turn out proto­
type devices in one day at a fraction 
of the cost for a conventional gate 
array.D 

Wells-Gardner takes the "cuss" out of customized 

MOD 35 (15") 
High-density display 
features up to 35 kHz 
scanning frequency. 
CIRCLE 61 

Optimiser '"(12", 15", 17", 19" ) 
Optimum performance in a 
space-saving package. 
CIRCLE 64 

Spectrum 14'" (14") 
High resolution color 
display. 
CIRCLE 62 

Customiser 11 ·· (7" , 9", 12", 14") 
Wide variety of application 
choices. 
CIRCLE 65 

MOD 64 (15" , 17", 19") 
High-density display features up 
to 70 kHz scanning frequency. 
CIRCLE 63 

Customizing means 
frustrating in some 
engineering circles­
synonymous with 
costly time and devel­
opment delays. 

At Wells-Gardner, as 
much as 80% of the 
custom design work is 
already done for you 
and skilled systems 
engineers are available 
to work with you in tailor­
ing the remaining 20% 
to your application. 
Choose from any of the 

· base models shown. 

Minimiser'" (5" x 9", 7" x 12") 
Low profile design for 
microcomputers, point-of-sale 
terminals, instrumentation. 
CIRCLE 66 

For details, call Larry 
Brady, Vice President, 
Data Display. 

wELls-GA~<INER ElECTRONics 
CORPOR ATIQN 2701 N. Kildare, Chicago. IL 60639 

/41 312/252·8220 TELEX;25-3286 fAX;312/252-8072 

SERVING CONSUMER AND INDUSTRIAL ELECTRONICS FOR MORE THAN SIXTY YEARS 

"SEE US AT MINI-MICRO NORTHEAST BOOTH #2703" 



The new face 
of50MHz 

'scope technology 



PHILIPS 

Advanced-design CRT. Phillps' 
world -leadmg know-how m display and 
monitor tubes ensures optimum brilliance 
and spot quahty. A 16 kV acceleration 
voltage and advanced electron optics give 
you display performance you've never 
seen before in this pnce class. 

Versatile triggering functions up to 
100 MHz. The PM 3050 family 'scopes have 
all the regular functions of auto, manual and 
single-shot triggering, plus smart, secure 
microcomputer control that 1hinks for you' 
in auto-triggenng mode. Trigger 
bandwidth is an unmatched 100 MHz. 

Fast computer hook-up. An add-on IEEE-bus 
option provides fast hook-up to a computer or 
controller, for use in ATE environments, quality 
control systems, tram mg a!'ld many more 
apphcations. The ingenious separate IEEE option 
1s readily interchangeable for automated scope 
cahbrallon. 



Designed for easy service. PM 3050 was 
designed to make any required service fast and 
simple. Swing-up PCBs make access easy, and 
fiat ribbon cables allow instant disconnection. 
Each oscilloscope has a complete, built-in 
testing routine , to provide a quick assurance of 
correct operation. 

Now, Philips' new technol0gy in 50 MHz 'scopes puts the 
exciting PM 3050 family way out in front of the world's toughest 
competition. 

For the first time ever in this price range, Philips PM 3050 uses 
the electronics and manufacturing technologies of the 1990s to 
take a giant step forward in ease of use and cost-effectiveness. 

pecial introductory 
price Dual 
Timebase. 

PM 3055 at a Single 
Timebase Price 
$ 1250*" 

*valid on orders received by July 31, 
1986; not valid in combination with 
other Philips pricing programs. 

CIRCLE 67 

Autoset. PM 3050's green 
button gives you instant, 
tully automatic setting of all 
scope parameters -
amplitude, timebase and 
triggering - fo r any input 
signal. 

LCD panel. Gives clear 
indications of instrument 
settings, parameter values 
and selected control key 
functions at a glance, right 
next to the CRT screen. 

Up/down controls. Today's 
technology fo r fast, 
convenient input of 
amplitude (V/div.) and time 
(s/div.) settings. 
Fingertip operation - just 
press one way for up, and 
the other for down. 

Softkey function selection. 
Multifunction softkeys 
s implify the front pane l 
layout, and make operation 
cleare r and more logical. 
An instantly accessib le 
menu shows all available 
functions. 

All-new front-panel design. 
The all-new front-panel 
design makes operation 
cleare r and simpler. 
Control sequence is left to 
right, and top to bottom -
just like reading a book! 

For full information about the 
PM 3050 scopes family, 
contact PHILIPS TEST & 
MEASURING 
INSTRUMENTS, INC. 
BS McKee Drive, Mahwah, 
New jersey 
07430 (201) 529-3800 
TWX: 710 988-5348. 
For the Philips Sales Office 
or Representative nearest 

© _ you call Toll Free tL..::=======:......i 800-631-7172 

Philips PM 3060 family: 
setting the new standard 



Custom D.C. Power supplies 
Built to Your Exact Specifications. 

Specialists in Customs 
Custom D.C. power supplies have virtually become 

"standards" at POWER-ONE. Over the years we have 
provided the most cost-effective solutions to thousands 
of special requirements, with on-time delivery and 
dependable POWER-ONE service. 

Call Our Tull-Free 
LITERATURE HOT-LINE Tuday! 

If you know the type of power supply 
you need, call the appropriate number 
below for our new Catalogs. If you need 
technical assistance, just ask. You'll get it. 
LINEAR PRODUCTS 

Over 1-1/2 Million Custom Units Produced (800) 235-5943, Ext. 113 

. (_)ur basic philosophy in resp~nding to special n~eds S;;~;;'H~~g~~~Nci~:~~O) 421-3439, Ext. 113 
1s s_1mple ... offer _the lowest possible c<_>st _and lead t1~e (800) 641_5986, Ext. 233 
while guaranteeing POWER-ONE quality in every unit From CALIFORNIA· (800) 523-2534 Ext 233 
we build . That's why customers worldwide have turned · ' · 

~n~~~~~h~~~:~~ ac:s;f:: ~~~knique design problems. orDDm's in 788p'fift~ 
The Right Choice for Your Product ru~ •• • u••• 

There is never a danger of "second-best" at POWER- II. .. nn••••r ~ ........ ·-~ 
ONE. Since our world-approved line of standards .... ru .... J a.lrr.l~ia 
includes both Ii nears and switchers, we not only know the POWER-ONE LINEAR PRODUCTS 
technology that best suits your special needs, but we Ii ave 740 Calle Plano • Camarillo, CA 93010-8583 • (805) 987-8741 

POWER-ONE SWITCHING PRODUCTS 
tlie capabilities to provide it! 833 Flynn Road• Camari llo, CA 93010-8702 • (805) 482-0757 

"SEE US AT ELECTRO SHOW BOOTH #2351-2353" CIRCLE 68 
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800-W synchronous switcher 
guarantees 86°/o efficiency 
on all auxiliaries 
Hard-disk- based computer systems 
require precise power regulation, as 
well as extra power for s tart-up 
surges. The Elpac EPC-800 is the 
first switching power supply to de­
liver 800 W of regulated power with 
up to five fully regulated outputs. 
Moreover, because of its unique 
synchronous switching design, the 
four secondary, or auxiliary, regula­
tors have minimal power losses , 
coming in at 86% efficiency. 

The un it is designed to handle 
start-up surges of up to 930 W. The 
secondary switchers feed off of the 
primary switching transformer and 
are thus synchronized to the main 
switching frequency. Such synchro­
nization eliminates the need for aux­
iliary input filtering, thus cutting 
down on the unit's overall size. 

Because the secondaries do not 
move large amounts of current, they 
can use MOSFET switches. Thanks 
to the voltage characteristics of 
these switches, outputs from the sec­
ondaries can be combined to share 
loads. Thus users can upgrade their 
systems to work with higher am­
perage disk drives by pairing sec­
ondaries. One way to plan for disk 
upgrades would be to use supplies 
larger than called for , with unused 
secondaries. Those secondaries can 
then be added as needed. 

Both the main and the auxiliary 
outputs are tightly regulated to 0.2% 
for 5-V outputs, to 0.5% for 12-V, 

Ray Weiss 

and to 8% for 24-V. Also, ripple and 
noise are held to a ± 1 % maximum 
pk-pk . The line is regulated to 
±0.2%. 

A 50 ft 3 / min . fan cools the sup­
ply. If the air flow is restricted or the 
50°C operating temperature is ex­
ceeded, the supply will shut down. 
Further, the inrush current is lim­
ited by a thermistor. At cold start, 
peak current is held to 57 A at a line 
voltage of 230 V ac. 

The switcher meets the following 
safety requirements: UL 1012/478, 

CSA 22 .2, VOE 0730/0804, and 
IEC 380/435 . Additionally, both 
the VOE 0871 /6 .78 and the FCC 
20870 Part 15 EMI standards are 
met. 

Th e Model EHP800, with 4 
switching auxi liaries, costs $600 
each in Jots of 100. Switching auxil­
iaries can be purchased at $72 each. 

Elpac Power Systems Inc., 3131 
S . Standard St ., Santa Ana, CA 
9 2705; (714) 979-4440. 
CIRCLE 304 

BOOTH 1036, 1038 
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500-ns conversion time 
keeps hybrid a-d converters 
at the head of the pack 
A record-setting 500- to 600-ns con­
version time puts Datel's hybrid 
analog-to-digital converters in a 
class by themselves. What's more, at 
1.5 W, the ADC 500 series of 12-bit 
converters consumes half the power 
of earlier devices. Further, the com­
mercial and military versions of the 
chip miss no codes over 12 bits and 
have more specifications guaranteed 
over temperature than do other 
parts. 

The hybrid converters not only 
sport three-state outputs (allowing 
them to access 8-, 12-, and 16-bit 
buses) but also furnish a trio of novel 
pins. First, an Overflow pin indi-

Frank Goodenough 
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cates when the input signal exceeds 
the full-scale range of the device. 
Second, when used with the almost 
mandatory sample-and-hold ampli­
fier, the signal on the Sample/Hold 
pin returns the amplifier to the sam­
pling mode 50 ns before the con­
version is complete, thereby reduc­
ing total conversion time by 10%. 
Finally, the Comp Bin pin makes it 
possible to select the output code 
format. 

The conversion time for the com­
mercial-grade model, the 500BMC, 
is a maximum of 500 ns at 25 ° C and 
no more than 550 ns between 0° and 
70°C. If a 600-ns conversion time 
can be tolerated at 70°C, the Model 
505BMC does the job at a 12% 

lower cost. When the military tem­
perature range is required, the user 
can turn to the 505BMM, which has 
a maximum conversion time of 
650 ns between -55° and 125°C 
(550 ns at 25 °V). 

Between 0° and 70°C, the speci­
fications for all three models are 
similar. Both integral and differen­
tial nonlinearity are a maximum of 
± 1/2 LSB. For the military unit, 
they rise to ± 3 and ± 1 LSB re­
spectively over the temperature 
range. 

Full-scale absolute accuracy (of­
ten unspecified) is within ± 10 LSB 
from 0° to 70°C. It rises to ± 20 
LSB for the military devices. Both 
unipolar and bipolar offset voltage 
errors are under ± 25 ppm/°C. The 
offset as well as gain errors can be 
trimmed to zero by the user. 

The converters can be configured 
to work with full-scale input signal 
ranges of 0 to 10, 0 to 20 and ± 10 
V. Power requirements are 18 and 
12 mA respectively from the + 15 
and -15 V railsand48 and 161 mA 
from 5 and - 5 V rails. The devices 
are housed in 32-pin hermetically 
sealed triple-width ceramic DIPs. 

In quantities of 100, the 500 
BMC, 505BMC and 505BMM cost 
$397, $346 and $450. Small quan­
tities are available from stock. 

Date/, 11 Cabot Blvd., Mans­
field, MA 02048; Bob Leonard, 
(617) 339-9341. 
CIRCLE 305 
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Designing Is a Breeze 
with Lundy's New UltraGraf® II 

No matter what business you 're in, 
sluggish productivity could blow you­
and your profits-away. But now, thanks 
to Lundy's new UltraGraf® II , there's an 
economical way to fight back. UltraGraf® 
II is an intelligent 3-D graphics worksta­
tion with features and functions that help 
you breeze through intricate designs. 

Exceptional Quality and Performance 

What sets UltraGraf® II apart from 
other workstations in its price range is its 
exceptional quality and performance. 
That's because Lundy engineers have 
developed extremely efficient vector and 
hardware processors that permit fast, 
high resolution design. And unlike many 

other workstations, UltraGraf® II is highly 
intelligent. So functions such as 3-D 
translation, rotation , and scaling are per­
formed locally, increasing design speed 
even further while freeing your host. The 
result is fast, high quality design that 
helps keep rigid development schedules 
firmly on course. 

A wide variety of options and ac­
cessories are available to help make 
graphics design as convenient as possi­
ble. And as with all Lundy products, 
UltraGraf® II is backed by our customer 
service and support network, one of the 
largest in the industry. 

This combination of speed, intel­
ligence, responsiveness , economy, op­
tions, accessories, service and support 

CIRCLE 49 

make UltraGraf® II the ideal choice for 
mechanical design and drafting, archi­
tectural engineering, finite element anal­
ysis, robotics, and other applications that 
require high resolution display. 

So don't let sluggish design productiv­
ity take the wind out of your sails. Fight 
back with UltraGraf® II. 

Contact: Graphics Marketing, 
Lundy Electronics & Systems, Inc. 
1 Robert Lane, Glen Head, N.Y 11545 
(516) 671-9000. 

ml~UNDV 
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300-kHz de-de converters 
reach 82°/o efficiency, 
deliver 1.5 W per in.3 

OVer the past ten years, ac-powered 
switching power supplies have made 
great, albeit gradual, progress. 
De-de converters, by contrast, have 
more or less stagnated, sticking to 
the 25-kHz switching frequency and 
bipolar power devices of a decade 
ago. Now, in one dramatic leap, 
de-de converters have attained par­
ity with line-powered supplies in 
Kepco/TDK's ERO series of 
300-kHz converters . Built with 
power FETs and the company's 
latest cool-running ferrite- type 
H7C4- the ERO series comes in 
with efficiencies as high as 82%, 
which permits a volumetric power 
density of 1.5 W /in. 3- a 2.5 times 
improvement over its predecessors. 
Units in the series also cost about 
half as much per watt as their fore­
bears and deliver three times the 
power per unit weight. 

Michael Riezenman 
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The converters employ two hy­
brid ICs, which provide overvoltage 
and overcurrent protection while 
also performing the pulse-width 
modulation function . The I Cs make 
possible a 50% reduction in parts 
count over previous converters, re­
sulting in a boost in MTBF from 
roughly 50,000 hours to abo u t 
250,000 hours (6 years to 29 years) . 

The single-output series com­
prises a total of 30 models . They 
come with power ratings of 30, 60, 
and 150 W; input-voltage ratings of 
24 and 48 V; and output voltages of 
5, 12, 15, 24, and 48 V. 

All units in the ERO series con­
tain an EMI filter so they can meet 
the conducted-noise specification of 
'MIL-STD-461 B. They also meet 
the UL 478 and CSA C22 .2- l 54 
safety standards. Additional fea­
tures include remote sensing (to 
maintain tight regulation at the load 
even in the presence of substantial 

voltage drops in the main output 
lines) and isolated remote on / off 
control , which can be actuated by a 
TTL level. 

For all models, the output can be 
adjusted around its nominal value. 
The adjustment range is - 20% to 
+ 10% for the 5-V and 15-V models 
and - 30% to + I 0% for all of the 
others. 

Maximum peak-to-peak ripple is 
no more than 50 mV (30 mV, typi­
cal) for the 5-V supplies, increasing 
to 150 m V ( 60 m V, typical) for the 
48-V units. Maximum peak-to-peak 
spike noise ra nges from 100 m V 
(5 V) to 530 mV (48 V). Line regu­
lation is 0.8% (0.2%, typical). Load 
regulation for a load change from 
10% to 100% is no more than I% 
(0.3 %, typical) . The maximum 
combined effect of line, load, and 
temperature changes, over the range 
of0° to 71 °C, is 2% (0.6%, typical) . 
When presented with a 50% load 
change, supplies in the ERO series 
will suffer output excursions of no 
more than 4% and will recover to 
within 1 % in less than a millisecond. 

For single units, the 30-W con­
verters are priced at $135; the 60-W 
devices go for $160, and the 150-W 
supplies sell for $225. Quantity dis­
counts are available. Deliveries be­
gin this month. 

Kepco/ TDK Inc., 131-38 San­
ford Ave., Flushing, NY 11352; 
Paul Birman, (7 18) 461-7000. 
CIRCLE 325 
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Single box calibrates 61/2-digit DMMs 

Except for cheap, hand-held instru­
ments , the biggest selling digital 
multimeters today are 6 1/ 2-digit 
units. These extremely precise in­
struments are typically calibrated 
with difficulty and at great expense. 
Now, with Datron's Model 4700 
calibrator, there exists a single box 
that can calibrate all of the func­
tions of a modern 5 1/2- or 6 1/2-digit 
multimeter- ac and de voltage, ac 
and de current, and resistance . 
What's more, for suitable meters, it 
is equipped to calibrate auto­
matically over the IEEE-488 inter­
face bus. 

Before the 4700, calibrating a 
61/2-digit DMM required from two 
to five instruments with a total cost 
of $40,000 or more. Moreover, the 
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job was difficult to automate be­
cause the use of multiple instru­
ments almost always meant that a 
technician had to be standing by to 
swap test leads from calibrator to 
calibrator. 

The 4700, when fitted with its 
resistance, current, and high­
voltage options, costs only $17 ,985, 
and can do a complete calibration 
through a single set of terminals. 

The instrument supplies de volt-

Touch screen cuts design time 80°/o 

Traditionally, integrating touch 
control into a system meant gather­
ing the necessary parts and spend­
ing time piecing them together . 
Now, Fluke unveils the 1020 touch­
control screen, which has all the 
hardware and software working in 
concert, reducing design time 80%. 

The hardware includes a 12-in.­
diagonal green phosphor monitor 
(amber is optional) with a factory­
aligned touch screen mounted on it. 
Touch-screen parameters, such as 
baud rate (up to 19.2 kbaud) and 
parity are entered through the 
screen itself and are stored in a 256 
bit EEPROM. The system can dis­
play the entire ASCII character set, 
and it recognizes X3.64 commands, 
as well as command strings. 

Software, running on a 68008 
processor with I 0 kbytes of RAM is 
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stored in 64 kbytes of ROM. It sim­
plifies the host programmer's job by 
passing back the number of the de­
pressed touch screen cell- freeing 
him from having to calculate it. It 
also allows touch targets to be dis­
played on the screen by sending 
high-level commands over an 
RS-232 link. These commands can 
specify target shape, size, and 
location. 

The screen has an antiglare and 

ages from 10 nY to 1100 V with 
90-day absolute accuracies to ± 10 
ppm. The ac voltage outputs are ac­
curate to better than ± 300 ppm, 
and range from 90 µV to 1100 Y. 
Frequency is continuously variable 
from 10 Hz to 1 MHz, although the 
frequency and voltage cannot be 
maximized at the same time. 

The instrument itself can be cali­
brated automatically. In its basic 
form, in which it puts out ac and de 
vol tag es up to 200 V, it sells for 
$9995. Delivery takes 60 days. 

Datron Instruments Inc., 4125 
S. W. Martin Hwy., Stuart , FL 
33497; (305) 283-0935 or (800) 
327-0938. 
CIRCLE 308 
BOOTH 0576, 0578 

antiscratch coating, and each cell 
can be touched over 1 million times. 
If the screen is damaged or soiled it 
can be snapped off without trouble 
for replacement. 

The system was designed to meet 
the safety specifications of the VDE, 
CSA, UL, and IEC and comply 
with the radio-emission standards 
established by FCC class B. 

Depending on configuration, the 
unit draws between 30 and 50 W. In 
single quantities the part costs be­
tween $1400 and $1600. Delivery 
takes six to eight weeks. 

John Fluke Mfg. Co. Inc .,.P.O. 
Box C9090, Everett, WA 98206; 
(800) 426-0361. (206) 356-5400 
(Washington and Alaska). 
CIRCLE 307 

BOOTH 2303, 2305, 2307, 2309, 2402, 

2404, 2406, 2408 



ANEW CONTENDER 
THE MEMORY GAME. 

When it comes to memory products, Samsung is coming on strong. 
We're offering an ever-broadening line of products. We're building 

top-quality, industry-standard products of our own design, like our 
64K and 256K DRAMs.And we're keeping costs down and volume up with 
production facilities internationally recognized as being among the most 
advanced in the industry. For example, Samsung is one of the few semi­
conductor companies fabricating 6-inch wafers in production quantities. 

In fact, in the last four years, Samsung has made a $500 million 
commitment to developing and producing memory products, primarily 
for the U.S. market. 

That means we're here to stay. 
So if your current memory suppliers are less 

you'd like, find out about Samsung. Just 
sales representative or distributor 
samples and reliability repo 

Samsung. We're o 

5160GreatAmerica Parkway, 
Santa Clara. CA 95054 
408-980-1630 

C11186 Samauno SenioonductO! 

CIRCLE69 
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P RODUC T S 

Surface mounting cools 1/0 modules 

A family of solid-state 1/ 0 modules 
employs surface-mounted parts to 
lower its internal operating temper­
ature, thereby improving reliability. 
In fact, burn-in tests reveal that 
Grayhill's Series 70 modules typi­
cally exhibit more than a 100,000 
hour mean time before failure. 

The modules are built to standard 
external dimensions, so using small­
er chip components frees up more 
space within the casing, making for 
a cooler device. For example, a 
3.5-A module's internal tempera­
ture is roughly 100 °C, about 15 ° 
cooler than equivalent parts. 

The family can be closely 
matched to the output current of a 
controller , improving efficiency . 
Such matching minimizes current 
loss, letting each controller handle 

more modules than can systems that 
use external resistors to equalize 
currents. The modules deliver up to 
4000 V of isolation protection for 
the controller's logic circuitry. 

The ac modules operate with ei­
ther 120- or 240-V ac power sup­
plies. Ac input modules monitor 
these loads and furnish 5- , 15-, or 
24-V de signals to the controller. Ac 

Heat sink clips to 20-W parts 

For the first time, power transistors 
packaged in plastic and dissipating 
20 W can be mounted to heat sinks 
as easily as their lower-power breth­
ren . Aavid Engineering's Series 
5334-36 employs a simple spring 
clip to hold the heat sink to device, 
greatly reducing board assembly 
time and cost. The clips eliminate 
the nut, lock washer, and bolt con­
ventionally required to mount sinks 
to power semiconductors housed in 
T0-218 and T0-220 packages. 

The clip also eliminates the gap 
that occurs between a power device 
and the heat sink when the nut is 
overtightened. Instead , the spring 
clip applies even pressure across the 
package, resulting in maximum 
metal-to-metal thermal contact 
between the sink and the device. The 
result is a surface-to-ambient ther-
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mal resistance of 3 ° C / W in air 
moving at 200 ft / min. 

The sink mounts vertically on a 
board and is supplied in four 
heights: 1, 11/2, 2, and 21/2 in. It is 
furnished with two mounting pins 
that solder to the card or with two 

output modules switch the ac power 
loads based on 5-, 15-, or 24-V de 
inputs. 

The de output modules switch 3-
to 60-V de loads using 5-, 15-, or 
24-V inputs. De input packages 
monitor 3- to 32-V de loads and put 
out standard voltage signals to logic 
circuitry. Finally, both ac and de 
modules meet ANSI and IEEE 
specifications for false triggering. 

In 100-lot quantities, prices range 
from $6.20 to $8.17, depending on 
the module and voltage. Evaluation 
units are available from stock; pro­
duction shipments take five weeks. 

Grayhill lnc., 561 Hillgrove 
Ave., la Grange, /l 60525; (312) 
354-1040. 
CIRCLE 302 

BOOTH 1517, 1519, 1521 , 1523, 1525 

predrilled holes for self-threading 
screws. 

A notch in the bottom of the sink 
permits wiring on the board to pass 
under the sink. Thus the pins of the 
power device can be reached with­
out danger of a short circuit. 

The Series 5334-36 are fabri­
cated from extruded aluminum. For 
maximum heat dissipation they 
have a black anodized finish, but 
other colors are also available. 

In quantities of 1000 the 2-in. 
heat sink costs 83¢ each. Free sam­
ples are available, and all deliveries 
are from stock. 

Aavid Engineering Inc ., One 
Kool Path , P.O. Box 400, Laconia, 
NH 03247; Allen Hillman, (603) 
524-4443. 
CIRCLE 306 

BOOTH 1349 



OUICK MUX 
Reduces costly equipment 
requirements. 
Allows simultaneous 
8 channel operation. 

QUICK MUX drastically reduces the amount of 
equipment and cost required to link 8 remotely 
located RS-232 devices to a host computer. 

The wiring requirements are reduced by a factor of 
eight by providing up to eight terminal operation over 
the same twisted pairs that usually support single 
channel operation. 

Each input port of the QUICK MUX can accept full 
duplex data at any rate up to 19,200 bps. and can 
operate at its own baud rate with any bit protocol. 
Different speeds in each direction are easily ac­
comodated. The composite port which is used to link 
multiplexers together features a built-in line driver 
with the ability to communicate over 5000· feet of two 
twisted pair. A long range option is available for grea 
ter distances. 

(11110) 

1!'111q1 
(• D) Two 

Twisted 

(~~) 
(iiLJ) 
1,• o', 
,BU 
1• 81 CIRCLE 70 

Diagnostic features of the QUICK MUX include 
visual displays of Receive Data and Transmit Data 
for each port and Data Error and Data Loss Indicators 
for the composite link. In addition, switches are pro­
vided to force either a local loopback or remote multi­
plexer test. 

The Model 570 QUICK MUX with 8-25' cables and 
8 Plugaverters sells for $548 in single quantity. Sub­
stantial discounts are available for OEM's. Model 571 
incorporates 8 built-in tail circuit modems to support 
distances up to 1 mile. 

Input ports have built-in surge protection while the 
composite link has built-in lighting protection. 

Contact us today at Telebyte Technology Inc., 270 
E. Pualsky Road, Greenlawn, New York 11740, 
800-835-3298 or (516) 423-3232. 

--·-~u--&c1.c~- &c 



(Electro/@© 
PRODUCTS 

Ceramic fuses excel in protection 

A family of ceramic fuses breaks 
new ground in a number of areas. 
Bussmann's PC-Tron series passes 
far less current during short circuits 
than do any other fuses, thus protec­
ting sensitive ICs to an unrivaled 
degree. It also contains the first 
surface-mounted fuse. 

The fuse comprises a thin-film 
element sandwiched between layers 
of ceramic (ELECTRONIC DESIGN, 
April 17, p. 12). The film elements 
break far more quickly than do wire 
elements suspended in air. 

The family also sharply trims 
board space requirements: up to 
eight PC-Trons can fit in the space 
taken up by a single glass fuse. In 
fact, the components are only 

slightly larger than their sub­
miniature counterparts. Their di­
mension are 0.184 by 0.350 in. They 
stand 0.350 in. above a board, en­
abling them to be used with stan-

<lard automatic insertion equip­
ment. The pins are spaced 0.200 in. 
apart, fitting standard grid spacings. 

The family includes the first 
surface-mounted fuse. Its gull-wing 
leads also fit standard pad layouts. 
Both standard and surface-mounted 
fuses withstand normal solder and 
washing operations. 

The members of the family cost 
about 45¢ each in l 00-lot quantities. 
Prices will vary with different cur­
rent and voltage values. Delivery is 
from stock. 

Bussmann Division, Cooper In­
dustries Inc., P.O. Box 14460, St. 
Louis, M063178;(314) 527-3877. 
CIRCLE 301 

BOOTH 2253, 2255 

AT LAST! 500,000 DIRECT REPLACEMENTS 
PLUS 500,000 SUGGESTED REPLACEMENTS. 

From over 400 electronic component 
manufacturers worldwide--The NEW 
Alternate Source and Replacement 
Series from D.A.T.A. is the most 
complete and up-to-date reference 
source available for locating solid-state 
electronic devices . 

Designed for easy use by engineers, 
purchasing agents and others , this 
series can help you : 
• Locate alternate sources to complete 

your design. 
• Find replacements for unavailable 

parts . 
• Search for replacement parts by 

generic types. 
In four authoritative Guides , the 
complete series includes : - :A--
DISCRETE SEMICONDUCTORS !!!;-~-;;,. 

,;:;,:;.·;; INTEGRATED CIRCUITS 
Replacement information on digital, 
interface , microprocessor, audio/video, 
linear and memory !Cs. 

Direct & Suggested Replacement 
Guide identifies more than 150,000 

direct and suggested replacements 
from 127 manufacturers . 

Generic/ Alternate Source Guide 
organized by generic family, 
identifies over 110,000 alternate 
sources from 289 manufacturers. 

$95 EACH (U.S.) 
• Price includes two complete 

semiannual editions of each guide. 
SPECIAL OFFER! Purchase any two 
guides together for $150 and save $40. 
There's never been a better time to 

Replacement information on tran- ~GUO< 
sistors, diodes, thyristors, optoelec ·~-C:;:;;:::;;;=.;;~f~~ 
tronic and microwave devices . Ii 

find more direct and suggested replace­
ment information than with this special 
introductory offer' To place your order 
or receive a FREE brochure on the 

Alternate Source and Replacement Series 
from D.A.T.A., call TOLL-FREE Direct Replacement Guide 

identifies over 350,000 direct 
replacements from 352 
manufacturers. 

Suggested Replacement/ 
Alternate Source Guide 

identifies more than 470,000 
suggested replacements from 92 
manufacturers . 

VISIT US AT ELECTRO BOOTH# 1520 

CIRCLE 197 

1-800-854-7030 
(In CA call 1-800·421·0159) 

30-Day Money-Back Guarantee 
Complete Series also available on 

magnetic tape. 

{D.11:1:11. lltC. A cordura Company 
P.O. Box 26875, Dept. S0656, San Diego, CA 92126 
In Canada: Call 416·238·0366 
Outside U.S. and Canada: Telex (England) 95671 



If your system is only using this many colors, 
l~rit' it +ime to qrow Lf? 

The INMOS IMSG170 Color Look-up 
Table offers a grown-up solution to video 
display color enhancements. It lets you 
and your RGB analog display advance 
to a palette of more than a quarter 
million colors. 

This programmable DAC conforms 
to RS170A standards with pixel rates 
up to 50 MHz, in a 28 pin package. 

And to simplify things, the table 
integrates the functions of a 256 word 
x 18 bit color mapping table, three 6-
bit DACs, 75 ohm drivers and micro­
processor interface into a monolithic 
CMOS device. The result? Reduced 

board space and power consumption at 
a lower cost. 

The Color Look-up Table from 
INMOS. Designing with thousands of 
colors just became child's play. 

INMOS Corporation, Colorado 
Springs, Colorado, Tel. (303) 630-4000 
Bristol, England, Tel. 0272-290-861 

Paris, France, Tel. (1) 687-2201 
Munich, Germany, Tel. (089) 319-1028 

Compare your computer design colors to these crayons. If the crayons win, call INMOS. 

Crayola is a registered trademark or Binney & Smith, Inc. Used with permission. 
CIRCLE 71 

IN MOS, • and IMS are trademarks of the INMOS Group of Companies. 



DISCRETE LOGIC ISN'T AS SAFE 
AS IT USED TO BE. 

Discrete takes just too much time, space, effort 
and materials to keep you competitive. That's not 
good at a time when the marketplace is getting 
downright treacherous. You have to put more and 
more functions in less and less space-at lower 
costs. And if you 're not out there sooner than your 
competitors, they'll eat you alive. 

Fortunately there's a way to minimize that 
risk. One that's safe, reliable, simple and fast. 

Programmable Logic Devices from Signetics. 
In fact, Signetics has the most complete, most 
flexible, best-supported PLO series in the industry. 

Want to reduce your part count? Often, as 
few as five Signetics PLDs can replace as many as 
60 SSl/MSI devices. They not only simplify state 
machine design and reduce the package count 
of random logic functions, but also cut your time 
to market. 

Signetics PLDs are easy to use, too.Just define 

your function in terms of a Boolean equation, 
program the fuses and your circuit is ready to go. 
We provide software-free of charge to qualified 
users- that turns an IBM* PC into a PLO work 
station. Complete documentation and design 
simulation let you perfect your ideas to the nth 
degree. Arid if you have any questions, a phone 
call to one of our field applications engineers will 
get you the answers fast. 

There's more you should know about 
Signetics PLDs. For details and specs, just send in 
the coupon. 

Signetics Programmable Logic Devices. 
Because these days, you either perform 

swimmingly, or you're sunk. 

LSI trom Sigo~ij~ 
800-227-1817 Ext. 924C 



rves, rdiik;; kno~;; abou7$igneti;f,LDs. Rush meilie 1 
I specs ASAP. I 

I NAME I 
I POSITION I 
I I I COMPANY I 
I ADDRESS I 
I CITY STATE ZIP I 

PHONE I Send coupon to: Signetics 

I 
811 E. Arques Ave., P.O. Box 3409 
Sunnyvale, CA 94088-3409 

LA~: ~b~tion Servi~, M/S 27 _ ~5~ _ ~ 

"'IBM is a registered trademark of International Business Machines, Inc. 

-



The Mega-marriage 



of MOS and Bipolar. 
New COMFETs combine the best features 

of MOSFETs and Bipolars. 
The best features of MOSFETs are high input 

impedance, fast switching and reduced driver 
circuitry. The best features of Bi polars are cost 
effectiveness and low conduction losses. 

Now, you get the best of both with new RCA 
COMFETs. 

In MOSFETs, on-resistance increases with 
increasing drain-source breakdown voltage 
(BV055) capability. In COMFETs, the conductivity 
is dramatically increased (modulated) by 
injected carriers. That's why we use the acronym 
COMFET (COnductivity Modulated FET). That's 
why conduction losses of COMFETs are an 
order of magnitude lower than MOSFET conduc­
tion losses. And that's why COMFETs are ideal 
for high voltage, high current applications. 

Less than half the price of M OSFETs. 
As the chart shows, COMFETs use consid­

erably less silicon than Bi polars or MOSFETs in 
high voltage applications. Reduced size makes 
COMFETs less than half the cost of MOSFETs 
and very price competitive with Bipolars. 

Since COMFETs are gated on/off like 
MOSFETs and provide traditional MOSFET 
advantages, they can reduce overall system cost 
significantly in high voltage applications such as 
switch mode power supplies and motor controls. 

Five times faster than Motorola or 
G.E. devices. 

RCA invented the first conductivity modu­
lated FETs, and our design is by far the fastest, 
with typical fall times of only 400 ns at room 
temperature. 

And our line is expanding rapidly. We'll soon 
have COMFETs that are twice as fast as present 
COMFETs, plus 500V, 20A devices. 

Order samples today. 
Call your RCA stocking distributor or RCA 

sales office for samples. Or write: RCA Solid 
State, Box 2900, Somerville, NJ 08876. 

0.1 
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Call: Hamburg, 49-4106-61 30; London, 44-93-2785511 ; Paris, 33-3-946-5656; Hong Kong, 8-52-3-723-6339; Sao Paulo, 55-11-210-4033. 
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To order, call K1erulfl Electronics 1·800·367·7767 or Lattice Semiconductor Corp., 15400 NW. Greenbrier Pkwy , Beaver1on, OR 97006, Phone: (503) 629-5299 , Tele~ : 277338 LSC UR , FAX : (503) 645-7921 . © 1986 Lattice Semiconduclor . PAL 
and PALASM, CUPL , and ABEL are registered trademarks of Monolithic Memories, Inc., Assisted Technology/P-CAD Systems , and Data 110 Corp. respectively . GAL. Latch-lock and Generic Array Logic are trademarks of Lamce Sem1corlductor 
Corp. LATTICE Sales Offices: Laguna Hilts, CA, (714) 855-3002, San Jose, CA, (408) 371-6931 , Norcross, GA. (404) 448-5850. Burlington, MA, (617)273-4545, Hanover, MD, (301) 796-4413, Bloomington , MN , (612) 831-8248, West Caldwell , NJ , 
(201) 882-1900, Irving, TX, (214) 252-4041 , London, 011-44-344-482-888, FAX 011-44.-344-485-210. Telex 847096, Paris. (33) 1 69077802 , TeleFAX 33 14 2885503 



INTRODUCING GENERIC ARRAY LOGIC 
Still PLDing along? Meet GALs! The 20-pin GAL 16V8 and 24-pin 
GAL20V8 ... your 100% proqrammable logic solution , made possi­
ble by Lattice's ultrafast Et°CMOS™ technology. 100% bipolar­
compatible (truly, with 24mA output drive) - both offer a tpd of 
17ns typical , 25ns worst-case over temperature . With 100% pro­
gramming yields ... and 100% + architectures. Generic means they 
take any architecture - odd , even, or even unknown. 100% pro­
grammable and reprogrammable - anytime, everytime - instantly. 
With outputs that you define to be active-high , active-low, synch­
ronous, asynchronous - on any pin , at any time. 

A PROTOTYPER'S DREAM 
Prototyping new systems? Save yourself the nightmare of trashing 
50 or 100 PAL® devices per board design (or running back and 
forth from your UV lamp). GAL devices are 100% instantly repro­
grammable to any pattern, any device architecture, any output 
polarity - registered or nonregistered - anytime, everytime, 
instantly. GAL - a prototyping dream - in low-power E2CMOS, 
from Lattice . 

YOUR NAME IN SILICON 
Tired of taping PLDs to your wall? Production control out of con­
trol? Now you can store your name, or your division's name, in 
every part. Only Lattice GAL devices give you 64 bits - 8 alpha­
numeric characters - of electronic signature to help you keep 
track of your designs, socket locations, pattern IDs, rev. numbers, 
girlfriends' phone numbers, and more. 

QUARTER YOUR POWER WITH E2CMOS 
GALs, the fastest CMOS PLDs, won't burn up your boards, power 
supplies (or fingers). Plug in our GAL devices and you 've instantly cut 
power consumption - without sacrificing performance. Quarter­
power GALs run cool at typically 30 mA. And lower power trans­
lates to cooler-running, more reliable systems. 

STANDARD PROGRAMMING TOOLS 
No need to waste money on new boxes. If you ' re already using 
programmable logic, you can upgrade to GAL devices immedi­
ately. Data 1/0, Stag, and other hardware will program them , and 
standard software like CUPL®, ABEL™, and PALASM® will com­
pile your source code. In most cases, your existing master devices 
and JEDEC files can be used without modification . 

ZERO DEFECTS - 100 % YIELD - GUARANTEED 
98% programming yield? Forget it. E2CMOS technology guaran­
tees a quality level in parts per million, not parts per hundred. 
Move up to a standard that only 100% tested E2CMOS GAL 
devices - cycled through every worst-case patter~ at our factory 
- can provide. Not 98%. Not 99.9%. Stop wondering what your 
programming yield will be . Lattice guarantees you 100%. Period . 

DOCK-TO-STOCK, JUST-IN-TIME 
Believe your eyes. Only multiple-tested E2CMOS. GAL devices 
give you 100% guaranteed programming yield without mcom1~g 
QA. Tired of writing cumbersome test vectors - for every device 
type , for every different pattern? Buy one device type, not a whole 

E 2 CIVIOS™ 
•ANYTHING•EVERYTIME•INSTANTLY• 
catalog of parts. Then take your GAL devices straight to the 
manufacturing floor . Incoming QA? Just count the pins! GAL 
devices are the first programmable logic devices to take the 
hassle out of production control and inventory management. 

LATCH-LOCKED™ CMOS - A NEW STANDARD 
Hot-socket your GAL devices, again and again . You've moved up 
to a new standard in CMOS reliability with Latch-Lock - a pro­
prietary new technology (patent pending) that makes GALs im­
possible to latch up under any conditions! Only Lattice guarantees 
100% latch-up proof E2CMOS - the high-speed CMOS technol­
ogy of the future. 

IN VOLUME PRODUCTION NOW 
Some day, all systems will be built with the technology you can 
program to be anything, everytime, instantly: E2CMOS. Make 
your move with Lattice GALs today. 

LATTICI 
SEMICONDUCTOR CORP CIRCLE 72 
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ARE 
When specifying circuit breakers, protection is not the only 
consideration. Because different applications require differ­
ent features, we introduce four exciting new products to the THERE 

LOTS 0 F 
most comprehensive line of magnetic circuit breakers in the world. 
International spacing and appealing design are combined in our new G 
and L Series circuit breakers with X-style handle. The L version is the first 

REASONS 
50 amp breaker ever to sport an attractive rocker handle. Both ver­
sions combine on/off switching with circuit protection in one device. 
Attractive enough to mount up front, X-style breakers save real estate 

To SPECIFY 
and eliminate the nee~ to stock an~ install .multiple compo­
nents. They comply with VDE spacmg reqmrements and are 
available in one- to four-pole models, 0.050 to 50 amps, with 

OUR BREAKERS 
white, grey, black,orangeorredhan-
dles. The beauty of N-style breakers 

• (also available in G and L Series) lies 

Ou' RE LOO Kl NG in t~eir ability to with~t~nd harsh environments by prov1dmg water-
proof panel integrity. The L Series 

]' THE Fo UR 
is the first 50 amp frame size breaker with this ben­
efit. Models are available in one- to three-poles, 
0.050 to 50 amps. 

N EWEST. 
Call us today with your specifications. Airpax Corporation, Cambridge 
Division, Woods Road, Box 520, Cambridge, MD 21613. (301) 228-4600. 

• A North American Philips Company. 

•• AIRPM 
CAMBRIDGE DIVISION 

CIRCLE 73 "SEE US AT ELECTRO 86, BOOTH No. 522-530." 



READER FEEDBACK 
Compelled to 
speak out 

There were two contrasting double­
page advertisements in the Jan. 9 is­
sue that are worthy of comment. 
RCA's "Pursuing Halley's Comet" 
[pp. 134- 135] shows all five sat­
ellites involved, including the 
Soviet one. This has a very positive 
message of international cooper­
ation. 

The Valid Logic ad (pp . 236-
237) shows quite clearly a picture of 
a laser weapon destroying some­
thing. Even though the copy identi­
fies the something as space junk, the 
suggestion of Star Wars is very 
strong, if not unavoidable. 

The time is long overdue for me 
and other engineers to say that mak­
ing vast quantities of useless weap­
ons, $1000 toilet seats, or whatever, 
is not only a pointless waste of ef­
fort and time in itself, but also re­
quires governments and business to 
justify it. 

You probably realize that the 
great surge in the peace movement 
in Europe was triggered by the need 
to justify new weapons of which, in 
Britain, Cruise missiles are a prime 
example. 

The Cruise missile is a nuclear 
system that is very slow, low flying, 
and extremely accurate. Hence its 
purpose is to destroy military tar­
gets, particularly missile silos, and 
because it has a flight time of up to 
about 4 hours, it is suitable only for a 
first-strike surprise attack. (See 
"The Ground-Launched Cruise 
Missile: A Technical Assessment" 
by Tim Williams , published by 
Electronics for Peace, Townsend 
House, Green Lane, Marshfield , 
Chippenham, Wilts. SN14 8JW, 
U.K.) . Fortunately, although de­
ployed, it does not work yet. 

One could well argue that you 
don't get something for nothing, and 

the U.S. present of the Cruise mis­
sile gives Britain nothing. Certainly 
Star Wars would not give the world 
anything. 

Andrew Lohmann 
Tunbridge Wells 
Kent, England 

Trademarks: Making 
a case for caps 

Thank you for including Multiflow 
Computer in "Minisupercomputers 
Mix Vector Speed, Scalar Flex­
ibility," in the March 6 ELECTRONIC 
DESIGN. 

I would also like to make you 
aware that Multiflow has adopted 
a nd used TRACE SCHEDUL­
ING™ and VLIW™, respectively, 
as trademarks for its compacting 
compiler and wide-instruction­
word computer. Your article used 
TRACE SCHEDULING™ in a 
generic fashion; We request that 
your future use include appropriate 
acknowledgment of these terms as 
our trademarks. 

Leigh Cagan 
Director of Administration 
Multlflow Computer Inc . 
Branford, Conn. 

Our style in handling trade­
marks- like that of every other 
technical publication we know 
of-is to use simply an initial cap­
ital letter for each word without 
the "TM " superscript . Thus, in 
this case, we should have cited the 
feature as Trace Scheduling. 

Be sure to see 
Electronic Design's 
Professional 
Opportunities 
Section. 
It starts 
on page 334. 

Elec tronlc Desig n • May 1. 1986 147 

BETTER HEAT CONVECTION . 
OLD DIP SWITCH 

HIGH DIPS SHADOW LOW IC 'S 

NEW DIP SWITCH 

THE LOW PROFILE K40 DIP IS 
THE SAME SIZE AS AN IC 

NO MORE HAND LABOR. 

YOU CAN USE AUTOMATIC 
INSERTION EQUIPMENT! 

If you don't have automatic insertion equip· 
ment, we're banking that some day you will. To 
prove that , we'll charge you the same low price 
for all your purchases-no more need for the 
low-volume premium prices you're paying now . 

AVAILABLE IN 
2, 3, 4, s, &, 7 & 8 

POSITIONS 

1500 EXECUTIVE DRIVE 
ELGIN, IL 60120 

.Jl12-8{J8-7245 

~dtl#lbit~/ 
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creat Milestones 
in Packaging 

Adjustable 

Rebirth of an ancient packaging series 
reluct antly revived by Jonathan 

Manufacturing Corporation 

·1 

rear bracket 
accommodates 
cabinet tolerances 

Captured bracket 
bar nuts 
facilitate 
vertica l mounting 

We're sure that Ma Bell had another idea in 
mind when she designed the original phone 
booth, but good olde Yankee ingenuity took 
over and was not about to let all that space go 
to waste - giving new meaning to the words 
"High Density". No easy in, easy out here. 
Jonathan saw this same situation arising in 
standard 19" cabinetry, as it lent itself more 
and more to high density chassis packaging but 
still contended with less than acceptable stick­
slip access with friction chassis slides. 

The answer to this predicament is 
- Jonathan's new Series 375QD TRU-GLIDE® ball­

bearing steel chassis slide. The replacement for 

Chassis quick 
disconnect latch 

the friction Accuride 830, Chassis Trak C-300, 
Grant SS-168 and Zero C-300 models, this new 
75-lb. capacity slide is thin (3/ 8") enough to fit 
easily in a standard 19" cabinet, while providing 
smooth ball-bearing action and all the precise 
mounting, locking and chassis disconnect 
features you could want 

Don't fight with binding friction slides ... 
when, for a few dollars more, you can put 
Jonathan's 30 years of packaging experience to 
work to smooth out all your access problems. 

Jonathan Manufacturing corp., 1101 so. Acacia Ave., Fullerton, CA 92634 • (714) 526-4651 

"SEE US AT ELECTRO '86, BAYSIDE EXPO CENTER BOOTH #435" CIRCLE 75 



UPCOMING MEETINGS 

Fiber Optics '86 Conference & Ex­
hi bi ti on, April 29-May 1. Earl's 
Court, London, England. Sira Ltd., 
South Hill , Chislehurst, Kent BR 7 
5EH, England; ( +44) I 467 2636. 

36th Electronic Components Confer­
ence (ECC '86), May 5-7. Westin Ho­
tel, Seattle, WA. ECC '86, Tom Pil­
cher, Publicity Chairman , Mallory 
Capacitor Co., P.O. Box 372, Indi­
anapolis, IN 46206; (317) 261-1306. 

Society for Information Display Con­
ference & Exhibition (SID '86), May 
6-8. Town and Country Hotel, San Di­
ego, CA. Hildegarde Hammond, Pal­
isades Institute for Research Services 
Inc., 201 Varick St., New York, NY 
10014; (212) 620-3388. 

Videotex '86, International Electronic 
Information Services Conference & 
Exhibition, May 6-8. lnfomart, Dal­
las, TX. Cynthia Parsons, Online 
International Inc., 989 Avenue of the 
Americas, New York , NY 10018; 
(212) 279-8890. 

5th Annual Small Computer Systems 
Conference, May 12-13. Opryland 
Hotel, Nashville, TN. Gartner Group 
Inc., 72 Cummings Point Rd., P.O. 
Box 10212, Stamford, CT 06904 ; 
(203) 964-0096, or Ashley Pearce, 
(203) 967-6757 . 

Custom Integrated Circuits Confer­
ence (CICC '86), May 12-14. Roch­
ester Riverside Convention Center, 
Rochester, NY. Laura A.H . Silzars, 
Convention Coordinator, 6900 S.W. 
Canyon Dr. , Portland , OR 97225; 
(503) 292-6347 . 

1986 Microwa~e Power Tube Confer­
ence, May 12-14. Naval Postgraduate 
School, Monterey, CA. David Za­
vadil, General Chairman, 1986 Micro­
wave Power Tube Conference, North­
rop Corp., 600 Hicks Rd., Rolling 
Meadows, IL 60008; (312) 259-9600, 
ext. 5934. 

Computer Graphics '86 Exposition, 
May 12-15. Anaheim Convention 
Center, Anaheim, CA. National Com­
puter Graphics Association, 2722 
Merrilee Dr., Ste. 200, Fairfax, VA 
22031; Christine Radiske, (703) 
698-9600. 

4th European Automated Manufactur­
ing Systems Conference & Exhibition 
(AUTOMAN), May 12-15. National 
Exhibition Center, Birmingham, 
England. Cahners Exhibitions Ltd ., 
Chatsworth House, 59 London Rd., 
Twickenham TW 1 3SZ, England ; 
(+44) I 891 5051. 

Electro '86 Conference & Exhibition, 
May 13-15. Bayside Exposition Cen­
ter, World Trade Center, Boston, MA. 
Electronic Conventions Management, 
8110 Airport Blvd., Los Angeles, CA 
90045; (213) 772-2965. 

Mini/Micro Northeast '86 Computer 
Conference & Exhibition, May 13-15. 
World Trade Center, Boston, MA. 
Electronic Conventions Management, 
8110 Airport Blvd. , Los Angeles, CA 
90045; (213) 772-2965 . 

1986 Computer Standards Conference, 
May 13-15. Sheraton Palace Hotel, 
San Francisco, CA. R. Poston, PEI, 
Technical Program Committee Chair­
man, 68 Monmouth Rd ., Oakhurst, 
NJ 07755; (201) 571-1071. 

6th European Optoelectronics Confer­
ence (Opto '86), May 13-15. Palais des 
Congres, Paris, France. ESI Publica­
tions, 12 rue de Seine, 7 5006 Paris, 
France; (+33) I 325 5874. 

Expotronica '86, Professional Elec­
tronics, Equipment and Components 
Show, May 13-17. ·Barcelona Fair, 
Barcelona, Spain. Barcelona Fair, Av. 
Reina M. Cristina, s/ n. 08004 Bar­
celona-Espana; (93) 223 31 60-223 
99 00. 

1st Lasers in Manufacturing: Selec­
tion/Planning of Lasers Systems, Op­
portunity for Applications Growth and 
Latest Technology (S.P.O.T '86) Con­
ference & Exposition, May 19-22. 
Philadelphia Dunfey-City Line Hotel, 
Philadelphia, PA. S.P.O.T. '86 Con­
ference, Kathleen Warren, Society of 
Manufacturing Engineers , I SME 
Dr., P.O . Box 930, Dearborn, MI 
48121 ; (313) 271-1500, ext. 317. 

(continued on p. 150) 
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lWatt 
amplifiers 

50 KHz to 130 MHz 
only $199 (l-9) 

IN STOCK ... IMMEDIATE DELIVERY 

•up to 1W 
for IM testing applications 

• 26 dB gain , flat ± dB 

• stable operation 
regardless of load impedance 

• convenient self-contained heat sink 

• one-year guarantee 

ZHL-32A SPECIFICATIONS 

FREQUENCY 

GAIN 

GAIN FLATNESS 

POWER OUT 
@1 dBCompr. 

NOISE FIGURE 

THIRD ORDER INTERCEPT 

SUPPLY 

Call or write for 64-page 

50 KHz to 130 MHz 

25 dB Min. 

±1dB 

+29dBmMin. 

10dB 

+38dB typ. 

+24V, 0.6A 

RF Designers Guide or refer to EEM, 
EBG , Gold Book, Microwaves & RF Directories. 

finding new ways .. 
setting higher standards 

O Mini-Circuits 
A D1v1s1on of Sc1ent1f1c Components Corporation 

World's largest manufacturer of Double Balanc ed Mixers 

P.O. Box 166, B'klyn , N.Y. 11235 (718) 934-4500 

C97 ·3 REV ORIG 

CIRCLE 76 



TOTAL 
POWER 

MEANS 
TOTAL 

SWITCHING 
POWER 
CAPABILITY 

Single output 1 OW to 1 500W 

T 
Multiple output 15W to 1500W 

T 
115/230V user selectable input 

T 
20 msec hold-up time standard for 

50 Hz applications 
T 

Powerfail/remote shut down 
.... 

Less than 1 0 µA leakage for 
medical use 

T 
UL, CSA, VOE design offers on­

board EMl/RFI filtering 

T 
2 year warranty 

T 
custom designs welcome 
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UPCOMING MEETINGS 

(continued from p. 149) 

5th Beama International Electrical In­
sulation Conference, May 19- 22. Met­
ropole Hotel, Brighton , England. 
Mike Cavanagh, Beama Ltd., 8 Lei­
cester St., London WC2H 7BN 
England; (01) 437-0678 . 

SEMICON/West '86, May 19-22. 
San Mateo Fairgrounds and Bay 
Meadows Race Course, San Mateo, 
CA. SEMICON/West '86, Mathews 
& Clark Communications, 410 Cam­
bridge Ave., Palo Alto, CA 94306; 
( 415) 327-3721. 

6th International Conference on Dis­
tributed Computing Systems, May 
19-23. Hyatt Regency Cambridge, 
Cambridge, MA. DCS-6, IEEE Com­
puter Society, 1730 Massachusetts 
Ave. N.W., Washington, D.C. 20036; 
(202) 371-0101. 

38th Annual National Aerospace and 
Electronics (NAECON '86) Confer­
ence & Exhibition, May 19-23. Day­
ton Convention Center, Dayton, OH . 
NAECON ' 86, William R. Baker, 
IEEE, 655 Ridgedale Rd ., Dayton, 
OH 45406; (513) 255-6548. 

2nd International Computer Applica­
tions in Production and Engineering 
(CAPE '86) Conference & Exhibition, 
May 20-23. Bella Center, Co­
penhagen, Denmark . Peter Falster, 
Conference Chairma n, CAPE '86, 
DIS Congress Service, 48 Linde Alie, 
DK-2720 Yanlose, Denmark; 45-1-71 
22 44. 

Techex '86 Americas, Technical De­
velopments Exposition, May 20-23. 
Expo Center, Orlando, FL. Anne E. 
Klenner, Dr. Dvorkovitz & Associ­
ates, P.O. Box 1748, Ormond Beach, 
FL 32075; (904) 677-7033 . 

1986 International Symposium on 
Multiple-Valued Logic, May 26- 28. 
Virginia Polytech nic Institute and 
State University, Blacksburg, VA. Dr. 
Joseph G. Tront, Symposium Chair­
man, ISMYL-86, Dept. of Electrical 
Engineering, Virginia Polytechnic In­
stitute, Blacksburg, VA 24061 ; (703) 
961-5067 . 
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AUTOMACH Australia '86, Auto­
mated Integrated Factory Focus Con­
ference & Exhibition, May 26-29. 
Hilton International Sydney and the 
Royal Hall of Industries on the RAS 
Showgrounds, Sydney, Australia. AU­
TO MACH Australia '8 6, Adolph 
Greco, A. Greco & Associates Ltd ., In­
tegrated Project Management Servic­
es, P.O. Box 68, Pennant Hills, 2120 
N.S.W., Australia; (02) 875-2377. 

1st Annual High Frequency Power 
Conversion Conference & Exhibition, 
May 28-30. The Cavalier Resort, Vir­
ginia Beach, VA. Sam Davis, Confer­
ence Director, c/o lntertec Communi­
cations, 2472 Eastman Ave., Bldg. 34, 
Ventura, CA 93003; (805) 658-0933. 

40th Annual Frequency Control Sym­
posium, May 28-30. Marriott Hotel, 
Philadelphia, PA. Dr . J . Vig, U .S . 
Army Electronics Technology & De­
vices Lab, ATTN: SLCET-EQ, Fort 
Monmouth, NJ 07703; (201) 544-
1510. 

1986 VLSI Technology Symposium, 
May 28-30. Hotel Intercontinental, 
San Diego, CA. Moiz M. Beguwala, 
Program Chairman, Rockwell Inter­
national, MS 501-369, Semiconductor 
Products Division, 4311 Jam boree 
Rd ., P.O. Box C, Newport Beach, CA 
92660; (714) 833-4712. 

3rd International VLSI Multilevel In­
terconnection (V-MIC) Conference, 
June 9-11. Santa Clara Marriott Ho­
tel, Santa Clara, CA. Dr. Thomas E. 
W ade , General Chairman, IEEE 
VLSI Mutlilevel Interconnection Con­
ference, College of Engineering, Uni­
versity of South Florida, Tampa, FL 
33620; (813) 974-3786. 

1986 National Computer Conference 
& Exhibition (NCC '86), June 16-19. 
Las Vegas Convention Center, Las 
Vegas, NY. NCC '86, American Fed­
eration of Information Processing So­
cieties (AFIPS), 1899 Preston White 
Dr., Reston, VA 22091; (800) NCC-
1986. 

23rd Design Automation Conference 
& Exhibition (DAC '86), June 29-July 
2. Las Vegas Hilton , Las Vegas, NY. 
DAC '86. Donald E. Thomas, Pro­
gram Chairman, IBM Thomas J. 
Watson Research Center, P.O. Box 
218, Yorktown Heights, NY 10598. 



Now, a Supercomputer 
Simulation Engine 

for Just $1520 a Month~ 

Now get logic and fault simulation speed, 
capacity and performance where you need it at 

a price you can afford 
The new Expeditor™ from Zycad lets 

you optimize your designs so 
you can meet your market 

window with a com­
petitive product that's , 
free of field failures. 

The Expeditor­
from the leader in 

simulation technology. 

ZILOS with hierarchical design 
methodologies because it supports nested 
macros. And an optional TTL library is 

also available. 

There's more. Using 
ZILOS, the fastest compiler 

available, you can set 
trigger or breakpoints, 

allowing interactive 
reporting of selected 
signals in tabulature 

or wave-form output. 
A super­

computer 
simulation 

engine that 
easily inte­
grates into 
your CAD 

A turnkey logic and 
Fast. 
Accurate. 
Complete. fault simulation package 

that's available today for 
your entire design team. 

Pick 
the Expe­
ditor to 
match your designs. 

system today. It's a powerful shared resource Expeditor Capacity Speed 
for your whole design team. Family (modeling (events/ 

Fast throughput. By combining hard- elements) second) 
ware and software, the Expeditor gives you Model 100 16,000 1,000,000 

faster compile times, faster logic and fault Model 200 32,000 1,000,000 
simulation runs and the right answers. 

Simulations that once took hours now take Put an Expeditor on your design team 
only seconds. today. Contact Zycad, the pioneer in dedi­

cated, hardware simulation engines 
Here's how it works. Attach the used for years by the leading eiectronic 

Expeditor to your host or workstation companies. Ask for details or a dem-
ring with ZILOS~ an easy-to-use onstration. Call 800/631-5040, 
simulation language. ZILOS has ext. 100. In Minnesota call 

a complete set of primitives 612/631-3175. Or write: Zycad, 
including uni-directional and Dept. E D 56P.O. Box 12828, 

bi-directional gates, MOS St. Paul, Minnesota 55112. 
models, PL.AS, RAM/ROM · The performance of hardware at sottware prices. 

models and user-definable Your cost may vary depending upon model and 
purchase terms. Price shown is for a 3-year step-up 

gates. You can use ~---=:::.-... lease on Model 100,exdusiveofmaintenance; 
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Only Mentor Graphics 
puts PCB layout 

where it belongs. 



Until now, printed circuit board layout 
was an isolated process: done on a 
special-purpose workstation at the "back 
end" of the design effort. But Mentor 
Graphics saw it a different way. Since PCB 
layout brings together all the elements 
created by "front end" CAE tools, it 
should be integrated with those tools. 

So, PCB layout is now an integral part of 
the powerful Mentor Graphics IDEA 
Series™ of Engineering Workstations. 

At last, PCB layout resides in a CAE 
network that also includes hierarchical 
schematic capture, as well as logic and 

analog simulation. All linked in an 
environment that permits fast, simple data 
sharing for greater productivity. 

As for the tools themselves, a very fast 
and efficient ro,uting system optimizes 
board usage and minimizes manufacturing 
overhead. Now you can do both 
automatic and interactive fine line routing 
on even the most complex multi-layer 
boards. A double-sided placement editor 
presents a complete view of components 
on either side of the board under design. 

And you have the ability to work with 
almost any type of component package to 
optimize your design to meet current 
market requirements. 

Also, our PACKAGE tool bridges, at long 
last, the gap between EE and PCB 
designers. Any electronic design is 
automatically translated into proper 
component packaging. 

And when you're ready to go to 
manufacturing, we provide Gerber output, 
drill output and master drawing output. 
You can preview, right on the CRT, the final 
artwork, exactly as it will appear when 
completed. No waiting . No surprises. 

Finally, we've put PCB layout in an open 
system. With an open database and 
ASCII files, you've got a clear path to 
other systems, such as automated 
manufacturing, quality control and MRP. 

It's all part of a vision unique to Mentor 
Graphics, the leader in design automation. 
Let us show you where this vision can take you. 

Call us toll-free for an oveNiew brochure 
and the number of your nearest sales 
office. 

Phone 1-800-547-7390 
(or in Oregon call 284-7357). 

Mentor 
Grapt;1CS'" 



See our new 
logic analyzers 
at Electro Show 
Booth No. 148 
(Bayside). 
A proud lineage continues. 

You knew a good thing when you 
saw Biomation and its precedent­
setting K100 logic analyzer. Gould 
has built on that heritage to bring 
you the industry's most compre­
hensive line of logic analyzers. 

One Gould Biomation logic analyzer 
is exactly the right tool for the job 
you're doing. Why pay for more ana­
lyzer than you need? Or settle for too 
little? And now, 6 new models expand 
and enhance our line. There's no 
relearning needed when you switch 
between models. 

The new portable K20 and K40 make 
Gould performance affordable for 
limited budgets. The K20 supports 
service applications, and the K40 

addresses 
simple micro­
processor 
designs. 

The new K115 and K450 models 
extend performance standards. No 
other logic analyzer can match the 
K115 for µP design, debug and test, 
with disassemblers for 8-, 16- and 
32-bit microprocessors. A single 
built-in disk drive makes it easy for 
you to save set-ups and data. 

The K450's high resolution timing 
and state displays help you capture 
events as fast as 5 nanoseconds. You 
can use 48 channels @ 100 MHz or 
24 channels @ 200 MHz with no re­
duction in speed, regardless of your 
hardware/ software application. 

The new K125 handles up to 80 
channels per mainframe. It makes 
CAE/ CAD faster and leverages your 
engineering investment into ATE 
production. And the PG110 checks on 
our logic analyzer family-including 

the well­
known K100/T12, 
K105, K205 and K500 
units-to keep them up 
and running. With this in 
your lab, you don't lose time 
wait ing while the unit is back 
at the factory being serviced. 

For details, call TOLL-FREE (800) 
538-9320. Or simply write: Gould 
Inc., Design & Test Systems, 19050 
Pruneridge Ave., Cupertino, CA 
95014. Because a family that stays 
together pays. 

FREE SMARTPAK'" DEMONSTRATION 
DISKETTE. Now you can use your IBM PC 
to learn about and control the logic analyzer 
in your debugging. Fi nd out how easy it is , write 
us on your company letterhead to request your 
free diskette. Demo runs on IBM PC or com­
patible with 5-1 I 4'' drive. 



NEW K450. All high-speed channels: 10ns (100 
MHz) across 48 channels or 5ns (200 MHz) across 
24 channels. 5ns glitch capture on all channels 
with no loss of memory. 4K memory depth. Unique 
Auto Save for saving fa ilures in unattended mode. 

NEW K20. Low cost. Weighs only 9 lbs. 8-ch. 
timing analysis. 24-ch. software debug. 3-level 
triggering. "Help" key. Easy to use. 

NEW K115. Up to 72 channels for state/timing, 
200 MHz on up to 8 channels. Software/hardware 
integration tools, noise margin analysis, tolerance 
compare. 8 level Trace Control. Built-in "Help". 
Disassemblers for all popular µPs, incl. 68020, 
80186, 80286, 8048, 8031 , and 8051 . 

NEW K40. Ideal for limited budgets. 32-ch. 
software or timing analysis. 100 MHz on up to 
8 channels. Data/compare memories, 2K per 
channel. Plus µP option. 
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NEW PG110. Pattern generator has 96 data 
channels with 1.5ns data skew. Built -in patterns 
for ease of use. 

NEW K125. Use with GAE/CAD/ATE. 80-ch. 
capacity, up to 200 MHz. ATE software packages, 
IBM PC host controlled. Expand with multiple 
mainframes. 

GOULD 
Electronics 
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SILICON COMPILATION 

a structural representation of, say, CPU, RAM, ROM, 
and I/O port. The user frequent ly remains involved in 
floor planning, the highest level of the geometric repre­
sentation. Based on Genesil's knowledge of the desired 
technology and on user-defined inputs and outputs, the 
compiler begins to construct a gate-level circuit and its 
silicon implementation. The latter is needed even in the 
early design stages to calculate delays and power con­
sumption. Unlike MacPitts , Genesil is interactive, en­
abling the user to examine and change the circuit at any 
level of abstraction . 

Nevertheless, among commercial compilers Genesil 
comes closest to Johanssen 's definitions . Take a data­
path module whose steering input STDIN_l is first 
defined as a constant. In the corresponding schematic, 
the constant input is identified as a small rectangle la­
beled INTERO_STI (Fig. 2) . When the user changes 
the input to EXTERNAL and gives it the name 
INTERO_EXTI, the schematic automatically reflects 
the change (highlighted inset, Fig. 2) . 

To produce new feedback for the user, Genesil re­
compiles the circuit and simulates the new version. Be­
cause compilation takes less than a min ute for 1000 
transistors on a MicroVAX II , simulation- consuming 
80% of the CPU's time--determines the system's reac­
tion speed. Unfortunately, accelerators have been of lit­
tle help to ease the burden because setup time becomes 
the dominant factor. A nominal acceleration factor of 
1000 can thus drop to as little as I 0. 

The second popular compiler, Seattle Silicon's Con­
corde, proceeds in a more pragmatic fashion. Its com po-

Structural 
repreeentation 

(a) 

Polygons 

Functional 
repreeentation 

Cell placement 

Floor plans 

Geometrical 
representation 

nent classes are more rigidly defined , so that the user 
need only fill in a "data sheet" on the screen. This prac­
tice is fami liar to users of parameterized standard cells 
or even of standard MS I-components . In fact, a new 
feature dubbed cell immigration permits the mixing of 
compiled and standard cells, many equivalent to TTL 
components. The Concorde runs on Mentor, Tektronix, 
and Valid workstations and is usually tightly inte­
grated. To hide the interface with the host, for example, 
Valid Logic implements its own migration facility for 
foreign cells (Fig. 3). However, use of Seattle Si licon's 
editor permits Valid to benefit from the compiler's new 
autorouter , which can zip through 25,000 transistors in 
4 minutes. 

CHIP OFF A NEW BLOCK 

Last year a radically different approach to silicon 
compilation made inroads in the AS IC industry. In­
stead of offering users a set of module generators, the 
new school gives them the tools to build their own gener­
ators. Silicon Design Labs exemplifies this approach 
with its Gene rator Development Tools system 
(ELECTRONIC DESIGN, Nov. 28, 1985, p. 97). With it, 
users can build , or compile, a library of modules of in­
creasing complexity to suit their specific needs. 

The "compiler-compiler" school primarily addresses 
the interests of IC designers, not system designers. The 
former number somewhere between 2000 and 4000 , 
while the latter have been estimated anywhere from 
300,000 to 500,000. Such a large market attracts ven­
ture capital , but gaining converts among these engi-

(b) 

Alternative 
entry 

I 
I 

I 
I 
I 
\ 

Floor~ 
planning\ 

" ' 
(c) 

1. The Y chart represents three views of integrated circuits (a). A gate-array design altemates between the 
structural and functional view in a bottom-up fashion (b). Silicon compilers, on the other hand permit two 
top-down entry points (c), leading to successive refinement steps (colored arrows). Functional and geo­
metric representations are interconnected by ready-made generators. 
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neers is more difficult. Silicon Compilers, for example, 
has so far shipped fewer than 100 of its compilers to sys­
tem designers, even though Genesil is most attuned to 
their needs. 

The fact that all compiler vendors now offer gener­
ator development tools lends some credence to the ap­
proach. Silicon Compilers' Genesis, Seattle Silicon's 
compiler development system, and SDA's st ructure 
compiler all toe the compiler-compiler line. The devel­
opment is reminiscent of the fledgling A I industry's dis­
covery that expert system shells are more salable prod­
ucts than full-fledged expert systems. 

However, silicon compilation faces harsher judgment 
than did expert sytems, because well-proven alternative 
technologies exist and are hard to topple . System de­
signers are comfortable with existing merchant chips 
and MSI (or SSI) component libraries . Frequently, a 
microprocessor or microcontroller is connected to pe­
ripheral chips through MSI glue logic. A system can be 
upgraded rather painlessly by replacing the glue logic 
with programmable logic arrays. 

WHO NEEDS IT? 

The customization of CPUs and peripheral chips has 
often been brandished as the only way for system houses 
to stay competitive. Though a board packed with 100 
chips-CPU , glue logic, and more- could conceivably 
be replaced with a single custom chip, most designers 
prefer to retain standard CPUs and convert the remain­
ing circuitry into a handful of gate arrays. Even when 
customized processor chips are really needed , silicon 
compilation faces growing competition . Users seem to 
prefer core processors or si milar megacells,which af­
ford comparable rewards without the risk of venturing 
into the uncharted waters of CPU compilation. 

If a system designer could buy a compiler that auto­
matically converts a board full of TTL !Cs into a single 
CMOS chip, he might give it a try. But even compilers 
that claim technology independence cannot use an ex­
isting net list or parts catalog to transform TTL logic 
into MOS logic. Worse yet, for the top-down redesign of 
glue logic alone, compilers offer little incentive, because 
few handle random logic well. Die size savings may be 
irrelevant, too, when the often high number of connec­
tions determines the glue chip's size. Furthermore, logic 
arrays save time- important for small system vendors 
who often rely on random logic to implement propri­
etary concepts. 

A large vendor, on the other hand, has its own IC de­
signers, and more likely than not, will choose a PLA for 
fast response, followed by a custom chip to optimize 

2. Silicon Compilers' Genesil automatically con­
verts architectural user definitions into register­
level schematics. A change in the definitions 
leads to an equivalent change in the schematic 
(highlighted inset). 

Concorde 
module 

compilers 

Engineering workstation 

Fully 
custom 

cells 

Foreign 
cell 

migrator 

Symbolic 
editor 

To foundry 

C=:J Components from Seattle Silicon 

Standard 
cells 

3. In Valid Logic's Scaldstar workstation, Seattle 
Silicon's Concorde is closely integrated with resi­
dent libraries. Consequently, standard and com­
piled cells can be combined in the same chip. 
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price and performance. Another alternative lies in 
standard cells that correspond closely to the TTL 
components. 

Furthermore, large system houses consult their IC 
designers before they buy compilers. The judgment is 
often less than flattering: "They predict at most a 10% 
size penalty," says one compiler vendor, "but when 
you're done, the chip is 40% larger and 50% slower." 
Getting a design to market six months late may eradi­
cate 33% of the potential profit, but IC designers know 
that 12% higher production costs will do the same. And 
chip costs rise exponentially with die size, practically 
ruling out most compiled I Cs. 

IT'S MAGIC 

The IC gurus may be small in number, but they wield a 
great deal of influence. "A system designer with a good 
compiler may be able to solve 90%, even 95% of the prob­
lems," confides one, "but the last 5% are pure magic." 
Some of the magic is knowing your foundry. In fact, 
process variations often prove the downfall of compiler 
projects, so compiler vendors tend to work closely with 
specific foundries. Often they are one and the same, as in 
the case of Cirrus Logic, Cademic, VLSI Technology, 
and LSI Logic. 

Purists may frown on the inclusion of Cirrus, because 
the company implements logic in "storage logic arrays," 

4. The Cirrus methodology lets the user compose 
circuits with a displayed "alphabet" of icons 
(top, right screen edge) . The displayed circuit 
module corresponds to the logic diagram of a 
vending machine, as described in the test. 
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or SLAs. The array looks similar to a sea of gates- a gate 
array without routing channels (Fig. 4). Because the user 
assembles logic from an "alphabet" of about 30 primitives 
(at the screen's right edge), it may be correct to call the 
process silicon assembly. But, on the other hand, the term 
gate-array compiler has become quite acceptable. Cirrus 
believes that its approach is more cost-effective than stan­
dard cells or megacells for a chip that carries 5000 to 
I 0,000 gates and is used in quantities of at least a few 
thousand a month. 

The example shows part of the logic for a soda-pop 
vending machine. The inputs, CP, CR, PDR, GT, and EQ 
report the machine state (coin present, changer ready, 
and so on) . After inverters produce the complement for 
three of these inputs , all signals are fed to nine AND 
gates. Some of their outputs activate the machine (RN re­
turns a nickel and DP drops the soda can) . Others feed 
into three OR gates, which in turn set the flip-flops that 
are labeled D and driven by a two-phase clock. A user 
would normally work from a state chart or a state map to 
design the SLA. 

Whatever the implementation technique, the dis­
tinction between foundries and compiler service firms 
(which rarely sell the compilers by themselves) is largely 
outdated. Rather, a term like ASIC house should be used 
to describe vendors that serve both purposes. In fact, these 
companies have more or less replaced foundries because, 
as one engineer puts it, "a CIF tape is not an adequate 
umbilical cord between designer and implementor." 

DOING IT RIGHT 

Today, "first silicon" success is almost taken for 
granted. LSI Logic, for example, states that 97% of its 
2500-plus designs work the first time. To keep the prom­
ise of first silicon, the ASIC designer and foundry must 
cooperate. For one thing, test procedures cannot be estab­
lished from mask generation tapes- a functional descrip­
tion is needed . For another, designing testability into a 
chip via compilation is a tough proposition. Silicon Com­
pilers has added a testability compiler to Genesil that sup­
ports such methodologies as signature analysis or level­
sensitive scan detection (LSSD), but most IC designers 
decry the penalty in die size imposed by the necessary tes­
tability structures. 

European firms like Philips or Plessey appear to hold 
the lead because they are more geared to consumer prod­
ucts. Plessey operates a foundry in California and offers 
self-testing capabilities for both megacells and "para­
cells" (parameterized microcells) . The approach reduces 
testing for a 50,000-gate chip to a few seconds on the 
average. However, self-testing is inherently limited to 
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synchronous circuits. 
Testing naturally gets even more difficult as circuit size 

increases. For data-path chips, functional testing may be­
come the only viable alternative. A test language that is 
consistent with the hardware description language then 
becomes important. For example, VLSI Technology's 
language, VTI-test, meshes well with the Mainsail-based 
description language. It incorporates two important oper­
a tors, one for setup ( < - ) and the other for test ( - > ). For 
a simple NANO gate, part of the test program reads as 
follows: 

CYCLE set_inputs (lnBus, OutVal): 
BEGIN 

In < - lnBus@ beg_cyc: 
Out - > OutVal ~ end_ cyc; 

END; 

FUNCTIONTEST qulckTest: 
BEGIN 
Set_inputs( 15,0): 
Set_inputs (3 , 1); 

END 

Here, quickTest checks the basic NANO function; the 
first line applies all 1 s to the 4-bit bus to obtain a 0 at the 
output, whle the second applies 0011 (binary) to obtain an 
output of I. 

Another ASIC house, SOA Systems, plans to control 
both simulation and test with one language, STL. It will 
match the C-inspired description language Skill, which is 
quite comprehensive because SDA, like Silicon Design 
Labs, subscribes to the compiler-compiler dogma. How-
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5. IC design efficiency Increases as the designer 
applies high-level abstractions. At present, the 
structural approach Is giving way to a functional 
description. 
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ever, SOA also offers a module library, a task that the 
other company has just started. 

Recently, SOA introduced two other important soft­
ware tools, Extract and LVS (layout vs schematic). The 
former extracts a schematic from the layout and feeds it 
to the simulator. The latter, a circuit reconstruction pro­
gram, compares the layout with the schematic and high­
lights any differences . The circuit parameters and the 
parasitics both can be compared. Such programs are 
fairly common for ASIC design; as a generic term for cir­
cuit reconstruction, network vs layout, or NVL, is often 
used. 

Only a few years back, network-vs-layout software 
was declared superfluous by design automation gurus. 
After all, a circuit designed by a computer simply had to 
be correct. Since then, IC designers have found that bits 
can get lost on phone lines and even in data bases. Oo-it­
yourself si licon compilers add another hazard, and even 
professional compiler writers welcome an NVL check 
after changes have been made. Because changes never 
cease, the routine usually runs indefinitely. 

Circuit reconstruction works well for small schematics 
because they can easily be flattened; but upper hier­
archical levels have yet to be addressed. Still, network-vs­
layout routines provide a safety net for those who must 
tinker with a silicon compiler to optimize it for their 
needs. Most IC designers fall into that group, since they 
are anxious to boost their productivity, provided the size 
and speed penalties associated with a compiler are toler­
able. 

Tinkering also pays off because compiled circuits are 
usually overdesigned with extra buffers and control lines 
to interface smoothly with other automatically generated 
components. An IC-literate designer can excise the un­
needed baggage and stay ahead of someone going the 
fully custom route. The first MicroVAX CPU, for exam­
ple, was designed quickly with a compiler. The second 
generation, hand-tuned for performance, turned out to be 
nearly three times faster. The difference will be much 
smaller once less rigid compilers can be used . 

UNEXPECTED ALLIANC ES 

With the exception of Silicon Compilers, which sold 
95% of its products to system designers, all interviewed 
companies report that IC engineers make up one-third to 
three-quarters of their clientele. The waxing cooperation 
between the two parties is bound to yield more sophisti­
cated compilers. In fact, many of the users come from the 
leading edge of IC design, namely, VHSIC projects. On 
one hand, they are more willing to trade off speed for cost 
(few VHS IC chips ever reach even moderate volume); on 
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the other hand they work closely with system designers, 
the real targets for silicon compilation. 

Many engineers expect a quantum leap in design auto­
mation from this cooperation, especially in the upper 
hierarchical levels. There functional modeling poses a 
major roadblock, which may fall if the Pentagon has its 
way. Not only is the DOD pressing hard for its Ada-like 
VHDL description language, within a few years it plans 
to require that all chips it buys come fully characterized 
in VHDL. Thus, functional models will eventually be 
available for all I Cs used by the military. 

When the modeling roadblock falls, we may cross the 
threshold to the third phase of IC design, which will em­
phasize functional rather than geometric or behavioral 
circuit descriptions (Fig. 5). 

Whether VHDL can adequately address CPU paral­
lelism, a vital concern of companies like Silicon Solutions, 
remains to be seen. In designing the accelerators it sells, 
the company uses its own compilers, essentially starting 
with the Mead-Conway implementation called Bristle 
Blocks, followed by compaction. But designers trying to 
express parallelism in a functional IC description encoun­
ter the same difficulties as the designers of computer lan­
guages did . 

That problem has been solved by the Occam language, 
which was developed specifically for the lnmos Trans­
puter, a CPU meant to operate in parallel. With hundreds 
of CPUs ganged together, the Transputer indeed works as 
planned . Now a superset of Occam is being used as a 
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6. AT&T's Tilos and SC-2 programs here select dif­
ferent transistor sizes for a 2-bit adder, depend­
ing on the maximum tolerable delay. At the top, 
the user has requested 10 ns, at the bottom 4 ns. 
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hardware description language at Inmos' UK laborato­
ries, primarily for the design of Transputer variants. For 
example, the following code defines parallelism in a pipe­
lined processor: 

WHILE TRUE 
PAR - - execute these tasks in parallel: 

bitOfPipe (in, interPipe(O)) 
PAR I= 0 FOR (numberOfStages - 2) 

bitOfPipe( interPipe (i), interPipe(i + 1)) 
bitOfPipe ( interPipe (numberOfStages-1), out) 

: - - end of complete pipeline model 

That compiled circuits can surpass manual designs in 
specific applications has been clearly demonstrated. LSI 
Logic recently announced its Macgen package, which 
lays out multiplier-accumulator chips (ELECTRONIC 
DESIGN , April 3, 1986, p. 51 ). By concentrating on the 
Wallace-tree algorithm and by cleverly folding the com­
piled layout, the resulting chip is both dense and fast-2.5 
times faster than other multipliers. Most remarkable, the 
designer knows neither the schematic nor the layout of the 
resulting circuit-a hallmark of true compilation. "It 
could take a year to derive the full schematic," comments 
the compiler's architect. 

Another widely "unknown" ASIC house also reports 
noteworthy results-AT & T's facility in Allentown, Pa. 
Compared with standard cells, the SC-2 "silicon con­
verter" not only saves 10% to 20% in die size, but produces 
either twice the throughput or three to four times the out-

7. A gate sizer developed at Gould-AMI can pro­
duce bent-gate transistors to save silicon space. 
Of the four dark horizontal lines that represent 
transistors, three use bent gates. 
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put power for digital signal processors. If speed is essential 
at a given location, the Tilos (timing logic simulator) 
package changes transistors accordingly (Fig. 6) . 

Gould-AMI adds a wrinkle of its own to gate sizing: 
space-saving folded transistors that can save over 20% of a 
chip's real estate (Fig. 7) . In the procedural languages 
used for most CAE software, the folding algorithm would 
be difficult to implement. But AMI has switched to Lisp 
for its software development and now reports about a 
threefold speedup in the construction of CAE tools. 

To deliver the flexibility it promises, silicon compilation 
will likely have to call on expert system technology. Lisp 
and other AI languages will, of course, figure dominantly 
in expert systems for IC design now under development at 
university and industry laboratories. AT & T's Bell Labo­
ratories, for example, has two such efforts under way. One 
is the Design Automation Assistant (DAA), born at 
Carnegie-Mellon University. Though still experimental, 
the tool blends OPS-5 rules (currently about 700) with al­
gorithmic modules written in C (encompassing 20,000 
lines). DAA's designers hope to broaden the narrow con­
fines of present silicon compilers, thereby eliminating 
many of the shortcomings. 

Another Bell Labs effort, dubbed Cadre, has barely 
outgrown its baby boots. It concentrates on the lower ab­
straction levels of IC design (from register transfer on 
down) and could therefore eventually use DAA outputs as 
its inputs. Unlike a single expert system, Cadre will com­
prise a collection of small expert "agents," all coordinated 
by a manager agent, which implements the system's 
metarules. 

One area of silicon compilation not addressed by expert 
system could use the help of one-analog circuitry. ASIC 
houses are, however, a ware of the need to address the 
problem. Some report that over 50% of their customers 
are anxious to put analog functions in their chips. 

Describing such functions in a high-level language, 
however, seems to be a long way off. Although Seattle Sil­
icon and SDA offer analog cells, true compilation remains 
a problem. Unlike digital components, analog circuitry is 
hard to classify, except for some specialties like switched­
capacitor filters. 

You might think that operational amplifiers also can be 
characterized easily, but Martin Walker from Analog 
Design Tools disagrees: "I can think of at least six distinct 
classes of op amps, and some demand rather esoteric de­
sign knowledge- for example, which transistors must be 
placed in isotherms." In fact, finding those lines of equal 
temperature on an IC is quite a feat in itself. 

Even in the digital field, the first step of transforma­
tion- synthesis- remains largely unsolved. Gateway 
Design plans to tackle the problem because it considers 
compilation impossible without synthesis. As company 
president Prabhu Goel explains: "Without logic synthesis, 
you don't have a compiler, you have an assembler. All the 
transformations are essentially 1: 1 translations of the 
'machine code' of a manual layout." 

A compiled computer language like Fortran, on the 
other hand, is completely independent of the underlying 
hardware. But since IC design deals strictly with hard­
ware, we can only wonder whether a CAE "Fortran" will 
even become a reality.D 
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ELECTRONIC DESIGN EXCLUSIVE 

Array IC presents new ways 
to customize analog circuits 
without wasting silicon 

Exploiting the unusual cell-like 
architecture of an analog array, 
designers can freely turn any 
transistor into an npn or pnp 
device or a capacitor. The 
reward? Silicon efficiency soarsl 

In the digital world , gate-array designers 
frequently brag about using 90% of a chip's 
active silicon. Analog array designers have 
not been so lucky: Rarely can they employ 
even half the active silicon. The reasons for 
such inefficient use of silicon are complex 
and interrelated, but they boil down to this: 
Analog array designers do not have the free­
dom to have npn and pnp transistors exactly 
where they need them . As a result, they 

Giovanni Giannella 
Exar Corp. 
750 Palomar Avenue 
P.O. Box 3575 
Sunnyvale, Calif. 94088 
(408) 732·7970 

often must opt for slow, expensive fully custom chips or hybrids to 
satisfy the application at hand. 

The development of the Flexible Array architecture-as well as 
the Beta array family that implements it- puts to rest the worries of 
analog array designers. Besides evolutionary changes, the architec­
ture stands out for one revolutionary concept: Each active device 
prediffused on the chip can be wired during metallization as either 
an npn or a pnp transistor. Moreover, some devices can be connected 
as resistors, others as capacitors . The Flexible Array goes a long way 
toward conserving the chip space wasted by unused components, a 
common complaint in analog array design . In fact, silicon use can 
jump to 100%. 

At first glance, the chip's regular structure resembles that of the 
latest analog arrays . Both are laid out in well-defined grids, both 
work on the basis of cells, and both invite the use of complex macro­
circuits (ELECTRONIC DESIGN, June 13, 1985, p. 86) . Now the dif­
ferences start: Whereas the older chips comprise about a dozen 
large, identical cell "tiles," each capable of holding a complex circuit 
like an op amp, the largest Flexible Array chip carries 80 small cells, 
each of which can be independently configured. Moreover, macro­
circuits in tile-type analog arrays may eat up one cell plus a portion of 
a second cell, leaving the remainder of the latter vacant. With the 
new array, macrocircuits can be positioned anywhere on the chip, 
consuming only the number of cells needed and sacrificing at most 
one or two active devices. 

To define the purpose of each chip, designers have three multi­
function structures, or "mutants," at their disposal (Fig. 1). At the 

Electronic Design· May 1. 1986 171 



DESIGN ENTRY 

Cover: Space-efficient analog array 

center of each small cell are three devices , each called a 
Twinstor. (The Beta-240, the largest chip in the series , 
carries 80 cells and hence 250 Twinstors.) Each Twin­
stor can be connected during metallization as a pair of 
npn transistors, a pair of pnp transistors, an npn transis­
tor and a crossunder, or a three-terminal pnpn switch. 
In addition , each cell contains 23 resistors, about 
equally divided into groups at each end of the cell. An­
other multifunction structure, a Twin booster, resides at 
one end of the chip . A power device, it handles up to 
500 mA when connected as an npn transistor or up to 
50 mA as a pnp device. 

The most interesting mutant structure, the Padstor, 
combats the high percentage of unused silicon on the 
periphery of a chip. It incorporates the material sur­
rounding and beneath the bonding pads; with functional 
devices now moving onto the chip's periphery, Flexible 
Array chips can reach a remarkable usage factor of 
I 00% or more. Besides its basic use as a pad, the Pads tor 
can double as a vertical pnp or npn transistor, as a junc­
tion or oxide capacitor (or both in parallel), or finally as 
a crossunder. 

STRUCTURAL EFFICIENCY 

Because of its sheer number on chip, the Twinstor 
acts as the basic building block, whether designers work 
at the device level or at the macrocircuit level on a work­
station . At the system level, they need not be aware of its 
existence. 

By far, versatility is the most salient characteristic of 

1. Three "mutant" 
structures, as well as 
two banks of resistors, 
characterize the Beta-
240, Just one of the 
chips Implementing 
the Flexible Array ar­
chitecture. As is the 
case with other chips 
In the series, each 
cell (see Inset) Incor­
porates three Twin­
stors. During metal­
llzatlon, a Twlnstor 
can be connected 
as an npn or a pnp 
transistor. 
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the structure, since it can be connected as two transistor 
types. Contacts C 1 and C 2 , which are built with the 
same n-type diffusion, are connected internally as com­
mon collectors in an npn configuration, but become the 
common bases in a pnp configuration. 

As a dual, vertical npn transistor (Fig. 2a), the device 
may be used in any common circuit as a single transistor 
with its bases and emitters tied together. In two alterna­
tive setups, it serves as two transistors, effectively in­
creasing the number of active devices- and hence the 
functional scope- of the chip . The Twinstor can be 
wired as a pair of emitter-followers, with separate base 
inputs and emitter outputs, or show up in a Darlington 
circuit, with the emitter of one transistor driving the 
base of the other (E 1 tied to B2 ) . In the latter two cases, 
200 Twins tors can replace as many as 250 transistors on 
a standard array. Furthermore, one complete device oc­
cupies only 7 5% the area of one typical npn transistor. 

LEADING TWO LIVES 

When a pnp transistor is needed, a Twins tor can form 
a single-base, dual-collector lateral pnp device. Doing 
so involves converting the p material forming the bases 
of the npn transistors into collectors (Fig . 2b) and the 
n-type material used for the collectors into the base. At 
the center of the device, a separate p-type diffusion 
makes up the emitter. When connected by metal as a 
pnp transistor, either the device can be used singly (with 
its collectors tied together) , or each collector can inde­
pendently drive a different load. 



The p material for the npn bases is L-shaped for the 
most compact geometry. If the Twinstor is not needed 
as an active device, the dual contacts permit it to act as 
matched low-value resistors or as crossunders. 

When connected as an npn transistor, the Twinstor 
has the same operating characteristics as those in 
present arrays, but it handles triple the current for the 
same emitter area. (The credit goes to the dual-base 
contacts and the larger emitter perimeter facing the 
contacts.) When both halves are tied in parallel, current 
handling doubles. That is, a Twinstor can handle about 
six times the current of a typica l ana log-array npn 
transistor. 

In addition, an independent metal line can be routed 
between each base and emitter contact, simplifying in­
terconnections both inside Twinstors and between 
them. Further, the device is fa bricated with deep sinker 
diffusion, just as in most bipolar processes; as a result, 
its saturation resistance drops by a factor of 10, reach­
ing about 20 Q. 

C2 E2 

8 , 8 2 

E, E2 

--< '" "'""" 
(c) 

Price and availability 
The Beta family of analog array chips has a 
turnaround of three weeks. Nonrecurring engl· 
nearing costs range from $4000 to $9000 , 
depending on the complexity of the device. 

CIRCLE 504 

Similar advantages accrue when the Twinstor is con­
nected as a pnp structure. The second collector contact 
lowers saturation resistance, while the emitter shape 
doubles the emitter perimeter, in turn doubling current 
handling. Finally, metal runs from the emitter can exit 
in all directions, simplifying routing. 

For extra power, designers can turn to the Twinbooster. 
Each device is an assemblage of silicon structures that 
may be connected in parallel to form either a 500-mA npn 
transistor (Fig. 2c) or a 50-mA pnp transistor (Fig. 2d) . 
In the former configuration, saturation resistance is just 
3 Q; in the latter, about 20 Q. 

As an npn device, the Twinbooster implements a pair of 

E 
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c , C2 

C2 E 
(b) 

E 

8 2 

. C, C2 C3 c. 

8 , C, C2 C3 c. 82 

(d) 

2. The Twinstor represents the basic building block of the programmable arrays. At the designer's discretion, 
it can be connected as either one or two npn transistors (a) or as a dual-collector pnp transistor (b). Power 
on the array is handled by a mutant structure called a Twinbooster, which handles 500 mA as an npn tran­
sistor (c) and 50 mA as a pnp transistor (d). 
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Table 1. Inside the Flexlble Array famlly 
Device 
type Beto240 Beto180 Beto100 

Cells 80 60 33 
Twlnstors 240 180 99 
Padstors 40 38 28 
Twinboosters 2 1 1 
Die size 110 x 160 mils 110 x 122 mils 110 X 79 mils 

Oxide 
capacitor 

p 

p+ 

(•) 

Metal 

p+ 

Substrate 

(b) 

(c) 

Junction 
capacitor 

Epi n+ 

Buried 
layer 

p 

p + 

·. 

3. To avoid wasting silicon, the array's bonding 
pads, called Padstors, also contain transistors and 
capacitors (a). The collectors and emitters of the 
npn transistor are formed by a pair of n+ diffusions 
(b) and correspond to the c ircles and bars shown 
In the chip plan (c ). The capacitors can serve to 
stabilize op amps or as hold capacitors In sample­
and-hold circuits. 
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250-mA emitter-followers with separate inputs, B1 and 
B2, and separate outputs, E 1 and E2• When set up as a pnp 
transistor, it can work as a quad collector driving up to 
four different loads- for example, providing four equal 
current sources from a single reference input. 

WHAT A PAD 

For chameleonlike performance, the Padstor cannot be 
surpassed. Few designs require more than a handful of 
bonding pads- several inputs , several outputs, power 
rails-and even fewer would need the Beta-240's full 
complement of 48 bonding pads (Table 1 ). Thus, if not for 
the Padstor, many applications might waste as much as 
10% of the chip. 

Moreover, the Padstor adds capabilities not found on 
earlier arrays- voltage-insensitive oxide capacitors and 
vertical pnp transistors . The first not only stabilize op 
amps but also can be used as hold capacitors for sample­
and-hold circuits. The vertical pnp transistor, a rarity 
with all but the highest performance bipolar processes, 
triples the speed of a lateral pnp transistor, making faster 
complementary circuits a possibility. In addition, the Pad­
stor structure can form a resistor or an npn transistor with 
one to five emitters. 

When building capacitors with the Padstor, designers 
have three options. First, they can set it up as a junction 
capacitor with a fixed value of 4.5 pf at zero bias (Fig. 
3a). Next, depending on oxide thickness (under user con­
trol), they can form an oxide capacitor with a value of 
0.6 to 2.4 pf. Moreover, these capacitors can handle an 
external voltage of over 100 V. Finally, both capacitor 
types can be tied in parallel for maximum values. 

The metal bonding pad itself and a p-type base dif­
fusion (Fig. 3b) below it create the plates of the oxide 
capacitor. This, in turn, forms a junction capacitor with 
the n epitaxial material below the diffusions. Connecting 
the top plate to the epitaxial layer puts the two capacitors 
in parallel. 

If a ballast resistor valued at only a few ohms is called 
for, the diffused p+ area does the job. Moreover, it is inde­
pendent of changes in transistor beta, a problem for 
arrays in which the emitter diffusion provides the resistors 
in epitaxial tubs. 

The npn transistors are built by diffusing a p base ma­
terial so that it surrounds the pad (Fig. 3c). At one end of 
each pad, n-type emitter diffusions and collector dif­
fusions are added . Moreover , an n + sinker diffusion 
connects the collector to the buried layer, minimizing 
saturation resistance. 

The p material under the pad does not go to waste ei­
ther. It forms the emitter of the vertical pnp transistor, 
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while the deep n + diffusion for the collector of the npn 
transistor acts as its base. The pnp device's collector is 
formed by the p-type isolation material. Since this is aver­
tical pnp transistor, with a heavily doped emitter and 
a thin base, it has a typical beta of 50 and an fT of 
15 MHz- far superior to lateral devices on this or other 
arrays (Table 2) . 

With the medium-current npn and pnp transistors in 
proximity to any point on the array, designers can build 
complementary class AB amplifiers for output stages. 
The devices also can act as high-impedance input buffers 
or be connected in parallel to form a power stage in which 
heat dissipation is distributed evenly over the chip. In ad­
dition, this pn junction can be used as a high-voltage­
greater than 120 V- transient protection diode for input 
or output protection. And the Padstor can serve as a zener 
zap device for precision trimming of passive or active 
components at the wafer or package stage. 

Finally, the bonding pad itself can be used in all of these 
circuits, as long as its 0.6-µF capacitance, coupled to the 
p-type material beneath it, does not limit circuit band­
width . 

Although resistors are built into each mutant structure, 
most of the chip's resistors lie in groups at each end of a 
cell (Fig. 1 again). All 80 cells in the Beta-240 contain ten 

Table 2. Flexible Array specifications 
Range 

Device or minimum 

Twlnstor as npn 
Beto when le = 1 mA 100-400 
Beto when le = 15 mA 30 
Saturation resistance 30 fl 
fr when le = 3 mA 600 MHz 

Twlnstor as pnp 
Beto when le = 10 µA S0-2SO 
Beto when le = 1 mA 10 
Saturation resistance 300 fl 
fr when le = 10 µA 6 MHz 

Twlnbooster as npn 
Beto when le = SO mA 100 
Beto when le = SOO mA 30 
Saturation resistance 3 fl 
fr when le = 15 mA 300 MHz 

Twlnbooster as pnp 
Beto when le = 1 mA 25 
Beto when le = 30 mA 10 
Saturation resistance 20 fl 
fr when le = 3 mA 2 MHz 

Padstor as npn 
Beto when le = 5 mA 100 
Beto when le = SO mA 30 
Saturation resistance 15fl 
fr when le = 15 mA 400 MHz 

Padstor as vertical pnp 
Beta when le = 1 mA 25 
Saturation resistance 50fl 
fr when le = 3 mA 15 MHz 

Note : All specifications given for VcE - 5 V. 
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A glimpse at the processing 

The Flexible Array chips are fabricated with a stan­
dard single-metal bipolar process following 6-µm de­
sign rules. A maximum of 26 Y can be placed across 
the supply rails. In addition, a four-step passivation 
process increases reliability and protection. First, a 
thermal oxide layer is grown to protect the junctions 
and to attract residual ionic impurities to the top of the 
oxide. The impurities are trapped there by a layer of 
nitride, preventing further contamination. After the 
metal interconnection layer is deposited, separate ox­
ide and nitride layers are again laid down, leaving only 
the bonding pads exposed . 

500-n, two 1.5-kn, and four 25-kn resistors laid out in 
matching pairs, with another 500-n and a 25-kn device 
rounding out the selection. To simplify routing, some of 
the resistors are positioned at 90 ° angles, some are paral­
lel. 

In addition, each cell contains three low-value resistors 
(two 20 n and one 25 n) which can serve as crossunder 
devices if needed. Unlike most arrays, the deep diffusion 
forming these resistors is relatively insensitive to electro­
static discharge. 

Besides the routing advantages offered by the mutants, 
the designer's efficient use of the epitaxial and substrate 
ground lines simplifies the routing process. The epitaxial 
line is formed by a deep diffusion that reaches the buried 
layer; a contact to this material can replace a metal inter­
connection to the plus supply rail. The substrate ground, 
called the semiground, is reached at the isolation walls 
that contact the substrate. 

Prior to routing , the circuit designer should divide 
power-supply and ground lines into two categories: those 
that can use low-grade lines (epitaxial and substrate) and 
those that demand metal runs. When routing gets diffi­
cult, either the layout designer or an automatic router can 
determine which interconnections need not use metal. 
Moreover, in these arrays, substrate contacts in the cen­
tral area are essential , otherwise parasitic coupling in­
creases between components. 

Naturally, proof of the pudding lies in a working chip. 
Consider, for example, a signal processor that takes on all 
read, write, and erase functions for double-sided floppy 
disk drives . The original handcrafted chip, built with a 
two-metal process, eats up 22,000 mils 2

; in contrast, if im­
plemented with the Beta-240, the processor occupies only 
17 ,600 mils2

• Not only that, layout takes only one week as 
opposed to four. 

The chip exemplifies a complex circuit designed at the 
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transistor level using standard analog building blocks: 
current sources, level shifters, differential amplifiers, and 
timing circuits (Fig. 4) . Although dominated by small­
signal analog circuits, including op amps, comparators, 
and filters (as well as a peak detector and an automatic 
gain-control loop), the chip also contains one-shots, logic 
gates, and flip-flops . 

The small-signal circuits use the Twinstors very effec­
tively, with 211 of them forming npn transistors and 
52 forming pnp transistors. Another 53 npn devices are 
connected as diodes, most in the read/ write matrix. The 
total count of 316 transistors hints at the ease with which 
many of the 250 Twinstors can be used separately as a 
pair of emitter-followers or in Darlington connections. 

Twinboosters drive the write and erase heads, as well as 

the outputs. A total of 204 resistors of various types are 
used, as are 28 bonding pads. D 

Giovanni Giannella, Exar's group manager of engi­
neering services, supervises product development and 
test systems design. He has held engineering, market­
ing, and manufacturing positions in the U.S . and 
Europe. He received a doctorate in electrical engineer­
ingfrom the University of Rome. 
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4. A floppy-disk read/write signal processor, the XR-3448, has been built on a Beta-240 array. The final circuit, 
which contains more than 300 transistors and over 200 resistors, creates the signals that drive the heads and 
then processes the signals emanating from them. 
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You'd like to believe that 
electronic circuit simulation can 
replace breadboarding. That 
you've found the ideal substitute 
for an expensive, time-consuming 
design bottleneck. But you haven't 
seen a CAE workstation yet that 
really speeds up the process. Or 
that is cost-effective. 

Cadnetix takes you into your 
electronic design future. With 
Cadnetix technology; simulation 
is not just a viable alternative, 
it's the best alternative. 

Our schematic capture and 
circuit analysis tools are specifi­
cally engineered for fast and 
thorough design verification. 

Cadnetix has advanced simulation tech­
nolo!!J! with our unique Graphic Waveform 
Editor. 

Giving you quick turnaround and 
fast payback on your design auto­
mation investment. 

Capturing Schematics. 
Do you really get your 

money's worth with today's auto­
mated schematic capture tools? 
With Cadnetix, definitely. Our 
system gives you capability pencil 
and paper can't match. 

Comprehensive Cadnetix 
libraries make a large variety of 
standard and semi-custom com­
ponents available to you. Our 
integrated design libraries contain 
all types of design data for CAE 
and CAD, including footprints, 
schematic symbols and simulation 
models. And our Hierarchical 
Schematic Editor is a powerful 



tool for creating symbols and sim -
ulation models for new compo­
nents required in your designs. 

Automatic forward and back 
annotation ensure the accuracy 
of your design data at all times, so 
ECO generation is dramatically 
streamlined. And, by using 
Ethernet, data is shared by all 
engineers for easy partitioning 
of large projects. You control the 
design process like never before. 

Simulate or Breadboard? 
Does breadboarding still.seem 

faster than developing simulation 
inputs and running simulations? 
Not anymore. Reducing design 
cycle time is our top priority 

We use a logical and natural 
approach to streamline your 
design process. We give you a 
choice of techniques for creating 
simulation inputs. You can code 
signal values textually or by soft­
ware program. But Cadnetix also 
gives you the option of creating 
them graphically with our unique 
Waveform Editor. 

You draw signal waveforms as 
you would on paper-but dramat­
ically faster. With commands 
like pattern repeat, invert and 
copy, you generate inputs in 
minutes. Waveforms are used as 
direct inputs to the simulator. 
And output waveforms from one 
simulation can be used as inputs 
to another phase of the design. 

Simulation gives you unique 
advantages over breadboarding. 
In minutes, errors can be detected, 
the schematic modified, and your 
circuit re-simulated. With our 
powerful worst-case simulation, 
you can verify timing, ensuring 
that the system works with various 
combinations of components and 
operating conditions. And the 
speed of simulation gives you the 
freedom to experiment. 

How fast is simulation? Our 
CDX-77000 Simulation Engine™ 
speeds you through the process at 
200,000 evaluations per second. 

Physical Modeling. 
You need a system that accu-

rately models VLSI components? 
You've got it. Cadnetix has antici­
pated today's trend in modeling. 

Our CDX-7900 and CDX-79000 
physical modelers use actual 
hardware as models for simulation. 
With accurate simulations of 
microprocessors, gate arrays, and 
other VLSI devices, you can debug 
any design. 

In the Cadnetix environment, 
physical modelers are network 
resources, so you benefit even 
more. You generate inputs at your 
workstation and transfer them to 
the modeler, where the actual 
simulation takes place. The work­
station is then free for other 
tasks. And, because many engi­
neers can share a single physical 
modeler, you enjoy exceptional 
price-performance. 

Cadnetix. 
Timely solutions. 



Reduqng 
outtinie. 

You know CAD workstations 
can help you get higher quality 
boards to manufacturing faster. 
But you probably haven't seen 
the ideal CAD system yet. You want 
one that routes boards fast and 
still preserves quality That handles 
the largest boards your team can 
produce. And supports any 
advanced technology you plan 
to use. 

With Cadnetix, your present 
and future CAD productivity is 
assured. We put our advanced 
technology to work in ways you 
really need it. 

Special-purpose processors 
to accelerate graphics operations 

Cadnetix provides the industry's first and 
most complete surface mount package. 

and routing. Continuous design 
rule checking. Effortless editing of 
very large boards. And the indus­
try's best surface mount package 

and special ECL routing algo­
rithms. Our commitment to unpar­
alleled CAD performance is our 
investment in your success. 

Fast Design Throughput. 
Is graphics response slowing 

your designer's progress? We've 
got the solution. The graphics 
accelerated Cadnetix CDX-50000. 

With instant graphics 
response, you're free to be creative, 
constantly, without frustrating 
delays. Our innovative system 
architecture is tailored for graphics 
operations to give you exceptional 
performance. 



The CDX-50000 combines 
bipolar, bit-slice parallel pro­
cessors, an 88-bit wide microcode 
word and dual-port memory. It 
clips and transforms 400,000 vec­
tors per second. The result? On 
your largest boards, you pan and 
zoom instantaneously And boards 
you'd have to split on other sys­
tems are edited effortlessly Even 
those in the 800 + EIC range. 

Design rule checking (DRC) 
is accelerated, too. With on-line 
DRC you have instant feedback 
during interactive design. 

Routing in Record Time. 
Do you still see routing as the 

biggest CAD bottleneck? Times 
have changed. In the Cadnetix 
environment, engines do the work, 
not you. 

Our Route Engine™ routes 
with incomparable speed. Our 
special-purpose hardware archi­
tecture gives you super-computer 
processing speed of 50 equiva­
lent MIPS for the routing applica-

tion. And you don't do a thing. 
The engine iteratively rips up and 
reroutes traces, making possible 
true 100% routing. 

A special finishing routine 
minimizes vias and improves trace 
routes, ensuring board quality 
and cutting manufacturing costs. 

The engine operates unat­
tended, so your boards route 
through the night or over the 
weekend. You can literally triple 
your output, or better. With this 
exceptional machine, Cadnetix has 
redefined the routing problem. 
The burden is on the router-you 
just dictate the priorities and 
controls. 

The Technological Edge. 
You doubt that you'll find 

design tools that stand up to your 
most ambitious demands? Here 
they are. Technology leads at 
Cadnetix. 

Large complex boards, fine­
line geometries-analog, digital, 
ECL and surface mount compo-

nents-Cadnetix handles these 
routinely You'll produce boards 
you couldn't even try before. 

Our surface mount capability 
is just one example. All varieties 
of chip carriers, small outline ICs, 
flatpacks and others are sup­
ported. Components are easily 
placed on either side of a board 
and moved from one to the 
other. Component "footprints" 
are supported for pre-defining 
signal connections. You can mix 
English and Metric dimensions 
in a single design. The list goes on. 

Cadnetix design tools expand 
your horizons, not limit them. 
With the kind of power, flexibility 
and graphics response to keep 
your creative thoughts flowing. 
Uninterrupted. So you produce 
high quality boards faster than 
ever. And that's the bottom line. 

Cadnetix. 
Fast Solutions. 



Andwor 
with Cadnetix. 

You hear lots of vendors prom­
ising an integrated solution for 
electronic systems design. But you 
haven't seen one yet that delivers 
comprehensive capability in both 
CAE and CAD. Or a company 
that understands the problems 
involved in all phases of electronic 
equipment design. 

Cadnetix has been a leader 
in printed circuit board CAD for 
years. And, we announced the 
industry's first integrated CAE/ 
CAD product line for systems 
design in June 1984. 

We want you to advance into 
your electronic systems design 
future with a competitive edge. 

J Strength from Design 
to Layout. 
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Icons, an optical mouse and action keys 
streamline operator interaction on Cadnetix 
systems. 

With Cadnetix tools, you're in 
the lead. 

is your strength. 
Full-function CAE through high­
performance CAD, with engines 
to accelerate every compute­
intensive process. Cadnetix has 
your solution. 

1)7ing it all together. 
You need integrated CAE/CAD 

capability? You've got it. Cadnetix 
gives you integration by design. 



We give you a single, unified 
database for CAE and CAD. What 
do you gain? Automatic forward 
and back annotation to ensure 
integrity of design data and stream­
line ECO management. 'frans­
parent remote file access to the 
database or to any other work­
station. A single master library, 
accessible to all designers across 
the network. Database servers 
for mass storage and library con­
trol. And system management 
tools, including automatic tracking 
of schematic and component 
revision levels. 

Ethernet is the communica­
tions medium. Via Ethernet, 
engines are available to every 
workstation to provide you super-
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Cadnetix systems design solution (CAE and 
CAD tied together by network and DB). 

computer performance in specific 
applications, even to your PCs. One 
engine serves several engineers­
you don't have to buy an engine for 
every workstation. 

What does this buy you? Very 
simply, spectacular return-on­
investment. 

Making It Work. 
You want a solution that's not 

only powerful, but useable? We 
gave you the first and only object­
oriented interface in CAE/CAD. 

The Cadnetix user-interface is 
acknowledged as the industry's 
best. We were the first to develop 
an object-oriented system that is 
consistent across all applications 
and makes no compromises in 
functionality 

Within days, you'll be using 
the system-not just learning to 
use it. With our object-oriented 
interface, you have no command 
languages to memorize. No 
complex menus either. Instead, 
you just select an object and 
choose an action. Whether draw­
ing a schematic, creating simu-

lator inputs or routing a board, the 
principle is the same. And it 
results in high productivity A 
major customer reported, "During 
the first 12 weeks after installa­
tion, seven PCBs were completed, 
including all documentation'.' 

How do you benefit? Efficiency 
You accomplish more with each 
keystroke. Flexibility You control 
every aspect of your editing 
environment. Speed. For the infre­
quent or intermittent user, relearn­
ing time is minutes, not weeks. 
Comfort. With a coherent visual 
interface, you work faster, and get 
less fatigued. 

For the first time, you have 
automated design tools that effec­
tively complement your skills. So 
you produce high quality products, 
on time. 

Cadneti.x. 
Solutions 

for system design. 
IBM PC is a registered trademark of the IBM Corporation. DEC VAX is a registered trademark of Digital Equipment Corporation. 
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Designed 
to be Used 

The 1985/1986 US Edition of GOLD BOOK is 
bigger and better than ever. It. has been careful­
ly designed to be easy to use. From the all-in-one­
volume Product Directory (Vol. 1), through the 
alpha-numeric organized Product Data Files 

(Vol. 2) and the stand-alone One-company 
volumes (Vol. 3)~ to the direct-response Immedi­
ate Action Cards (Vol. 4)~ the system is organ­
ized for the user's convenience. Try it. You'll 
like it ... 

*In selected GOLD BOOK sets only. 

Update your Catalog File 
Through GOLD BOOK'S 

READER SERVICE SYSTEM 
Here's a fast, easy way to be sure you have 
the latest catalogs from GOLD BOOK's 

participating advertisers. For full details on 
this exclusive GOLD BOOK service consult 

Vol. 1 (US Edition), page 2. 





DESIGN ENTRY 

ELECTRONIC DESIGN EXCLUSIVE 

Targeted for speed, 
triple-bus DSP IC dispatches 
real numbers at 6.25 MIPS 

Working with three rather than 
two buses, a fast signal 
processor chip makes short 
work of real and complex data. 
It serves as a platform for three 
operand algorithms. 

Though Harvard architectures and short 
cycle times are common in digital signal 
processors, they are not particularly rare in 
general-purpose processors either. True im­
provements in DSP performance must be 
made in more specialized areas. A digital 
signal processor, for example, spends a lot of 
time moving data in and out of internal 
memories through its single data bus, creat­
ing a bottleneck in the flow of operations. In 

Daniel F. Martin, Luc Mary 
and Baradir Barazesh 
Thomson Semlconducteurs 
Centre d 'Etudes et de Fabrication 
Circuits lntegres MOS 
A venue des Martyrs BP2 17 
38019 Grenoble Cedex, France 
(33) 76.49.36.00 ext. 38.23 

contrast, an unconventional three-bus structure could execute equa­
tions with three operands-the daily fare of digital signal processing 
and arithmetic algorithms-at the rate of one cycle per equation. 

The first VLSI processor to embody a practical three-bus struc­
ture, the TS68930 programmable signal-processing integrated cir­
cuit (PSI), performs repetitive data-intensive tasks at 6.25 MIPS 
(160-ns cycle time) on real-number data and at half that rate on 
complex data. For window operations (multiplying a block of vari­
ables by a block of constants) the chip works faster than its com­
petitors, in some cases by a factor of 275%. 

While a processor rarely includes complex number operations in 
its repertoire, such computations are the lifeblood of digital signal 
processing. DSP algorithms often use complex numbers in oper­
ations such as FFTs, convolutions, demodulation, and echo cancel­
lation, among others . Thus, the DSP chip directly reads, multiplies, 
adds, and performs other operations on complex numbers to imple­
ment the required algorithms. 

A single-chip microcomputer in its own right, the chip includes a 
multiplier, an ALU, ROM, RAM, and other circuitry. All together 
120,000 transistors fit on a 57-mm2 die in a 48-pin low-cost pack­
age. An open version (TS68931) in which the ROM is external is 
available in an 84-pin package. 

The chip, fabricated with a 2-µm NMOS process, typically dissi­
pates 1.5 W. Two-phase logic is used throughout, with both 160-ns 
clocks obtained from an external 25-MHz crystal. The entire system 
is synchronized to the two clocks and in some cases to locally gener­
ated quarter-phase clocks (80 ns) used in the multiplier or for pre-
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charging the RAMs. 
The small size and low cost of systems based on the chip 

especially shine in stand-alone equipment, small add-on 
boards, and embedded applications . For more compli­
cated jobs, the DSP chip can serve as a building block in a 
multiprocessor tree. 

Because its instructions run independently of the data 
flow, a Harvard architecture requires separation of pro­
gram and data memories and their buses. Though the ob­
vious advantage is speed, the scheme a lso permits each 
bus to accommodate different word widths . Thus, the 
chip uses 32 bits for instructions and 16 bits for data. 

While the Harvard architecture is parallel only in the 
sense that the fetching and execution of instructions occur 
simultaneously, to be truly parallel an architecture must 
work on at least two pieces of data simultaneously. Two 
16-bit read buses continously feed the operating units 
with new data while the 16-bit write bus transfers the re­
sults to the RAMs (Fig. 1 ). Because the DSP chip has a 
32-bit instruction word, two operands can be read from 

internal or external memories, a multiplication can be ex­
ecuted , and an ALU operation can take place- all in a 
single cycle. The multiplier result, which is stored in one 
of the working registers, serves as one operand for the 
ALU operation. In addition, the result of an ALU oper­
ation can be written into internal or external memory. Ad­
dresses can be generated for up to three operands, and 
those three addresses can be modified later. 

CANCELLING DELA VS 

A delay occurs between reading and processing da ta 
and writing the results into RAM (multiplication alone 
takes two cycles) . However, by pipelining the operations 
(Fig. 2), the delay has no effect on the processor's 
throughput. As an example, for a multiplication started at 
time N, the result will be avai lable at time N + 2. That, of 
course, does not prevent a multiplication from starting at 
N + 1, which in turn gives a product at N + 3, and so on. 

Another special feature of the chip is the way in which 
it handles external resources. From the programmer's 
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1. In the TS68930 DSP chip, new data is continuously applied to the operating units over the two 16-bit left 
and right read buses. Results flow to the RAMs over the 16-bit write bus. Thus, the truly parallel architecture 
can work on two pieces of data simultaneously. 
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viewpoint, all those resources work the same way as the 
internal registers do. The processor, for example, will 
perform at full speed with an external RAM (55-ns access 
time). That is, a read-modify-write operation takes only 
320 ns on 16-bit external data, delivering a data-modifi­
cation rate of 50 Mbits/s. 

Designers assess a processor's architecture by the im­
provements it supports in processing power, memory 
space, and precision. For the DSP chip, connecting pro­
cessors in a tree hierarchy increases processing power. 
Each unit effectively becomes an independent module 
nested in an expanded machine in the same way that sub­
routines are nested in a program tree. 

Memory area is expanded with external program 
memory of up to 64 kbytes and data of up to 4 kbytes. For 
more precision, a double-precision mode extends the 
width of all data paths to 32 bits but doubles cycle time. 

The double-precision mode (32 bits) , the real mode 
(16 bits), and the complex mode (16 bits real and 16 bits 
imaginary) correspond to the three processor data types. 
The programmer need only declare the mode in an initial­
ization instruction and leave the remaining operations to 
the chip. 

DIVIDING TO REIGN 

The chip is divided into four major sections: the pro­
cessing block, data memory, program memory, and the 
I/O section (Fig. 1, again). All units and registers oper­
ating on data reside in the processing block. Included are 
a l 6-by-16-bit complex multiplier with a parallel pipeline, 
a 16-bit ALU, 32-bit registers (A and B), a 4-by-16-bit 
FIFO, the replace-code register, and the transfer register. 

The multiplier, which is separate from the ALU, is pro­
grammed independently as well. Full parallel multi­
plication takes two cycles, but thanks to the pipeline, a 
multiplication can execute every cycle. Operating on two 
16-bit two's-complement numbers in two input registers, 
the multiplier yields a 32-bit result in its output register. 
In the real-number mode, the 16 MSBs are rounded and 
stored; the double-precision mode gives the full product. 

COMPLEX MADE SIMPLE 

The complex number multiplication: 

(A + jB) X (C + jD) = (AC - BO) + j(AD + BC) 

requires four multiplications, one addition, and one sub­
traction. All those operations are done internally in the 
multiplier, which includes four levels of pipeline, one 
adder-subtracter, a small sequencer, four input buffers, 
and an 80-ns clock. The throughput is 3.125 million com­
plex multiplications a second. Since the hardware takes 

care of the operations, the user does not have to keep track 
of the real and imaginary parts; he simply programs a 
complex operation exactly the same way as for real num­
bers. 

On the next rung of the computational ladder sits the 
ALU and its associated registers. Having one of 27 differ­
ent ALU codes in the instruction word establishes direct 
control over the ALU. Indirect control of the ALU stems 
from loading a variable into the replace-code register, 
which then replaces the ALU code. Thus, instructions can 
be data-controlled, and the ALU operations can be 
masked, making it impossible for a competitor to under­
stand an algorithm. The ALU contains the third com­
putational unit, a barrel shifter, which in one cycle can 
shift right or left and rotate any logical and arithmetic 
numbers from 1 to 15 positions. 

Three sections make up the data memory space: a 
512-by- l 6-bit coefficient ROM, two 128-by- l 6-bit data 
RAMs, and an external 4k-by- l 6-bit space. The coeffi­
cient ROM works separately from the instruction ROM 

Instruction cycle ~ 
Program counter 

Instruction 

X RAM address 

Coefficient 
ROM address 

Right-bus data 

Left-bus data 

Multiplier input M 

Multiplier input N 

Multiplier output P 

ALU output 

Y RAM address 

Write bus data 

N N + 1 

N 

N 

N + 2 N + 3 N + 4 

N + 1 N + 2 N + 3 N + 4 

N + 1 N + 2 N + 3 N + 4 

N 'N + 1 N + 2 N + 3 
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2. Pipeline operations eliminate the inherent delay 
between reading and processing data. Conse­
quently, a multiplication. started at time N, for ex­
ample, completes at time N + 1. 
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and feeds the multiplier and ALU. It supplies coefficients 
and tables of constants for arithmetic calculations (sine 
waves and linear-to-wlaw conversion) . 

Variable data storage falls to the X and Y data RAMs, 
which store input and output samples, intermediate sam­
ples, long tables, and other data. The data RAMs (includ­
ing the external memory) access all three buses, and the 
coefficient ROM accesses the left read bus. 

ADDRESSING A' LA MODE 

The memories have four addressing modes: direct, indi­
rect, immediate, and circular. Indirect addressing, the 
most common mode in vector or signal processing, enables 
the chip to offer many pointers. Two pointers, which ad­
dress each memory, can be held, decreased, and increased 
independently or simultaneously. They also can be loaded 
with constants or computed values (for indexed address­
ing) and saved for context switching. The circular mode, 
particularly useful in filtering and convolution, simulates 
a shift register without moving the stored data. 

Two external subsystems, external memory and a pe­
ripheral device, connect to the chip. With the local bus 
and the system bus, several different configurations are 
possible (Fig. 3). Through the local 16-bit bus, the proces­
sor controls external memory space and peripherals. 

Using the system bus, the chip is a slave to a host 
processor and is accessed by an 8-bit bus controlled by 
standard 68000-type signals. The system bus exchanges 
information, data, and messages with a general-purpose 
host through a mailbox; a semaphore tells the host if it can 

8 or 16 

Data' 
Do- D1s 16 

Data 7 
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R/W, DS 
r- ADo-ADr External 

RD, WR, RAM 

DSP AD.-AD 11 (4k x 16 bits) 

Address chip 

ADo-ADr 

DSP 
chip •L-oca-1 b-u•s Peripheral 

DSP 
chip - Lo-c-al_b_u_s .. RAM 
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3. Connections to external subsystems are made 
over either the local or system bus (see Fig. 1). The 
local bus serves peripherals (a) or external 
memory (b). For each type of connection, the ap­
propriate leads are used. 
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Price and availability 
Engineering samples of the TS68931 digital sig· 
nal processor, housed in an 84-pln grid array , 
are available now. Commercial temperature 
parts go for $150 apiece. Details on the price 
and availability of the TS68930 processor can 
be obtained by contacting the manufacturer. 

CIRCLE 505 

access the mailbox. The semaphore also can handle inter­
nal testing and control. 

DSP programs must synchronize to external events 
(such as sampling clocks and buffer empty). For example, 
the seven branch-condition pins on the processor can serve 
as ready signals. The sequencer can directly test the ready 
signals and seven arithmetic flags (zero, overflow, sign, 
and so on). 

The chip is also well suited to DSP tasks containing 
computation-intensive loops. To that end, a loop counter 
repeats up to 16 instructions as many as 255 times, with 
the possibility of a variable initialization delay. The loop 
counter avoids the use of a test and branch instruction in 
the loop. Also available are standard sequences such as 
jump to subroutine, return from subroutine, computed 
branches, and computed calls. 

The instruction ROM can contain 1.28 kwords (each 
32 bits long) in the 48-pin version and 64 kwords (exter­
nal) in the 84-pin version. The user can access 256 lo­
cations that are reserved for self-testing of the circuit. 

COMPOUND INSTRUCTIONS 

Processor resources are only as good as the instruction 
set that controls them. With 32-bit-wide instruction 
fields, programming could be a tiresome task (2 32 instruc­
tions to learn) , but happily the chip's assembly language 
greatly eases the task . The 14 instructions fall into two 
main classes: normal and compound. 

Like a microprocessor instruction set, normal instruc­
tions include sequencing instructions, register initial­
ization, saving, and shift operations. Compound instruc­
tions are arithmetic instructions that perform up to four 
operations in parallel. Each operation corresponds to one 
or more instruction fields; namely, source and destination 
of operand 1; source and destination of operand 2; source, 
destination, and code of the ALU; and source and desti­
nation of the result. The three compound instructions 
each have a different addressing mode. 

The amount of signal processing that the DSP chip can 
perform depends on the cycle time, that is, the time for 
basic operations such as multiplying, reading, writing, or 
initializing a register. Specifically, if the sampling fre-
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1,000,000 DIFFERENT IDEAS OF WHAT A SWITCH IS. 

For an engineer, choosing 
a switch is a very personal 
decision. Just like choosing a tie. 

That's why so many of you 
have come to Dia light. With 
over 1,000,000 switch designs 
to choose from, we have a style 
to suit every engineer. 

Of course, engineers 
design in Dia light for more than 
our variety. They also trust our 
reliability. They know we 
manufacture all our switches 
right here in the U.S.A. And we 
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can send you a sample within 
48 hours. 

So call us at 718-497-7600. Or "'" 
write Dialight Corporation, 203 :iPUS;,'"•• 
Harrison Place, Brooklyn, NY :J 
11237-1587 and we'll send you • 
our catalogs. When you have 

1 
f 

some time, browse through tr 
them. And, please, if you don't 
see exactly what you like, 
just ask. 

A North American Philips Company CIRCLE 222 

DIAL/GI-IT SWITCHES 
~°'~~-

"SEE US AT ELECTRO '86 BOOTH #535-539" 



DESIGN ENTRY 

Triple-bus DSP chip 

quency is Fs (in kilohertz) and the cycle time is tc (in 
nanoseconds) , the number of machine cycles available per 
sample is Fs _ , / tc. For the DSP chip, the cycle time is 
160 ns at an 8-kHz sampling rate that provides 781 cycles 
per sample period. 

However, with the parallel pipeline architecture, 781 
cycles does not dictate 781 operations. If the algorithm 
lends itself to repetition and parallelism, many more oper­
ations are possible. For example, a four-coefficient bi­
quadratic filter requires six cycles or 0.960 µ,s, which is 
fast enough for many applications. For a cascade of bi­
quadratic filter sections, the number of cycles can be re­
duced to four per section by shrewd programming, by 
using parallelism, and by taking advantage of the pipe­
line. Hence, the algorithm requiring 18 operations for 
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4. The TS68930 chip forms the basis of a modem 
that meets the V.29 9600-bit /s European standard. 
Besides the DSP chip, a modem analog front end 
consisting of three chips is also required. 
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each biquad section is accomplished at a throughput of 
one section for every four cycles, giving an average of 
4.5 operations per cycle. 

Until recently, digital signal processors were too slow 
and required too much interfacing to do many jobs in­
expensively. Now, however, a dedicated analog front end 
has been introduced (Fig. 4). Illustrating this approach, 
the modem analog front end consists of a three-chip set: a 
transmitter, a receiver, and a time base circuit. 

To meet the V.27 4800-bit/ s European standard, the 
DSP chip connects to a modem front end, a microcom­
puter, and a line interface. The chip implements the trans­
mission end in about 400 cycles and 250 instructions and 
the reception side in 2500 cycles and 700 instructions. In 
each baud period (625 µ,s), the chip takes only 465 µ,s to 
execute a complete modulation-demodulation cycle. Sup­
plementary tasks, including multistandard data encryp­
tion and image compression in facsimile, occupy the re­
maining 160 µ,s, or I 000 instructions. On the hardware 
side, only four chips handle the modem signal processing. 

Furthermore, the multichip or kit approach applies 
equally well to other types of modems. For a modem that 
meets the V.29 9600-bit/ s European standard, the chip 
has enough power and program memory to implement all 
signal-processing tasks (about 1100 instructions and 85% 
of the baud period) . Except for a supplementary RAM, 
the hardware is the same as for the V.27 standard.D 

Daniel F. Martin is application manager for the 
TS68930 at Thomson. Prior to joining the company, he 
held various positions in the British telecommunica­
tions industry. He has a BSc in electronics and commu­
nications from the Polytechnic of North London. 

Luc Mary is project leader for the TS68930 at TRT. 
a telecommunication company affiliated with Thom­
son. Mary was previously TRT's group manager for 
data modems and signal processing a11d received the 
Diplome d'/ngenieur from Ecole Nationale Superieure 
d'Electronique et de ses Applications (ENS EA ) in 
Paris. 

Now Thomson's modem strategic manager, Baradir 
Barazesh was formerly engineer and codesigner of the 
TS68930 at TRT. He has a Diplome d'lngenieur and a 
PhD in systems and communications from the Ecole 
Nationale de Service de Tresor ( ENST) in Paris. 
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standard and custom 
Packaging/Interconnection Systems 
for: VMEbus, Multibus, Q-bus, 
Versabus, Eurocard systems 

by Hybricon 
At Hybricon, meeting prescribed industry standards is far 
from the ultimate objective. "Extra Value Design" means not 
only that these performance and structural requirements will 
be exceeded, but that Hybricon designers will find ways to 
lighten the load of the system designer ... tailoring practical 
features to the application, and addressing particular 
operating problems. 

Working closely with the companies who design and sponsor new bus configurations, Hybricon is 
a major supplier of packaging and interconnection hardware forVMEbus, Multibus, Versabus, 
0-bus, most other popular bus structures, and custom configurations. 

Hybricon credibility and commitment are exemplified by their five year standard product warranty 
... unique in the industry. 

Besides offering the industrys broadest array of 
standard products for popular bus structures, 
Hybricon is very active in designing and supplying 
custom products and systems. Unique require­
ments are addressed to achieve the best possible 
system performance and economy 

THE MOST AND THE BEST ... 
Backplane/card cage assemblies (shipped fully 
assembled) •main bus backplanes• VMX back­
planes • lateral backplane interconnect boards 
•extender cards for testing • card cages •wire 
wrappable socket boards• low noise VHF 
boards• socket board accessories• and more . 

. . . OVER 250 STANDARD MODELS. 

INDUSTRY BUS 
CONFIGURATIONS MANUAL 
The official configuration stan­
dards and pin connection ta­
bles forVMEbus, Multibus 
II, Versabus, Eurobus, 0-
bus, Unibus, STD bus, 
Cimbus, Future bus, 
Nubus, S-100 bus, 
G-64/G-96 bus, Mul­
tibus I, IBM/PC bus. 

Hybricon products are made in the USA and sold throughout the free wortd. 

HybriCOn corporation 410 Great Road. Littleton. Massachusetts f617/ 4B6-0311 1WX 710-34 7-0654 
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Introducing four positutely 

Our new family of RAMDACs is hound to make a Brooktree convert out of you. 

Who gives a duck's tail about 
RAMDACs, anyway? 

Apparently, none of our 
competitors. None has chosen 
to produce more than one 
RAMDAC. None, we believe, 
has taken the time or effort to 
design even one RAMDAC the 
right way. The Brooktree Way. 

We, on the other hand 
are now introducing four new 
RAMDACs -high pedormance 
D-to-A circuits with built-in 
color palettes. They make it 
easier than ever for you to 
achieve your new year's resolu­
tions, no matter what type of 
graphics system you 're design­
ing. And they all take advan­
tage of our revolutionary 
low-glitch architecture. 
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Bt453 Triple 8-bit 40 MHz RAMDAC / Bt450 Triple 4-bit 70 MHz RAMDAC 
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Bt458 Triple 8-bit 125 MHz RAMDAC/Bt451Triple 4-bit 125 MHz RAMDAC 

" 

Ask about our 
Sidecar RAM:rM 

Here's a vivid example of 
our commitment to elegant 
design: Each of our four new 
RAMDACs includes two over­
lay ports that address a sepa­
rate color palette. This makes 
cursors, menus, alphanumeric 
overlays, etc. easier to handle. 

Because this Sidecar 
RAM, as we call it, stores the 
colors for these overlay options, 
all the colors in the color 
palette RAM can be used to 
display rendered images. 

Ask about our 
Triple 4-bit RAMDAC. 

Our Bt450 is a 70 MHz, 
16-color palette, Triple 4-bit 

i!l4 '"' , , 

.,, \ 

' I t 



resolutionary 

RAMDAC-in a single monolithic CMOS chip. 
Compare it to the TMS34070. It has a voltage 

output. Ours has an adjustable current output that 
drives doubly-terminated 75-ohm coax directly. Their 
part doesn't. 

Our color palette is fully dual ported. Not theirs. 
Ours is RS-343-A compatible, including SYNC 

tip and blanking pedestal. Theirs isn't. 
Most important, the Bt450's overlay RAM and 

separate MPU port makes your design job a lot easier. 

Ask about our Triple 8-bit RAMDAC. 
Our Bt453 is a 40 MHz, 256-color palette, Triple 8-bit 
RAMDAC-also in a single monolithic CMOS chip. 

Frankly, it's not even fair to compare it to the 
IMSG170. It's six bits. Ours is eight. 

So only Brooktree can give you, simultaneously, 
256 colors out of a 16.8 million-color palette. That 
means you can do solids modeling without color 
compromise. 

Who can you ask about om· 125 MHz RAMDACs? 
It's tough not having direct competition. Nobody to 

blow out of the water. 
Our Bt451 is a 125 

MHz 256-color palette, 

DA Cs. 

ULTRA-HIGH RESOLUTION WORKSTATIONS 

Triple 4-bit RAMDAC. The Bt458 is a pin-compatible 
8-bit version. Also 125 MHz. Both TTL-compatible. 
Not ECL. 

And because they're pin compatible, you can 
design one system that can be switched from 4-bit 
to 8-bit DAC resolution by exchanging just one chip. 

Just look at these features: On-chip 4:1and5:1 
Pixel Rate Converter, direct interface to frame buffer 
RAM, separate MPU interface, blink/blank registers 
and fully dual-ported RAM cells. 

Gee, do you think we should build a 250 MHz 
version, too? 

Now, ask for more information. 
We've told you a lot about our new RAMDACs. But far 
from the whole story. For samples, call the Brooktree 

representative neatest you. His 
re,sponsiveness will absotively 

amaze you. 
Brooktree Corporation, 

9950 Barnes Canyon Rd., 
San Diego, CA 92121. 
1/800/VIDEO IC 
TLX 383 596 
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Now there's a UNIX™ workstation that lets each graphics window tap the 
power of the network. Digital's VAXstation 11/GPX~M with its innovative X Window 
System~ offers multiple, transparent windowing to any ULTRIX™ or UNIX 
(4.2 Berkeley) computer, anywhere on your network. 

A different application can run in each window, or within an application, 
individual windows can be linked to a larger computer. You can also access 
VAXNMS™ systems via DECnet-ULTRIXrM networking software, or other vendors' 
systems via the SNA gateway, X.25 or TCP/IP protocols. And with larger systems 
handling compute-intensive tasks, the built-in MicroVAX II™ CPU and GPX 

VAXstation 11/GPX: 
The first UNIX 
workstation to put the 
power of a mainframe 
in every window. 

graphics coprocessor can concentrate on what they do best: delivering exceptional 
graphics at tremendous speeds. 

VAXstation 11/GPX lets you utilize your existing UNIX applications through 
ULTRIX, Digital's UNIX operating system. ULTRIX is a true Berkeley 4.2 BSD 
implementation and compatible with AT &T's System V.™ 

VAXstation 11/GPX. Everything an engineer wants in a workstation, backed by 
all the service and support he needs. For a brochure, write ~D~D t m I TM 

to: Digital Equipment Corporation, 200 Baker Ave., West I I ., 
Concord, MA 01742. Or call your local sales office. 

© Digital Equipment Corporation 1986. Digital , the Digital logo, DECnet, MicroVAX ti , ULTRIX, VAX , VAXstation 11 /GPX and VMS are trademarks o f Digital Equipment Corporation . 
System V and UNIX are trademarks of AT&T Bell Laboratories, Inc. © Massachusetts lnsti1ute o f Technology. 
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DESIGN ENTRY 

ELECTRONIC DESIGN EXCLUSIVE 

EEPROM-based ASIC propels 
programmable logic 
to new levels of complexity 

By switching to a NOR structure 
and a novel mechanism for 
building up multiple logic levels, 
an electrically reprogrammable 
ASIC replaces about 

Choosing the best logic family for leading­
edge designs can be difficult. TTL compo­
nents encompass a wide range of logic ele­
ments , but they incur a high parts count, 
consuming much board space and power . 
Gate arrays solve those problems by offer­
ing high degrees of integration, yet they 
create their own equally serious headaches 
-namely, long development time, high 
cost, and the risk of failure . Programmable 

20 low-power TTL devices. 

Erich Goetting 
Exel Microelectronics Inc. 
2150 Commerce Dr. 
San Jose, CA 95131 
(408) 942·0500 

logic devices (PLDs) offer designers instant configurability with 
reasonable levels of integration. But their AND-OR architecture 
proves restrictive, and bipolar versions are power-hungry and diffi­
cult to test. 

Now a new breed of PLD branded the electrically reprogram­
mable application-specific IC, or Erasic, gives designers another al­
ternative. The Era sic combines the multilevel logic functions of TTL 
with the integration a nd low power of CMOS gate arrays . An off­
the-shelf device, it can be designed and programmed by standard 
personal computer- based CAE tools. 

The first Erasic is the XL 78C800. A 24-pin device, it carries up to 
800 gates and replaces over 20 small-scale TTL components, yield­
ing a density of about 1000 gates / in . 2 ofboard space. A power miser, 
the chip consumes typically less than 20 mA running with a 10-MHz 
clock, or 50% to 90% less than other bipolar and CMOS PLDs. 

The chip's ability to incorporate multiple levels of logic functions 
is a virtue of its multilevel single-plane architecture. That structure 
assumes functions of one, two, or more levels by forging multiple 
passes through a single NOR plane. In contrast, conventional PLDs 
generate two-level functions , at most, by driving cascaded AND and 
OR planes with complementary inputs (Fig . 1 ) . 

In the new chip, complementary inputs and programmable polar­
ity outputs shape the internal NOR plane into virtually any logic 
function . For example, single-level functions take one pass through 
the array. Selecting the input and output polarity transforms the 
NOR plane into equiva lent AND, NAND, and OR functions . Two­
level logic takes an additional pass, which generates sum-of-product 
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and product-of-sum terms. And three or more passes pro­
duce the logic structures for word comparators, parity 
generators, and adders. 

The NOR function is a natural CMOS building block. 
In fact, the AND planes of CMOS AND-OR PLDs are 
built from NOR functions by inverting their input polar­
ities. The result improves performance because large 
fan-in CMOS NOR gates are faster than their A D 
counterparts. 

The chip's single NOR array generates 66 program­
mable one-level logic functions, each of which acts on one 
or more of 96 array inputs. Although each logic function 
within the chip operates as a NOR, inverting various out­
put and input lines creates AND, NANO, and OR func­
tions. Besides the inputs and the outputs, which also serve 
as feedback paths, other signals constitute the chip's in-

Inside the XL78C800 
The XL 78 C800 ASI C is the fir st to combine the 
doub le-poly C MOS fo und in EEPROM memories 
and the double- met a l techniques of 32-bit mi cro­
processo rs. The fo rmer crams low power, hi gh per­
forma nce, reprog rammability, a nd compl ete test­
ability into a pl as ti c package. Th e la tter affo rd s 
high-speed interconnections in two ove rl apping and 
orthogonal directions. 

Without incurring the RC delays fo und in long runs 
of polys ilicon, the chip outperforms small- sca le bi ­
polar fa milies such as low-power Schottky TTL. The 
two metalization layers also pay circuit-density divi­
dends, squeezing twice the density of a 16-bit micro­
processor into a 24-pin. 300-mil package. 

Comple'!'ent~ry 
chop AND plane OR plane 

inputs ..._ ___ ......_ _ __ ___, 

Complementary 
chip ----+i 

inputs 

(a) 

NOR plane 

Internal feedback 
(complementary and noncomplementary) 

(b ) 

Chip 
outputs 

Chip 
outputs 

Programmable 
polarity 

1. By cascading separate AND and OR planes (a), 
most programmable logic devices create, at best, 
two-level logic functions. In contrast, the 78C800 
electrically reprogrammable ASIC generates a mul­
titude of levels by feeding back the original and 
complemented versions of signals through a single 
NOR plane (b). 

202 Electro nlc Design• Moy 1. 1986 

terface. Those are J and K inputs, which control the flip­
flops in each 1/ 0 macrocell; Clear, which clears the flip­
flops asynchronously; and Latch Enable, which controls 
the input latch sections. 

The chip's asynchronous feedback terms are a flexible 
means for adding logic levels. Those terms supply the first 
N -1 levels of an N-level logic structure. For example, 
sum-of-product functions are constructed by using the 
asynchronous feedback lines as product terms and mak­
ing the J, K, and 0 lines the sum terms. 

Ten macrocells form an important part of the chip's 
logic capability. They provide programmable flip-flops 
and 1/ 0 pins (Fig . 2) . Each macrocell contains a flip-flop 
that can be configured for D, T, or JK operation. More­
over , a flip-flop can be freed from an 1/ 0 pin and 
"buried" into the internal logic because the chip's array 
has separate logic paths for synchronous and asyn­
chronous inputs. Similarly, 1/ 0 pins can serve asyn­
chronously without wasting a flip-flop . They can be pro­
grammed as fixed inputs or outputs, three-state outputs, 
or bidirectional paths. 

Six bits configure each macrocell. Three of the bits se­
lect one of eight basic architectures. The bits are decoded 
into four lines that control the input and output multiplex­
ers, as well as the output control logic. Moreover, the in­
put multiplexer selects either a pin or an 0 term as the 
asynchronous input ; the output multiplexer picks a flip­
flop or an 0 term as a pad output; and the control logic 
configures the 1/ 0 pin to be an input, an output, or a bi­
directional line. The remaining three bits set the polarity 
of the J, K, and output terms. 

With eight transparent input latches, the chip can 
synchronize to external signals or catch values from a bus. 
Moreover, the latches resolve external signals to their 
nearest valid logic level without oscillating. They are 
grouped into two sections of four bits each, and a separate 
Latch Enable signal controls each group. That signal, like 
others that form the chip's terms, can initiate a complex 
multilevel logic function . Alternatively, setting Latch En­
able to logic 0 renders the latches transparent when they 
are not called for. 

Possessing logic functions that are multiple levels deep, 
the new chip surpasses other PLDs and achieves parity 
with gate-array and standard-cell ASICs. Having multi­
ple levels not only means higher integration over other 
PLDs, but also better performance because it minimizes 
the need to route signals off chip- a move that wastes 
1/0 pins and adds signal delays. 

One example is the chip's ability to function as a byte­
wide comparator. The chip integrates th-e function .by us­
ing three levels and only 25 terms. The first two levels gen-



erate eight separate bit-wise comparisons, which are then 
NO Red by a third level (Fig. 3a). The output of the NOR 
fu nction becomes high when the inputs compare favor­
ably. In contrast, it would take the summing of 256 prod­
uct terms to create the comparator function from a 
two-level PLO. 

At the same time, the chip is an efficient source of func­
tions that require only one or two levels of logic. A single­
level logic function, for example, requires only one pass 
through the chip's array . The programmable input 
and output polarities take advantage of DeMorgan's 
equivalence theorem and condition the chip's intrinsic 
NOR function to serve as OR, NANO, and AND gates 
(Fig. 3b). 

Furthermore, a single-level function takes only one 
term. That is an increasingly important advantage as the 
complexity of PLDs approaches that of gate arrays, since 
single-level gates tend to form a large percentage of the 
logic functions. On the other hand, AND-OR PLDs that 
have fixed OR planes must dedicate an entire set of prod­
uct terms for every single-level function, thereby limiting 
integration. Even PLDs that have programmable OR 
planes must pass a signal through two arrays, adding 
delays. 

The chip generates two-level, sum-of-products func­
tions by making two passes through its array. The first 
pass creates the product terms; the second pass sums the 
results of the first. Inverting the inputs and outputs 

Clear Clock r-------

0 

J 

K 
,,_--+-+--I K 

a 

Clear 

Input 
multiplexer 

Output 
a 1----1 multiplexer 

2 

creates the sum-of-products function. On the other hand, 
omitting the inversion generates a product-of-sums struc­
ture, which is useful for active-low logic circuits (Fig. 3c). 

Both sum-of-products and product-of-sums can be con­
structed from between 2 and 42 first-level terms. Thus, a 
designer can allocate the chip's logic resources precisely 
as needed. In addition, once a term is generated, it can be 
a part of other second-level functions throughout the chip 
and can even be brought out directly, if needed. There­
fore, the new chip can combine one- and two-level func­
tions to create powerful logic structures. Such flexibility 
remedies a paradox frequently encountered with typical 
AND-OR PLDs in which some logic structures run out of 
terms, while others leave terms unused. 

Set-reset (SR) latches are another element that the 
new chip can create efficiently, and which other PLDs 
cannot. In fact, although common in TTL and gate 
arrays, SR latches are rarely found in PLDs because they 
are inefficient to implement. Even though the latch needs 
only two NOR gates, it can consume up to 25% of a typi­
cal PLD's logic and 1/0 pins. The new chip, on the other 
hand, takes merely two terms and no 1/0 pins (Fig. 3d). 
As a result, SR latches can appear freely in a logic design. 
They can be buried in the logic and combined with other 
functions, creating powerful and efficient internal logic 
structures. 

Designing with the chip requires no more than indus­
try-standard CAE and programming tools, such as Data 

OE ----------., 

Output 
enable 

multiplexer 

110 

Programming 
bits 

Configuration 
control logic 

2. Each of the chip's ten macrocells contains several 1/0 paths and a pro­
grammable flip-flop. 1/0 pins can be programmed to be inputs, outputs, three­
state outputs, or bidirectional signal paths. The flip-flops can be set for D, T, or 
JK operation. Moreover, each can be separated from its corresponding 110 
pin and buried in the chip's internal logic . 
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I/O's Abel system. Version 2.0 of that system has been 
enhanced to handle PLDs like the 78C800, which do not 
have AND-OR arrays. The system is available alone or as 
part of a personal computer- based personal silicon 
foundry. The personal foundry lets a designer enter a 
schematic, convert a net list , and derive and reduce 
Boolean equations. It also includes fuse map generation 
and programming facilities. 

Because the new chip is electrically programmable, it 
eliminates discarding costly fuse-link PLDs. Existing 
logic programmers can erase a chip in a few milliseconds 
and reprogram it to reflect any upgrades. The total re­
programming turnaround time is just a few seconds (see 
"Inside the 78C800," p. 202). 

8-bit-word 
comparator 

AND gate 

A 
B ..,.--.._____, 

Product-of-sums 
term 

A = B 

(a) 

(b) 

(A+ B)(C + D) 

(c) 

(d) 

3. Typical of the multilevel and single level func­
tions that can be built within the new PLO are an 
8-bil comparator (a), AND gate (b), product-of­
sums term (c), and a set-reset latch (d). In other 
PLDs, these functions tend to be inefficient, d iffi­
c ult, o r Impossible to implement. 
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Price and availability 
The Erasic costs $28.50 each in quantities of 
100. That price applies to part number 
XLS78C800C, which has a 35-ns propagation 
delay, commercial temperature range, and Is 
packaged in a ceramic DIP. Sample quantities 
will be available in July; production quantities 
will follow in October. CIRCLE 501 

The chip also discourages reverse engineering. Activa­
ting a mechanism called SecurityPlus prevents the logic 

·configuration from being read out and, at the same time, 
disables all internal addressing circuitry. Only erasing the 
chip can deactivate the security measure. In addition, op­
tical inspection of this chip, unlike fuse-linked PLDs, of­
fers no design clues, since EEPROM technology does not 
destroy any interconnections. 

At the same time, the security mechanism does not im­
pede testing of the chip. It is not activated until the first 
time the chip is powered up after programming the secu­
rity bit. Thus, even if the security bit is set, the entire logic 
configuration, including the architecture and security 
bits, can be read out and verified as long as the chip 
remains powered. However, once the power is removed, 
the security feature is activated for the life of the logic 
configuration. 

A CCESS CONTROLLER, FO R EXAMPLE 

The chip's multilevel logic is exemplified in its applica­
tion as a programmable access controller (Fig. 4) . The 
controller prevents a person's access to a device or area 
unless he or she enters the correct four-digit code. At­
tempting access without doing so sounds a two-tone 
alarm. In all, the single-chip implementation replaces a 
circuit board of 20 TTL components of SSI complexity. 
It also tightens security, since the entry code can be pro­
grammed directly into the chip without a DIP switch or 
jumpers. 

The design includes buried state machines, SR latches, 
and input latches. The levels of logic range from one to six. 
In the schematic, gates are shown in the form that best re­
flects their use in the circuit; the actual NOR represent­
ation can be derived manually or with the help of the CAE 
design software. 

An on-chip RC oscillator generates the system clock. 
The chip's high-impedance CMOS inputs simplify the 
oscillator and time delay circuits. A 2-kHz (nominal) 
clock feeds the keypad scanning circuit, the disarming se­
quencer, and the two-tone alarm circuit. The keypad 
scanner uses a pair of buried JK flip-flops configured as a 
two-bit counter whose output is decoded into three active-



High Speed, Compact, Wide Bandwidth 
The 180100 Isolation Amplif ier gives 
you fast, wide bandwidth isolation 
in a small package. It' s optically 
isolated to 750V continuous, 2500V 
peak, with low 0.3µA leakage (at 
240V / 60Hz), ideal for ground­
breaking and industrial applications. 

1801 OO's 60kHz small signal 
bandwidth also lets you capture 
signals from higher frequency 
transducers with just one 
component, lowering your isolated 
signal conditioning costs for a 
broad range of applications. 

Complete Line of Isolation Products 
Need higher isolation? Isolated 
power, too? Ask for our new 
brochure describing Burr-Brown's 
complete line of optical - and 
transformer-isolated ampl ifiers and 
power supplies. Includes all key 
performance specifications, package 
outlines and pinouts, prices, and 
useful application tips and diagrams. 
Ask your Burr-Brown sales 
representative or contact 
Burr-Brown, P.O. Box 11400, Tucson, 
AZ 85734. 602/746-1111 . 
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low phases that drive the keypad. 
When a key is pressed, one of the keypad row lines goes 

low, activating the signal Key Press and stopping the 
counter. An input latch stores the selected row and feeds 
that data to the decoding state machine. From there the 
outputs of AND gates AND4 through AND7 of the state 
machine go high, but only if the correct key is pressed dur­
ing the proper state. Pressing a correct digit advances the 
sequencer count by two. When the proper four digits are 
entered, as encoded by gates AND4 through AND7 , the 
disarm sequencer reaches an all Is logic state. That state 
causes gate AND9 to reset an Arm Status latch, putting it 
in the disarmed state. If an incorrect key is pressed, a clear 
signal resets the disarm sequencer. 

In addition, if one of the monitor switches detects that 
someone has gained access, OR gate OR3 goes high. 
That, in turn, sets the entry trigger latch and initializes 
the alarm delay circuitry. After about 30 s, the alarm de-

Keypad 

CLK 

CLK 

Input 
latches 

.01µF d I System clock 
generator 

Vee 
Power-on 

reset 
Entry (POA) 

Entry- and 
motion­

detecting 
switches 

trigger '"T'" 
latch "+ 

NOA 
2 

Activate 
delay 

• • • 

lay RC circuit goes to a logic I, gating the two-tone alarm 
signal to an external alarm amplifier. An authorized en­
try, signified by the entering of the correct 4-digit se­
quence within 30 s, resets the entry trigger latch and in­
hibits the alarm.D 

Erich Goetting is the principal architect ·and designer 
of the 78C800 electrically reprogrammable ASIC, a 
project he spearheaded. He holds a BS in electrical en­
gineering and another in finance, both from the Univer­
sity of Pennsylvania, as well as an MS in computer sci­
ence from the University of Southern California. 

How valuable? 
Highly 
Moderately 
Slightly 

Alarm 
delay 

Incorrect 
number clear 

Circle 

547 
548 
549 

4. A programmable access controller circuit fits into the EEPROM-based reprogrammable ASIC. The circuit 
includes logic functions ranging from one to six levels deep, and devices such as a state machine, SR 
latches, and input latches. The circuit prevents access to equipment and areas, except for those who know 
a 4-digit code. 
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Hughes' Connector Line: 
When You Care Enough 
to Spec the Very Best. 
These hi-rel, hi-density connectors serve the 
military everywhere-eloquent testimony to 
their versatility, reliability and exclusive features. 

• Highest contact density, with 110 contacts 
to the square inch. 

• Super-sealing, with seals on the contacts 
in some environmental types. 

• Positive polarization with our exclusive 
Polar-Hex center jackscrew coupling. 

• MIL-C-28840 and MIL-C-55302 versions 
that incorporate superior design features 
and qualify to spec limits. 

• And our MIL-C-28876 fiber optic con­
nector, the only multi-channel type to meet 
mil spec. 

For more information about our standard line, 
phone Bob Torres at 714-660-5829. In 
England, Hugh Mcinally at 932-47262. 

HUGHES 
AIRCRAFT COMPANY 

CONNECTING DEVICES DIVISION 
Industrial Electronics Group 
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AMP .0252 breakaways. 
Snappy solutions to the high 
cost of inventor\( 

CIRCLE 94 

AMPMODU breakaway headers-in 
.230", .278" or .318" mating post 
lengths-keep inventories simple. 



Stocking our snap-apart square and 
round post headers can save you the 
trouble-and cost-of inventorying 
individual sizes. 

Count off the positions you need 
and snap-for a smooth, clean break 
that even lets you mount them end to 
end. AMP breakaways come in sticks 
up to 40 position single, 80 position 
dual, right-angle or in-lirle , to meet 
virtually any need. 

Versatile? Believe it. 
AMPMODU breakaway headers are 

part of a complete modular system. 
Match with our shrouded headers 
or interconnect with the whole 
AMPMODU product family. 

Whatever your application, look to 

AMP and AMPMODU are trademarks of AMP Incorporated. 

AMP for ideas that save both time and 
money. And the engineering to turn 
those ideas into reality. 

Call (717) 780-4400 and ask for the 
AMPMODU Header Information 
Desk. AMP Incorporated, 
Harrisburg, PA 17105-3608 . 

AIVI P Interconnecting ideas 

Shrouded and 
unshrouded headers 
include complaint pin 
versions for solderless 
insertion. Choose 
.025" x .025" or 
.031" x .062" post sizes, 
in single and double 
row configurations. 

Drawn wire .0252 
posts on bandolier 
carriers are mateable 
on all four sides. 
They 're available-tin 
or duplex gold plated­
in a variety of mating 
lengths. 





Our new 4K SRAM is just 
one of over 80 reasons why 
design engineers who 
design peiformance will 
want our n~ latter, laster 
data book. 

For over two years, our growing family 
of 1.2 micron CMOS parts has been deliv­
ering big benefits to high performance 
designers. 

But you can never have too much speed, 
or too little power. 

So we're stepping over the one 
micron line. 

First, with the 0.8 micron 4K SRAM. 
And there are more sub-micron CMOS 

performance products on the way. 
Either geometry-our 1.2 micron or 

our new 0.8 micron-delivers the same 
Cypress Semiconductor advantages. 
0.8 micron is simply a matter of degree, 
and not kind. 

Advantages that include: 
SPEED. Faster than any other TTL­

compatible circuit. 
LOW POWER. CMOS. Speed without 

heat. 
RELIABILITY. No latchup. ± 10% 

Vee tolerance, 2001 volts ESD tolerance: 
No problem. 

You get a choice of packaging. You get 
parts designed to run over the full military 
temperature range (and available manufac­
tured to military specifications). 

We have a whole book full of tools you 
can use to build faster, cooler systems. 

CMOS High Speed SRAM Family 
Featuring the fastest (15ns) 4K static 
TTL- compatible RAMs you can buy. 
Plus a variety of 15ns, 25ns, 35ns, 
and 45ns parts, too. Nibble-
wide, bit-wide, byte-wide, 
ranging from 64-bits 
through 16K-bits. Low 
active power. Low 
standby power - many parts 

-~.~~ ... . : .. ~ 

include auto-power-down when deselected. 
A superset of separate 1/0 functions pro­
vides a design edge for improving overall 
performance. 

CMOS High Speed PROM Family 
Surpassing bipolar with one of the 

fastest registered PROMs at 112 bipolar 
power, or less. Parts feature speeds to 25ns 
set-up, 12ns clock-to-output; all with low 
CMOS power. Byte-wide family available 
in 4K, SK, 16K, 64K densities. Available 
with or without registered outputs. 
EPROM memory technology permits 
100% testing of data bits before packag­
ing, to provide optimum programming 
yields, plus windowed parts for the con­
venience of reprogramming. 

CMOS High Speed PLO Family 
Featuring 25ns HALF-power 80 mA 

windowed 22Vl0 EPLD-the new high 
speed PAL® device standard. The family 
also includes QUARTER-power 45mA 
PAL 20 parts, and 55mA PAL 24 parts, 
both available at 25ns speeds and in win­
dows. All cells 100% functionally tested. 
All parts with up to 75% power saving 
over bipolar. 

CMOS High Speed Logic Family 
World's fastest 4-bit-slice and 16-bit-slice 

microprocessors. 16 x 16 multipliers at 
38ns, none faster. Plus sequencers, con­
trollers, DSP circuits, and more. Also, 
fastest available 4-bit and 5-bit cascadeable 

FIFOs (25MHz performance). 

~~~oucroR New! 
Bigger! 80 

high-speed, low­
power parts. Yours 

for a phone call. 
DATA BOOK HOTLINE: 

1-800-952-6300. 
1-800-423-4440 (In CA). 

(32) 2-672-2220 (In Europe). 
(416) 475-3922 {In Canada). 

Ask for Dept. C52 . 

CYPRESS 
SEMICONDUCTOR 



H ouston Instrument's 
DMP-51 /52 series stands out in 

terms of speed, power, and precision . 
It's the plotter to choose when you 
need reliable , field-tested performance 
at an affordable price. Professionals 
in architecture, engineering, and 
drafting have found the servo-driven 
DMP-51 /52 series to be the key to 
enhanced productivity- and its price 
is thousands less than comparable 
plotters. 

Featuring plotting speeds of up 
to 22 inches per second, a user­
selectable acceleration rate of up to 
4 Gs, and a mechanical resolution of 
.001 inch, the DMP-51/52 series is 
the natural choice for discriminating 
professionals who require C and D 
size formats and field-proven capa­
bilities. It's no wonder the Houston 
Instrument DMP-51 /52 series has 
earned a reputation for being "the 
Jean, mean plotting machine." 

DM/ PL is a trademark of Houston Instrument. 

Whether you are producing 
architectural ftoorplans, engineering 
drawings, electrical schematics, site 
surveys, circuit board layouts, or 
contour maps, the DMP-51/52 series 
provides you the quality and throughput 
you need to remain competitive. 

Plus, more than 275 compatible 
software packages-including the 
popular CAD packages such as 
AutoCAD, CAD key, Versa CAD, and 
Robosystems CAD-I-are available 
to run Houston Instrument products. 
And, because the DMP-51/52 series 
uses a standard RS-232-C compatible 
interface, it can operate with virtually 
any computer on the market today. In 
short, Houston Instrument offers you 
superb plotters with the flexibility to 
complement your existing work­
station configuration. 

Another advantage of the 
DMP-51 /52 series is its built-in 
Digital Microprocessor Plotting 

CIRCLE 96 

Language (DM/PLTM), which allows 
it to execute complex graphics opera­
tions from simple commands . This 
firmware intelligence, combined with 
an easy-to-use menu that makes it simple 
to select and change plotting param­
eters, means that the DMP-51 /52 series 
can offer you first-day productivity. 

Once you see the DMP-51/52 
series in action, you' II agree that it is 
one of the best plotters on the market 
today. Call us at 1-800-531-5205 
(512-835-0900 for Texas residents), 
or write Houston Instrument, 8500 
Cameron Road, Austin, Texas 78753. 
In Europe, contact Houston 
Instrument, Belgium NV., 
Rochesterlaan 6, 8240 Gistel, Belgium. 
Tel.:059-27-74-45. Tix .: 846-81399. 
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Interface chip links floating-point 
coprocessors to host 
to form supermini look-alike 

A memory-mapped interface 
and its companion coprocessors 
bring 5 MFLOPS to a host CPU. 
Racing through 3 .5 million 
Whetstones/s, the chips near 
full-scale computer speed. 

This article is the second in a series on a new 
family of floating-point devices . The first in­
stallment presented a 32-bit processor and se­
quencer, and the third entry will describe a 
floating-point multiplier, an ALU, and a 
32-word register file . 

Coprocessors that work with micro­
processors offer a convenient way to add 
floating-point math operations to a system. 
The convenience in the past, however, has 

Eric Hildebrandt, Tony Funari, 
and John Oxaal 
Weitek Corp. 
1060 E. Arques Ave. 
Sunnyvale, CA 94086 
(408) 738·8400 

come at the cost of computational speed. Assuming a coprocessor 
could perform floating-point operations in zero time, protocol han­
dling still limits the improvement in overall speed to a factor of about 
two. Even the new, high-performance floating-point arithmetic 
units, which are multiported and highly pipelined, are difficult to 
integrate into a microprocessor. It is also very difficult, if not impos­
sible, to develop compilers for them. 

Though a coprocessor's performance may suffice for most 
general-purpose requirements, many applications need all the 
floating-point performance they can get. For example, 32-bit sys­
tems such as engineering workstations, industrial robots, and graph­
ics controllers require extensive computations. 

Such demanding jobs call for more than specialized floating-point 
multipliers and ALUs. To reach higher processing speeds, the sys­
tem must employ a memory-mapped interface from the floating 
point chips to the CPU rather than a standard coprocessor protocol. 
As a memory-mapped alternative for 80386-based systems, the 
WTL 1163 performs all the necessary interfacing tasks. That is 
achieved on one chip, compared to the previously required board full 
of bit-slice components. Operating with the WTL 1164 floating­
point multiplier and the WTL 1165 ALU, the system executes com­
putations at about 3.5 million Whetstones/s, which compares favor­
ably with 5.5 million Whetstones/sofa VAX 8600 supermini that 
costs about $500,000. That speed offers a fivefold to tenfold im­
provement in register-to-register operations compared with the fast­
est floating-point coprocessors. 

Though the actual speed depends on the operation involved, the 
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interface chip clearly hastens processing. For example, 
in an application requiring the host CPU to dedicate 
50% of its time to floating-point calculations, with the 
remaining 50% devoted to other work. Even an im­
provement by a factor of five in floating-point per­
formance means that the main CPU is only 60% oc­
cupied instead of pushing its limits at 100% of its 
capacity. 

MEMORY MAPPING 

The interface chip maps the floating-point chips into 
the CPU's memory space, enabling more efficient use to 
be made of the system 's data bus than do coprocessor 
protocols. The trade-offs inherent in memory-mapping 
can be reconciled in performance-oriented applications. 

Primarily, the memory-mapped interface must com­
promise exception tracking for speed, since it uses a 
pipelined procedure to execute one instruction while 
fetching the next. If an exception occurs, associating it 
with the correct instruction proves difficult. However, 
exception tracking in numerical processing applications 
is more important during software debugging than in 
actual problem solving, and the floating-point sub­
system can run in a nonpipelined mode during soft­
ware development. Once the major bugs have been 
eliminated from the design, the interface can shift to the 
faster pipelined operation. 

Another potential concession, software compatibil-

ADS 

Reset 

~ 
WTL 1163 

W/R interlace chip 
Control 

~ Ready 

Chip r+I Select 
Status 

Interrupt CLK2 CLK 1 Instruction Control Data 

l 
-'1s 'hf 

.)-"32 

ity, can be resolved by the Fortran, C, and Pascal com­
pilers that work with the chip. The compilers, transpar­
ent to a user , translate high-level commands into 
appropriate instructions for the floating-point chips. 
Besides handling intrinsic functions such as add, sub­
tract, multiply, and divide, the compilers include a li­
brary of extrinsic functions such as the sine and cosine 
for the Unix V /386 operating system. 

To link to an 80386, the interface chip works with the 
WTL 1164 multiplier and WTL 1165 ALU (Fig. I). A 
few external chips such as a decoder and latching trans­
ceivers complete the interface between the CPU and the 
floating-point chips . Though the interface functions 
can be realized using discrete logic chips, the single in­
terface chip combines all the required functions (Fig. 2) 
and frees engineers from designing and programming 
high-performance logic. 

UP-SCALE ADDRESS 

The floating-point subsystem is mapped into memory 
and occupies a part of system memory that is addressed 
by the upper 15 bits of the system address bus. When an 
external decoder detects activity on those address lines , 
and the Address Strobe signal (ADS) indicates that the 
address is valid, the decoder generates the Chip Select 
signal for the interface chip. With decoding off the chip, 
designers directly control the subsystem's location in 
the CPU's memory map, thereby minimizing the num-

r::= cs 
!----+' Control 

WTL 1164 WTL 1165 
r14 

Control 
multiplier ALU 

.L Status 14--- Status 
74 

CLK x CLK x 
X bus 1 1 t J 

I J 

Latching 
transceivers 

Control bus _L7 
, 

Address bus -'-34 

Data bus _L32 
-y-

1. Working with the WTL 1164 multiplier and the WTL 1165 ALU mapped into memory, the WTL 1163 Interface 
chip adds high-speed coprocessing to an 80386. Instructions and data are transmitted simultaneously. 
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ber of lines to the chip. 
An understanding of the l l 63 's address decoding be­

gins with the CPU 's byte-addressing system . The 
CPU 's 34-bit address bus consists of 30 word-address 
lines and 4 byte enable bits . By using the 4 byte-enable 
bits instead of the 2 least significant address bits, the 
CPU supplies dedicated lines to specify each of the 4 
bytes in a 32-bit memory loca tion . Thell 63's 17-bit in­
struction consists of the lower 15 word-address bits and 
2 bits that are encoded from the CPU's 4 byte-enable 
bits . Actually , the interface chip uses only 3 of the byte­
enable bits to derive the 2 least significant address bits. 

When Chip Select is generated, the contents of the 
address' lower 15 bits and 3 of the CPU's byte-enable 
bits designa te which of the interface chip's registers 
contain the data and the instruction for the desired 
operation . By specifying both the operands and_ the in­
structions in the address field , 32 data bits can be trans­
ferred at the same time as the instruction. That reduces 
bus transfer requirements for operations involving 
transfers between memory and the chip's data registers. 
In contrast, some memory-mapped schemes rely on the 
address bus to specify the math subsystem's address and 
then employ the data bus to specify the desired math 

Instruction 
register 

Chaining 
comparator 

instruction- two bus transfers compared with the in­
terface chip's single operation. 

ADS latches instructions into an internal register of 
the interface chip. A Ready signal from the chip indi­
cates when it can accept another instruction from the 
CPU. If a transfer to the floating-point chip starts while 
the chip is busy, Ready holds the bus until the current 
operation is completed. After a new instruction begins 
and the chip's internal instruction latch empties, the 
chip acknowledges the transfer with Ready. 

Additional off-chip logic required by the subsystem 
consists of latching transceivers that act as buffers be­
tween the floating-point chip's data bus and the CPU's 
data bus. The transceivers hold the data going to the inter­
face chip until the floating-point processor is ready for it. 

17-BIT COMMANDS 

Interface-chip instructions are 17 bits long and con­
sist of the lower 15 address bits plus the 2 bits internally 
encoded from 3 of the CPU's 4 byte-enable bits. The 
floating-point subsystem thus occupies 131 kbytes (2 17

) 

of the system's 4-Gbyte (2 32
) total address space. The 

17-bit format contains a 7-bit op-code field and two 
operand fields: SRC 1, the source of one operand, and 

5 

Internal data bus Address multiplexer 

Bus interface 
and 

clock generation 

0 0 
Control Clock Address 
signals bus 

Sequencer 
and 

control unit 

1164/1165 
control 

Exception and 
condition logic 

Program status 
word 

Interrupt Status 
bus 

X bus 

31 x 32 
register file 

2. For instructions the interface chip makes use of the lower 15 bits of the address bus, plus 3 of the 4 byte­
enable bits from the CPU. The 3 bits are encoded into 2 additional bits to make up a 17-bit address bus. 
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SRCif DEST, for the source of a second operand in two­
operand calculations and the destination for a com­
putation's result (Fig. 3). 

Users can access 31 registers in the chip, each of which 
is 32 bits long and contains data for calculations. Double­
precision values occupy two contiguous registers, with the 
most significant word in the even-numbered register. 

Although the chip does not contain an R0 register, 
specifying R0 for the SRC 1 operand indicates an oper­
ation that involves data residing in both system memory 
and the chip's register file. If single-precision operation is 
intended, the data from memory is transferred on the data 
bus along with the instruction on the address bus. If the 
operation calls for double precision, the most significant 
32 data bits are transferred with the instruction; however, 
the least significant 32 bits have to have been written pre­
viously into register R 1 with a Load instruction. 

SOFTWARE ACTS AS KEY 

Because the interface chip handles nearly all the hard­
ware and software details for integrating the floating­
point chips, the primary implementation task rests with 
the application programmer. For example, the chip han­
dles arithmetic operations with a register-to-register in­
struction (Fig. 3 again) . All source operands come from 
the chip's internal registers, while the results are written 
to an internal register to make them available for further 
operations. 

A second type of instruction, memory to register, takes 
one source operand from the internal registers. Further-

16 

Register-to-register 7-bit 
Instruction op code 

16 

Register-to-memory 7-bit 
Instruction op code 

Register-to-register 
move 

Memory-to-register 
move 

16 

16 

Load 

Load 

10 9 

10 9 

10 9 

10 9 

54 

SRC2/ Destination SRC , 
register register 

SRC2/ Destination 
register 

Destination 
register 

Destination 
register 

54 

54 

54 

00000 

SRC1 

register 

00000 

0 

16 10 9 5 4 0 

Register,;;~~!"8"1ory .. I _s_to_r_e_ ... l __ ~-~-~s_r~e_~ __ l_o_o_oo_o_I 

3. The interface chip handles arithmetic operations 
three ways: register to register, memory to register, 
and register to memory. In the first case, all source 
operands come from the registers in the interface 
chip. In the other two instances, transfers take place 
between the chip and the external system memory. 
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Price and availability 
The WTL 1163 will be available in production 
quantities in the third quarter, with samples 
available now. The WTL 1164 and WTL 1165 are 
currently in production. In quantities of 100, the 
3-chlp set sells for less than $600. CIRCLE 502 

more, results are written to an internal register. In 
register-to-memory instructions, data simply moves from 
the interface to the CPU system bus. 

Register-to-register operations begin when an instruc­
tion is transferred to the interface chip over the system ad­
dress bus. Only information that is transferred with the 
instruction is used; any other transfer of data is ignored. 
With an 80386, the Move Byte instruction [MOV·b (ad· 
dress) Reg.] is the minimum possible encoding. Other 
CPU instructions might also work, but they must not gen­
erate multiple transfers. 

If a Move Word command were given, for example, 
and the word's address were not aligned on a word bound­
ary in memory, the CPU automatically would make two 
transfers to move both parts of the word. Since the inter­
face chip does not support misaligned data transfers, 
however, it will interpret the second transfer as another 
instruction. To avoid this situation the 4 byte-enable bits 
should always be set to zero when sending a register-to­
register instruction. Those zeros signal the chip to start a 
word move at a word boundary. However, it remains sim­
pler to use the Byte Move instruction, which can result in 
no more than one transfer. 

EXERCISING THE SYSTEM 

A graphics transformation shows how the chip works 
with an 80386 and the 1164/ 1165 floating-point chip set. 
A typical transformation requires that a vector be multi­
plied by a matrix (Fig. 4a) . The vector represents the 
point to be transformed, and the matrix contains coeffi­
cients that accomplish actions such as translating, scaling, 
and rotating. All the values for the example, which is rep­
resentative of other floating-point algorithms that the sys­
tem can handle, are assumed to be in single-precision 
floating-point format. 

To perform the multiplication, matrix coefficients a2 l 
to a44 are contained in the interface-chip registers R 16 to 
R3 i. respectively, and the vector elements x, y, z, and w 
reside in the CPU registers. Once the matrix coefficients 
are stored, they can transform any number of vectors. 

With the values in their proper places, a 256-cycle algo­
rithm (Fig. 4b) implements the vector matrix multi­
plication. As with any such multiplication, the trans-
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formed vector is calculated by multiplying each element 
of the original vector by the corresponding coefficients in 
each column of the matrix and then accumulating each 
set of column values. The first vector-column multi­
plication produces x', the second y' , and so on. 

A Load instruction clears the interface's R2 register so 
that it can accumulate the results of the column multi­
plications. They are performed by the series of multiply 
and accumulate instructions (Mac.S), which also add the 
multiplication results into the interface's R 2 register. 
After the four column multiplications are done and R 2 

contains the final value for x' (the first element of the 
transformed vector) , the Store instruction (Stor) moves 
the x' value into a register in the CPU. The entire process 
repeats three times to produce the other three trans­
formed vector elements. 

Execution of the transformation algorithm takes 250 
cycles, excluding the initial register loading, which is done 
only once for a series of transformations. The graphics 
system must also perform other floating-point operations 
such as clipping and perspective division, which reduces 
the speed by a factor of about three. Since each cycle 
takes 60 ns, the system can transform 66,667 vectors per 
second to obtain overall operation of about 20,000 vectors 
per second. Thus, the general-purpose floating-point ac-

4. A transformation 

celerator dramatically increases performance in a dedi­
cated function like graphics. 0 

Eric Hildebrandt, a senior applications engineer, as­
sists customers in using Weitek's products. He helped 
design the WTL I I 63 and was employed at Harris 
Computer Systems and Hewlett-Packard. Hilde­
brandt holds a BSEEfrom Purdue University. 

As a field applications engineer at Weitek, Tony 
Funari gives technical assistance to the sales de­
partment. Previously, he designed array and image 
processors at Computer Design and Application in 
Waltham, Mass. Tony earned a BSEE at Tufts Univer­
sity and an MSEE at Northeastern University. 

John Oxaal joined Weitek in I 985 and manages 
product marketingfor floating-point products.He also 
helps choose new products for development . Oxaal has 
a BS in engineeringfrom Duke University and an MBA 
from the University of Chicago. 

How valuable? 
Highly 
Moderately 
Slightly 

Circle 

550 
551 
552 

requiring that a vec­
tor be multiplied by a 
matrix (a) is accom-

( x y z w) 

[ 

a11 a12 a13 a14 l 
a21 a22 a23 a24 
a31 a32 a33 a34 
a41 a42 a43 a44 

( x' y' z' w ' ) 

plished in the pro-
gram, which consists 
of 256 cycles (b). The 
matrix contains the 
coefficients to per­
form the transforma­
tion. All values are in 
single-precision 
floating-point format. 

Mnemonic 

Load R2.0 
Mac.S R16,X 
Mac.S R17 ,Y 
Mac.S R18.Z 
Mac.S R19.W 
Stor X'.R2 
Load R2.0 
Mac.S R20.X 
Mac.S R21 .Y 
Mac.S R22.Z 
Mac.S R23.W 
Stor Y',R2 
Load R2.0 
Mac.S R24.X 
Mac.S R25,Y 
Mac.S R26.Z 
Mac.S R27.W 
Stor Z',R2 
Load R2.0 
Mac.S R28,X 
Mac.S R29.Y 
Mac.S R30,Z 
Mac.S R31 .W 
Stor W',R2 
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(a) 

Comments 

Clear accumulator 
R2= R2+a11 .X 
R2 = R2+a21 .Y 
R2 = R2 + a31 .Z 

. R2 = R2+a41 .W 
; X' <=R2 = a11 .X+a21 .Y+a31 .Z+a41 .W 

Clear accumulator 
; R2 = R2 + a12.X 
; R2 = R2 + a22.Y 
; R2 = R2+a32.Z 
; R2 = R2 + a42.W 
Y' <=R2 = a12.X+a22.Y+ a32.Z+a42.W 

Clear accumulator 
R2 = R2 + a13.X 
R2 = R2+a23.Y 
R2 = R2+a33.Z 

. R2 = R2+a43.W 
; Z' <=R2= a13.X+ a23.Y+a33.Z + a43.W 

Clear accumulator 
. R2=R2+a14.X 
; R2 = R2+a24.Y 
; R2 = R2+a34.Z 
; R2 = R2+a44.W 

; W' <=R2= a14.X+a24.Y+ a34.Z+a44.W 

(b) 
TOTAL 

Number 
of cycles 

6 cycles 
13 cycles 
13 cycles 
13 cycles 
13 cycles 
6 cycles 
6 cycles 

13 cycles 
13 cycles 
13 cycles 
13 cycles 
6 cycles 
6 cycles 

13 cycles 
13 cycles 
13 cycles 
13 cycles 
6 cycles 
6 cycles 

13 cycles 
13 cycles 
13 cycles 
13 cycles 
6 cycles 

256 cycles 



Marconi 
Instruments bringing 
stunning performance 
within reach. 
This new automatic RF 
Spectrum Analyzer with its 
integral tracking generator 
provides an accuracy, 
resolution and dynamic 
range never previously 
attainable. * Frequency range 100 Hz 

to 400 MHz with 95 dBc 
intermodulation 
performance. 

* Full auto self-calibration in 
under a minute provides 
± 1 dB TOTAL level 
accuracy * Incredible high-resolution 
filters right down to 3 Hz­
f or close-in signal analysis 

* Full GPIB, keyboard and 
4 rotary control operation 

Plus, there are a full range of 
features to shrink test and 
measurement times in 
development, production 
and service. 
* Accurate meter mode for 

monitoring signal levels 
* RGB output for optional 

full color large screen 
monitoring * Two markers measure to 
0.01 dB and 1 Hz * Fully independent dual 
vertical scales * Any combination of 
logarithmic, linear and dB 
scales * Integral SOW overload 
input protection 

At $19,945* it is the 
world-beater. 
Reach out for the full picture 
from Marconi Instruments. 
Ask for the brochure. 
*Domestic U.S.A. price only. 

marcon1~ 
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Marconi Instruments 
3 Pearl Court 
Allendale, N.J. 07 401 
(201) 934-9050 
West Coast: (714) 895-7182 
SEE US AT ELECTRO, 
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Finally, a single-chip controller 
that makes SCSI a standard worth standardizing on. 

A REAL SOLUTION REAL COMPATIBILI1Y 
Introducing the WD33C93, our remark- The WD33C92/3 is completely SCSI/ANSI 
able new SCSI controller that's a genuine X3T9.2 compatible. So you can standard-

Hard Optical Tupe single-chip solution ize on it as either SCSI initiator or target, 
Disk Disk Drive for designers of SCSI and be sure of total compatibility with any 

bus systems. SCSI implementation on the market today 
Now, whether including other SCSI devices, control-

Printer/ Digitizer Host you' re designing lers and host adaptors. 
Plotter Adaptor hard disk systems, REAL ECONOMY 

Make the WD33C92/3 control- · t 1 tt ' 
ler/hehackho11eofl'ourS(.SI prm ers or p 0 ers, We ve got a proven 
.~)'stem. optical or tape drives, history of putting com-
digitizers, even host adaptors - or adding plex standards into silicon, then driving 
a SCSI bus in a host system - SCSI has those devices down the experience curve 
never been more practical or easier to as fast as the market demands. 
design in. As complex as the WD33C92/3 is, it's 

REAL ESTATE SAVINGS a down-to-earth implementation that 
We've taken a board full of devices and makes SCSI that much more attractive. 
shrunk them into a single-chip solution. Matter of fact, you can just about afford 
The WD33C93 has on-chip high current to design a WD33C92/3 into 
drivers, and supports both synchronous every system you build, as an 
and asynchronous transfers. Or choose extra competitive feature. 

the WD33C92 if you prefer to REALLY HERE. 
=-C11i~..!~ - add your own differential Count on Western Digital to 

drivers. support your SCSI system 
Either way, four MB per ~~~'!e~~~c::a- requirements at both host and 

second transfer rates, combi- down cost as we peripheral ends of the cable. 
drive upfunc-

nation commands that min- uonali(y. The WD33C92/3 is here 
imize host intervention, today, ready to sample, with 
and a 'Iranslate Address high volume production 
command that switches right around the 

from logical to physical address corner. For details, 
make our SCSI controller the highest contact the Western Digital 
performance, space-saving single-chip sales office in your area. 
solution you've been WESTERN DIGITAL 
looking £or C 0 R P 0 R A T I D N 

• 2445 McCabe Way, Irvine, CA 92714 
Western U.S. (714) 851-1221 Eastern U.S. (612) 835-1003 
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Includes all neces­
sary SCSI logic in a 
CMOS + 5V 44 pin 
chip carrier or 40 
pin DIP 



You've made the right design decision. 
But now you're ready to manufacture. And there's a lot at 

stake. Budgets. Delivery times. Ease of assembly. Profits. 
So consider the 1003 Intel-compatible ZBC 86/36, 

from Zitel. 
First, the ZBC 86/36 costs 153 -303 less. Giving you an 

immediate advantage. 
Then, there's our easy-to-manufacture PAL architecture. 

With only 30 configuration stakes. Not 300. So you'll reduce 
configuration errors, reduce labor costs, and save time. 

And consider this: The ZBC 86/36 includes 1 Megabyte 
of on-board memory, an on-board socket for your 8087 
math co-processor, and optional on-board parity checking. 
All in a single card slot. Plus a full 5-year warranty. 

So call for a free evaluation unit. Or for more information 
on all our open bus products. (408) 946-9600. 

Because there's more at stake than meets the eye. 

-
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68000-type microprocessor 
packing peripheral subsystems 
smooths workstation design 

Designers can build low-cost, 
powerful workstations compat­
ible with existing software by 
picking a processor that sports 
dual DMA channels, MMU 
counters, and serial 1/0. 

With rare exception, the workstation world 
revolves around designs centered on the 
68000 microprocessor. Moreover, later gen­
erations of the processor, the 68010 and 
68020, offer a path to compatible, higher 
performance products. Missing, though, 
has been a means to combine high per­
formance with the ability to build low-cost 
systems in large volume. To achieve such 
flexibility, a processor chip would have to 

Dirk Braune and 
Jean-Claude Six 
Phillps lnternatlonal BV 
Mlcroelectronlcs Support Center 
416 Avenue du General Leclerc 
92260 Fontenoy aux Roses 
Paris, France 
3H4702·7545 

Bob Rowe 
Slgnetlcs Corp. 
811 E. Arques Ave. 
P.O. Box 3409 
Sunnyvale, CA 94088 
(408) 991·2000. 

absorb the multitude of peripheral circuits that surround it. 
A new microprocessor, the 68070, is such a chip. Besides employ­

ing a CPU that is compatible with 68000 software, the chip boasts a 
dual-channel DMA controller; a sophisticated memory-manage­
ment unit; three independent counter-timers; a full-duplex RS-232-
C asynchronous serial communication channel; and a serial inter-IC 
(I 2C) bus. In short, the 68070 encompasses functions that are es­
sential for communicating effectively and efficiently, for managing 
multiple tasks, and for working in a distributed-processing environ­
ment. 

With more functions crammed alongside its CPU than other 
68000 family members, the 68070 promises to shave development 
and production costs. The chip holds down part counts, keeping cir­
cuit boards smaller, simpler, and Jess-expensive. Furthermore, 
power and cooling requirements are trimmed, since the chip 
demands fewer parts and consumes only about 1 W running at 
10 MHz. High-speed 2-µm CMOS technology accounts for the 
chip's fast, low-power performance. 

To ensure machine-code compatibility, the 68070 carries regis­
ters identical to the 68000's. Thus, any program compiled at the 
68000's machine-code level runs on the 68070 without modification. 
The chip also incorporates the 68000's asynchronous bus and arbi­
tration controller, as well as the same nonmultiplexed 24-bit address 
and 16-bit data buses . The 16-Mbyte addressing range accom­
modates large, complex applications. 

The chip recovers fully from bus errors in the same way that the 
68010 does: When a bus error occurs, the CPU saves its context on a 
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stack and starts an exception routine. At the end of the 
routine, it restores its context before continuing with the 
current instruction. 

Furthermore, a vector-interrupt scheme with seven 
priority levels equips the chip for real-time and highly 
interactive systems. The on-chip peripherals can trigger 
any of the interrupt levels; external subsystems can acti­
vate four levels through the chip's decoded interrupt 
and interrupt acknowledgment pins. 

DUAL OMA CHANNELS 

The processor features two independent OMA chan­
nels that move data between memory and 1/0 devices 
or other locations in memory (Fig. 1). Byte-wide trans­
fers clip along at 3.2 million bytes/s, while 16-bit word­
wide transfers are done at half that rate. Data can be 
transferred in single cycles and bursts, and the average 
bus latency never exceeds 2.5 µ,s. 

Each channel can be programmed for a different 
priority level, although during bus arbitration a OMA 
operation gets the highest priority, followed by external 

"Irr 
r-1 CPU 

.L .. 
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'lj , 

devices, and then the CPU. Of the two channels, chan­
nel 1 claims the highest priority and only transfers data 
between an 1/0 device and memory. Such transfers, re­
lying on a set of handshake signals, can take place over 
8- and 16-bit ports in a single bus cycle. 

Channel 2 also transfers data between memory and 
1/0, as well as between different memory locations. 
Memory-to-memory transfers take two or more bus 
cycles, and data is stored temporarily in the CPU. 
Memory locations are addressed explicitly by the chip's 
address and control lines, instead of by the handshake 
signals used in 1/0 transfers. 

Both channels have the same programming models as 
the 68430, 68440, and 68450 OMA controllers. Thus, 
they are functionally compatible with those devices. 
Equipped with two 16-bit counters and a 24-bit address 
counter, the channel can move blocks of up to 128 
kbytes anywhere within the full addressing range. In 
other words, each channel can transfer 65,536 con­
tiguous words or bytes without pause. 
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1. The 68070 microprocessor features a CPU that Is machine-code compatible with the 68000. The 68070 also 
has dual OMA channels, a sophisticated MMU, and three Independent counter-timers. For added 1/0 capac­
ity, the chip sports a full duplex RS-232-C port and an Inter-IC bus. 
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modeled after the 68910 and 68920 memory access 
controllers (ELECTRONIC DESIGN, Aug. 23 , 1984, p. 
153). The unit translates logical addresses into physical 
ones (Fig. 2). It also protects memory segments from 
illegal accesses, like attempts to change a write­
protected area of memory. (For applications that do not 
require the MMU, it can be inhibited by resetting a 
control register bit.) 

A BUILT-IN MEMORY MANAGER 

The MMU can set the memory segment size in 
1-kbyte increments. It manages anywhere from 8 seg­
ments of 2 Mbytes each to 128 segments of 128 kbytes 
each. As result, programmers can encapsulate entire 
modules in one protected space or maintain smaller and 
more numerous (even variable length) segments. The 
latter case allows shorter disk transfers and simpler 
swapping operations. 

Each of eight descriptors stored in an on-chip table 
holds information like the base address and length of 
memory segments, as well as attributes. Typical attri­
butes grant or deny permission to access supervisory 
memory, or read from, write to, and execute particular 
memory locations . Furthermore, attributes indicate 
when a stack segment is being accessed. 

For every access, a memory segment number is com­
pared to a segment number in the on-chip table. The 
comparison checks the memory displacement against 
the actual segment size, and access-protection and 
segment-enable bits are examined to ensure that the ac­
cess is legal. If the access is legal, the MMU issues the 
necessary data strobe signal. If an illegal access is at-

Segment 
number 

Logical address 

Displacement 

tempted, the MMU disables the data strobe pulse and 
the CPU executes a bus-error exception routine. After 
the error is resolved, the CPU resumes normal oper­
ation and completes the bus cycle like a 68010 would . 

The processor's three independent 16-bit counter­
timers serve a variety of general-purpose functions. One 
timer with a 10-µs resolution runs continuously, making 
it a useful reference clock. The other two circuits are 
programmable timers with independent 16-bit register­
counters (Fig. 3). They can change output state when­
ever their contents match. Thus the registers can gener­
ate a timing pulse when a match occurs between the 
preset contents of one register and the reference-timer 
count accumulated in the second . Si mila rly , external 
events can be counted and timed. Timing is done by not­
ing an event's occurrence in a count register and cap­
turing the reference-timer contents at the same mo­
ment. 

TO COMMUNICATE SERIALLY 

Besides the counter-timers, two types of serial buses 
fortify the processor's ability to communicate with the 
world outside. The first , a dual RS-232-C serial bus in­
terface, carries asynchronous data and connects print­
ers, terminals, and other peripheral devices. The inter­
face features full- and half-duplex communication, as 
well as an autoecho mode for diagnostics. Two baud­
rate generators paired with the buses can be indepen­
dently programmed for one of eight transmitting and 
receiving rates between 75 and 19,200 baud. 

The second serial interface, the I 2C bus, consists of 
two lines: a clock signal and data. Handy for linking the 

Offset 

Internal 
function 

code 

Segment 
number Flush 

'Base 
address Length Attribute Comparator 

Physical address 

2. The on-board MMU translates the chip's 16-Mbyte logical address 
range Into physical space In main memory. Besides storing translation 
data In Its descriptors, the MMU also holds attributes that protect se­
lected areas of memory from being read from, written to, or executed Il­
legally. 
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CPU to relatively slow devices, the bus also serves as the 
interface to an 8-bit single-chip microcontroller . The 
controller or a similar device can manage an LCD, 
clock-calendar, nonvolatile RAM, or other peripheral 
by taking control of the bus . The processor itself can 
serve as a master or a slave. In addition, it can operate 
over the bus as a receiver or a transmitter . 

The chip also features a high-speed parallel data bus 
that is compatible with the other members of the 68000 
family. The bus can transfer data at rates up to 40 
Mbits/s, or 5 Mbytes/s. Moreover, it can accommodate 
several master devices by harnessing the chip's multi­
level interrupt scheme. Importantly, no TTL glue logic 
is needed to connect multiple masters to the bus, either 
for the four fully decoded interrupt inputs or the bus ar­
bitration logic. 

WORK AMONG FRIENDS 

Like other 68000 microprocessor family members, the 
chip can operate alongside intelligent controllers like the 
68454 for disk operations and the 68562 for serial com­
munications. The disk controller executes high-level com­
mands that manage data transfers between a disk and the 
CPU, interrupting the CPU when it is finished. Even the 
serial communication controller takes advantage of the 
processor's DMA channels to transfer incoming data di-

Interrupts 15 0 Interrupts 

Reload register 

15 0 

Continuous timer 

Timer t---t-l~co_u_nt_.,.. ______ ....,._Cou_n_t -+-+--1 Timer 
Capture Capture 

15 0 15 0 

Capture register Capture register 

3. Three Independent counter-timers within the 
68070 make It easy to keep track of events happen­
ing outside the chip. A continuous timer makes a 
useful reference clock, resolving time to Increments 
of 10 µs. The two remaining timers Include registers 
that Interrupt the CPU when their contents match. 
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Price and availability 
The 68070 microprocessor, packaged In an 
84pln plastic leaded chip carrier, can now be 
had In sample quantities. Production quantities 
are scheduled for early next year. The Intro­
ductory low-volume price will be $50. In high vo~ 
umes, the chip Is targeted for $20. CIRCLE 503 

rectly to memory. 
With the new chip's built-in functions and the ease with 

which it interconnects to other intelligent ICs, designers 
gain flexi bility in tailoring a system to specific needs, 
price, and performance. For example, a very capable but 
economical workstation could be developed that handles 
some features locally and passes others to a compatible 
but more powerful processor. Given the vast majority of 
workstations that run on the 68000 family, the processor 
is a natural foundation for such a low-cost system. 

Typical CAD and CAE workstations require text and 
graphics, multitasking ability, megabytes of main mem­
ory, hard and flexible disks, and communication ports. To 
serve as the core of such a system, the new chip connects 
to a number of subsystems transferring data at high speed 
(Fig . 4). Such subsystems which include the main 
memory, disk storage, and display electronics, exploit the 
chip's high-speed parallel bus and DMA channels. The 
MMU imparts the crucial ability to handle multiple tasks 
at once, like editing while printing. 

SAVING SLOTS 

In a workstation application, the chip's 12C interface 
serves wherever a slow response will do (for example, to 
support a keyboard or graphics input device) . Using the 
slower interface frees the high-speed parallel bus for the 
subsystems that need it. Overall throughput also gets a 
boost, since the slower data transfers can occur at the 
same time as the faster ones. 

Up to 16 Mbytes of main memory can connect directly 
to the chip's address and data buses because the internal 
DMA channels eliminate the need for an external con­
troller. Moreover, because the chip easily accepts memory 
wait states, designers can choose the RAM that meets 
their cost and performance requirements. 

The disk control subsystem employs the 68454 control­
ler and a pair of 68459 disk phase-locked loop I Cs. One of 
the PLL chips synchronizes the read and write timing for 
a flexible disk; the other handles the timing for a Win­
chester. In addition, low-power Schottky TTL circuits 
complete the drive- and head-selection interface. 

A single intelligent graphics controller (like the 63484) 
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Presents 
Spectrum 
Ana,/ysis 
Thats 
Simply 
Unforgettable 

MS710C Spectrum 
Analyzer 
No more writing down results. 
No more sketching waveforms 
on paper. No more grease 
pencil graphics on the CRT grid. 
Why? 
Because Anritsu's new MS710-
series Spectrum Analyzers 
actually remember display 
screens for you - up to nine of 
them, in fact Each one complete 
with waveforms and comprehen­
sive alphanumeric information 
such as frequency, level, etc. 
Each one ready for recall to the 
CRT at the push of a button. 
Check and recheck, contrast 
one with another, even compare 

Spectrum Analyzer Frequency Range 

MS710C 
10kHz-30MHz, 
1 OOkHz-23GHz 

MS710D 100kHz-23GHz 

MS710E 100kHz-23GHz 

MS710F 100kHz-23GHz 

the current real-time waveform to 
a standard in memory. It's like 
having a file of waveform infor­
mation always at your fingertips. 
Frequency range is wide, too; 
for instance, our new MS710C 
covers the range from 10kHz to 
23GHz (or up to 140GHz with an 
external mixer). It offers signal 
search functions, along with an 
ergonomic front panel that puts 
every control right where it's 
needed. A special display lists 
key functlons right on the screen: 
-it's virtually a built-in operator's 
manual! 
Can't get the MS71 OC out of 
your mind? Contact Anritsu 
for further details. 
Frequency Stability Frequency Range 

(6.5GHz) with External Mixer 
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1MHz 18-140GHz 
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handles the system's text and color display. It works with 
one of the microprocessor's DMA channels and can ac­
cess a frame buff er of up to 2 Mbytes. Moreover, it draws 
1 million pixels/s when clocked at 8 MHz. Where cost 
considerations are crucial and fewer features are needed, 
a less expensive CRT control subsystem can be built from 
Signetics' 267x family of display chips. 

The keyboard and graphic input-control subsystems 
are built around two separate 80C5 I microcontrollers. 
The microcontrollers consume little power, store their 
programs and data on chip, and carry their own serial 1/0 
interface. One chip decodes key closures and sends data to 
the 68070 over the 12C bus' clock and data lines. The sec­
ond microcontroller decodes and transmits X and Y posi­
tion data from the graphics input device. 

The basic workstation can be expanded through addi­
tional parallel and 12C buses. For instance, as design 
libraries grow, other kinds of mass storage, such as 
compact-disk ROMs, might be needed. A CD ROM in­
terface, which is currently in development and compati­
ble with the 68000 family, could be added onto the paral­
lel bus. Similarly, additional hard copy peripherals like 

68070 microprocessor 

CPU RS-232-C 
Data line 

1
2
C Timers 

Clock line 
MMU OMA 
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Keyboard Graphics ...... 
device controller 1....t (80C5 1) controller 
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.. 
"" 

.i 

"" 
Address 
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printers or X-Y plotters can be added to the RS-232-C in­
terface, without the need for extra chips to convert data 
between serial and parallel formats. 

Dirk Braune, a VLSI design manager, heads the 
68070 project team. He earned a Dipl.-Ing. engineer­
ing degree in electrical control for Technische Univer­
sitaet Braunschweig in West Germany. 

Jean-Claude Six is a 68000 sales support and prod­
uct innovation manager. He has an engineering degree 
f rom the Institut Superieur d'Electronique du Nord in 
France. 

Bob Rowe is a VLSI marketing manager at Signet­
ics' MOS microprocessor division. He earned a BS 
degree with honors from the University of Notre 
Dame. 
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4. The 68070 forms the heart of a high-performance workstation that Is also economical and expandable. ln­
dlvldual subsystems, many using the dual OMA channels, hang on the chip's various 1/0 buses. The sub­
systems manage disk, display, and keyboard operations. Upgrades and additions can be made later, as 
they are needed. 
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Feature Size:2µ CMOS 
N-Channel 

VTEO 0.5-1.0v 

BVoss >lov 
K1 = µ~ 

linear region 21-25 2 

BE(Long Channel) 0.&-1.2/12 

Cap. Gate 104 PF/cm2 8--10 

Cap. Poly to Sub 104 PF/cm2 0.55--0.65 

Cap. Metal to Sub 104 PF/crn2 0.27--0.32 

Junction Depth 0.4µ-0.6µ 

P-Well Junction 2.5µ-3.5µ 

Poly Ps 15-300/D 

Diffusion P s 20-400/D 

VTF Poly >lOv 
/:).W -1.0µ 

LEFF 1.0µ-1.4µ 

Substrate Resistivity 2.5KOIO 

Feature Size:3µ CMOS 

N·Channel 

VTEO 0.5-1.0v 
BVoss >lOv 
Kt = µ...£. linear region 18--21 2 

~(Long Channel) 0.8-1.4y112 

Cap. Gate 104 PF/cm2 5.9-7.0 

Cap. Poly to Sub 104 PF/crn2 0.45--0.55 

Cap. Metal to Sub 104 PF/cm2 0.2--0.25 

Junction Depth 0.6µ-1.0µ 

P-Well Junction 3.5µ-4.5µ 

Poly P8 15-300/(] 

Diffusion P8 10-300/[] 

VTF Poly >lOv 
/:).W -1.0µ 

LEFF l.4µ-2.0µ 

Substrate Resistivity 2.5KOJO 
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1.20/cm 
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6--8 
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0.45--0.55 
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15-300/(] 

30-700/(] 

>tOv 
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2µ or 3µ Engineering Prototypes: 
We deliver on time or we absorb 
30°/o of your fabrication cost. 

It's nothing new. For the last 6 years, Orbit Semiconductor 
(formerly Comdial) has been the only foundry to guarantee 
on-time delivery for CMOS/HMOS engineering prototype 
or production runs. 

High reliability 2µ and 3µ double metal or double poly. 
10 working days for single poly and single metal. 15 working 
days for double poly or double metal. Quality processing 
that lets us deliver to Mil Std 883C requirements. Even 
mature processes (Synertek's) available. It's all part of the 
way we've earned our customer's confidence. 

And when it comes to your production order, Orbit is your 
assurance of quality processes, and products delivered 
on time. 

For more information on the only guaranteed on-time 
delivery, typical turnarounds and processes, contact: 
Gary Kennedy, President, 1230 Bordeaux Drive, 
Sunnyvale, CA. 94089. Or call (800) 331-4617, in 
California (800) 647-0222, (408) 744-1800, 
TWX 910-339-9307, FAX (408) 747-1263 

A subsidiary of Orbit Instrument Corporation. 

s1i&)-

What others promise, we guarantee. 
I\ 



THE 68000 SERIES: 
SIGNETICS TAKES FIRST PIACE 

IN PERIPHERAL DESIGN. 



68000 Peripherals Conceived and Designed by Signetics 

PART!I DESCRIPTIONS 
Samples 
Availabee 

68154 IGOR Interrupt Requestor NOW 
68155 IVHAN Interrupt Vectorizor and Handler NOW 

68172 BUSCON VMEbus Master/Slave Controller NOW 

68175 BUS MAS VMEbus Master NOW 

68430 DMAI Direct Memory Access lntertace NOW 

68454 IMDC Intelligent Multiple Disk Controller NOW 

68459 DPLL Disk Phase Locked Loop NOW 
68562 DUSCC Dual Universal Serial Communications Controller NOW 

68652 MPCC Multi-Protocol Communications Controller NOW 
68653 PGC Polynomial Generator Checker NOW 
68661 EPCI Enhanced Programmable Communications 

lntertace NOW 
68681 DUA RT Dual Universal Asynchronous Receiver/ 

Transmitter NOW 
68905 BMAC Basic Memory Access Controller /16 bits NOW 

68906 BMAC Basic Memory Access Controller/32 bits NOW 
68920 MAC 32 bit Memory Access Controller. Late 1985 

r Yes, pleas;:sh m~ore informati~on the Signetics 68000 family -1 
I of peripherals. I 
I Name ________________________ _ 

I Position ________________________ _ 

I I Company ______________________ _ 

I Address ______________________ _ 

I City ___________ State _____ Zip ____ _ 

I Phone _______________________ _ 

I Send coupon to: Signetics Corporation, 811 E. Arques Avenue, MS/ 27 
LP.O. Box 3409, Sunnyvale, CA 94088-3409 _____ EE_2l1~ J 

VLSI trom Sign~~ 
800-227-1817 Ext. 914C 



•• . worth doing well 
If quality is 
• important to 

• your project ... 
then you want 
to talk with us 

DY-4 - a proven performer with 
quality solutions. 

Ruggedized VMEbus expertise in 
the commercial marketplace . . . 
DY-4 has it. Quality to us is design, 
packaging, documentation and 
manufacturing. DY-4 provides 
all of this and more . . . 
at commercial prices. 

• Designs supporting multi­
processor architectures 

• System packaging incorporated 
into designs - I/O and slot­
dependent features via P2 
backplane 

• Effective technical and 
manufacturing revision control 
documentation 

• Common manufacturing facilities 
for commercial and ruggedized 
products 

DY-4 offers more quality 
for less money and more: 

• System software and firmware 
• Buil~ -in test equipment with 

on-board diagnostics 
• 12-month full warranty 
• Customer service people who 

care 

CIRCLE 104 

Our comprehensive product line 
supports the most demanding 
applications. 

• Single board computers with 
on-board memory and 110 
functions 

• Intelligent communications 
modules for serial (RS-232/422) 
and parallel I/O functions 

• Intelligent peripheral controllers 
for disk (SASI, SCSI, SMD) and 
tape (9-track and cartridge) 

• Modules supporting memory 
and graphics 

• A complete line of system chassis 

For detailed information on DY-4's 
commercial VMEbus solutions, 
contact: 
California: (408) 377-9822 
Canada: (613) 728-3711 

Telex 06-217780 (IMMEDIA TOR) 
Telex Mail Box: TO: DY40TT 
Direct Telex: 053-4822 

Denmark: (06) 96-3624 
Telex: 60938 (DENDY DK) 

DY-4 SYSTEMS INC. 
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1-Mbit DRAM controller shuns 
complex timing and protocol 
to streamline high-speed systems 

System designers are looking In any system that uses dynamic RAMs, 
special circuitry in the address and control 
path must be introduced to drive the mem­
ory chips and link them to the CPU. The cir­
cuitry performs several functions: It gener­
ates refresh addresses ; it multiplexes row, 
column, and refresh addresses; and it de­
livers control signals to dynamic RAMs. 
Moreover, it initiates the refresh cycles at 
the required rate to maintain data in the 

for new and better ways to drive 
and control dynamic memory 
arrays. A fast controller provides 
an economical system solution 
with no drop in performance. 
Zwie Amitai 
Monolithic Memories Inc. 
2175 Mission College Blvd. 
Santa Clara, CA 95054 
(408) 970-9700 ext. 6196 

memories and arbitrates between the refresh and access cycles. The 
sequence of the address and control signals must satisfy the protocol 
and timing requirements (row address hold, column address setup, 
and so on) of the dynamic RAMs themselves. . 

Most LSI dynamic RAM controllers aim at being a complete, 
single-chip solution by incorporating interface and access-refresh 
arbitration circuitry. However, because timing and memory-access 
protocol can vary greatly from one CPU to another, the effort of 
accommodating different systems is likely to compromise per­
formance. 

The touted flexibility of such controllers turns them into complex, 
multimode, power-hungry devices . Further, significant glue logic is 
still needed to interface the controllers with the memories, as well as 
with the system at large. The complexity and slow operation of these 
controllers have pushed many system designers to fashion their own 
controllers out of discrete SSI/MSI devices. Consequently, deter­
mination of an optimum level of integration has been a crucial factor 
in the development of a new family of controllers. 

Designed for high-performance systems, the 673102, 673103, and 
673104 controllers have simpler logic than has been available till 
now. A new oxide-isolated bipolar process shortens their propaga­
tion delays, minimizes delay variation, and paves the way for future 
models to operate in the industrial and military temperature ranges. 

Each model has multiple Column Address Strobe input/output 
(CASIN /CAS) channels that increase addressing space and sim­
plify individual byte access. Since the chips contain up to four in­
dependent CAS outputs, they are the first LSI controllers aimed at 
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systems with 32-bit wide data. 
The controllers provide all standard dynamic RAM 

control functions. They generate refresh addresses; multi­
plex row, column, and refresh addresses; generate the 
CAS, Row Address Strobe (RAS), and Write Enable 
(WE) control signals; and drive the memory array. Of 
their two access modes, one allows a designer to determine 
the control-signal timing sequence externally, the other 
automatically accommodates dynamic RAMs with ac­
cess times of 150 ns or faster. 

The externally controlled access mode gives the system 
direct and flexible control over the RAS, CAS, and ad­
dress outputs. The controller serves as a straightforward 
multiplexer and driver for address and control signals to 
the dynamic RAMs . The Row Address Strobe input 
(RASIN) drives the particular RAS output selected by 
the bank-selection signals. The CAS outputs are indepen-

Row 
address 

input latch 

Bank 
latch 

4 

RF H 

*A 3-k!l pull-up 
resistor is on these 
outputs when they 

are disabled. 

ACAS0- ACAS3 4 
CASIN0u------------i 

CASIN 1u-----------­
CASIN2u------------i 

CASIN3 u------------
WEIN 0----------------+-i ::>..;;..._-0 

OEo-----------------' 

1. Multiple column address strobe input/output 
(CASIN/CAS) lines on the new 67310x controllers 
save the glue logic found on devices that carry 
only single channels. Other internal functions also 
cut parts count. 
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dently driven by their resp~ctive CASIN inputs, while the 
Row /Column input (R/C) controls the address multi­
plexer. In this mode, built-in propagation delays and 
skewing are minimized to achieve good resolution with 
any control-timing sequence. The externally controlled 
access mode supports page, static-column, and nibble­
mode accesses. 

In the automatic access mode, once RASIN has been 
asserted, the chip automatically asserts RAS . It then 
switches the address multiplexer from row to column ad­
dress and asserts CAS. The CASIN signals enable their 
respective CAS outputs and are active low. They can also 
be used to extend the time during which the CAS output 
and the column address are low. Specifically RAS IN and 
RAS go high, satisfying precharge requirements for the 
next access cycle, while CAS stays low. 

The new controllers contain a refresh counter, a three­
way multiplexer, address and bank-selection latches, and 
output drivers for address and control signals (Fig. I). A 
row decoder uses two bank-selection inputs to determine 
which of the four RAS outputs will be asserted, selecting 
one bank during a memory access and leaving the other 
three on standby. 

All three models have four RAS outputs and one WE 
output. The 673102 and 673103, designed for 16-bit sys­
tems, have two CAS outputs, whereas the 673104, aiming 
at 32-bit applications, has four. Series resistors incorpo­
rated in the output stage of each line driver limit under­
shooting caused by inductive loads. 

REFRESHING THE BANKS 

When the refresh mode is selected, the refresh address 
is multiplexed onto the address outputs, and all four RAS 
outputs follow the RASIN input, refreshing all four 
banks. 

The timing parameters for each model are specified for 
a load corresponding to 88 dynamic RAMs. The 673104 
can address 16 Mbytes of dynamic memory arranged in 
four 4-byte banks; the 673103 can address 8 Mbytes in 
four 2-byte banks; the 673102, with nine address outputs, 
can address 2 Mbytes. 

To allow the designer greater flexibility, the controllers 
do not incorporate system-independent handshaking and 
arbitration circuitry; instead, those circuits can be imple­
mented through discrete or programmable logic devices. 
The multiple CASIN and CAS channels can connect to 
the system's byte-data strobes for individual byte access. 
Eliminating the logic required to split a single CAS out­
put for that function helps control skewing and reduces 
the chip count. 

The 6731 Ox controllers enjoy several advantages over 



those using discrete SSI/ MSI devices. For instance, they 
need fewer chips, which occupy a smaller board area and 
cost less. In addition using fewer chips improves overall 
system reliability. While the placing of address and 
control signal drivers on the same chip affords tighter 
skewing. 

A discrete design may use dynamic RAM drivers on 
the address and control lines of the dynamic memory 
array. To satisfy the memory's address hold time from the 
time RAS goes low, the address propagation delay is 
based on the driver's best-case delay (4 ns) while the RAS 
propagation delay is based on the worst -case delay 
(30 ns). When c~puting the required delay (t 1) between 
RAS IN and R / C, the 26-ns difference between the best­
and worst-case delays must be added to the required ad­
dress hold time. (The possibility of different devices being 
1sed on address and control lines makes it essential that 
these propagation delays be considered in circuit design; 
furthermore, the difference between the multiplexer's 

16-bit data bus 

Address 

Price and availability 
The price of each of the 673102 dynamic RAM 
controller is $21 .75; the 673103, $39; and the 
673104, $46-all in 1000-piece quantities. The 
chips are available immediately. CIRCLE 506 

best- and worst-case performance must be taken into 
account.) 

Integrating drivers for address and control on the same 
controller chip more closely controls the differences be­
tween RAS, CAS, and the address outputs. A difference 
parameter is specified for the device's externally con­
trolled access mode and is defined as t01 = tRPDL -tRAH 
= 0 to 15 ns. Here tRAH equals the period from R/ C low 
to row address not valid, and tRPDL equals the period from 
RASIN low to RAS low. 

To guarantee a 15-ns row-address hold time, R / C may 
be pulled low as early as 30 ns after RAS IN has gone low 

Byte 1 
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CPU Single-GAS 

controller 

uosi---------------+1 
LDSl------~-------+I 

(a) 

"'-
...- 16-bit data bus 

Address ..... 
T 

68000 ..---

Logic 

CPU 
Control..a. RAS o- 3 

RASIN PAL 673102 T device or 673103 
dynamic RAM ....___ controller 

UDS CASIN 1 
-
LOS CASIN0 

(b) 
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2. Previous methods of addressing single bytes in large data words required extra 
logic and line d rivers (a ), which added both propagation delay and expense. By 
integrating these functions, the new controllers streamline the design (b). 
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[t 1 = t01 (min)+ tRAH = 15 + 15 = 30ns].Another 
difference specification, to2 = tcroL - tRcc (where 
tcroL equals CASIN low to CAS low and tRcc equals 
R/C low to column address valid), provides tight control 
for the column-address setup time (tAsc). 

Unlike other currently available controllers, which 
have only one CAS output, the chips can be used in any 
system with 16- or 32-bit data to access any combination 
of bytes simultaneously. When a single-CAS dynamic 
RAM controller tries to access word-wide memory, exter­
nal logic is needed to split the CAS output from the con­
troller and create separate CAS signals for the individual 
bytes of the data word. Along with the required external 
drivers, this external logic adds to the system's chip count 
and extends the delay in propagating the CAS signal 
(Fig. 2). For example, in designs using devices having 
only one CAS output, the added CAS delay is 40 ns, 
which dramatically increases tRicL (the RASIN-to-CAS 

.... Address bus 

.... 
j~ 1A23-A21 

A23-A1 

~o 10-MHz 
CPU 

(68000 or 
68010) 

L cs 
DTACK 

delay) and so degrades system performance. 
In systems with error detection and correction, sepa­

rate controls are usually needed for data memory and 
check bits, a situation that calls for more than one CAS or 
WE signal. Since each of the new controllers carries at 
least two CAS outputs, one of those lines can be used to 
control the data while another controls the check bits. In 
systems that require separate WE signals for the data and 
the check bits, a designer may choose to control the 
memory array with one CAS signal and two WE signals. 
In such a case, the new controllers' CASIN and CAS 
channels operate independently in the externally con­
trolled access mode; thus one CAS output may be con­
nected to the WE inputs of the RAMs to produce the full 
complement of signals. 

In a typical 16-bit system, a dynamic RAM array 
might be controlled by a 673103 that interfaces with a 
68000or a 68010 CPU through two programmable array 

--.--.-. Dynamic 
RAM array 

B,, Bo Ro-Ro C.-Co 

RASo RAS Ba~k 0 ...... 
a.-ao .__: A.-Ao J 

WE CAS CAS 

673103 .. .. t . t-t 
dynamic RAM 
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3. A system built around a 68000 or 68010 CPU and a 673103 dynamic RAM con­
troller can run at 10 MHz and address 8 Mbytes of memory. Two programmable 
logic devices provide the refresh clock signal and handle all arbitration and 
handshaking functions. 
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logic devices (Fig. 3). One of these devices operates as a 
system clock divider and provides a refresh clock; the 
other performs arbitration and handshaking. The basic 
CPU circuitry includes an address decoder to select ad­
dressing spaces. The controller operates in the automatic 
access mode, with a hidden refresh scheme in the inter­
face minimizing CPU wait states. 

The hidden refresh scheme calls for a Refresh Clock 
signal (RFCK) to cycle in 15.6 µs. Since one row of each 
dynamic RAM is refreshed during each cycle, all rows 
will be refreshed once every 2 ms, as specified by the 
memory manufacturers. The hidden refresh scheme oper­
ates when the refresh clock is high and the CPU is access­
ing memory elsewhere in the system. 

The controller chip detects that condition when the Ad­
dress Strobe signal (AS) is low but the Chip Select signal 
coming out of the address decoder is high. If the CPU con­
tinuously accesses the memory space addressed by the 
controller, hidden refreshing cannot occur. In that case, 
once RFCK goes low, the interface circuit allows the cur­
rent access cycle to end and then initiates a refresh cycle. 

During refreshing, the interface delays any request 
from the CPU for memory access until refreshing is com­
plete and the RAS precharge requirements are met. A 
memory access cycle starts when AS is pulled low by the 
CPU and terminates once the interface circuitry responds 
by asserting the Data Acknowledge signal (DTACK). 

During a read cycle, data must be available to the CPU 

no less than 185 ns (for a 10-MHz design) after AS goes 
low, if no-wait-state operation is attempted. Since the 
data in this example is available 100 ns + tcAc after AS 
goes to a logic low, no-wait-state operation can be 
achieved using 120-ns dynamic RAMs with a tcAc of 
60 ns or less, leaving enough margin for buffer delays 
(Fig. 4). An early write cycle is used, so thatdata becomes 
available to the memory at least 20 ns before CAS goes 
low and is maintained at least 20 ns after CAS goes high. 
The design is 80 ns faster than a similar one using a con­
troller with a single CAS output. Furthermore, it requires 
at least one chip fewer than designs using other kinds of 
controller. The design was built and tested at 10 MHz 
with no wait states and using 120-ns dynamic RAMs.D 

Zwie Amitai is a product planning supervisor. As a 
planner, he did market research, system and logic 
design, and simulation/or the 6730/xfamily. When 
the chips were fabricated, he also helped write the test 
program and plan marketing strategy. Amitai has a 
BSEE from Ben-Gurion University in Israel and an 
MSEE from Brown University in Rhode Island. 
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ANALOG 
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Converter handles 126-dB 
dynamic range signals 
with 15-bit accuracy 
Until now, engineers designing sci­
entific instruments capable of han­
dling wide dynamic range analog 
inputs have been severely han­
dicapped. Help is here: Analog De­
vices' AD367 combines a software­
programmable gain amplifier with 
the analog section of a dual-slope 
analog-to-digital converter, creating 
a voltage-to-pulse-width converter 
for slowly changing de voltages. The 
converter has a dynamic range of 
120 to 126 dB (20--21 bits) and an 
accuracy of 14 to 15 bits. Before, de­
signers had to resort to various prob­
lematic approaches, such as filling a 
board with expensive components or 
resorting to in-house designs. 

The 367's output is a pulse, the 
width of which is a direct linear 
function of the voltage out of the 
programmable gain amplifier at 
a scale factor between 360 and 
410 µs /V. An external micro­
processor or synchronous counter 
converts the width of the pulse into a 
digital word representing the con­
verter's 15 LSBs. 

The six MSBs are supplied by the 
six-bit input word that sets the gain 
of the programmable amplifier in 
64 binary increments between 0.288 
and 24. Operating with the virtually 
mandatory microprocessor, the 
voltage-to-pulse-width converter 
can be likened to a smart successive­
a pproxima tion converter in which 
the processor determines the MSBs 

Frank Goodenough 

by setting the gain of the amplifier 
just low enough so that its output 
does not exceed the full-scale input 
voltage of the integrating circuit. 

By choosing the value of the ex­
ternal integrating capacitor and the 
clock frequency, conversion time is 
user-selectable between 2 and 
20 ms. The programmable-gain am­
plifier enables the device to handle 
full-scale input signals between 
0.417 and I 0 V, resulting in an LSB 
of just 305 µVat maximum gain. 

The linearity error of both the 
gain amplifier and the integrator are 
a maximum of 0.003% of full scale. 
The amplifier's gain error is no more 
than ± 2%, at any gain. The con­
verter contains its own precision 
I 0-V reference, which has a temper­
a tu re coefficient of 15 ppm j°C 

maximum. Alternatively, an exter­
nal system reference may be used or 
the 367's reference can furnish up to 
500 µA to the system. 

The impedance of the circuit 's 
differential input is a minimum of 
80 kQ, and common-mode rejection 
is at least 70 dB. The converter typi­
cally draws 25 mA from ± 15-V 
supplies and 30 mA from the 5-V 
rail. It is contained in a 24 pin her­
metically sealed DIP and can oper­
ate from - 25 ° to + 85 °C. The unit 
price, in quantities of I 00, is $130. 
Small quantities are available from 
stock. 

Analog Devices Semiconductor, 
804 Woburn St ., Wilmington, MA 
01887; Application Engineering 
Department, (517) 395-5565. 
C IRCLE 3 11 
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Op amp is driven by 
+ 0.8-V supplies 

Breaking records seems to be what 
the OP-90 is all about. Precision 
Monolithics' op amp needs an oper­
ating voltage of ± 0.8 V for a dual 
supply and 1.6 V for a single supply. 
Further, the device draws an un­
precedented 20 µA operating cur­
rent. The low supply voltage means 
that a smaller battery can be used to 
drive the op amp, thereby shrinking 
portable instruments in which they 
are used. Similarly, the small oper­
ating current also allows battery size 
to be reduced further. Nevertheless, 
despite its low power drain, the part 
displays an unusually high current 
drive of ± 5 mA, and it can drive 
loads up to 500 pf and still remain 
stable. 

Most op amps require extra cir­
cuitry to remove an inherent resid­
ual 0.6 V that appears at the output 
when zero voltage is applied to the 
input. The OP-90, in comparison, 
requires no extra circuitry since it 
automatically produces a zero out­
put for a zero input. What's more, at 
700,000, the component exhibits the 

Curtis Panasuk 
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highest gain of any op amp oper­
ating under 100 µ.A. The amplifier's 
input is 3µ. V. Measured at 1 kHz, 
the noise density is 60 nV /Hz112

• 

The low power of the device was 
achieved by adjusting the internal 
bias currents, which results in a re­
duced bandwidth of 25 kHz. The 
slew rate also was traded off to 
achieve low power: It is 8 V /ms. The 
offset voltage drift is I µ. V /°C and 
the power supply rejection ratio is 
10 µ.V / V. The input bias current 
hovers at 10 nA maximum and 
5 nA typical. Finally, the common­
mode rejection ratio comes in at over 
l lOdB. 

The OP-90 is available now in 
sample quantities, with full produc­
tion beginning in July. ln quantities 
of 100, plastic 8-pin D IPs cost $2. 7 5 
apiece. Ceramic DJPs cost $3.75, in 
the same quantities. MIL-STD-883 
parts can be had for $14.90. 

Precision Mono/ithics In c., 
I 500 Space Park Dr., P.O. Box 
58020, Santa Clara, CA 95052; 
Art Kapoor, (408) 727-9222, ext. 
384. 
CIRCLE 316 
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NEW PRODUCTS 
ANALOG 

ELECTRONIC DESIGN EXCLUSIVE 

Intelligent modules link 
sensor to computer 

Designers who must link one or 
more remotely sensed analog signals 
with a computer now have a family 
of small, low-cost, smart modules on 
hand to simplify the job. Capable of 
accommodating up to 32 channels 
over a multidrop RS-232 or RS-485 
link, DGH's series DIOOO works 
with input signals from virtually all 
common sensors. These include de­
vices producing millivolt-level out­
puts as well as those producing cur­
rents, or pulse trains, in which the 
analog information is indicated by 
pulse width or frequency. 

Squeezed into each module are an 
8-bit microcomputer and circuitry 
for signal conditioning, analog-to­
digital conversions, communica­
tions, and on-off control. The signal 
conditioning circuitry excites the 
sensor and completes the bridges. 
The processor linearizes, compen­
sates cold junctions, calibrates, and 
converts ASCII code into English . 
The communications circuits handle 
the RS-232/RS-485 signals, and 

Frank Goodenough 
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the on-off circuits supply a min­
imum of one digital 1/0. 

Six basic modules have been de­
signed to process particular signals 
or work with specific devices: volt­
ages, currents, pulses, thermocou­
ples, R TDs, and bridges. A seventh 
unit supplies seven digital inputs and 
eight digital outputs. 

Each basic group of modules is 
ro unded out by a number of ver­
sions. For example, the D 1100 series 
comprises four models with full­
scale ranges between I 00 m V and 
10 V. Similarly, the Dl300 series 
contains eight variants for the eight 
most common thermocouples. 

The units operate from 0 ° to 
70°C and draw just 75 mA from !O­
to 20-V power supplies. Their di­
mensions are 3.6 by 2.45 by 0.85 in., 
and they are housed in lexan cases. 
Prices for single units run from $250 
to $325. Small quantities are avail­
able from stock to 8 weeks. 

DGH Corp ., P.O. Box 5638, 
Manchester , NH 03108; Robert 
Glines, (603) 622-0452. 
CIRCLE 312 

R-d converter 
is programmable 

A resolution of I 0, 12, 14, or 16 bits 
is available with a single device from 
the RDC-19200 series of resolver­
to-digital converters. (n addition to 
programmable resolution, a band­
width of either 190 or 760 Hz may 
be selected. Accuracies of± 8, ± 4, 
± 3, ± 2, and ± I min are available, 
as are two operating temperature 
ranges: -30°to+105°C and 0° to 
70 °C. A high-velocity output 
(VEL) in the RDC-19200 series is a 
ground-based voltage of 0 to ± I 0 V 
de for the maximum tracking rate of 
each programmed resolution. VEL 
can be scaled down with the addition 
of an external resistor. The convert­
er comes in a 40-pin hybrid package. 

lLC Data Device Corp., 105 
Wilbur Pl., Bohemia, NY 11 716; 
(516) 567-5600. From $113. 
CIRCLE 448 

Chopper op amp 
minimizes error 

Fabricated with Siliconix' Poly­
MOS process, the Si7652 differen­
tial chopper-stabilized op amp of­
fers low bias and offset current 
errors and reduces noise problems 
due to chopper charge injection at 
the amplifier inputs. Offset voltage, 
which is regulated without the use 
of potentiometers , is 5 µV max­
imum, and offset voltage drift is 
0.05 µ V /°C. Other specifications 
include bias current error of 30 pA 
maximum and noise of0.2 µ V pk-pk 
(de to I Hz) . Packages include 8-
and 14-pin plastic DIPs, 14-pin ce­
ramic DIPs, and T0-99 cans. 

Siliconix In c., 2201 Laure/­
wood Rd. , Santa Clara, CA 95054; 
(408 ) 988-8000. From $4.50 to 
$7.95 ( 100 units). 
CIRCLE 449 



From Design to Production 
CASE 'lechnology's new 

VANGUARD™ PCB design system includes 
schematic capture, CADAT logic simula­
tion, worst case timing verification, and 
PCB layout. Nowhere else in the industry 
can you find as complete a set of pro­
fessional PCB design tools on the desktop 
for only $15,000. The entire system 
operates on standard IBM PC/XT/ATu, 
MicroVAX workstations and VAX mini­
computers. 

The VANGUARD PCB design 
system can be used as a stand-alone, 
interactive PCB design station for sche­
matic capture, component placement, 
routing and final artwork generation. The 
system allows for interactive 45 degree 
routing, rats nesting capability, pin and 
gate swapping, automatic packaging, 
and on-line netlist consistency checking 
between the schematic and the physical 
board design. It is by far the highest 
performance PCB design system on 
the desktop. 

The CAE Price/Performance Leader 
With more than 1500 installed 

systems, CASE 'lechnology has developed 
a solid reputation as the CAE price/ 
performance leader. If you haven't seen 
what CASE has to offer, then now's 
the time. 

CASE 'lechnology, Inc., 633 Menlo 
Avenue, Menlo Park, CA 94025. Phone: 
(415) 322-4057; 'lelex 506513. 

CIRCLE 114 CASE TECHNOLOGY 



GPIB~ PC 
Hardware Flexibility 

• Low cost for instrument 
control 
- 300K bytes per second 
- $395 complete with software 

• High performance data links 
- MaximumspeedofGPIB 
- On-board buffering 

Software 
• Over $1 ,000,000 in software 

development 
• Easy to use, yet handles any 

GPIB application 
• Works with Lotus 1-2-3 
• UNIX, DOS and over 12 

languages 

Applications Support 
• Applications Library with 

sample programs & Tl PS for all 
major instruments 

• Full staff of Applications 
Engineers dedicated to sup­
port your specific needs 

Other IEEE-488 Products 
• Interfaces & Software for 

- Multibus VMEbus 
- DEC 0 -bus & UNIBUS 
- STD&S-100bus 

• General GPIB Products 
- GPIB Bus Testers 
- GPIB Bus Extenders 
- Stand-Alone Controllers 

w:~ r Austin, TX 76727 
1(600)531-GPIB 
In Texas (600) IEEE-468 
Telex: 756737 NAT INST AUS 

SEE US AT ELECTRO '86, 
BOOTH #384 

C IRCLE 115 

NEW PRODUCTS 
ANALOG 

ELECTRONIC DESIG N EXCLUSIVE 

Lowest noise op amp 
checks in at 1.1 nV/Hz ~ 

Input voltage noise for op amps has 
reached a new low. At 1000 Hz, the 
guaranteed maximum input noise of 
Linear Technology's L Tl 028 is one­
third that of available op amps, just 
1. 1 nV / Hz ~ . What 's more , its 
speed, offset voltage, l /f noise, and 
high open-loop gain ensure that it 
remains precise from de to beyond 
100 kHz in high closed-loop gain 
circuits. The device is intended for 
designers who must ha ndle full­
sca le ac and de signals of a few milli­
volts or less, particularly from low 
source impedances. 

Though basically aimed at de ap­
plications, the design tricks needed 
to guarantee low noise also gave the 
op amp a minimum slew rate of 
11 V / µs , lending it to precision au­
dio applications (ELECTRONIC 
DESIGN, Feb. 20, p. 111 ). Its noise at 
I 000 Hz is less than the theoretical 
noise from a 50-Q resistor, which 
means that it will not contribute 
errors when used with low-level 
sensors s uch as I 00- to 350-Q 
resistance-temperature detectors 
and strain gauges. The device 's 
broadband noise between 0.1 a nd 
I 0 Hz is a maximum of 90 n V pk­
pk, and its I / f noise at I 0 Hz is a 
maximum of 1.9 nV / Hz ~ . The 
I /f noise corner is just 3.5 Hz. 

The input current noise ( 12 and 
1.8 pA/ Hz ~ at 10 and I 00 Hz, re­
spectively) is lower than that of su­
per beta op amps. Of course, it can­
not compete with that of biFET 

Frank Goodenough 
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devices. Nevertheless, when used in 
the low-imped a nce circuits for 
which it is designed neither current 
noise nor its 260-nA bias current 
(over temperature) will cause even 
second-order errors. 

The chip's offset voltage, a max­
imum of 180 µV over temperature, 
puts it in the OP-07 class, and its 
open-loop gain of at least 126 dB is 
far superior to that of the OP-07 . 
The chip's gain-bandwidth product 
at 20,000 Hz is over 50 MHz, and it 
is stable down to a noise gain of two. 
About the only penalty paid for the 
1028's performa nce is its almost 
12 mA supply current- 2 to I 0 
times that of typical op amps. 

A total of I 0 models are available, 
covering both commercial and mil­
itary temperature ranges. They are 
housed in 8-pin cans and plastic and 
ceramic DIPs. In quantities of 100, 
the LT1028N8 , a commercial unit 
in a plastic mini-DIP, costs $4.95 
each. 

Linear Technology Corp., 1630 
McCarthy Blvd., Milpitas, CA 
95035; Ed Ritter, (408) 942-0810. 
C IRCLE 310 



RGI YOUR PCi GRAPHICS 

• 640 x 480 x 8 display (PG-640) 
• 1280 x 1024 x 8 display (PG-1280) 
• 40,000 vectors/sec. drawing speed 
• 100010 IBM PGC compatible 
• Full IBM CGA emulation 
• 1 million pixels/second image load 

IBM, IBM PC XT, IBM PC AT, PGC, CGA are trade marks of International Business Machines 

Matrox now offers two new color graphics boards that 
dramatically boost PC performance. The PG-640 and PG-1280 
provide the speed and resolution necessary to upgrade the IBM 
PC XT and AT into Professional Graphics workstations. 
The PG-640 has a drawing speed of over 40,000 
vectors/second and an image load speed of 1 million 
pixels/second. This means complex 640 x 480 pictures are 
drawn in under a second. The PG-1280 provides even faster 
picture updates, and displays four times the detail , 1280 x 1024 
pixels. 

Both the PG-640 and PG-1280 are 100% compatible with IBM's 
Professional Graphics card, and offer full Color Graphics 
Adapter emulation. All existing software runs without change. 
If you are interested in a 1 O times performance boost: 

CALL TOLL FREE 1-800-361-4903 

CIRCLE 116 

1055 St. Regis Blvd. 
Dorval, Quebec, Canada 
H9P 2T4 
Tel: (514) 685-2630 
Tix: 05-822798 



NEW PRODUCTS 
ANALOG 

Analog IC supports 
data separation 

Designed to work in conj unction 
with the HDC9226 data separator 
and the HDC9224 hard-disk con-

Input on/off 
circuit breaker 
with magnetic trip 

Operates from 50, 60 
and 400 Hz sources 

troller, the HDC9223 eliminates all 
the discrete analog components that 
previously had to support the 9226. 
Additionally, the chip does away 
with all costly and time-consuming 
manual adjustments. Only a delay 

12 to 480 Vdc 
outputs 

Delivering 1.5 or 3kW at 12 to 480 Vdc, these units are especially 
designed for high-power applications where tight regulation, low-ripple 
and high efficiency are critical. Features include: light weight, low panel 
height and high MTBF. Unique modular design and circuitry permit 
custom modification. Available rack-mountable or as OEM modules. 
Single or 3-phase. Call for complete details and custom design 
capabilities: 516-671-4400. 

TYPICAL PERFORMANCE CHARACTERISTICS 
Input voltage .. .. ................ 117 Vrms, 220Vrms1-phase; 208 Vrms 3-phase 
Input frequency .. . . . ....... . .. .. . 47 Hz to 63 Hz, 400 Hz 
Output voltage . ...... . ........... 12 Vdc to 480 Vdc 
Voltage adjustment range . .... ..... +20% , - 10% of nominal value, wider adjustment range available 
Voltage regulation ....... . ........ < 1 % line and load combined 
Output current limit .... . ...... . .. . Adjustable from 40% to 100% of nominal rating 
Output voltage ripple . . . . . . . < 1% or 500 mV p-p, whichever is greater (lower ripple options 

available) 
Transient response . . . . . . . . . . . . . Recovery time to normal range < 0.6 ms for 30% step load change 
Temperature coefficient ............ < 0.02% per degree Centigrade 
Ambient temp. (operating) . . . . . . . . 0 to 40 degrees Centigrade 
EMll RFI (conducted and radiated) ... . Per FCC Class A and VOE 0875 limits 

N~ DiS?LE,;'X, LnC. Subsidiary of N.orth Hills Electronics 
1 Alexander Place, Glen Cove, New York 11542 (516) 671-4400. TELEX:46-6886 

CIRCLE 117 

line and a few resistors and capaci­
tors are needed to supplement the 
device, thus forming a very compact 
subsystem that performs phase and 
frequency locking onto either MFM 
or FM data streams (double or sin­
gle density) . On-chip are a voltage­
controlled oscillator, analog filter , 
and pulse amplifier. A voltage regu­
lator and bandgap voltage reference 
are a lso included to ensure stable 
operation and good power supply re­
jection . The H DC9223 operates 
from a + 12-V supply, consumes 
50 mA maximum, and is housed in a 
14-pin Cerdip or plastic package. 

Standard Microsystems Corp., 
35 Marcus Blvd., Hauppauge, NY 
11788; (516 ) 273-3100 . $10 in 
plastic (JOO units); l 0 to 12 weeks. 
CIRCLE 327 

Buffer improves 
input specs 

A J FET-input voltage follower/ 
buffer guarantees 50 pA input bias 
current over the entire input volt­
age range of ± 10 V when the 
device is powered from ± 15-V 
supplies (vs 2 nA for the industry­
s tan d a rd LH0033) . The 
MAX460's cascoded input stage 
also increases the effective impe­
dance to ground (3 pf in parallel 
with I 000 Gn), allowing the device 
to be driven from very high impe­
dances with no degradation in ac 
perfo rmance. Input characteristics 
a re complemented by a bandwidth 
of 140 MHz, 1500-V / µs slew rate, 
and phase nonlinearity of 2 de­
grees. The maximum output cur­
rent is specified at ± I 00 mA . 

Maxim Integrated Products, 
510 N. Pastoria Ave., Sunnyvale, 
CA 94086; (408) 7 37-7600. From 
$19.80 (JOO units); stock. 
CIRCLE 328 
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MM-3 

Simon says: ''At LH Research, 
when Dr. Lee and I argue, our 

customers always win.'' 

"Price, delivery, 
and service are 

the most important 
considerations to 

the customer." 

• • 

"Quality, 
specifications, 
and reliability 

are more 
important." 

Introducing the LH Research MM Series: 
26 models, 1to4 outputs, up to 28 V, up to 175 amps. 

LH is its own distributor-2 day shipment. 2 year guarantee. 
"If you are not completely satisfied after trying them, call me at LH Research 714-669-2500. " 

14402 Franklin Avenue, Tustin, CA 92680 
For price, delivery, and order placement call toll free: 1-800-LH SALES 

© 1985 LH Research , Inc . All Rights Reserved . 



UL Recognized/CSA certified for easier 
system certification. 

Also available upon request, similar units meeting VDE/IEC safety 
and VDE/FCC EMI specifications-contact factory. 

Mighty-MITE® Switching Regulated Power Supplies 
OUTPUTS* QUANTITY PRICING 

MODEL WATTS MAIN 2 3 4 CASE 
NUMBER OUT SIZE 1-9 10-49 50-99 100 

VDC/AMPS VDC/AMPS VDC/AMPS VDC/AMPS 

MM11-0 375 2 @ 75 1 $ 575 $ 550 $ 530 $ 505 
MM11-1 375 5 @ 75 1 575 550 530 505 
MM11-2 375 12 @ 31 1 575 550 530 505 
MM11-3 375 15 @ 25 1 575 550 530 505 
MM11-5 375 24 @ 15 1 575 550 530 505 
MM11-6 375 28 @ 13 1 575 550 530 505 
MMX22-12 375 5 @ 75 12 @ 16 2 660 635 610 580 
MM23-122 375 5 @ 75 12 @ 8 12 @ 8 2 690 665 640 605 
MM23-133 375 5 @ 75 15 @ 8 15 @ 8 2 690 665 640 605 
MM24-1221 375 5 @ 75 12 @ 8 12 @ 3 5 @ 5 2 750 720 695 655 
MM24-1225 375 5 @ 75 12 @ 8 12 @ 3 24 @ 2 2 750 720 695 655 
MM31-0 750 2 @ 175 3 690 665 640 605 
MM31-1 750 5 @ 150 3 690 665 640 605 
MM31-2 750 12 @ 62 3 690 665 640 605 
MM31-3 750 15 @ 50 3 690 665 640 605 
MM31-5 750 24 @ 31 3 690 665 640 605 
MM31-6 750 28 @ 26 3 690 665 640 605 
MM43-121 750 5 @ 150 12 @ 10 5 @ 12 4 925 890 855 810 
MM43-122 750 5 @ 150 12 @ 10 12 @ 10 4 925 890 855 810 
MM43-133 750 5 @ 150 15 @ 10 15 @ 10 4 925 890 855 810 
MM44-1221 750 5 @ 150 12 (ci; 10 12 @ 5 5 @ 5 4 995 960 920 870 
MM44-1122 750 5 @> 150 5 (ci; 12 12 @ 5 12 @> 5 4 995 960 920 870 
MM44-1331 750 5 @ 150 15 @ 10 15 @ 5 5 @ 5 4 995 960 920 870 
MM52-1/2 750 5 @ 75 12 @> 31 5 1000 960 925 875 
MM64-1/022 750 5 @> 75 2 @ 75 12 @ 10 12 @ 10 6 1150 1100 1065 1005 
MM64-1/122 750 5 @ 75 5 @ 75 12 @ 10 12 @ 10 6 1150 1100 1065 1005 

CAUTION: Total loading of all outputs not to exceed rated output power. Prices subject to change without notice. 
*Many additional standard voltage/current output combinatrons are available; refer to 1985 General Catalog or contact factory. 

Ordering Information (Typical part number encoded) 

MM 2 3 - 1 3 Y3 I ~ 
Serles J T r Model* 
OutputV1 (table 1) 

OutputV2 (table 1) 

Output V3 (table 1) 

Output V4-V7 : add as required 
Input Voltage (115 or 230VAC) 
OPTIONS Dual input voltage : use 115-230. 

400Hz input voltage: use 115-400Hz 
OVP (aux. output): add letter Y after auxiliary output voltage code . 

*Last Digit = number of outputs 

Table 1 

0 = 2VDC 4 = 18VDC 
1 = 5VDC 5 = 24VDC 
2 = 12VDC 6 = 28VDC 
3 = 15VDC 8 = 48VDC 

Options for MM Series 

DELIVERY 
Most MM Series Switching Power Supplies with selected options are 
shipped within 48 hours after placement of your order. Units with optional 
dual 115/230VAC input, or with optional 115VAC/400Hz input require 3-4 
weeks . 

OPTIONS 

Dual 115/230V Input 

115V, 400Hz Input 

OVP on auxlllary outputs 
1 auxi I iary output 
2 auxiliary outputs 
3 auxiliary outputs 
4 auxiliary outputs 
5 auxiliary outputs 
6 auxiliary outputs 

*For multiple unit pricing, contact factory. 

QUANTITY1* 

$ 28.00 

160.00 

22 .00 
44 .00 
66 .00 
88.00 

110.00 
132.00 



Product Specifications 
OUTPUT POWER 
375 to 750 Watts maximum. 

OUTPUT VOLTAGES 
2 , 5 , 12, 15, 18, 24, 28VDC. 48VDC available 
on some models; contact factory. 

OUTPUT CURRENT 
See specific model. 

NUMBER OF OUTPUTS 
1to7. 

COOLING 
Fan . 100CFM airflow-fan intake, chassis vent 
exhaust. 

INPUT VOLTAGE 
115VAC :!: 10%, or 230VAC :!: 10% , 47-63Hz . 

HOLD-UP TIME 
20msec in regulation minimum , after removal 
of nominal AC input. 

LINE REGULATION 
0.4% over entire input range for all outputs . 

LOAD REGULATION 
0.4% from no load to full load for all outputs. 

INTERACTION (CROSS REGULATION) 
0.1% maximum. 

PARO (RIPPLE & NOISE) 
1%p-p or 50mV. whichever is higher. 

EFFICIENCY 
Up to 80%; 65% typical . 

POWER FAIL DETECTION 
Upon removal of AC , the power fail signal drops 
to logic zero at least 2msec before loss of DC 
output . Upon AC turn-on, signal remains low 
until outputs are in regulation . 

OVERVOLTAGE PROTECTION 
Standard on V1. Factory set for 125% :±: 5%. 
Optional on auxiliary outputs. 

CURRENT LIMIT 
All outputs have fold-back current limiting to 
less than 50% of full load rating under short­
circuit. 

REVERSE VOLTAGE PROTECTION 
To 100% of rated current for main output(s). 

OVERTEMPERATURE PROTECTION 
Internal thermal switch turns off power supply if 
overheating occurs. 

OVERSHOOT & UNDERSHOOT 
2% maximum deviation with a load change of 
25% at 5A/µ.sec . No overshoot or undershoot 
during AC turn-on or turn-off. 

RESPONSE TIME 
200µ.sec to within 1 % after a 25% load change 
at 5A/µ.sec . 

TEMPERATURE COEFFICIENT 
:!: 0 .02%f'C from 0°C to 50°C after half hour 
warm-up . 

OPERATING TEMPERATURE 
0°c to 70°C, full powerto 40°C. Derates 
line any to 60% power at 70°C. 

STORAGE TEMPERATURE 
- 55°C to 85°C. 

VOLTAGE ADJUST RANGE 
:!: 5% minimum, all outputs. 

MINIMUM LOAD 
Zero for single output models . 10% required on 
V1 of multiple output models to insure regula­
tion of auxiliary outputs. Contact factory for 
minimum load if main output is other than 5V 
Lack of minimum load will not damage supply. 

OUTPUT POLARITY 
All outputs are floating and may be referenced 
to each other or chassis ground as required . 
Outputs may be isolated up to 100 volts from 
chassis ground . 

LIMITED INRUSH CURRENT 
The AC input inrush current is limited to 
42A rms when averaged over one cycle . 
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Case Size 
1 

2 
*5/16-18 for MM30, 40 Series . 3 
Note: Overall exterior dimensions may be increased 
by up to 0 .194" maximum on some models due to 4 
possible protrusion of hardware. 5 
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REMOTE SENSE 
Standard on main outputs and auxiliary out­
puts having 5V current rating of 10A or greater. 
Compensates for up to 250mV of total lead 
cable loss. All outputs are internally sensed if 
the sense leads are opened . 

REMOTE ON/OFF 
The power supply is turned on with open circuit 
or TIL logic '1'. and turned off by switch 
closure or TIL logic 'O' . 

SAFETY 
UL recognized . CSA certified . 

OPTIONS 
OVP on auxiliary outputs . Dual 115-230VAC 
inputs. 400Hz input. 

DIMENSIONS (in.fem.) 

L W H 
11.12/28.24 5 .00/12 .70 3.90/9.91 
14.25/36.20 5 .00/12 .70 3 .90/9.91 
11. 75/29.85 5 .00/12. 70 5.00/12. 70 
11.75/29.85 7 .00/17.78 5.00/12.70 
12.50/31. 75 6 .50/16.515 .00/12. 70 
12.50/31. 75 8.50/21.59 5.00/12. 70 



Simon says: 
''LH Research is number 2, 

my guardian angels are working to 
make us number 1 with you.'' 

Nine major product lines. 

Standard models 10 to 1500 watts, 
1 to 9 outputs. 

Seven factories in three countries 
on two continents. 

250,000 sq. ft. dedicated to 
manufacturing switching regulated 
power supplies. 

100 professional people dedicated to 
engineering and engineering support. 

2 year guarantee on the MM Series. 

Nationwide sales force. 

Direct factory sales. 

Immediate delivery from stock on 
all major models. 

LH is its own distributor-2 day shipment. 2 year guarantee. 
LH Research, Inc., the world's largest dedicated manufacturer 

of switching regulated power supplies. 

14402 Franklin Avenue, Tustin, CA 92680 
For price, delivery, and order placement call toll free: 1-800-LH SALES 



ANALOG 

Multiplexers have 
+ 0.2 mA supplies 

/Vf/JXl;VI 

OG508A 

" . . ... - - -

Two analog multiplexers are in­
tended for high-speed general­
pu rpo s e applications. The 
DG5b8A is an eight-channel mul­
tiplexer , while the DG509A is a 
differenti a l four-channel device. 
Both parts are guaranteed not to 
latch up and operate from ± 4.5 to 
± 18 V. Key specifications, which 

NEW PRODUCTS 

reflect improvements over 
industry-standard devices, include 
positive and negative supply cur­
rents of 0 .2 mA (reduced from 
± 2.4 mA), drain-off and drain-on 
leakage currents of 5 nA maximum 
(vs 20 nA maximum) , and a lower 
source-off leakage current of only 
I nA maximum. They a lso feature 
a lower drain-to-source on-resist­
ance of 130 n typical, vs 230 n for 
many comparable devices. The 
parts are available in 16-pin plastic 
DIPs , Cerdips, and small-outline 
packages. 

Maxim Integrat ed Products, 
510 N. Pastoria Ave., Sunnyvale, 
CA 94086; (408) 7 37-7600. Prices 
range from $4.30 to $9.60 (JOO 
units); stock. 
CIRCLE 329 

CIRCLE 118 

Op amp improves 
key parameters 

An improved version of the indus­
try-standard LM 148 quad op amp, 
Preci sion Monolithics' PM-14 8 
boasts an input offset voltage of 
2.5 mV maximum, input offset cur­
rent of I 0 nA maximum, and input 
bias current of 75 nA maximum. 
Packaged in a 14-pin ceramic DIP, 
the amplifier is offered in grades 
specified over the full milita ry and 
industrial temperature ranges. 

Precision Monolithics Inc., 
I 500Space Park Dr., Santa Clara, 
CA 95052; (408) 727-9222. $2.50 
(industrial grade); $3.65 (military 
grade); $5.75 (883C processing); 
stock. 
CIRCLE 330 



Design electronic 
circuits that perform 
as you want them to 

when translated 
into hardware 
Computer-aided 

procedures makeit 
easier and faster 

Packed with the latest 
procedures in electronic 
design . . . and essential 
reference data . .. this 
practical guide will help 
you .... 
• use a personal com-

puter to design vir­
tually any circuit 

• use graphic analysis to 
design circuits faster 

• go from ideas to pro­
totypes to production 
in much less time with 
these and many other 
circui ts: audio pre­
amplifiers I driver and 
power amplifiers I 
tuned amplifiers I AGC 
and related circuits I 
wide-band amplifiers I 
oscillators I plus con­
textual circuit analy­
sis, filter design, tran­
sient circuit design , 
and linear RC-voltage 
bootstrap circuitry. 

What's more , basic prin­
ciples of contextual cir­
cuitry ana lys is a r e 
mapped out in complete 
detail, making it easier 
for you to accurately ex­
amine typical load and 
source arrangements for 
an integrating network, 
and to quickly locate and 
repair any circuit mal­
function. 

15-day FREE TRIAL 
Call TOLL FREE 
1-800-262-6868 
For fast service, be sure to 
give operator both of these 
numbers : Item number 
20065-9 ; Priority Code 
number S6018-Z1 (7). 

PRENTICE· HALL, INC. 
Englewood Cliffs, NJ 07632 r-------------, I Send to Prentice-Hall I 

I 
Book Distribution Center I 
West Nyack. NY 10995 

I D YES, please send me a FREE inspection I 
I copy of Designing Electronic Circuits at I 
I $36.95, plus sales tax, postage and handling. I 
I 

Prentice-Hall pays postage and handling 
on all pre-paid orders. Same guarantee I 

I and free-trial applies. I 
I Name I 
I Address I 
I City State ___ Zip -- I 
\. ~;e!;!. _ _2.22,6~--~~~1.£l J 
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NEW PRODUCTS 
COMPUTER-AIDED ENGINEERING 

ELECTRONIC DESIGN EXCLUSIVE 

Compact chip design 
ensured by layout station 

Fully automatic cell placement and 
routing and a highly interactive in­
terface distinguish the CellMaster 
IC layout station for cell-based de­
signs. Daisy's system handles both 
uniform and odd-sized standard 
cells, as well as user-designed cir­
cuit elements. A compact chip lay­
out is guaranteed by a simulated 
annealing algorithm that reduces 
chip area I 0% to 20% when com­
pared with traditional cell place­
ment tools. What's more, the de­
signer can squeeze out even tighter 
layouts using the layout station's in­
teractive polygon editor. 

The system employs a free­
format topology that allows cells to 
be placed anywhere on a chip. Not 
only does the station easily accom­
modate odd-sized cell blocks, it al­
lows blocks to be "imported" from 
other systems. It also ensures that 
standard blocks are mixed effi­
ciently with unusual-sized cells (see 
the figure) . 

In operation, design rules and 

Stephan Ohr 
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special contingencies (like isolation 
layers or minimum spacings be­
tween transistors) are specified by 
the user on input forms displayed 
on the workstation screen. 

For all operations that are not 
handled automatically, the station 
furnishes an on-line design rule 
check and an on-line electrical con­
nectivity check. That eliminates the 
need for much of the expensive 
physical and electrical design rule 
checking. 

The automatic cell placement 
and routing software runs under 
the user's supervision and control. 
The designer is able to interrupt, 
modify, or restart the process at 
any time. In addition, any editing 
changes are shown automatically in 
the layout. 

The CellMaster is a turnkey sys­
tem that sells for $125,000. Ship­
ments will begin in July. 

Daisy Systems Corp., 700 Mid­
dlefield Rd., Mountain View, CA 
94039; Pam Lawrence, (415) 
960-6400. 
CIRCLE 326 



lllFROOUCINC .. 
«11.DS'fJUl PRECISION PWBS 

YOUR ELECTRONIC LINK TO THE FUTURE 
Goldstar Electric has been continuing 

Lucky-Goldstar's pattern for high 
sophistication in advanced technology 
with the production of components and 
telecommunication equipment since 1970. 
Since then, company sales increased 
200-fold, indicating world-wide trust in 
Goldstar Electric quality and reliability. 

Goldstar Electric, long known as a 
specialist in carrier communication equip­
ment, has applied the same recognized 

excellence in the production of printed 
wiring boards used in industrial and con­
sumer electronic products. 

Goldstar PWBs were given UL approval 
in 1979 and are made according to AT&T 
specifications. Goldstar Electric uses the 
latest CAD/CAM equipment to produce 
all types of PWBs; single-sided, doubled­
sided through-hole, flexible, and even the 
latest multi-layer types. 

For PWBs that incorporate zero defect, 
value and reliability, choose Goldstar 
PWBs. The price is more than right. 

~ GoklStar Elactrlc Co .. Ltd. 
Head Office: The Teachers Pension Fund Bldg. 27-2 'reoeuido-Dong, 'rbungdungpo-Ku, 
Seoul 150, Korea Phone (02) 784-9539 (Dir)/(02) 783-9311 Ext: 293, 215 
Cable: GOLDWAVE Seoul Telex: GSWAVE K28295 FAX (02) 784-3549 CIRCLE 120 

----------------------------------ln!UJCKY·GOLDSTAR •Sunnyvale 1130 East Arques Avenue, Sunnyvale, California 94086, USA Tel. : 408-737-8575/9 Tlx. :176835 LKYGS SUVL Fax.: 408-737-0186 
• New York 2nd Floor, 1050 Wall Street West, Lyndhurst, New Jersey 07071 , U.S.A. Tel. : (201) 460-8010 Tix.: 219108 LGI UR Fax. : 201-935·5686. 201-460-0725 
•Los Angeles 13013 East 166th Street, Cerritos, Galif 90701, USA Tel. : (213) 404-262619 Tix.: 910-583-5719 LGI LA •Tokyo Higashi-Kan 16th Floor. Akasaka 
Twin Tower, 17-22, 2.Chome, Akasaka, Minato-Ku, Tokyo, Japan Tel. . (03) 582-912117 Tix .. 2422711 LGIJPN J Fax .: 3-584-6852 
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Software tracks engineering tasks 

A project management software 
package will help keep track of ever­
expanding CAE component and 
drawing libraries, as well as record 
those engineering tasks conducted 
by dozens of CAE system users over 
long periods. The Sherpa Data 
Management System (OMS), from 
Sherpa, automatically tracks and 
controls data, drawings, documents, 
and revisions related to a complex 
engineering project. Designed to run 
on a VAX under VMS, OMS over­
sees complicated projects such as 
designing ICs and creating multi­
module software. 

The OMS actually performs two 
services. First, it supplies integrated 

data-base management. Second, it 
manages projects. 

Integrated data-base manage­
ment is performed by object-ori­
ented software that assigns encrypt­
ed names to schematic diagrams, 
component files and libraries, simu­
lation data, and so forth. While the 
content of these files remains un­
touched, the encrypted names be­
come part of DSM-controlled 
directory. 

Project management is per­
formed by assigning a history and 
access structure to a record in the di­
rectory. Thus a hierarchy of users, 
passwords, and time stamping can 
be applied to all records. A separate 

project management record identi­
fies who uses what file and when. 
The record is kept automatically by 
the system. 

In addition to controlling access, 
the Sherpa system helps authorized 
users find a particular CAE file. It 
will also alert users to important 
changes in the structure, such as a 
new sign-off procedure. 

The software costs from $50,000 
to $80,000, depending on the size of 
its VAX host. Delivery is from 
stock. 

Sherpa Corp ., 2355 Old Oak­
land Rd., San Jose, CA 95131; 
Stuart Harrison; (408) 942-1535. 
C IRCLE 313 

ITI PROCESSES IMAGES FAS 
In machine vision image processing systems, 'fast' used to 

mean 1/30 of a second - one video frame time. But there's a 
new name for fast image processing: Series 150. 

Faster than Real Time. 
Designed for YMEbus computers the unique area­

of-interest capabilities of the Series lsO modules let you 
process image subregions at 10 MHz. That means 
you can define an area of interest within the image, 

and process it many times in one RS-170 video frame . 

The Series 150 also gives you 512x512 spatial res­
olution, plus three separate areas of frame memory 
on a single board: one 16 bits deep

1 
and two 8 bits 

deep. You can perform full-frame 4x4 convolutions 
in real time - the equivalent of 340 MOPS. And its 
open architecture lets you cascade memory and 
processing modules into a pipeline of any length, 
so you can build the ideal image processing engine 
for your needs . 



NEW PRODUCTS 
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CAE package bows in for Apollo 3000 

Schematic entry and simulation 
tools that will run on the new Apollo 
3000 are soon to be introduced by 
GE Calma. Called the Logic Series, 
the CAE system ranges from sche­
ma tic capture all the way to com­
puter-aided test development. 

The Logic Series comprises three 
elements: The Logic Scribe, a sche­
ma tic entry and project manage­
ment system; the Logic Explorer, an 
interactive simulation system based 
on the Tegas simulator; and the 
Logic Examiner, an interactive test 
development system. The software 
is available as a turnkey system or as 
individual packages. 

The menu-driven Logic Scribe 

draws and edits schematics, handles 
hierarchical designs, automatically 
generates net lists, and checks rules. 
A built-in project manager takes 
care of back annotation. Together 
with the Apollo 3000, it costs 
$19 ,400 for monochrome and 
$27 ,300 for color versions. 

The Logic Explorer is a full-range 

mixed-mode logic simulator. The 
Explorer carries out simulations 
with behavioral, gate, or MOS tran­
sistor circuit descriptions. Including 
an Apollo 3000, it costs $50,000 for 
monochrome, $58,000 for color. 

The Logic Examiner is an inter­
active test development station that 
helps users convert simulator data 
patterns into test vectors. It costs 
$50,000--including a monochrome 
Apollo 3000; $58,000, for color. 

Delivery will begin in June. 
GE Ca/ma Co ., 12096 Park 

Thirty-Five Circle , Austin, TX 
78753; Carolyn Mullery , (512) 
339-0779. 
CIRCLE 320 

TER TIAN YOU CAN BLINK. 
IBM™ PC AT DeveloP-ment Sy:stem. 

Our packaged Series 151 subsystem uses the 
150 modules and a proprietary IBM PC AT­
to-VMEbus interface. OEM's get a powerful 
development environment; VAR's, system 
integrators, and end users, a high perform­
ance workstation to support a!T kinds of 
image processing applications. 

Both the Series 150 and 151 come with 
complete software subroutine libraries. 

Both employ advanced gate array technology that we 
developed. And both defiver the performance that's 
made IT! the world leader in image processing modules 
and subsystems. 

Whether your machine vision system is designed to 
assemble autos or inspect printed circuit boards, we can 
help make it faster. And you'll look better in everyone's 

\-~~ 
eyes. SEE IT WITH ITI. 

Imaging Technology Incorporated, 600 West Cummings Park 
Woburn, MA 01801 1·800·532.3500 (61 7-938·8444 in MA) T<l<X ' 948263 

CIRCLE 230 FOR SERIES 150 
CIRCLE 231 FOR SERIES 151 

IMAGING 
IMAGING 
IMAGING 
IMAGING 
IMAGING 
Technology Inc. 
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PC package designs 
wire-wrap boards 

Consisting of a graphics card, light 
pen, and software, an interactive 
graphic CAD/CAM package for 

the IBM family of personal comput­
ers can be used to develop wire-wrap 
or discrete-wired prototypes. The 
Pen-Entry PC allows the user to de­
velop the wire-wrap board directly 
from schematics or through optional 

For 16-bit emulation, 
Microcosm beats 
Intel three to one. 

e,. ""'' 
lllllllllMHIUHI 

~; ' 

I lllllUhlUlllllll 
It's a fact. For about the 

price of one Intel 16-bit in-circuit 
emulator, you could buy three from Micro­
cosm. And get exceptional performance at a 
third the cost. 

You use your PC as the host, and we 
provide the support. For the entire Intel 
family of 16-bit microprocessors: the 8086, 
8088, 80186, 80188, and even the 80286. 
And upgrading within the family is simple 
and affordable. 

Our 80286 probe provides real time transpar­
ent emulation operating in the Real Address 
Mode. And combined with a native software 
debugger, the same probe creates an ideal 
environment for your Protected Virtual Address 

.... Iii. 

Mode applications. 
What's more, Microcosm's 

emulation capabilities include symbolic debug 
and complex event recognition . And now, 
Intel's development software tools are avail­
able on your PC. So with Microcosm, you get 
a comprehensive, economical development 
solution. 

And our customer support is as solid as our 
product support. As the largest, most experi­
enced independent vendor supporting Intel 
16-bit microprocessors, we've helped hun­
dreds of engineers complete their projects 
successfully. 

So buy your 16-bit chips from Intel , but buy 
your emulation from Microcosm. 

•••• ••::•MICROCOSM 
...... ,,. 14355 S.W. Allen Blvd. 

Beaverton, OR 97005 
(503) 626-6100 
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links for downloading and exchang­
ing data bases between schematic 
net files created by other packages, 
such as FutureNet or P-CAD, and 
other workstations, such as Daisy, 
Valid, or Mentor. 

Wire Graphics In c., 95 Sher­
wood Ave ., Farmingdale , NY 
11735; (516) 293-1525. $5999. 
CIRCLE 331 

Accelerator speeds 
simulation tasks 

The Mach I 00 simulation engine is 
a hardware accelerator that simu-
1 ates integrated circuit s and 
pr inted circu it boards 500 times 
faster than software running on a 
VAX- I I /780. The system oper­
a tes at speeds of 250,000 events/s 
and has a capacity for 32,000 four­
inpu t modeling elements. Like its 
big brot her the Mach I 000 , the 
Mach l 00 is designed to accelerate 
industry-standard simulators, in­
cluding third-party software pack­
ages and major in-house simu­
lators. At $25 ,000 for logic 
sim ulation and $30,000 for logic 
and fault simulation, the Mach 100 
costs less than most simulation 
software packages alone. 

Silicon Solutions, 1380 Willow 
R d., Menlo Park, CA 94025; (415) 
321-8574 . 
CIRCLE 332 
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That's right. A simple iSBX* connection allows you to 
upgrade virtually any Bus structure with a wide variety 
of Zendex ZBX Expansion Modules. No more compati­
bility headaches. Just an easy, trouble-free way to 
make your system more powerful and flexible. 
Zendex Corporation manufactures a broad range of 

standard and custom designed ZBX Expansion Mod-

ules, as well as Single Board Computers, 1/0 Boards, 
Disk Controllers, Design Aids, Chassis, CP/M Compat­
ible Systems and RMX-86 Compatible Systems. Check 
the ZBX Modules below and give us a call. You'll be 
surprised to find how easily you can give your system 
the flexibility and power you need. 

ZBX488 
I EEE-488 Interface 
Module 
• Complete intelli­

gent interface to 
IEEE-488 1978 
standard . 

• Standard protocol handled automatically in 
Talker, Listener or controller operations 
through a Tl TMS-9914 GPIB adaptor chip . 

• RMX-86 drivers available . 

ZBX349 
Centronics Printer 
Interface Module 
• Provides direct 

interface to Cen­
tronics compati­
ble parallel 
printers through the SBX bus. 

• Includes an eight foot interface cable which 
plugs into a 50 pin edge connector on the 
board . 

• Generates data strobe and latches data for use 
by printer. 

ZBX361 
Dual Serial 1/0 
Expansion Module 
• Provides two 

RS 232C serial 
communications 
channels using 

r • i 

·~ ···:····:~ · ·· · ··: 
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two 8251A programmable USARTs. 
• Two 26 pin edge connectors for mating with 

standard 3M type connectors . 
• Switch selectable dual baud rate clock with 16 

variable rates from 50-19.2K baud . 

ZBX280 
SCSI Interface 
Module 
• Supports floppy 

disk drives, Win­
chester drives 
and streaming 
tape drives. 

• Supports 1/0 and DMA modes with DMA 
transfers up to 1.5M bytes/sec . 

• Utilizes NCR 5380 chip which provides 
complete control of the SCSI bus and full 
handshake signals . 

• RMX-86 drivers available . 

ZBX350 
Parallel 1/0 Expan­
sion Module 
• Provides 24 pro­

grammable 1/0 
lines configured 
as three 8-bit 
ports through one 8255 programmable 
peripheral interface. 

• One of three modes: basic 1/0, strobed 1/0 or 
bidirectional bus interface to external buses. 

• Four 14 pin sockets . 

--iiiiiiiiiiii iiii. iiii .iiiiiiiiiiiiii iiiiiiiiii .. Aiij;' -;JI/?------------- -~-------14 < .... .,,., .. 
6700 Sierra Lane Dublin, CA 94568 
415/828-3000 TWX 910-389-4009 

ZBX288 
SCSI with Clock/ 
Calendar 
e Full ANSI X379 .2 

interface. 
e Utilizes NCR 

5380 chip . 
• Same clock/calendar features as ZBX 348. 

ZBX348 
Clock/Calendar 
Module 
• Provides sec­

onds, minutes, 
hours, day, date , month and year to any 
single board computer. 

• Lithium battery provides power for five years . 
• Accurate to within ± 5 seconds per month . 
• RMX-86 utilities available . 

ZBX351 
Serial 1/0 Expan­
sion Module 
• Provides one 

RS232C or RS 
449/442 pro­
grammable 
USART with software selectable baud rates 
through one 8251A programmable communi­
cations interface. 

• Two general purpose programmable 16-bit 
timer/event counters are available to the host 
board . 

CIRCLE 122 iSBX TM Intel Corp. 



COMPUTER-AIDED ENGINEERING 

IBM CAD costs 
less than $500 

To give users an affordable entry 
into computer-aided design , T & W 
Systems has introduced EasyCAD 
to the IBM personal computer mar­
ket for under $500. All programs 
are accessed through pull-down 
menus, including a variety of draw­
ing objects such as lines , points, 
polygons, and arcs . The package 
also provides automatic dimen­
sioning, rubber-banding, and in­
finite zoom capabilities. In addition, 
EasyCAD files can be interchanged 
with VersaCAD and AutoCAD. 

T& WSystems Inc. , 7372 Prince 
Dr., Suite 106, Huntington Beach, 
CA 92647; (7 14) 847-9960. 
CIRCLE 333 

NEW PRODUCTS 

Models simulate 
Am29300 chip set 

Logic simulation models are avail­
able for Advanced Micro Devices' 
Am29300 series of 32-bit micro­
processor building blocks. Smart­
Models make it possible for system 
designers to simulate a complete 
board or even a system-level design 
on their CAE workstations. To aid 
hardware debugging , a ser ies of 
checks for timing and other error 
conditions are built into each model 
with corresponding messages that 
appear during a simulation run. 

logic Automation Inc., 19545 
N . W . Von Neumann Dr ., B ea­
verton, OR 97006; (503) 690-6900. 
From $900 to $1500 per device. 
CIRCLE 334 

Affordable tools 
run on IBM PC 

Design Computation offers three af­
fordable CAD packages for use on 
PC-based engineering workstations, 
including the IBM PC and AT&T 
6300. Draftsman-EE is a schematic 
graphics editor that carries a price 
tag of $749. It supports such fea­
tures as unlimited zoom, nested 
macros, and orthogonal rubber­
banding . Input is accepted via a 
mouse or keyboard. For use with 
Draftsman-EE, an autorouter and 
net-list generator sell for $2498 and 
$295, respectively. 

Design Computation Inc. , JO 
Frederick Ave., Neptune, NJ 
07753; (201) 922-4111 . 
CIRCLE 335 

DIGl-KLIP® MOR 100 
The Edge in Card Edge 

Performance & 
Reliability 

POLYMER MATERIALS 

Bond Aid. 
Thermoset adhesives for 

DIGl-KLIP MDR 100 Series gives you the edge with its 
exclusive, semi-bellows, beryllium copper wireform con­
tacts that are heat treated AFTER forming for optimum 
spring temper, virtually eliminating field failures due to 
stress relaxation or contact " sag ". 

For exceptional performance, low profile and modular 
construction get "the edge" with DIGl-KLIPI ic\S@ 

COMPONENTS c CORPORATION 

Denville, New Jersey 07834 • (201) 627-0290 

CIRCLE 123 

engineering thermoplastic assembly. 
UNISET' and ECCOBONO' adhesives are proven 
products for reliable bonding of thermoplastic 
components and housings. and for structural assembly 
of engineering plastics They offer 

• Reduced assembly time--fast cure systems speed 
processing: low temperature and UV cures available 

• Versatil1ty--compat1ble with most new polymers 

• Reduced costs--des1gned to facilitate high-speed 
automated operation 

• Rel1ab1l1ty--adhes1ves withstand impact. shock, 
.hum1d1ty and other stresses 

If you've got a tough assembly problem. cure 11 with 
products designed to perform efficiently. 
From Emerson & Cuming. 

CIRCLE 124 

77 Dragon Court 
Woburn. MA 01888 
1-800-TECHWAY (832-4929) 

Where theres a way. 

EM & 
CUMING INC 

a GRACE Co 
Fblymer & Electronic Materials 

SEE US AT ELECTRO '86 BOOTH 4052 



At last, software that solves your 
mathematical problems symbolically. 

In seconds. 
If it is still taking you weeks or 

months to handle rudimentary alge­
braic problems and extremely com­
plex analyses, then make it your 
business to find out about MACSYMA':" 

MACSYMA is the most compre­
hensive approach to symbolic math­
ematics ever created. Originally 
designed at MIT through research 
in Artificial Intelligence, MACSYMA 
has been continuously developed 
and enhanced since 1969. 

But for all its sophistication, you 
can put MACSYMA to work on com­
puters ranging from workstations 
to mainframes. Without previous 
programming experience. In 
fact, you can interact with itin an 
almost conversational way while 
you use it to explore problems in 
basic or advanced mathematics that 
you couldn't begin to approach 
using a pencil, chalk or numerical 
software. This comprehensive pro­
gram can then generate FORTRAN 
code from derived MACSYMA ex­
pressions and an~wers . 

3 weeks vs. 10 seconds. 

For example, an engineer work­
ing for a major aerospace company 
was stopped by an integral dealing 
with turbulence and boundary lay­
ers. Pencil and paper in hand, he had 
been looking at: 

J(k log(x) - 2x3 + 3x2 + b)' dx 

for more than three weeks. He always 
arrived at a different solution, never 
knowing which was the right one. 

Less than 10 seconds after enter­
ing the problem into the computer, 
MACSYMA gave him the correct 
answer. Not just numerically, but in 
symbolic terms that gave him real 
insight into the physical nature of 
the problem. 

How long would it take you or your staff to factor this expression? 

3w2z5 + 2w3z4 
- 10w2y2z3 + 141xyz3 + 

45w2x3z3 
- 3w2z3 + 94 wxyz - 2w3z -

470xy3 + 10w2y2 + 2115X4Y - 45w2x3 

MACSYMA gives you the answer. In seconds. 

(3z3 + 2wz - 10y2 + 45x3
) (w2z3 + 47xy - w2

) 

What MACSYMA can do. 
For you. 

MACSYMA arms you with hun­
dreds of practical and real-world 
applications. It can: 

• Do algebra, trigonometry 
and calculus 

• Provide standard numerical 
techniques 

• Generate FORTRAN output from 
MACSYMA expressions 

• Simplify, factor or expand 
expressions 

• Solve equations analytically 
or numerically 

• Expand functions in Taylor or 
Laurent series ' 

• Compute Fourier and Laplace 
transforms 

• Manipulate matrices and tensors 

• Plot functions in 2 or 3 dimensions 

•Much, much more 

Throughout the world, thou­
sands of scientists, engineers and 
mathematicians are using MACSYMA 
in such diversified applications as 
electronics, structural engineering, 
CAD, acoustics, plasma physics, 
antenna theory, VLSI circuit design, 
control theory, numerical analysis, 
fluid mechanics, genetic studies, ship 
hull design, maximum likelihood 
estimation, ballistic missile defense 
systems design, underwater shock 
wave analysis, helicopter blade 
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motion studies, and atomic scatter­
ing cross section analysis. And the 
range of use is expanding every day. 

Easy computer algebra 
starts here. 

MACSYMA is available right 
now from Symbolics/M the leader in 
Symbolic processing. For a complete 
kit including a full capabilities bro­
chure, just clip and mail the coupon 
or call (617) 577-7600. 

MACSYMA'" 
The most comprehensive 
software approach to 
symbolic mathematical 
computations. 

symbolics TM 

Your next step in computing.™ 
MACSYMA and SYMBOLICS are trademarks of 
.\:vmbo/ics. Inc. Co/~vriRhl 1986 Symbolics, Inc. r------------
I 
I 
I 

symbolics, Inc. Dept. M-ETI 
11 Cambridge Center 
Cambridge, MA 02142 

I Namt: 

I Tith: 

I Company 

I I Address 

I City State Zip 

I -K-lc-ph-o-ne~~~~~~-E-x-te-ns-io-n~ 

MACSYMA is available to colleges and 
I universities at special rates. 

.. _____ ___ ___ ... 



VAX" 
power 
1nyour 
PC 

for less than 
$1500 

FREE 
BOOKLET 
• 10MHz 32032 

CPU no-wait­
states 

• Floating 
point processor 

• 1MB to 8MB RAM 
• Virtual memory with 

MS-DOS and UNIX™ 
V"" •tllrldoe,,..,nOI 
O.g111lfqu1pm.,,1Corp 
U NIX 111 trao1-r\o4 
AT&l S.ll llbO<l !Ol .. I 

31324 Via Coli nas, Suite 108 
Westlake Village, CA 91362 USA 
(818) 889-1646 Telex: 272849 OSI UR 

(818) 889-1646 
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NEW PRODUCTS 
COMPUTER BOARDS 

ELECTRONIC DESIGN EXCLUSIVE 

Drop-in board turns PCs 
into multiuser systems 

Up until now , the promise of the 
IBM PC AT and its compatibles to 
serve as multiuser systems has re­
mained unfulfilled . Although the 
PC A T's 80286, running under 
Xenix, executes multiple-programs, 
its performance degrades as the 
number of terminals increases. One 
way to ensure up to nine fully active 
users is to free the host CPU from 
communication-processing tasks . 
The DCP-2/86 MUX does exactly 
that. Developed by Persyst, the mul­
tiplexer board carries its own 80286, 
drops into any 16-bit expansion slot, 
and controls up to eight serial com­
munication lines. 

Designed for Xenix processing, 
the board directly controls the serial 
lines. It also preprocesses received 
data, translating characters a nd 
preparing data, thereby further 
offloading the personal computer. 
Additionally, its 128- or 512-kbyte 
memory is dual-ported and acces­
sible to the host, eliminating buffer­
ing. A two-way interrupt scheme 
allows either processor to interrupt 
the other for critical transfers, and a 
software driver running under 
Xenix integrates the host and the 
coprocessor card. 

Ray Weiss 
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The board's eight serial lines 
work with asynchronous modems, 
and each is a full-duplex RS-232 
port. Optionally, two of the lines can 
interface to synchronous modems, 
handling IBM's Bisync, SDLC, or 
HDLC line protocols. Also, each 
line can be configured as data­
terminal or data-communication 
equipment (DTE or DCE). The 
card can be connected to an IBM 
mainframe with either Bisync or 
SNA protocols. 

The DCP-2/86 MUX is a six­
layer board that is rfi-shielded and 
meets FCC Class B requirements. A 
special board assembly is supplied 
to support up to eight shielded line 
connections . The 2/86 MUX in­
cludes three programmable timers 
for timeouts and sequencing. 

A single board, with 512 kbytes of 
memory, is priced at $1795. If de­
sired, an 8-MHz processor can re­
place the standard 6-MHz device, 
and the board can be configured to 
handle two synchronous modems. 
Those two options cost $150 and 
$100, respectively. A four-line 
board sells for $1250. 

Persy st Di vision, Emu/ex 
Corp., 3545 Harbor Blvd., Costa 
Mesa, CA 92626; (7 14) 662-5600. 
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NEW PRODUCTS 
COMPUTER BOARDS 

ESDI controller 
links to SCSI bus 

The MD2 l disk controller inter­
faces any two serial-mode ESDI 
51/4-in. Winchester disk drives with 
the Small Computer Systems Inter­
face (SCSI) bus. The board comes 
with a 32-kbyte buffer and can in­
terface through the SCSI bus with 
virtually any CPU. Emu lex offers 
SCSI host adapters for Digital 
Equipment's Q-bus and Unibus sys­
tems, as well as the IBM family of 
personal computers (and compati­
bles). 

Emu/ex Corp., 3545 Harbor 
Blvd., P.O. Box 6725, Costa Mesa, 
CA 92626; (800) EMULEX3 or 
(714) 662-5600. $395. 
CIRCLE 336 

Winchester card 
stores 30 Mbytes 

A board-level hard-disk drive gives 
personal computer users 30 Mbytes 
of mass storage. Called the Drive­
Card 30, the complete subsystem in­
tegrates two 3 1/2-in. disk drives with 
controller electronics on a single 
plug-in card. It is compatible with 
the IBM family of personal comput­
ers and lookalikes, including most 
Compaq models and the AT&T PC 
6300 and 6300 Plus. 

Mountain Computer Inc., 360 
El Pueblo Rd., Scotts Valley, CA 
95066; (408) 438-6650. $1449. 
CIRCLE 337 
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The heart of a reed relay is the 
reed switch. 

That's why, unlike most com­
petitors, we make our own. This 
gives us far greater control over 
the final product. It also means 
our relays can be customized at 
the basic switch level. 

We also have a superior pat­
ented reed contact plating proc­
ess. Sealing is done in Class 100 
laminar flow work areas in our 
clean rooms. And we use the 
most sophisticated computer­
based test equipment to do 100% 
production testing followed by 
quality control testing to a .25% 
AOL and tighter. In short, at 
every production step we make 
sure you get the finest product. 

We have the capacity, too. 
With over 53,000 square feet of 
manufacturing space we can 
turn out over 1,500,000 relays per 
month with unmatched on-time 
delivery. 

So when you think of Elec-Trol , 
think of our seven "Cs''. 

• Control of reed switch design 
and production 
• Custom design for the most 
demanding application 
• Cleanliness thru each step 
• Commitment to quality 
• Computer-based test 
equipment 
• Coil winding done in-house 
•Capacity of over 1,500,000 
relays per month 
Send For Our Big "We're 
For You" Catalog 
We've been around for over 25 
years and today produce a 
broad line of high-quality reed 
relays , higher current solid-state 
relays and Opto Electronic 
Micro-Relays. 
The whole 
story is in 
our big relay 
catalog of 
over3400 
standard 
parts. Send 
for your free 
copy today. 

ELEC-TROL, INC., 26477 N. GOLDEN VALLEY RD., SAUGUS, CA 91350 
TELEPHONE (805) 252-8330 • TELEX: 310-372-0331 
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COMPUTER BOARDS 

Card fills out 
PC AT memory 

Designed for the IBM PC AT, the 
TophATmemory board allows users 
to access the full 640-kbyte memory 

NEW PRODUCTS 

capability of their computer. For the 
standard AT with 256 kbytes of 
RAM, a 384-kbyte version of 
TophA T is available. Likewise, for 
the enhanced AT with 512 kbytes of 
memory, a 128-kbyte card is avail-

and became a genius at designing 
testable products Make your designs even more 
testable and profitable for your company. The LST Testability Advisor'" 
software package provides the information you need to design truly testable 
ICs, boards and systems. 

Ask the Advisor your most detailed testability questions and you'll get 
answers from its extensive data base. If you can't quite define your 
questions, the Testability Advisor can "tutor" you. It's a true "expert 
system" at your fingertips! 

The Advisor displays the latest information about testability techniques 
in sharp text and graphics on your computer. Checklists and an economic 
analysis spread sheet help you determine just how much testability to 
implement. 

Let the Testability Advisor make a genius out of you. Phone LSTtoday for 
more information or to order your resident testability expert. 

~ 
Single Copy Price: $450 
Multiple Copy Discounts and 
Site License Agreements available. - LOGICAL-------------SOLUTIONS 96 Shereen Place, Suite 101 

TECHNOLOGY Campbell, CA 95008 USA 
INCORPORATED (408) 374-3650. Telex: 172867 
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able. Used for conventional memory 
purposes only, the board does not re­
quire special software. 

Boca Research Inc ., 6401 Con­
gress Ave., Boca Raton, FL 33431; 
(305) 997-6227. $145 (128 kbytes) 
and $195 (384 kby tes). 
CIRCLE 338 

Memory board 
gives fast access 

Offered in two versions, the LBX 
5 l 2K-2M memory board adds up to 
2 Mbytes of dual-port dynamic 
RAM to any Multibus system. The 
enhanced version delivers a typical 
read data access time of 145 ns (195 
ns in the standard version) on the 
iLBX memory expansion interface. 
It operates without wait states in the 
asynchronous mode in systems 
based on Intel's 6-MHz 286/ 10 and 
synchronous with Intel's 8-MHz 
286/lOA or 286/12 CPU boards. 
Parity checking is standard, and 
both Multibus and iLBX cycles can 
optionally generate interrupts. 

Central Data Corp., 1602 New­
ton Dr., Champaign, IL 61821 ; 
(800) 482-0315 or (217) 359-8010. 
$1150 with 2 Mbytes (JOO units) . 
CIRCLE 339 
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INTEGRATED 
DESIGN 
AND TEST 
REQUIRES 
MORE THAN 
REFORMATTED 
SIMULATION 
WAVEFORMS. 
TSSI understands what ~ 
required, and we'll be ready to 
prove it at DAG '86. 

We'll show you how to move 
effortlessly through the design 
process, from simulator output 
to an operating ATE test 
program. 

For the first time, you can 
analyze simulator waveform 
data to determine compatibility 
with the tester of your choice. 
Functional test program 
generation is automatic. 
At DAC '86 we'll be working 
with major CAE companies to 
demonstrate this 
comprehensive and flexible 
solution for integrating all 
design, test, and foundry 
environments. 

TSSI is the industry leader in 
test automation products and 
services. At DAG '86 we'll show 
you why. 

TFST SYsrEMS 
SlAATEGIES 

8285 S.W. NI M BUS AVENUE 
BE AVERTON . OREGON 97005 
503 643 9281 TELEX 4992633 

CIRCLE 130 

NEW PRODUCTS 
POWER 

ELECTRONIC DESIGN EXCLUSIVE 

Variable supplies pump out 
programmable power 

Precision and ease of programming 
mark the PD 7000 line of dual 60-W 
power supplies . From Quality 
Power Systems, the family com­
prises five members with outputs 
that range from 0 to 15 V at 4 A, to 
30 Vat 2 A, to 40 and 60 Vat 1 A, 
and to 150 V at 0.25 A. 

Each unit maintains its output to 
within ± 0 .005 % ± 1 mV and 
± 0 .005 % ± 1 mA over line and 
load fluctuations . Combined output 
ripple and noise is 300 µV and 
100 µA rms, and remote-sensing 
feedback corrects for voltage drops 
of up to 0.5 V in each lead. More­
over, voltage and current settings 
are guaranteed to stay within 0.02% 
over an eight-hour period. Outputs 
are floating and isolated, a nd all 
units are protected against over­
loads. 

The voltage and current settings 
can be adjusted directly from a front 
panel keypad, or they can be set re­
motely. The supplies accept serial 
(RS-232-C) binary data and IEEE-
488 commands. In addition, a bat­
tery-backed CMOS RAM holds 16 
settings, and a ROM will perma-

Gil Bassak 
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nently store the 5 most necessary 
output voltages. 

The supplies' controls include 
Standby, which forces both outputs 
to zero, and Hold, which maintains 
the present output as new settings 
are entered . A third command , 
Tracking, makes certain that one 
output follows the other. 

Programmable supplies often 
find their way into automatic test 
equipment. To facilitate test pro­
cedures, the new supplies can over­
lay their high and low voltage out­
puts with a 50-Hz ripple, as well as 
deviate ± 10% from their settings. 
A single push button initiates each 
of the two changes. The supplies also 
run a series of self-tests when pow­
ered up. Error messages appear on 
the same twin LED displays that in­
dicate the output voltage and cur­
rent settings. 

Each supply weighs 17 .5 lbs , 
stands about 5.6 by 11.8 by 9.4 in., 
and occupies only 0.36 ft. 3 • Prices 
for single units start at $1950. 

Quality Power S ystems, 2400 
S. Texa s Ave., Pearland, TX 
77581; (713) 997-1700 (in Texas) . 
Outside of Texas; (800) 922-1701 . 
CIRCLE 322 



• nee upon a time, 
we only supplied 
IDC flat cable and 
connectors ••• 

Take a look 
at us now! 
~ Booth 712 
~Electro/~®® 
~ Mayl3-15 

Electronics Group 

THOMAS & BETTS CORPORATION• RARITAN, NEW JERSEY 
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NEW PRODUCTS 
POWER 

De-de converters 
pack 10.2 W/in. 3 

The LPS series of de-de converters 
consists of five models providing 5, 
12, 15, ± 12, and ± 15 Vat 15 Win 
a l .6-by-2.0-by-0.46-in . package. 
All models maintain near constant 
efficiencies to 85% over the 3:1 in­
put range of 20 to 60 V de ( 48 V de 
nominal) . By using smaller mag­
nets, made possible by a 200-kHz 
switching frequency, these units 
achieve a power density of 10.2 W 
per cubic in. without external heat­
sinking or forced-air cooling. Line 
regulation is ± 0.5 % maximum; 
load regulation is ± 0 .5% for sin­
gle-output models and ± 1.0% for 
dual-output models (from full load 
to 1/4 full load). 

Computer Products Inc., Power 
Conversion Group, 2900 Gateway 
Dr. , Pompano Beach , FL 33069; 
( 305) 97 4-5500. $66.50 and $69.30 
for single and dual outputs ( 100 
units); small quantities take four 
to six weeks. 
CIRCLE 340 

Power transistors 
mount on surface 

A wide range of power transistors, 
including bipolar and power MOS 
devices, are housed in a specially 
configured SOT-82 package for sur­
face mounting. At a case tempera-
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ture of 25 °C, the package can dissi­
pate up to 65 W of power. Bipolar 
packages are available in V cE 

ranges of 60 to 450 V and current 
ratings of 0.5 to I 0 A. Power MOS 
devices are offered in Vos ranges 
from 50 to 550 V. On-resistance 
ranges begin at 0.13 n. 

SGS Semiconductor Corp ., 
/000 E . Bell Rd. , Phoenix, AZ 
85022; (602) 867-6100. 
CIRCLE 341 

Voltage regulator 
works at 200 ° C 

Designed for operation in severe en­
vironments, a hybrid linear voltage 
regulator withstands temperatures 
ranging from - 55 ° to +200 °C. 
The laser-trimmed output voltages 
of the WT8007- I 2, WT8008- I 2, 
and WT8009-5are+12 (± !%), 
-12(±1 %), and +5(±1.5%) V, 
respectively. Both the line and load 
regulation for all three devices are 
± I% over the entire temperature 
range. At 25 °C, fold back current 
for the 8007 and 8008 is 1.2 A, while 
the 8009 offers 2.2 A. The regula­
tors come in hermetically sealed 
T0-3 headers. 

White Technology Inc., 4246 E. 
Wood St ., Phoenix, AZ 85040; 
(602) 437-1520. $159 (8007 and 
8008) and$/ 53 (8009) in lots of 
I 00; stock to six weeks. 
CIRCLE 342 

ATTENTION 
POWER 
SUPPLY 

SPECIFIERS 

See Deltron's 
New 

Switching 
Power Supply 

Catalog 

IF YOUR COPY IS 
MISSING, OR FOR A 
COPY OF OUR FREE 

ENGINEERING 
CATALOG, 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) 

SEE US AT ELECTR0/ 86 

BOOTH 1325· 1327 
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POWER 

De-de converters 
need 12-V source 

A family of 3- and 6-W de-de con­
verters is designed to operate from 
12-V battery power sources. Ideal 
for use in portable instruments, the 
units convert standard 12-V de 
battery power into single and dual 
sources of isolated + 5, ± 12, or 
± .J 5 V de . Isolation between the 
input and the outputs is 500 V de. 
All outputs are protected against 
short circuits.The converters' 
compact 2-by-2-in . case is only 
0.375 in. high to allow for min­
imum between-board spacing. 

Ca/ex Manufacturing Co. Inc ., 
3355 Vincent Rd., Pleasant Hill , 
CA 94523; (4 15) 932-3911. From 
$93; stock to four weeks. 
CIRCLE 343 

Power hybrids offer 
SPOT operation 

Intended to replace electromech­
anical relays in low-to-medium­
power applications requiring a 
double-throw (form C) contact 
configuration, the M30 and M3 l 
SPDTac/ dc power control hybrids 
provide a break-before-make 
switching function in a totally 
solid-state form . Models of the 
M30 series are rated up to 4.1 A 
and up to 380 V ac. Models of the 
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NEW PRODUCTS 

M3 l se ries are rated up to 8.2 A 
and up to 380 V de with an on-state 
resistance as low as 0.15 n. The de­
vices are housed in a 22-pin low­
profile hermetically sealed case. 

Teledyne Solid State, 12525 

Daphne Ave., Hawthorne, CA 
90250; (213) 777-0077. $106 and 
$99for the M30 and M31, re­
spectively (250units);12 to 14 
weeks. 
CIRCLE 344 

SINGLE- AND MULTI-OUTPUT SWITCHERS. 
LINEARS. FERRORESONANTS. 

CUSTOM & STANDARD. 

Call today, Toll Free to discuss your specific requirements. 

(800) 526-2439, ext. 54 
In New Jersey call collect (201) 329-4611, ext. 54 

NJE 
329 Culver Road D P.O. Box 669 D Dayton NJ 08810-0669 D TWX 710-480-5674 

POWEReliability. Guaranteed. 
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NEW PRODUCTS 
COMMUNICATIONS 

Cable extender 
expands Apple LAN 

A cable extender system is designed 
especially for Apple Computer's lo­
cal area network, Appletalk . The 
color-coordinated system, which 
consists of a subminiature DIN plug 
(APP 9999) and cable extender 
(APE 9999), expands the network 
to as far as 300 meters ( 1000 ft) . 
The extender connects to termi­
nated Apple plug assemblies, while 
the DIN plug provides quick con­
nection between the extender and 

the dual connector tap. It terminates 
on standard Belden cables 9999 and 
89999. 

Belden Electronic Wire and Ca­
ble, P.O. Box 1980, Richmond, IN 
47375; (317) 983-5200. 
CIRCLE 345 

Optic transceiver 
hits 50 Mbaud 

A fiber-optic transceiver is designed 
for applications requiring a 50-
Mbaud data rate over a tempera­
ture range of 0° to 70 °C. With a 
minimum optical power budget 
of 12 dB, the H FBR-0422 can 
function in fiber-optic links using 
HFBR-3000 series cable at dis­
tances of up to 2 km. The pc board 

assembly, which contains a trans­
mitter and receiver, supports cir­
cuitry that can interface with both 
TTL and ECL logic families . The 
device requires a single + 5-V power 
supply, although the design and 
ECL components on the board also 
allow it to function at - 5.2 V. 

Hewlett-Packard Co ., 1820 
Embarcadero Rd., Palo Alto, CA 
94303 ; call local sales office . 
$185. 
CIRCLE 346 

Moving? tor 
Micro­

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

ETA's high quality miniature crystals -
designed and manufactured in Switzerland -
are used worldwide for communications, 
computer, instrumentation, medical and 
other precision applications. 
• surface or thru-hole mounting 
• available in tape & reel 
• metal cans (<j>2x7.5mm) or ceramic 

packages (8.4x3.9x2mm) 
• standard frequencies to 20MHz 
• low power consumption • laser tuned 
• lowest aging • excellent stability 
• exceeds MIL specs for shock & vibration 
• standard frequencies available off-the-shelf 
• unique frequencies available 4-6 weeks ARO 

in production 
quantities 

TECHNICAL CENTER 

ETA INDUSTRIES, INC. 
8 West 4oth St ., New York, NY 10018 • 212/302-2222 

••II'~~ ,.,..,r==.r-=J -&-
MICRO CRYSTAUDIV. OF ETA 
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RAYA ERIE ••• 
Single Source 
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HAND - HELD 
PORTABLE 
TERMINAL 

PORTABLE & 
DRIP+ DUST 
PROOF 
FEATURES: 

~. light am portable. 

Display fomet of 5x7 dot oetrix, 
2 1m!B x a:i cmroct.ers, with ~ 96 
charoct.ers. 

8DJ c:hmrters data llBIDrJ with let:tery 
OOc:k-up capability. 

Fhl1 ~ 128 charocter set t:rmsnit. 

All data nmxy aa:essible far di.splay 
using winbt keys. 

~ am saving tfE interface 
anl:i.ti.rns in SEI'--lF m:xle. 

Canmrunication speed: From SO to 
19,200 bps. 

Level: RS-232c (Standard), TTL 
Serial, 20mA current loop and 
RS 422 are options. 
For sales info, Call H.Setek. 

SEMICONDUCTORS, EQUIPMENT, 
MATERIALS, AND DEVICES 

M. SETEK U.S.A. CO. 
U.S. HEAD OFFICE 
16095 CAPUTO DRIVE u s A MORGAN HILL, CALIFORNIA 95037 

• • • PHONE (408)778-5940 •FAX (408)778-5946 
TELEX 172278 M.SETEK USA 
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NEW PRODUCTS 
COMMUNICATIONS 

Ethernet board 
plugs into Multibus 

A front-end processor provides a 
plug-in solution for standard Ether­
net LAN interfaces. It can be used 
as a typical Ethernet node processor, 
functioning as a slave Ethernet Mul­
tibus controller, or it can be pack­
aged with a power supply to function 
as a stand-alone serial/para llel / 
SCSI gate to the Ethernet highway. 
Based on a 10-MHz 68000 micro­
processor, the SBE / MLAN-11 
comes with 128 or 512 kbytes of dy­
namic RAM. An on-board control­
ler provides full-duplex OMA oper­
ation through the serial/parallel 
and iSBX channels. 

SBE Inc., 2400 Bisso Ln., Con­
cord, CA 94520; (800) 221-6458 or 
(415) 680-7722. $1495 (JOO units). 
CIRCLE 347 

Local network gets 
designers talking 

As engineers increasingly rely on 
personal computers, there is a need 
to share information and resources. 
Although most networks are geared 
to business, FFT's MicroLAN 
1553-NET was designed primarily 
to serve engineers. 

Based on MIL-STD-15538, the 
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network runs on IBM machines and 
lookalikes and joins as many as 254 
nodes. All nodes interface directly 
with test and monitoring equipment 
and with the military's 1553 avi­
onics bus. All resources on the 
network-disks, directories , files, 
tapes, displa ys, and other pe­
ripherals-can be shared. The 
CSMA/CD/CA network moves 
data at up to 3 Mbits/s and is able to 
pass data blocks as large as 64 
kbytes. Either coaxial or twisted 
pairs can link nodes, and up to 1500 
feet of the former can be driven 
without a repeater. Network soft­
ware, PC/NOS, runs with MS- or 
PC-DOS . It defines a distributed 
network that does not require a 
master console or node. 

Fast Feedback Technologies 
Inc., 1505 Aviation Blvd., Red­
ondo Beach , CA 90278; (213) 
379-6100. $350 (standard card); 
$450 (wit h special on-board 
cache); stock. 
CIRCLE 348 

LAN expander 
gives 4-way split 

A network expander allows the in­
stallation of additional terminals in 
a local area network without cutting 
in new taps or reconfiguring the sys­
tem in any way. Designed for mid­
split systems with an outbound fre­
quency range of 150 to 450 MHz 
and an inbound frequency of 5 to 
112 MHz, the NE-4 takes one of the 
network drops and expands it to 
four. It provides the same output 
levels as the inbound and outbound 
frequency channels, even with a 
four-to-one split. 

Augat Broadband Communica­
tions Group , 710 Narragansett 
Park Dr., Pawtucket, RI 02861; 
(401 ) 724-4400. 
CIRCLE 349 



TH22564D TH22568G 

TH22565D TH32569 

TH325618 TH22564N 

The Single In-line Memory Module is in vogue as never before among today's designers. 
By condensing a huge amount of memory into a small area, the SIMM is helping to slash the size 
of computers and electronic instruments and conserve valuable board space. 

TOYOCOM saw the value of the SIMM very early, and today we have a wealth of experience 
and know-how in the development of these memory-packed modules. Our lineup is truly 
unparalleled. And they're all in stock and ready to go. 

The TOYOCOM lineup is incredibly versatile : • 256K x 9 • SRAMs • DRAMs • 256K x 4 
• 1Mx1 • NMOS • CMOS • 1Mx9 • Wire-leadtypes • Plug-intypes • And much , much more. 

So when it comes time to look at memory alternatives, pick a winner. Pick a TOYOCOM SIMM. 

TOYO COMMUNICATION EQUIPMENT CO., LTD. 
20-4, Nishi-Shimbashi 3-chome, Minato-ku , Tokyo 105, Japan 
Phone: 03-459-7320 Telex : 02423115 TOYOCO J Facsimi le: 03-436-1434 

TOYOCOM U.S.A. Inc. 
800 Figueroa Building , 800, South Figueroa Street , Suite 642, Los Angeles, California 90017, U.S.A. 
Phone : 213-622-0561 Telex : 4720819 (TOYOCOM LA) Facsimile: 213-627-9495 
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THE WORLD'S FASTEST 
1.5 MICRON STANDARD CELLS 
AND GATE ARRAYS FROM 
THE LEADER-NEC. 

The world of gate arrays and stan­
dard cells is changing everyday. The 
need to choose the right supplier is 
critical. NEC knows how to reduce your 
anxiety level, and deliver what you 
need, when you need it. 

Compatibility 
NEC's made the evolution from 

gate arrays to standard cells an easy 
one. Our standard cells and gate arrays 
are fully compatible. They use the same 
micro library (130 blocks), and the 
same CAD software. 

Flexibility 
Do it your way. We've made your 

design as user-friendly as possible. Stay 
in your own design atmosphere from 
start to finish. Use any of the leading 
development programs from Daisy, 
Mentor, Valid, Tektronix, or Hewlett­
Packard. Or, access our regional design 

centers in Mountain View, CA; Natick, 
MA; Dallas, TX; or Portland, OR 

Our flexible customer interface 
gives you all the options. You can pick 
exactly how much or how little design 
you need to do. We'll do the rest. 

Package Options 
As quickly as the technology 

changes, the need for new, more flexible 
packaging becomes evident. NEC sets 
the pace, and will continue to meet new 
package requirements. 

The Complete Approach 
Start out with our gate arrays, 

optimize your design, then move into 
standard cells with NEC's computerized 
conversion. Our 1.5 micron CMOS gate 
arrays range from 320 to 20,000 gates. 
Standard cells are available with up to 
17,000 gates and 2561/0 buffers. 

Call Toll Free 
Give us a call today at: 1-800-632-3531. 
In California: 1-800-632-3532. 
We'll send you the latest application 
information. 

CMOS ASIC Selection Guide 
Max. 

Prop. Memory Toggle Packages Gate 
Count 1/0 Delay* Bits Frequency DIP Flat PLCC CPGA PPGA 

STANDARD CMOS ARRAYS 

300 - 1500 54 - 100 1.4 ns 70 MHz x x 
2000 - 20,000 84 - 266 1.4 ns 70 MHz x x 

STANDARD CMOS ARRAYS WITH RAM 

2240 120 1.4 ns 2K 70 MHz X X 

4440 180 1.4 ns 4K 70 MHz x x 
STANDARD CELI.S 

800 - 17,000 up to 256 1.4 ns 70 MHz x x 
• (f/ o = 3, L = 3 mm) 

WE'RE TAKING ON THE FUTURE 

t\'EC 
NEC Electronics Inc. 

401 El I is Street 
P.O. Box 7241 

Mountain View, CA 94039-7241 
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FACTORY AUTOMATION 

Industrial interface 
links to IBM PC 

PCmate is an interface system for 
industrial data acquisition and con­
trol using an IBM PC or compatible 
computer. It provides 35 digital 1/0 
lines, 4 analog input lines, 6 event 
counter-timers, and 2 serial 1/0 

NEW PRODUCTS 

ports (RS-232-C or RS-422) . The 
system consists of a single board 
that is mounted on the computer's 
motherboard and a terminal strip 
chassis external to the PC. 

Microcomputer Systems Inc., 
1814 Ryder Dr., Baton Rouge, LA 
70808; (504) 769-2154. $995. 
CIRCLE 350 

Scanning system 
uses ultrasound 

Used to nondestructively verify the 
integrity of bonds between semicon­
ductor chips and packages, a scan­
ning system produces ultrasonic 
images of exceptional resolution and 
quality. With the Hyscan system, 
defects as small as 1 to 2 mils can be 

imaged. The system is made up of 
six basic components: an ultrasonic 
signal generator, digital gated peak 
detector, mechanical scanning sys­
tem and immersion tank, program­
mable scan controller, image re­
corder, and oscilloscope monitor. 
Image printouts incorporate 16 
quantized shades of gray. 

Panametrics Inc., 221 Crescent 
St., Waltham, MA 02254; (617) 
899-2719. 
CIRCLE 35 1 

Frequency standard upgrades your counter 

Get the prec1s1on you paid for from your frequency 
counter. Connect the Counter-Mate to the " EXT STD" 
input or periodically check the internal oscillator to get 
traceable accuracy instead of just resolution . 

The Counter-Mate frequency standard employs a precision 
third-overtone 10 MHz crystal in a proportionally controlled 
copper oven maintained at a computer optimized temper­
ature . The excellent long-term and short-term stability is in 
a class with units costing much more. 

Check the specifications-the Counter-Mate out-performs 
and is less expensive than most counters ' oven oscillator 
options , it needs no installation , and it has sufficient drive 
to serve several instruments. 

The Counter-Mate comes calibrated against national stan­
dards and you do not lose your counter when it is time to 
recalibrate! The unique 50-turn adjuster makes calibration 
easy and mechanically stable . Periodic calibration at 
Wenzel Associates is just $15 plus shipping. 

Wenzel Associates, Inc. 

11124 Jollyville Road 
Austin , TX 78759 
(512) 345-2703 TWX 910-997-4554 

COUNTER-MATE SPECIFICATIONS 

Model • , , ••••• , , , , ••• , , , ••• CM-1 
Frequency • • • • • • • • • • • • 1 MHz and 10 MHz 
Output Drive • • • • • • • • • • • • TTL and SO Ohm 
Rise & Fa ll Time • • • • • • • • • • • • • • • • S nsec 
Aging Rate • • • • • • • • • • • • • < 3x10 -8/ Month 
Temperatu re ••••••••• <. +-Sx10 -8 . 10° to 40° C 

Setabi lity • • • • • • • • • • • • • • 2x10 -9 , so tu rns 
Oven Warm-Up •••••••••• 10 minutes at 25 ° C 
Power Requirments •••••••• 9V Adapter included 
Size ••••••••••••••••• 4.6" x 4.8" ' x 1.s·· 
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to~ick Guide 
Pi vercurrent 

rotection 

Fourth year on the OEMs' be 
Free. 

-seller list. 
For years, thousands of OEM 
designers and engineers have 
acclaimed our Quick Guide as the 
definitive shortcut to circuit breaker 
selection. The Guide can help you, 
too, by pointing the way to the 
Heinemann circuit breaker family 
which best suits your requirements. 
Then, talk to a Heinemann 
technical-assistance engineer 
who will help you make the final 
selection, quickly, correctly and 
economically. Or, send for the 
appropriate Product Bulletin, spend 
a few minutes checking features, 
ratings, time-delay curves and the 
© Copyright 1985, Heinemann Electric Company 

available internal circuits, and 
make your own selection. 

breakers meeting IEC and VOE 
standards. 

The Quick Guide covers the most Join the thousands who have 
comprehensive line of circuit used the Guide to take the tedium 
breakers available anywhere. out of circuit breaker selection. Call 
These include 0.25 to 15-amp or write for your free copy today. 
pushbutton replacements for glass Heinemann Electric Company, 
fuses, hermetically-sealed sub- P.O. Box 6800, Lawrenceville, 
miniatures for mil itary use, E-frame NJ 08648-0800. Telephone: 
breakers for equipment and branch- (609) 882-4800, Telex: 843431 . 
circuit protec- . , . 
tion de breakers When your reputation s on the /me. 

~g~ ~~i~~~e~o HEi1 NEMANN®ELECTRIC 
and world-class COMPANY 
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Why settle for "will fits" ? 
We'll custom-build components 
that match your specs exactly. 

/ 

-···. ,~~ When you 

~ 'Jt ' cus~~ 
-~"~ transformers 

Custom PCB 
assemblies 
and power 
supplies­
on time with 
zero defects. 

BMP4132 

i -- thename 
is Basler. 

The only thing 
you need to know 

about transformers 
is the name Basler. 

We're geared up to design and produce 
custom transformers for any application 
you can name from 5VA to 1500KVA­
any type, and in any quantity. 

Which is the kind of capability you 'd 
expect from the world 's largest manu­
facturer of specialty transformers. 

Our five state-of-the-art plants and 1,200 
skilled employees can produce them 
with zero defects to match your 
production schedules. 

Give us the specs you need. Our 
engineering staff will come back fast 
with a sample and a price quote. Call us 
to get it started. Just remember the 
name-Basler. 

Tell us 
yourspecs­
we'll design and 
build the power 
supplies, assemblies or controllers 
you need-fast, accurate and at 
surprisingly low cost. 

Our experienced engineering staff 
uses advanced CAD/CAM equip­
ment to design your projects. Our 
state-of-the-art plants produce 
them with zero defects. 

We'll fabricate a prototype quickly 
and accurately for your test and 
approval. Then deliver to fit your 
schedule-when and where you 
need them. 

You can count on Basler to help 
you turn out a superior product, 
as we already do for many 
famous firms. 

Save time and money. Call us today. 

The state of the art in custom components. 

§ .Basler Electric 
Box 269, Route 143, Highland IL 62249 

Call us at 618-654-2341 
TWX us at 510-100-3841 

CIRCLE 143 

Find our more 
about how we can 

help you. Ask for our 
free Design Ideas 

portfolio today. 



FACTORY AUTOMATION 

Infrared sensor 
responds in 1 ms 

Consisting of only two self-con­
tained units that can respond in 
1 ms, the Light Screen System of­
fers an alternative to cumbersome 
multiple-sensor photoelectric sys­
tems. The LS 1 OE emitter contains 
a vertical row of infrared LEDs 
that cycle in sequence to create a 
modulated"curtain" of light ap­
proximately 3.5 in. high. The 
LSI OR receiver unit contains a 
corresponding row of infrared light 
receivers. When an object passes 
between the two units, the receiver 
initiates both sinking and sourcing 
outputs. Since they respond only to 
infrared light, sensor interference 
from ambient light is minimized. 
The units detect objects as small as 
l/10 of an inch in diameter and oper­
ate directly from 12 to 24 V de. 

Banner Engineering Corp., P.O. 
Bo x 9414 , Minneapolis, MN 
55440; (612) 544-3164. 
CIRCLE 352 

Robotic controller 
links to Apple 

The VIP card is a low-cost Apple­
compatible robotic controller which 
may be used as either a stand-alone 
controller or in an expansion slot as 
an intelligent peripheral card. It em­
ploys a 65C02 CPU and provides up 
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to 48 1/0 lines, 6 counter-timers, 
and 24 kbytes of EPROM or static 
RAM . A control program may be 
loaded into the VIP card directly 
from the computer's disk drive. The 
card is then placed into the robot or 

machine to be controlled. 
Bukowski Robotics, 1555 W. 

University, Suite 105, Tempe, AZ 
85281; (602) 966-6230. From 
$129. 
CIRCLE 353 
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FACTORY AUTOMATION 

Noncontact gauge 
measures distance 

An affordable alternative to full­
blown vision systems, a noncon­
tacting gauge relies on a reflected, 
modulated infrared light source to 
measure distance to an object or sur­
face. Typically used in automated 
manufacturing and quality control, 
the HVS 100 can operate alone or in 
conjunction with a host computer. 
The device computes the distance to 
an object every 21.1 ms, with a re­
peatability of 0.005 in . It operates 
over a wide range of reflective sur­
faces from diffuse to specular, in­
cluding mirror or glossy paint sur­
faces . 

Honeywell Visitronic, P.O. Box 
5077, Englewood, C080155; (303) 
850-5050. From $3995. 
CIRCLE 359 

Optical gauges 
inspect objects 

A series of intelligent optical in­
spection gauges for manufacturing 
applications offers a low-cost alter­
native to more comprehensive and 
expensive vision systems. The HVS 
200 series is based on a linear de­
tector array that measures the edge, 
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position, and width of objects within 
the sensor's optical field of view. 
Presently available in six versions, 
the gauges are stand-alone devices 
that do not require additional infor­
mation processing. However, they 
can be controlled by a computer or 
programmable controller. 

Honeywell Visitronic, P.O. Box 
5077, Englewood, C080155; (303) 
850-5050. Prices start at less than 
$2000. 
CIRCLE 360 

System inspects 
solder joints 

A machine vision system auto­
matically inspects and monitors sol­
der joints on pc boards with plated 
through-holes. The Solder Process 
Inspector SPI-2000 makes post­
wave checks of joints for insufficient 
solder, bridges, and holes. In less 
than four minutes, it inspects and 
marks typical soldered boards for 
correction, stores the information, 
and prints out the locations of de­
fective joints. The collection data 
can then be used to adjust the solder 
process, resulting in fewer defective 
joints and less rework. 

Consolidated Controls Corp., 
15 Durant Ave., Bethel, CT06801; 
(203) 798-3000. 
CIRCLE 361 

System evaluates 
machine vision 

The Genesis 4500 system provides 
an interactive environment for eval­
uating the feasibility of machine vi­
sion as a solution to inspection and 
robotic tasks. A second system, the 
Genesis 4600, is a more sophisti­
cated application development envi­
ronment. It provides the tools for 

generating specific factory-floor ap­
plications for execution on MVI's 
image flow computer. Respective 
prices are $42,200 (or $47,200 with 
an IBM PC AT host computer) and 
$65,000, including hardware, soft­
ware, and support services. 

Machine Vision International, 
325 E. Eisenhower, Ann Arbor, MI 
48104; ( 313) 996-8033. 
C IRCLE 369 

Industrial terminal 
responds to voice 

A voice recognition system for en­
tering and verifying data does 
away with the need for keyboards 
and computer terminals in indus­
trial, manufacturing, and ware­
house environments. When used 
with a cordless microphone, the 
Voice Terminal 6050 Series II 
gives users complete mobility as 
well. Verification of data input is 
accomplished by digitally com­
pressing voice data and replaying 
that data back to the user. The sys­
tem has been field-proven in envi­
ronments with noise levels of up to 
100 dB. It has an RS-232-C serial 
port, and its 640-kbyte RAM holds 
2000 to 3000 words at one time. A 
floppy-disk drive provides an addi­
tional 720 kbytes of storage. 

Votan, 4487 Technology Dr., 
Fremont, CA 94538; (415) 490-
7600. $4950. 
CIRCLE 370 



"In ASIC, the customer has to 
be more than a job number!' 

"What do application specific IC 
(ASIC) users need? We've been 
answering that question for 20 years 
and three basic beliefs hold fast. 

One, no single ASIC option is 
optimal for every circuit. So we 
developed them all-gate arrays, 
standard cells, and cell-based 
custom. 

Two, we can't expect customers to 
adapt to us. So we assembled the 
most flexible design interfaces in 
ASIC. Including gate array and cell 
libraries for workstations, PC-based 
systems and most others. 

Finally, to keep customers ahead , 
we must be a leader in design 
technology. Our cell-compilation 
work is the natural next step. 

Keeping pace with change is 
one of the hardest·skills to learn . 
Gould AMI is leading the pack. Our 
customers have the advantage'.' 

To optimize your AS/Cs, call us at 
408-554-2311. Gould Inc., Semi­
conductor Division, manufacturer 
of Gould AMI semiconductors. 

Gould AMI ASIC: 
Depend on it. 

High Performance Solutions in Factory Automation, Computers, 
Instrumentation, Defense and Semiconductors. 

CIRCLE 201 
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INSTRUMENTS 

Unit generates 
signals to 120 MHz 

NEW PRODUCTS 

Offering high performance at an 
economical price, the VG-811 gen­
erates video clock frequencies from 

5 to 120 MHz and horizontal scan 
rates up to 200 kHz. The signal gen­
erator is suitable for testing, align­
ment, inspection, and evaluation of 
most current high-resolution color 
and monochrome video monitors . 

ROEDERSTEIN 
TheDesz 
TimeSa rs 

Power SuppHes 
Roederstein Electronics recog­
nizes that the two most critical 
components in any successful 
business are time and money 
Both must be managed effectively 
and efficiently That is why 
Roederstein is valuable to you -a 
single supply source with the right 
products at the right price - a 
powerful combination. 

Roederstein Electronics carries 
a wide range of critical power 
supply components - X and Y 
suppression capacitors, RKO 
ceramic safety disc capacitors, 
EKR low voltage electrolytic 
capacitors with radial leads for 

p · ted circuit mounting, MKP 1841 
metallized polypropylene capa­
citors for high current require­
ments resulting from the ever 
increasing switching frequencies. 
Roederstein's power resistors are 
available with tolerances as low 
as 2% with power ratings of L 2, 4 
and6watts. 

It makes sense if you are the 
designer/specifier or purchaser 
to make good use of your 
valuable time - Call Roederstein. 

Roederstein Electronics 
Your complete source 
for Quality Components 

ROEDERSTEIN ELECTRONICS, INCORPORATED 
P.O. Box 5588,. 2100 West Front Street, Statesville, NC 28677 Phone: (704) 872-8101 TELEX: 240802 

CIRCLE 149 

---r-i_g 
All functions of the instrument are 
programmable via the IEEE-488 
bus or through an RS-232-C port. 

Test & Measurement Systems 
Inc. , 349 Cobalt Way, Suite 301, 
Sunnyvale , CA 94086; (408 ) 
720-8877. $10,750. 
C IRCLE 362 

PC-based analyzer 
sets up in 2 ns 

A 20-MHz logic analyzer has a 2-ns 
setup time, 10 to 15 times faster 
than most comparable units. Fur­
ther, through an optional Doubler 
pod, the Logic-20 is capable of 
40-MHz sampling over eight chan­
nels at double the standard l 6-by-
256-bit memory depth. The entire 
16-channel system is incorporated 
into a single IBM PC expansion 
card and uses the computer as its 
controller. 

Bitwise Designs Inc., 1223 Peo­
ples.Ave., Troy, NY 12180; (518) 
27 4-07 55. $1495; Doubler pod will 
be available in the third quarter. 
C IRCLE 363 
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"Why compromise in ASIC, 
when you don't have to?" 
"Don't let anyone tell you an ASIC 
is an ASIC is an ASIC. 

If that were true, you 'd only need one 
choice of application specific I Cs. 
But an ASIC solution is more than a 
gate array. Or a standard cell . Or a 
cell-based custom circuit. These are 
simply different approaches to 
your system solution . 

Time-to-market, development cost 
and performance needs make 
every application unique. So no 
single ASIC option can work best 
every time. 

There's no problem , though , unless 
your vendor offers just one basic 

ASIC option . You 'll get an ASIC 
design all right, but odds are it won't 
be the optimal one. 

At Gould AMI , you don't have to 
compromise. We offer the complete 
continuum of ASIC options. I know 
some vendors make you do ASIC 
their way. It's just not our way." 

To optimize your ASICs, call us at 
408-554-2311 . Gould Inc., Semi­
conductor Division , manufacturer 
of Gould AMI semiconductors. 

Gould AMI ASIC: 
Depend on it. 

High Performance Solutions in Factory Automation, Computers, 
Instrumentation, Defense and Semiconductors. 

CIRCLE 202 
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INSTRUMENTS 

32-bit emulator 
works with 68020 µP 

An in-circuit emulator for Moto­
rola 's 32-bit 68020 microprocessor 
allows emulation at up to 12.5 
MHz. The stand-alone unit pro­
vides a real-time look at all bus and 
control signals, as well as full width 
address and data , using trace 
modes. A wide and deep trace 
memory allows the capture of 
2046 words of 72-bit processor cy­
cles to reveal the actual sequence of 
its execution. The instrument also 
allows users to construct sophisti­
cated breakpoints. Options include 
a RAM overlay of up to 512 kbytes 
and a 16-channel logic probe . 
Prices start at $11,295. The cost 
for upgrading Applied Micro­
systems' ES 1800 in-circuit emula­
tor with 68020 capabilities is 
$6745 . 

Applied Microsystems Corp., 
5020 148th Ave. N.E ., Redmond, 
WA 98052; (206) 882-2000. 
CIRCLE 354 

Signal generator 
covers vlf bands 

Enhancements to the 6060A pro­
grammable signal generator ex­
tend its frequency coverage to 10 
kHz to cover the low frequency and 
very low frequency bands. The out-
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put of the 6060B extends to 1.05 
GHz and has a guaranteed ampli­
tude accuracy to within ± 1 dB 
from + 13 to -127 dBm. Nonvol­
atile memory stores 50 settings for 
instant recall. The generator is 
protected against up to 50 W of re­
verse power. For additional stabil­
ity, a reference oscillator is avail­
able with an aging rate of ± 1 X 
10- 7 / month and an accuracy to 
within 0. 1 ppm from 0° to 50 °C . 
All functions are accessible via an 
IEEE-488 interface. 

John Fluke Manufacturing Co, 
Inc., P.O. Box C9090, Everett, WA 
98206; (800) 426-0361 or (206) 
347-6100. $4995;/our weeks. 
CIRCLE 355 

In-circuit tester 
checks 640 points 

The latest addition to the 800 series 
of in-circuit testers, the Zehntel 875 
can be configured with up to 640 hy­
brid, nonmultiplexed test points . 
The system provides a wide range of 
analog and digital test coverage, in­
cl ud ing a programmable pattern 
sequence generator for digital test. 
Up to 32 of these driver-receiver 
boards can be accommodated for a 
total of 512 LSI/ VLSI test points. 
The 875 also features the Analog 
Test Board, a 16-bit instrument that 
allows six-wire measurement test­
ing, transistor beta testing, parallel 
resistance-capacitance measure­
ment, and mixed signal testing ca­
pability for testing hybrid devices. 

Zehntel Inc ., 2625 Shadelands 
Dr., P. 0 . Box 8016, Walnut Creek, 
CA 94596; (415) 932-6900. Less 
than $85,000 (208 test points). 
CIRCLE 356 

Low-cost DAS has 
powerful functions 

Compatible with the IBM PC, a 
data acquisition system combines 
the low-cost advantage of board­
level products with the performance 
capabilities of larger external sys­
tems . The System 570 provides 
seven preconfigured functions: 32 
single-ended or 16 differential ana­
log inputs, a programmable gain 
amplifier, a 12-bit a-d converter, 
two channels of 12-bit analog out­
put, 16 digital inputs, 16 digital out­
puts, and 16 digital outputs for con­
trol of ac / dc power modules. An 
expansion slot is also available. 

Keithley Instruments Inc., 
28775 Aurora Rd., Cleveland, OH 
44139; (216) 248-0400. $1295; 
four weeks. 
CIRCLE 357 

Waveform recorder 
plugs into IBM PC 

A transient waveform recorder, the 
SDA2000, allows users to immedi­
ately begin testing by simply plug­
ging into an IBM PC. The system 
offers a 200-ns sampling rate with 
12-bit (0.025%) resolution and a si­
multaneous 300-kbyte per second 
DMA transfer to the IBM com­
puter. Eight analog (de to 3 MHz) 
channels are provided, as well as a 
2-Mbyte sample buffer. 

Soltec Corp., 11684 Pendleton 
St., Sun Valley, CA 91352; (800) 
423-2344 or (818) 767-0044. 
CIRCLE 358 



'"My philosophy on ASIC design? 
Whatever works for you:' 
"Some application specific IC 
(ASIC) houses are very rigid . You 
follow their rules- no questions 
asked. At Gould AMI , you make 
the rules . 

For example, we know learning an 
unfamiliar CAD system takes time. 
So we support the workstations 
and PC systems most designers 
use: Mentor Graphics, Daisy 
Systems, P-CAD, Viewlogic and 
FutureNet, to name a few. Plus our 
own terrific, low-cost software for 
PCs-Sceptre II. You can even get 
translator programs for proprietary 
systems. And as much design 
help as you want. 

Why reinvent the wheel? Use our 
proven gate array and standard cell 
macros, and you can quickly 
design an application specific IC 
to meet your exact performance, 
time to market and cost needs. 

Call me. I'm committed to making 
your design efforts easy and suc­
cessful'. ' 

To optimize your ASICs, call us at 
408-554-2311 . Gould Inc., Semi­
conductor Division, manufacturer 
of Gould AMI semiconductors. 

Gould AMI ASIC: 
Depend on it. 

High Performance Solutions in Factory Automation, Computers, 
Instrumentation, Defense and Semiconductors. 

CIRCLE 203 
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~ ~0,p, EVER WISH YOUR PC COULD 
~~~ OUT-PERFORM A VAX? A SUN? 

0~~ -Ever wish your PC ran faster? Had 10 to 20 times more throughput? 
~v~ - Ever wish your PC had the same kind of high quality, professional software 

""~~ development tools (compilers, assemblers, simulators) you'd normally find in VAX, 
~ ~ super-mini or super-micro Unix workstations? 

- Ever wish you could port a scientific or commercial application to a PC without having to 
recode or restructure your software just to accommodate Intel's architecture? 

- Ever wish you had a choice of MS-DOS or Unix V on the same system without having to 
commit your entire system to one or the other? Ever wish MS-DOS was a virtual demand paged 
operating system? .. . 

OASYS MS-DOS Co-Processor 
... your wish has come true! 

The DS-32 PC Co-Processor Board is a self-contained 32-bit computer system-it operates at super-micro speeds (10MHz 
and no wait states) , comes with its own large memory space, full floating point support and highly optimized software 
tools (both native and cross) . It's fully compatible with your standard PC MS-DOS system - no file conversions or re­
training is needed . Installation takes just a few minutes - plug it in and go to work. 

DS-32 Features: 
- Uses National's 32032 processor running at 10MHz. 

(a 32-bit processor running at super-micro speed ; 
out-performs a mid-size VAX and most 68000 work­
stations. Your PC will run 10 to 20 times faster) 

- Uses its own on-board memory: 1 or 2MB versions. 
4 to 6MB expansion boards coming . 

- Choice of Operating Systems: 
• MS-DOS Standard: You don't have to learn another 

OS or do any conversion. 
•VIRTUAL MS-DOS Option: the first demand paging 

version that supports files as big as your disk. 
• Unix System V Option . 

- Fits any IBM PC, XT, AT or look-alike. 
(Compaq , Wyse, etc.). Uses only one slot . 

- Provides its own on-board floating point support. 
- Based on Definicon Systems technology. 
- Supports dozens of NATIVE high level , optimizing 

languages; C, Pascal , Fortran . Comes with 
Assembler, Linker, Loader and Debugger. Exciting 
new additions: Ada, APL , Basic, and Al tools 
(LISP, Prolog) . 

- Supports full complement of CROSS development 
tools to most 32-, 16-, and 8-bit target systems. 
Example : 68000/10/20 C, Pascal and Fortran Cross 
Compilers, Assemblers, Simulators, Debuggers, Pro­
filers. 8086/186/286 C, Pascal and Fortran Compilers. 

A DIVISION OF XEL 

60 Aberdeen Avenue , Cambridge , MA 02138 (617) 491-4180 

Possible Applications: 
- Run large, time consuming CPU-bound applications 

on a PC: 
• scientific, commercial , avionic, biomedical 
• petrochemical , seismic 
• microprocessor simulations 
• CAD/CAM and graphic designs 
• numerical applications 
• data reductions, matrix operations 
• recursive type programs (e.g. , Al tools) 
• .. . the possibilities are limitless 

- Provide a low cost means of turning your PC into a 
high-powered software development workstation . 

- Minimize porting time, effort, and support problems; 
eliminates having to contend with Intel 
8086/88/186/286 architectural differences (e.g., 
64KB addressing limits). 

OASYS offers a "One-Stop Shopping" service for 
software developers. We support, maintain, develop, 
enhance, and port over 100 high quality, professional 
software and hardware tools running on numerous 
hosts (VAX, PC's, Apollo, Sun , Pyramid, etc.) and/or 
targeting popular 32-, 16-, and 8-bit micros and 
operating systems. 

We Specialize In: 
Cross/Native Compilers C, Pascal , Fortran , Cobol , Basic , APL , 

Prolog , Lisp, Ada - Asse mblers/Linkers - Symbolic 
Debuggers - Simulators - Interpreters - Translators 

Converters- Profilers- QA Tools- Design Tools - Comm. 
Tools , OS Kernels - Editors - Spreadsheets - Data 

Bases - VAX & PC , Attached Processors and more 
We Support: 

680xx, 80x86 , 320xx , 68xx , 80xx , dozens more 

Trademarks are acknowledged 10 D1g11a1 Equipment Corp . AT&T Bell Labs. M1crosol! Corp National Semiconductor Corp .. International Business Machines Corp .. US DOD Joint Development 
Office Intel Corp Apol lo Computer Inc Pyramid Technology Corp 
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~Want 
IMMEDIATE 

ACTION? 
Then use GOLD BOOK 

direct•tO•the·source 
IMMEDIATE ACTION 

CARDS. You'll find 
them in Vol. 4 of the 

1985/ 86 US Edition 
of GOLD BOOK. 

HAYDEN PUBLISHING CO., INC. 
10 MULHOLLAND DR., HASBROUCK HGrS. 

N.J. 07804 201393-8253 

Update 
Your 
cata101 l'iles 
Through GOLD BOOK'S 
Exclusit1e Catalog 
Request System. 

See Vol. 1, page 2 of the 
1985/86 US Edition 
of GOLD BOOK. 

Electronic Delip'I 

CCI·l~ flfI•I•J :t 
HAYDEN PUBLISHING CO., INC. 

10 MULHOLLAND DR., HASBROUCK HGTS. 
N.J. 07604 201 393-6253 

LOW LEVEL SWITCHES 
THAT FIT (NEARLY) ANYWHERE 

At EAO, small applications are 
just as important as big ones. 
That's why we've designed and 
engineered the Series 19 
pushbuttons and indicators: so 
even the smallest hole in your 
application can be filled with 
100% EAO quality. 

Series 19sare low voltage 
components packing all the 
features proven in our other 
dependable switching products: 
snap acting switch mechanisms 
with momentary or maintained 
action and gold plated contacts 
for over 2 million -successful 
operations, switch ratings of 
100mA/50VAC or 72VDC; 
contact resistance <50mo, 
bounce <1.5ms and silver 
plated terminals for lamp, 
quick-connect terminals or 
wire soldering of two #20 AWG 
wires. 

But the best part of these 
switches is their size: only 
9mm (.354 in.) at the bezel and 
a maximum depth of only 
33.5mm (1.320 in.). They mount 
in a hole only 8mm (.315 in.) 
round as close as 9mm on 
centers, and are available with 
round or square bezels, eight 
lens colors, lamp or LED 
illumination and optional 
quick-connect termination. 

EAO Series 19 minia­
tures. You can feel (and see) 
the difference. 

Actual 
Size 

Actual 
Size 

EAO SWITCH CORP. 
P.O. BOX 552, MILFORD, CT 06460 

(203) 877-4577 •TELEX: EAO MFRD 964347 
ELECTRO BOOTH NO. 1216-18 
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PACKAGING & PRODUCTION 

Rugged enclosure 
is refrigerated 

.' ... 

Cooled by a closed refrigeration sys­
tem, the SA-H 15 2 industrial chassis 
allows the operation of computers 
(including fixed- and removable­
media disk drives) in harsh environ­
ments. Integrated into the enclosure 
is a thermostatically controlled 
freon-based air conditioning unit 
that cools and protects the internal 
modules against airborne con­
taminants. The unit comes with an 
eight-row quad Q-bus backplane 
compatible with Digital Equip­
ment's processors and modules. A 
300-W power supply and mounting 
for three disk drives are included. 

Sigma Information Systems, 
3401 E. La Palma Ave., Anaheim, 
CA 92806; (7 I 4) 630-6553. $4500. 
CIRCLE 364 

Die attach paste 
imparts no stress 

A conductive die attach adhesive for 
attaching semiconductor chips to 
lead frames imparts no measurable 
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stress to the chip. The paste can be 
used with standard epoxy dispensing 
equipment and baked at 135 °C for 
30 minutes. Alternatively, chips can 
be bonded on a standard eutectic die 
bonder in two seconds at 200°C 
without scrubbing. Bond strengths 
of Conductimer P-86 exceed mil­
itary standards for die attach appli­
cations (MIL-STD-883C). 

M & T Chemicals Inc., P. 0. Box 
I 104, Rahway, NJ 07065; (201) 
499-2152. 
CIRC LE 365 

Silver epoxy boosts 
conductivity tenfold 

Prima-Solder ME 8410, a single­
component silver epoxy for hybrid 
applications, offers a resistivity of 
0.05 mn-cm, a tenfold increase in 
conductivity over that of conven­
tional silver epoxies. The product is 
available in three viscosities for vari­
ous methods of application. Curing 
times are 60 minutes at 150°C or 30 
minutes at I 75°C. 

Al Technology Inc .. P. 0 . Box 
3081, Princeton, NJ 08540; (609) 
799-5550. 
CIRCLE 370 

Socket holds 
leaded chip carrier 

The PCCO 1 series of plastic leaded 
chip-carrier sockets is available in 
68- and 84-contact versions with 
square or staggered grids. The 

socket complies with the industry­
standard JEDEC type A leaded 
chip carrier, and its construction al­
lows easy access of test probes. Insu­
lator polarization ensures proper 
registration of the chip during in­
stallation. It has a current rating of 
I A/pin with a contact resistance of 
30 mn maximum . Withstanding 
voltage is 650 V ac (I minute), and 
insulation resistance is I 000 Mn 
minimum at 500 V de. 

Kel-Am Inc., P.O. Box 313, El­
don, M065026; (800) 233-2001 or 
(314) 392-7174. 
CIRCLE 372 

Cables have flat 
connecting sections 

A line of FRF (flat-to-round-to­
flat) mass termination cables con­
sists of 28 A WG stranded tinned 
copper conductors on 0.050-in. cen­
ters of 300-V PVC. The core of each 
cable, designated T-11302, is 
wrapped with an inner layer of 
aluminum/polyester and an outer 
braid of tinned copper, which results 
in a shield effectiveness of 70 dB at 
I 00 MHz. A black flexible PVC 
jacket is extruded overall. Insulation 
resistance is greater than IO Mn 
(I 0 ft). 

BR/ntec Corp., Brand-Rex Ca­
ble Systems Division, 1600 W. 
Main St., Willimantic, CT 06226; 
(203) 456-8000. 
CIRCLE 368 
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Start with the right touch. 
Finish with a great design. 

C IRCLE 204 

CT 
Incorporating a touch activated display 

into your system shouldn't be an after· 
thought. Adding touch is the best way to 
make your product truly interactive, easier 
to use, and better suited for the real world. 

It 's no wonder that touch is growing in 
popularity. And used in a wide range of 
applications- from interactive video dis· 
plays in stores, banks, airports , and hotels 
to specialized systems in hospitals, training 
facilities, and factories. 

But it 's important to add the right touch . 
That's why Carroll Touch developed the 
Smart-Framern line of low-cost scanning 
infrared touch systems. Featuring a power· 
ful , built-in microcomputer, these add-in 
units provide exceptional functionality and 
reliability at the right price. Just the right 
touch for a great design. 

Discover more about Smart-Frame 
products. Contact Carroll Touch today. 

a subsidiary ol AMP Incorporated 

In Touch with Technology 

PO. Box 1309 
Round Rock, TX 78680 
512/244-3500, Telex 881906 
Carroll Touch and Smart·Frame are 
trademarks of Carroll Touch. Inc. 



~ " The Zl't558 Is our new 
8-blt latched monollthlc 
digital to analog con­
verter that duplicates 
the performance of 
other 558 devices at 

~ow 558 8-:BIT 
DIGITAl:TO ANALO.G 

PE Rf ORMAN CE 
fOK 50°/o LESS. 

low cost. featuring 
Industry standard pin­
out format, the applica­
tions-flexible ZN558 
means a minimum of 
board alterations at max­
imum savings. 
0 Contains DAC with data 

latch and on-chip reference 
0 Guaranteed monotonic over 

the full operating temperature range; 
0 Single + 5V supply 
0 Microprocessor compatible 
0 TIL and 5V CMOS compatible 
0 800ns settling time 
0 Complementary to ZN44 7 A to D Serles 
0 ZN558E commercial temperature range 0 to + 70°C 
0 ZN558J-8 military temperature range -55 to + 125°C 

FERRANTI 
semiconductors 
Sales Headquarters located in: 
U.S.A., Commack. NY, 516-54.3-0200; U.K., Manchester, 061-624 0515; 
W. Germany, Munich, 089-2.36 804-0; Austnlla, Alexandria (02) 698 5544; 
Sweden, Stockholm, 08-52 07 20; Belgium. Antwerp, (0) .3/542.62. 73 

PACKAGING & PRODUCTION 

Motion controller 
sits on benchtop 

A three-axis motion control system 
is suitable for small automatic as­
sembly at manufacturing work­
stations. The benchtop Automove 
X-Y & Z system, which can be used 
with any RS-232-C computer, pro­
vides circular and linear interpola­
tion, resolution of up to 0.00025 in., 
repeatability of ± 0.001 in ., and pos­
ition accuracy to within ± 0.00 I in. 
Unlike conventional lead-screw pos-

CIRCLE 141 
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itioning tables, the block-and-tackle 
cable design of the Automove allows 
it to make a 0.25-in. move from start 
to stop in 50 ms. Menu-driven soft­
ware is available for programming 
the system with an IBM PC. 

Asymtek, 2142-C Industrial 
Ct ., Vista , CA 92083; (619) 727-
7422. From $3995 to $9850. 
CIRCLE 371 

Keyboard cable 
extends 6 ft 

A retractile cable for use with com­
puter keyboards features small coils 
and increased flexibility . The Bel­
den 9693 has a 14 1/2 -in . length of 
0.710-in. diameter coils and tail 
lengths of 8 in . and 2 ft. Its practical 

!!!' 

NOW AVAILABLE 
IN S0-16 

SURFACE MOUNT 
PACKAGE 

extended length is 6 ft. The cable 
consists of seven 26 A WG tinned 
copper, polypropylene-insulated 
conductors. These are covered with 
a Beldfoil aluminum / polyester 
shield and tinned copper spiral 
shield and a polyurethane jacket. 

Belden Electronic Wire and Ca­
ble, P.O. Box 1980, Richmond, IN 
47375; (317) 983-5200. 
CIRCLE 367 
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The 1985/ 86 
US Edition of 
GOLD BOOK 
contains a wealth of information about where to find electronic products­
and specifications for these products. Start your product/ source search in 
GOLD BOOK. You'll be glad you did. 

Company 
MOTOROLA, 

Semiconductor Products 

Product 
Amplifier ICs 
Application-Specific ICs 
CMOS Logic ICs 
Computer & Logic Modules 
Consumer Analog ICs 
Digital Logic ICs 
Diodes 
FAST'" Logic !Cs 
IC Controllers 
Interface ICs 
Memory !Cs 
Microprocessors 
Optoelectronic Devices 
Power / Supervisory Control I Cs 
Power Transistors 
Rectifiers 
RF Semiconductors 
Semiconductors 
Single-Board Microcomputers 
Single-Chip Microcomputers 
Small-Signal Transistors 
Special Analog & Digital ICs 
Surface-Mount Semiconductors 
Thyristors 
Voice/Data ICs 
Voltage Regulator ICs 
Zener Diodes 

Here are some of the Companies that have Product Data in GOLD BOOK. 
Contact them directly or use GOLD BOO K's exclusive Reader Service System 
to request additional information. 

Company Product Company Product 
Arrow (Distributor) Line Card IMC Magnetics Airmovers 
Atlee Corp RFl / EMI shielding Kierulff (Distributor) Line Card 
Bourns Open Frame Trimmers Lansdale Transistor "Discontinued " 
Bourns Surface Mount Trimmers Semiconductors 
California Eastern Master Distributors Line Card 

Labs Microwave Devices Master Distributors Line Card 
Curtis Instruments MF Electronics Crystal Oscillators 
Curtis Instruments Analog Time Indicators Mini-Circuits Wideband Amplifiers 
dataCon Wire Wrapping Service Mini-Circuits RF Signal Processors 
Datec Modem Rack Sys Mini-Circuits RF Signal Processors 
Electrovert Terminal Strips Mini-Circuits RF Transformers 
Genesis Molex Connectors 

Microsystems Microprocessor Dev. MWS Wire 
Software Industries Wire Products 

Update your Catalog File through 
GOLD BOOK'S READER SERVICE SYSTEM 
Here's a fast, easy way to be sure you have the latest catalogs from 
GOLD BOO K's participating advertisers. For full details on this 
exclusive GOLD BOOK service consult Vol. 1 (US Edition), page 2. 

Company Product 
RAG Electronics 

(Distributor) Oscilloscopes 
RAG Electronics 

(Distributor) Oscilloscopes 
Slaughter Test Equipment 
Sohio 

Carborundum Power Resistors 
Vara 

Semiconductor Rectifiers 
Victory Engineering Thermistors/Varistors 
Waltronic 

(Distributor) Line Card 
Wes-Garde 

(Distributor) Line Card 



The latest information on trends in 
technology, new products and 
significant events in the electronics 
industry may be the most important 

• • eng1neer1ng 
tool you could 
ask for ... 

And it can be 
yours, 30 times 
a year, FREE. 

When you 
subscribe 
to Electronic 
Design. 

Look at Electronic Design's 1986 Editorial Calendar 
below. If these special reports affect your profession , 
then you should be receiving Electronic Design. 
January 9 Issue 
Engineering Workstations 
GAE Software 
Semicustom ICs 
Test & Measurement 
Printed Circuit Boards 
January 23 Issue 
Surface-Mounted Technology 
Computer Peripherals 
Integrated Circuits 
Optocouplers 
February 6 Issue 
Fiber Optics 
Instruments 
Components 
Motor-Control ICs 
February 20 Issue 
Digital Signal Processing 
ISSCC 
Instruments 
Software 
March 6 Issue 
Computer Systems 
South con 
Power Supplies 
Integrated Circuits 
March 13 Issue 
Instruments 
Semicustom ICs 
Components 
Display-Driver ICs 
Packaging 
Power Supplies 
March 20 Issue 
Computer-Aided Engineering 
Comdex 
Digital Signal Processing 
Microprocessors 
April 3 Issue 
Military Electronics 
Computer Peripherals 
Instruments 
Robotics 
April 17 Issue 
Packaging Technology 
Modems 
Displays 
Integrated Circuits 
May 1 Issue 
Computer-Aided Engineering 
Electro 
Isolation Amplifiers 
Custom ICs 

May 15 Issue 
Industrial Electronics 
Electronic Materials 
Components 
Computer Systems 
May 29 Issue 
Automatic Test Equipment 
Connectors 
NCC 
Interface ICs 
June 12 Issue 
Semicustom ICs 
Keyboards 
Design Automation 
Computer Boards 
June 19 Issue 
Hybrid Circuits 
Power Supplies 
Microprocessors 
Instruments 
Connectors 
Development Systems 
June 26 Issue 
Computer Graphics ICs 
Instruments 
Computer Peripherals 
Components 
July 10 Issue 
Fiber-Optic Communications 
Computer Graphics 
Analog 1/0 Boards 
Semiconductor Memories 
July 24 Issue 
Artificial Intelligence 
ISDN Chips 
Instruments 
Components 
August 7 Issue 
Computer-Aided Engineering 
Instruments 
Power Supplies 
Computer Boards 
August 21 Issue 
Integrated Circuits 
Computer Peripherals 
Instruments 
Connectors 
September 4 Issue 
Analog Technology 
Components 
Midcon 
Disk Drives 

September 11 Issue 
Components 
Instruments 
Resistor Networks 
Data Converters 
Power Supplies 
Semicustom ICs 
September 18 Issue 
Factory Automation 
Instrumentation Amplifiers 
Power Supplies 
Semiconductor Memories 
October 2 Issue 
Digital Signal Processing 
Fiber Optics 
Computer Peripherals 
Instruments 
October 16 Issue 
Computer-Aided Engineering 
Components 
Power Transistors 
Data Communications 
October 30 Issue 
Wescon 
Software 
Power Supplies 
Robotics 
November 13 Issue 
Gallium-Arsenide Technology 
Comdex 
Automatic Test Equipment 
Electronic Materials 
November 20 Issue 
Op Amps 
Instruments 
Components 
Capacitors 
Power Supplies 
Microcontroller Chips 
November 27 Issue 
Automatic Test Equipment 
Semicustom ICs 
Displays 
Sensors 
December 11 Issue 
Networking Technology 
Integrated Circuits 
Instruments 
Connectors 
December 29 Issue 
Factory Automation 
Software 
Power Semiconductors 
Analog Components 

The subscription qualification card 
is bound into the back of this issue with 
the reader service cards. Use it to start 
your free subscription! 
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Multiwire Division's electroplated 
circuit board construction provides 
surface features for surface-mount 
components as well as traditional 
through-hole-mount components. 
Our experience in new package 
types encompasses both leaded 
and leadless devices with pin 
pitches of 18 mils or more, pin 
grid arrays and discrete surface­
mount components. 

We have successfully designed 
and manufactured boards to accom­
modate pin grid arrays and chip 

carriers with 130 pins and greater. 
Because our insulated wires can 
be crossed without shorting, board 
real estate can be used for com­
ponents instead of via holes. This 
allows increased packaging densi­
ties and decreases the need to 
interconnect between cards, 
which can result in greater system 
reliability and lower costs. 

Over the last 16 years, Multi­
wire Division has designed and 
manufactured thousands of Multi­
wire boards. We have produced 

boards for through-hole and sur­
face-mount components, military 
and VHSICNLSI applications and 
used our expertise and experience 
to solve system and circuit design 
problems for high-speed logic and 
thermal management applications. 
Our sales, design and manufactur­
ing centers located across the 
country are ready to prove to you 
the advantages of Multiwire boards 
from Multiwire Division. For a free 
copy of our brochure, just fill out 
and return the coupon. 



MAKE IT A POINT TO BUY MULTIWIRE® BOARDS 
FROM MULTIWIRE DMSION. 
r.---------, 

MULTIWIRE I 250 Miller Place, Hicksville, NY 11801 I 
I D Please send me a free copy of your brochure. I 
I D Please have a salesman call. I 

I N~e I !! MULTIWIRE ~ 
Title 

I Company I TTD I V I S I Q N 
I Addross I KOLLMORGEN CORPORATION 

I 
C11y State Zip 

1 
MULTIWIRE/EAST, 250 Miller Place, Hicksville, NY 11801 (516) 933-8300 
MULTIWIRE/NEW ENGLAND, 41 Simon Street, Nashua, NH 03060 (603) 889-0083 

Telephone ED-9 MULTIWIRE/WEST, 3901 East La Palma Avenue, Anaheim, CA 92807 (714) 632-7770 
L.. - - - - - - - - :.J Multiwire~ is a U.S. registered trademark of the Kollmorgen Corporation. 
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NEW PRODUCTS 
COMPONENTS 

Molded relays exhibit low thermal emf 

Low leakage current, hence low 
thermal emf, over a broad range of 
temperature and humidity is guar­
anteed by the first molded relays . 
Gordos' LTM series is typically 
used to transfer the output of a ther­
mocouple to some measuring device, 
without adding appreciable error 
due to the emf that nominally exists 
between the relay contacts. 

Designers can specify a thermal 
offset of I, 5, or 10 µV (nominal at 
20° C). The relays come with dry 
reed or mercury-wetted contacts, 
and are available in one- to three­
pole configurations. (Only dry reed, 
low-voltage contacts, however, are 
available for the three-pole version.) 
The relay contacts handle up to 

SCHOTTKY 
WIU 
PANELS 

• Four-Layer Multilayer 
Construction 

• 60% Higher Current Capacity 

1000 V. All are switched on with a 
voltage of 5 or 12 V, either ac or de. 
The typical lifetime of these relays is 
I 00 million operations. 

The LTM's molded body, made 
from a proprietary thermoset mate­
rial, maintains a low leakage cur­
rent, affording insulation resistance 
of 10 15 Q. The relays retain an in­
sulation resistance of I 0 12 Q after six 

• 30% Higher Component Density­
Up to 480, 16 Pin Dips 

CIRCLE 181 

days at 40 °C and a 95% relative 
humidity. 

The relays fit into the sta ndard 
l-by-0.1-in . grid associa ted with 
printed circuit boards. Thus they di­
rectly replace potted-style relays. 
Further, unlike their potted counter­
parts, the molded relays can be wave 
or reflow soldered without incur­
ring any damage. In lots of 100, the 
L TM- I Form A 05 relay (single­
pole, 5-µ V offset) costs $6.90. The 
LTM-3 Form A 05-1 (three pole, 
1-µV offset) is priced at $7 .20. De­
livery is from stock. 

Gordos Corp., 250 Glenwood 
Ave., Bloomfield, NJ 07003; (20 I) 
743-6800. 
CIRCLE 321 
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NEW PRODUCTS 
COMPONENTS 

Tolerance sets apart shaft encoder 

A highly collimated light source and 
a special photodetector array allows 
Hewlett-Packard 's digital shaft­
encoder module to tolerate la rge 

mechanical variations in assembly 
and operation. Thus the need for 
special adjustment procedures and 
tools is avoided. The HEDS-9000 

CIRCLE 182 

also gives users a high degree of free­
dom when selecting the shaft di­
ameter (3/16 through 5/s in. and 
4 through 8 mm) and shaft material 
(metal or plastic). 

The optical incremental encoder 
comes in a C-shaped plastic case. It 
translates the rotary motion of a mo­
tor shaft into a two-channel quad­
rature output. In operation, light is 
collimated by a single-lens LED and 
directed to an IC array of photo­
detectors and signal-processing cir­
cuitry. 

The device works with the 
HEDS-5100 and 6100 series code 
wheels, as well as those from other 
manufacturers. The encoder deliv­
ers standard resolutions of 360, 500, 
and 1000 counts to a revolution. 

The encoder's quadrature states 
vary by no more than 5 electrical de­
grees. Further, the quadrature sig­
nal is guaranteed from -40° to 
+ I00°C and from de to 100 kHz. 

Operating from a single 5-V sup­
ply, the device dissipates 40 mA 
maximum. Also, it is TTL compati­
ble. 

In quantities of 250, the HEDS-
9000 costs $20.50 each. Delivery is 
from stock. 

Hewlett-Packard Co ., 1820 
Embarcadero Rd., Palo Alto, 
CA 94303 . Call local Hewlett­
Packard sales office. 
CIRCLE 313 
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Two of our best 
14 day full money back guarantee 

2 year warranty 

I IF\MEl=i 
Instruments 

Perform eris 

HM205 
an outstanding Oscilloscope 

with digital storage 
This new oscilloscope offers all the fea­
tures of a state-of-the-art 20MHz realtime 
instrument. In addition it provides digital 
storage capabil ity for signals between 50s 
and 0,3ms duration. with a max. sampling. 
rate of 100 kHz. Especially when working 
with comparatively slow phenomenae, the 
HM205 can easily replace considerably 
more expensive digital storage scopes. 

2 Probes x1/x10 incl. $ 82000 

HM208 
the high tech Storage Scope 

with 20 MHz sampling rate 
The HM208's high sampling rate of max. 
20MHz facilitates storing of re latively fast 
single shot events. Max. memory is 
4096x8 bit. convenieritly divided into two 
independent blocks. XV-storage capability 
enables easy viewing and recording of 
characteristic curves and Lissajous figures . 
An XY-recorder output and the optional 
GPIB-lnterface allow full integration in 
automatic measurement systems. With 
more than 5000 units sold, this is one of 
Europe's bestselling digital storage scopes. 

2 Probes x1/x10 incl. $ 238000 

Write or call 

I IAMEI 3l®1nc. 
88-90 Harbor Road 
Port Washington, N.V. 11050 
m (516) 883.3837 
TWX (510) 223.0889 

SEE US AT ELECTRO BOOTH #150-152. CIRCLE 183 



frequency 
doublers 

l to 1000 MHz 
only $21 95 cs-24) 

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY 

•micro-miniature, 0.5 x 0.23 in . 
pc board area 

• flat pack or plug-in mounting 

• high rejection of 
odd order harmonics, 40 dB 

• low conversion loss, 13 dB 

• hermetically sealed 

• ruggedly constructed 
MIL-M-28837 performance* 
* un11s are not OPL listed 

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 -36-

600-1000 MHz F1 - 20 - 15 
F3 - 30 - 25 

For complete spec ifications and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory, the Gold book or EEM. 

finding new ways . 
setting higher standards 

t;;I Mini-Circuits 
, A D1v1s1 on of Sc1enh11c Componenls Corporation 

Worlds largest manufacturer of Double Balanced Mixers 

2625 E. 14th St. B'klyn , N.Y. 11235 (718) 769-0200 
C78-3 REV. A 
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NEW PRODUCTS 
COMPONENTS 

Lamp eases 
troubleshooting 

An axial-leaded specialty lamp, the 
MTI 110-R, can be strategically 
placed in different areas of a circuit 
to simplify troubleshooting. Under 
normal operation, a faint light is 
visible from each lamp. If one of the 
lamps is not lit, the problem is local­
ized to the defective a rea of the cir­
cuit. Luminous intensity is 0.1 med 
at 10 rnA. 

Marktech International Corp., 
5 Northway Ln. N., Latham, NY 
12110; (5 18 ) 783- 1431 . $0 . 10 
( 1000 units); stock to four weeks. 
CIRCLE 373 

High-power resistor 
is flameproof 

-~,..,.....,,,._,,...-..., 

A family of metal-film resistors is 
intended for applications requiring 
high power-vs-size and/or operation 
at high environmental tempera­
tures. The type CPF resistors, which 
are protected by a flameproof coat­
ing, are avai lable with ratings (at 

308 Electronic Design• Moy 1. 1986 

25°C) of I, 2, 4, 7, and 10 W. They 
can operate, with appropriate der­
ating, at temperatures up to 230 °C. 
Standard resistance range, depend­
ing on size, is 5 n to 150 kn. When 
compared to oxide styles, the CPF 
devices offer a lower resistance tol­
erance ( ± 0.5%, ± I%, and ± 5%) 
and a lower temperature coefficient 
( ± 100 ppmj°C). 

Dale Electronics Inc., 2300 Riv­
erside Blvd., Norfo lk , NE 68701; 
(402) 371-0080. $0.16 (1-W, 1 % 

version) in lots of 10,000. 
CIRCLE 374 

SCR optoisolator 
controls 480 V ac 

An 800-V SCR optoisolator allows 
logic circuits to directly control up to 
480-V industrial power circuits. 
Designated the H 11 M, the 6-pin 
DIP optoisolator can be controlled 
with a logic signal as low as 5 mA at 
1.5 V. A 300-mA rms output rating 
allows two of the devices, with the 
output SCRs connected in a nti­
parallel, to control more than 250 W 
on a 440-V ac line. It provides 4000 
V rms of isolation and is capable of 
withstanding more than 600 V / µs. 

General Electric Co., Semicon­
ductor Division, 318 First St., Liv­
erpool, NY 13088; call local sales 
office. $1.89 ( 1000 units); stock. 
CIRCLE 375 



United Kingdom: Water Lane, Towcester, Northants. NN12 7JN. Telephone: (0327) 50312. Telex: 31628. 
France: BP 74. 7-9 rue Denis Papin, 78194 Trappes. Telephone: (3) 051.49.52. Telex: 694441. 

Germany: D-6090 Riisselsheim, BahnhofstraBe 38. Telefon: (06142) 680 04. Telex: 17614293. CIRCLE 185 

USA: One Blue Hill Plaza, Pearl River, New York 10965. Telephone: (914) 735 4661 . TWX: 710 541 1512. 



Extra Features Eam 
Deltrolhs 
Reputation For 
Quality Relays. 
See For Yourself! 

MOLDED COILS ADD PROTECTION 
Deltrol 's patented plastic molded 
coils offer the best protection for 
tough environments - humidity, 
dirt, fungus. And better heat dis­
sipation for lower heat rise, longer 
life. 

DELTROL ENDS TERMINAL 
BREAKAGE 
Why throw away a relay because of 
broken terminals? Deltrol elimi­
nates this problem by molding in 
the terminals. Great protection at 
no extra cost. 

ARMATURE STOPS MAINTAIN 
PERFORMANCE 
Deltrol relays with armature stops 
stay together, even during ship­
ping, and maintain adjusted char­
acteristics throughout life. 

TYPES Ii RATINGS FOR 
YOUR DESIGN 
Deltrol has an excellent selection of 
general purpose, magnetic latching 
and time delay relays for light, me­
dium and heavy duty power loads, 
including Appliance and Industrial 
rated units. Choose from many 
variations: open, enclosed, solder, 
quick-connect, printed circuit or 
octal plug-in termination . 

I
~ 

: , : \ \ 
~ ' ·\· . ; .· ... -

~· .... · ... ! 
. \ ... · " 
[._, . . .1 .. -· 

NEW 20-AMP POWER RELAY 
UL recognized, CSA certified, new 
20-amp power relay available in 
base or side-mount types. Coil volt­
ages range from 6 to 277 VAC, 6 to 
i2s voe. 
QUALITY MEANS TRUST 
Deltrol builds relays that meet 
every serious designer's expecta­
tion for quality, performance and 
dependability. OUR REPUTATION 
DEPENDS ON IT. 

See your local distributor or send 
for free engineering catalog. 

DELTROL 

2745 So. 19th St., Milwaukee, WI 53215, Phone 414/671 -6800, Telex 2-6871 
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NEW PRODUCTS 
COMPONENTS 

2.4-mm connectors 
span de to 50 GHz 

Three families of coaxial connectors incorporate a com­
mon 2.4-mm interface jointly developed by Hewlett­
Packard, Amphenol, and M/A-Com Omni Spectra. By 
forgoing compatibility with existing connector types, a 
design was achieved that optimizes performance over the 
entire de to 50-GHz range. 

Production-grade connectors intended for use in sys­
tems, components, cabling, microstrip, and related trans­
mission media are being manufactured by M/A-Com. 
Instrument-grade connectors for test and measurement 
equipment are the responsibility of Amphenol, while 
Hewlett-Packard is concentrating on the metrology grade 
for application on measurement standards. 

Hewlett-Packard Co., 1820 Embarcadero Rd., Palo 
Alto, CA 94303; (707) 577-2663. 
CIRCLE 446 

Amphenol Products, 4300 Commerce Ct., Lisle, IL 
60532; (312) 983-3581 . 
CIRCLE 447 

M/A-Com Omni Spectra Inc., 21 Continental Blvd., 
Merrimack, NH 03054; (603) 424-4111. 
CIRCLE 376 

LED cluster 
emits 16,000 med 

One of the industry's brightest LEDs, the Model B304 
red LED cluster has a luminous intensity of 16,000 med 
at only 40 mA. It is directly interchangeable with T3 1/4 
incandescents and has an average life of up to 20 years. 

Ledtronics Inc., 4009 Pacific Coast Hwy., Torrance, 
CA 90505; (2 13) 676-7996. 
CIRCLE 377 

Strain gauges 
are ultrasmall 

The ES series of semiconductor strain gauges is dis­
tinguished by its ultrasmall size coupled with gauge fac­
tors as high as 155. The devices are supplied in resistance 
ranges from 120 to 1500 Q and in U- or bar-shaped con­
figurations with lengths as small as 0.040 in. 

Entran Devices Inc., JO Washington Ave., Fairfield, 
NJ 07006; (20 1) 227-1002. 
CIRCLE 378 
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Remote power supplies for microprocessors 
Wall Units 

+ 5VDC @ 750 ma 
+ 12VDC @80 ma 

(W512750/1) 

® 
MPI's remote new plug-in units let you take 

the power supply out of your product and put it 
practically anywhere. Insert it directly into a wall 
plug, or rest it on a table top, desk top, bench, or 
any flat surface. 

Designed for use with modems, calculators, ap­
pliances, games and a variety of other electronic 
products, MPI wall and table top power supplies 
are super-performers; providing outstanding de­
pendability, flexibility and economy. They free up 
valuable board space, reduce weight and eliminate 
hazardous voltages, power supply heat and the 
need for costly cooling devices. 

All MPI wall and table top models 
are UL listed. 

Get the MPI super powers 
working for you. Check these ex­
clusive features and specifica­
tions and call us today for 
details. 

• Multiple & single output 
• Regulated low ripple 
• UL and CSA listed 
• fully isolated outputs 
• Comply with FCC EMI 

regs. 
• High efficiency 

CIRCLE 31 

Table Top Units 
+ 5VDC@ 1.0A 

+ 12VDC @310 ma 
(T5121000/1) 

®~· 
Specifications: 

Input: 

Regulation: 

Regulation: 

Regulation: 

Ripple: 

Operating Temp: 

Storage Temp: 

120V ::!: 10% 50/60 Hz 

+ 5V 5 % overall 

+ 15V or + 12V 5% overall 

- 15V or - 12V 5% overall 

50 MV P-P 

0°C to + 40°C , 

- 55°C to 105°C 

15,000' 

Multi Products International 
218 Little Falls Rd., P.O. Box 238, Cedar Grove, NJ 07009 
(201) 239-8183 •Telex 219289 •Cable: MUPRINUSA-CEDG 

SEE US AT ELECTRO 86, BOOTH #302. 



INTERNATIONAL 

CMOS FIFOs cruise along at 25 MHz 

The fastest FIFOs to date is a title 
that can be claimed by a series of 
five CMOS 64-word memories with 
a minimum data rate of a t lea st 
25 MHz and a maximum speed of 
35 MHz. At the same time Plessey's 
MV66xxx family consumes roughly 
200 mW at top speed, at least one 
half that of anything else yet avail­
able. 

The MV66401, 402, 403 , and 404 
are 4 and 5 bits wide. The MY 66030 
is a 9-bit device. All of the buffers 
consist of sixty-four 4- , 5-, or 9-bit 
data registers. 

Data is loaded from the data in­
puts by a pulse on the Shift In line. 
This information ripples through to 
the outputs, where it is sent on its 
way by a Shift Out pulse. 

The devices can be ca scaded 
easily-at the 25-MHz data rate­
to accommodate more than 64 en-

tries. To handle more than 9 bits of 
data, OR and AND ga tes must be 
added. Reads and writes are inde­
pendent, which allows the chips to 
serve as asynchronous buffers. Fur­
th er , all of the devices feature 
memory-full and memory-empty 
flags , which makes monitoring a 
system particularly simple. 

The MV66401and403 are 4 bits 
wide and come in 16-pin plastic or 
ceramic DIPs. The MV66402 and 
404 are 5 bits wide and are mounted 
in 18-pin packages (the la tter 
memories have three-state outputs). 

µC controls 50-MHz analog scope 

The only 50-MHz analog scopes to 
run under microcomputer control 
make up Philips' 3050 family. And 
at $1300, the scopes deliver features 
normally found in digital instru­
ments costing at least twice as 
much. 

An 8052 microcomputer brings 
multifunction soft keys to the scope, 
as well as an autoset key that calcu­
lates the amplitude, time base, and 
trigger setting needed to bring a sig­
nal onto the scope's 8-by- l 0-cm 
screen. In addition to the display, 
the instrument packs a separate 
180-segment LCD . The liquid­
crystal display is for menus, instru-
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ment status, and settings. 
The 3050 has a sen sitivity be­

tween 2 mV and JO V / division. Its 
dynamic range is ± 24 divisions, 
and at a sensitivity of 2 mV / di­
vision , it shows a rise time better 
than I 0 ns. The time base scale is be­
tween I ms and 50 ns/ division. Fur­
ther, the scope sports a 16-kV de­
flection voltage. That deflection 
voltage ensures good trace visibility 
at high writing speeds. 

The PM 3050 and the rack­
mountable PM 3052 offer a single 
time base; the 3055 and the rack­
mountable 3057 deliver two. Cir­
cuits in the instrument communi-

The three buffers a re compa tible 
with Monolithic Memories, Cy­
press, and N ational Semiconductor 
400 devices. The MV66030 comes 
in a 28-pin plastic or ceramic DIP or 
a 28-pin leaded ceramic chip ca r­
rier. It is pin-compatible with 
TR W's TDC I 030. 

The 4- and 5-bit devices, in hun­
dreds, cost roughl y $27. The 9-bit 
MV66030 is priced a t just over 
$38. 

The ICs connect to a 5-V supply 
and work at - 40 ° to +85°C. 

Pless ey S emico ndu ctor s , 3 
Whatney, Irvine, CA 92718; (7 14) 
951-521 2; TWX: 701464. 
CIRCLE 317 

Plessey S emiconductors Ltd., 
Cheney Manor, Swindon, Wilt s. 
S N2 2QW, England; ( + 44) 793 
36251 ; Telex: 449637. 
CIRCLE 318 

cate over Philips' 12C bus, which is 
brought out at the instrument's back 
on a 9-pin DIN plug for ease of test­
ing. A built-in automatic checking 
routine exercises all of the scope's 
major functions . 

The oscilloscope is 350 by 455 by 
146 mm and weighs about 7.5 kg . 

Philips Test and Measurement 
Department Inc., 85 M cKee Dr., 
Mahwah , N J 07430; (201 ) 529-
3800. 
CIRCLE 323 

Philips I&E, PO Box 523, 5600 
AM Eindhoven, The Netherlands; 
( +31 ) 40 757005; Telex: 51573. 
CIRCLE 324 





For the Technical Professional: 

The story behind IBM's 
new 32-hit RISC PCs. 

These aren't your ordinary workstations. terminals such as the IBM 3161. 
For IBM RT Personal Computers-6150 and 6151 There is also a full-function IBM SQL/RT rela-

-are built around a revolutionary 32-bit, virtual tional data base management facility available. 
memory, RISC-based microprocessor. Developed 
and manufactured by IBM. Understands Many Languages 

The significance? Far faster throughput. Because The IBM RT PCs are highly literate. You'll be 
RISC (for Reduced Instruction Set Computer) archi- able to write and run applications in C, Fortran 77, 
tecture eliminates many of the unnecessary bells BASIC, PASCAL and Assembler. 
and whistles found in conventional chip design. And as for general-purpose applications, you'll 

What's more, an IBM RT PC can directly ad- be able to run UNIRAS4 (for engineering and busi-
dress up to four megabytes (Mb) of real memory, ness graphics), RS/15 (for data analysis and graph-
over a trillion bytes of virtual memory and up to 210 ing functions), IMSL6 (a library of Fortran sub-
Mb of DASD, or disk storage. • .. --- routines), lnterleaf's Workstation 

All of which makes IBM RT PC Publishing Software; Solomon 
microprocessors particularly well 1118 (for accounting) , SAMNA+ Q 

suited for the total application (for spreadsheet and word pro-
requirements of technical pro- cessing) and Applix IA 10 (for 
fessionals workin~ in engineering, integrated office functions). 
scientific, industrial and academic 

PC Compatible environments. 

CADAMe and CIEDS1 Software The IBM RT PCs can incorpo­
rate as an optional feature an Intel 

One of the key programs avail- 80286 coprocessor (in effect a PC 
able for the IBM RT PC-attached AT on-a-board) that runs concur-
to the IBM 5080 Graphics System rently with the 32-bit RISC proces-
-is Professional CADAM. And it's sor. That means the RT PCs can 
compatible with established host- The IBM RT PC 6150 Model 20 support many existing IBM PC ap-
based CADAM. Floor-standing unit plications and the interchange of 

There's also Computer-Integrated Electrical De- their related data. It also means the RT PC 1/0 bus 
sign Series (CIEDS), which allows for the schematic can accept standard PC cards. 
capture of integrated circuit designs. Contact your IBM marketing representative. Or 

And there is a growing list of applications avail- call l 800 IBM-2468, Ext. CZ/814, for participating 
able from software companies in the following Authorized Dealers, or for free literature. Soft-
fields: mechanical and electrical CAD/CAM, petro- ware companies interested in ==-= ::® 
leum production, artificial intelligence, software writing programs for the IBM RT 5 ~ :-_-: 
engineering, project management and graphics. PC should call 1203 783-7141. ::E:.:..::: ';' 5: 

UNIX2 System V 

The primary operating system is derived from 
the UNIX System V-with some very important 
enhancements added by IBM. These enhancements 
make this operating system-Advanced Interactive 
Executive or AIX3-much easier to use, give it im­
proved performance and reliability, and also add a 
virtual storage capability. 

This operating system gives you multi-user and 
multi-tasking operations for up to eight concurrent 
local or remote users working on low-cost ASCII 

li"BM ----------------.. :,.-, 
I ORM, Dept. CZ/814 I 
I 101 Paragon Drive, Montvale, NJ 07645 I 
I D Please send me information on the IBM RT PCs. I 
I D Please have an IBM marketing representative call me. I 
I Name Title I 
I Company I 
I Address I 
I c· s z· I I 1ty tale __ 1p I 

~hon~----------------~ 
CIRCLE 226 



The IBM RT PC 6151 Model IO 
Desk-top unit 



CIRCLE 190 

PRODUCT NEWS 

RUN INTEL SOFTWARE ON IBM PC'S 
Transform an IBM PC, or compatible into a totally integrated Intel 
Micro Development Station capable of running all 8 bit ISIS-11, and 
16 bit ISIS-111 software. the MICRUN80, and MICRUN86 Universal 
Development Interfaces (UDI), will allow you to increase your 
development capabilities with faster, more reliable, and more 
affordable PC based development stations. Both (UDl)'s come 
complete with a communications program for transferring Intel 
software to your PC. Micro Interfaces Corporation , 6824 N.W. 
169th St. , Miami, Fl 33015 (800) 637-7226 or (305) 823-8088 $450 
each. CIRCLE 236 

RUN CP/M·80 SOFTWARE ON IBM PC'S 
New CP/M to MS-DOS interface combines hardware and software 
to provide PC's with the ability to execute CP/M80 software. 
RUN/CPM comes with an NEC V-20 microprocessor which 
replaces the PC's 8088 chip and provides dual 8 bit/16 bit process­
ing ability. Software features include, terminal emulation, ability 
to run CP/M programs from hard disks or RAM disks, logical drive 
assignments, ability to run 8 bit or 16 bit programs from the same 
prompt, and a disk emulation feature which allows your PC 's flop­
py disk drives to directly read , write, and format approx. 100 CP/M 
disks. Micro Interfaces Corporation, 6824 N.W. 169th St., Miami, Fl 
33015 (800) 637-7226 or (305) 823-8088 $99.95 CIRCLE 237 

ADVERTISEMENT 

NEW PRODUCTS 
INTERNATIONAL 

Frequency counter 
resolves to 1 a digits 

A frequency counter offers 10-digit 
resolution for frequencies up to 1.3 
GHz. The 1998 counter measures 
signals lasting ony 2 ms, with a reso­
lution of six digits. Signals 1 second 
long can be measured to nine digits. 
The instrument has an IEEE-488 
interface and can be supplied with 
one of a number of internal fre­
quency standards (using ovened or 
other frequency references). Periods 
and ratios can be selected using a 
single key stroke. 

Racal Dana Instruments Ltd., 
21 Market Pl . Wokingham, 
Berk s., RG 11 1 AJ, England; 
(+ 44 ) (73 4 ) 782158; Telex: 
847936. 
CIRCLE 385 

Prototyping system 
takes 21 cards 

A Eurocard prototyping backplane 
accommodates up to 21 cards on 
0.8-in. centers and enables busless 
backplanes to be assembled rapidly 
and easily. The board uses the com­
pany's Quick Connect IDC termi­
nals for point-to-point signal wir­
ing; each connector position on the 
EQC-3UBP board is tracked to a 
64/96-pin pattern incorporating 
the Quick Connect terminals. The 
board can be reused without de­
grading the contacts. Options in­
clude 64- or 96-way three-level 
wire-wrapped DIN connectors, 
gold-plated terminals, and the 
number of populated connector 
positions. 

Dage Eurosem Ltd., Rabans 
La ., Aylesbury, Bucks . HP 19 
3RG, England; (+ 44 ) 296 
33200/32881; Telex:83518. 
CIRCLE 386 
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Card illuminates 
1024 by 1024 pixels 

A single-height G-64-bu s Euro­
card graphics controller has I Mbit 
of RAM and offers a resolution up 
to I 024 by I 024 pixel s. Several 
Gesvig-2 monochrome boards may 
be synchronized to form a color dis­
pla y ( thr ee boa rds gen e ra te an 
eight-color di spl ay ) . The board 
uses a n NEC- 7220 graphic con­
troller chip and can draw vectors, 
pol ygons, a nd circles. The board 
pulls 1.1 A maximum from the 5-V 
suppl y. It costs $695 . 

Gespa c In c., JOO W. Hoover 
Ave. 11 , Mesa , AZ 85202; (602) 
962 5559. 
CIRCLE 387 

Gespac SA 3 Chemin des Aulx , 
C H - 1228 Ge neva/ Plan-les­
Ouates, Swit zerland; ( +41) 22 
713400; Telex: 429989. 
CIRCLE 388 E.0501 Holdover.1 

Demo system 
stores speech 

A demonstration and eva luation 
system for SGS-A TES ' M8950 
voice s ynthe s izer h as s even 
EPROM sockets for storing up to 
180 seconds of speech . Sta ndard 
firmware allows one of 16 words or 
phrases to be selected using man­
ual switches or a parallel interface, 
and there is a breadboarding area 
for applica tion-specific circuits or 
a n externa l interface. The voice 
synthes izer itse lf has a sampling 

frequency that can be programmed 
between 8 and 10 kHz. It uses LPC 
(Linea r Predictive Coding) , to­
gether with pitch- synchronous 
synthesis. A change in the synthe­
sis filter parameter synchronizes 
with the pitch period to minimize 
distortion. The 28-pin synthesizer 
connects directly to a Z80 micro­
processor and needs only a simple 
interface to work with most 8- and 
16-bit devices . 

SGS-ATES Componenti El­
etronici SpA , Via C. Olivetti 2, 
20041 Agrate Brianza, Italy, (039) 
65551 . 
CIRCLE 389 

System develops 
controller code 

Two microcomputer development 
systems run on the IBM PC, XT, 
and AT or compatible personal 
computers. The AS I systems work 
with Intel 8031 , 8032, and 8044 
ROM-less controll ers , as well as 
the 8051 , 8052, 8044, and 8751 se­
ries when used in externa l memory 
mode. A similar system, the 
CT630 I , works with Hit achi' s 
630 Ix and 6303x families (includ­
ing ZTAT field-progr a mmab le 
types) . The software development 
system for both series of controllers 
incorporates a full-screen window­
ing text editor, as well as an assem­
bler and linker. The typica l assem­
bly time is 2000 lines a minute on 
an AT fitted with a ha rd disk. Files 
can be exchanged between the con­
trollers and a PC using the A trans 
file transfer software. 

Ash/ing Microsystems Ltd., En­
terprise House, Plassey Techno­
logical Park , Limerick , Ireland; 
(+353) 61 338177; Telex: 70182 
INOVEJ. 
CIRCLE 390 
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Math CAD 
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A powerful computation and 
documentation tool for your 
IBM-PC. 

With MathCAD you simply and inter­
actively create, edit and display for­
mulas on the screen the way you are 
used to writing them. Equations are 
instantly computed and the results dis­
played on the screen as a single num­
ber. a plot or a table. Text may be 
added to the screen and everything 
may be printed out as an integrated 
document. MathCAD has built-in 
hyperbolic and circular functions. per­
forms all calculations with real and 
complex numbers. performs iterative 
calculations, handles all units, per­
forms error checking and dimensional 
analysis and much more .. . 

The price of MathCAD-$189. 
In Massachusetts add 5% sales tax. 

Introductory Offer 

If MathCAD is purchased before 
June 1, 1986 you will be entitled 
to a 30 day money back guarantee 
and free upgrades through 1986 if 
you return the registration card. 

To order send check, p.o., call us 
with your MasterCard number or 
call us for the nearest dealer. 

1.800.MathCAD or 617.577.1017 

Math Soft 
l + y' - x I 

One Kendall Square 
Cambridge, Massachusetts 02139 

CIRCLE 192 



NEW PRODUCTS 
DIGITAL ICs 

32-bit MACs arrive in CMOS 

The first 32-bit CMOS multiplier­
accumulators to appear on the scene 
step through their paces in as little 
as 80 ns . LSI Logic's L64032 typi­
cally consumes just 900 mW when 
operating at 5 V. The only chip that 
will give them a run for the money is 
a power-hungry bipolar ECL device 
that Advanced Micro Device's is 
sampling. The CMOS multiplier­
accumulators use three major buses 
to furnish separate 32-bit-wide X 
and Y inputs and a 32-bit product 
output. (Furthermore, a 4-bit ex­
tended product is also available.) 

Versions of the L64032 are desig­
nated at six speeds. For the commer­
cial temperature range, designers 

can obtain cycle times of 125, 100, 
or 80 ns for single-precision oper­
ations. Over the military temper­
ature range, the speeds drop to 
more conservative values: 160, 125 
or 100 ns. 

The device accommodates inte­
ger, two's complement integer, un­
signed fractional, as well as two's 
complement fractional inputs and 
outputs. Double-precision (64-by-
64-bit) fixed-point multiplication 
can be handled in just four pipelined 
or six nonpipelined cycles using the 
Add and Shift control inputs. Addi­
tionally, either positive or negative 
accumulation can be done by select­
ing the Add or Subtract control in-

Prototypes in 24 hours? Only from Laserpath, the gate 
array prototype specialists. 

Lost time is the biggest risk in gate arrays. Now, we 
guarantee you'll know in one day-in silicon-if your 
design works. Because prototypes are the only way to 
know if your whole system works. 

No worry about circuit changes, either. Revised proto­
types are discounted and get the same one day 
turnaround. 

You'll design with industry standard 2µ and 3µ 

put lines. 
All input, output, and internal 

registers include scan testing logic to 
ease both chip and board-level sys­
tem testing. What's more, the chips 
carry temporary registers that make 
it possible to preload the product 
registers. 

The L64032 multiplier-ac­
cumulators are housed in 132-lead 
pin-grid arrays. Samples are avail­
able from stock. The 100-ns com­
mercial version costs $350 apiece in 
I 00-unit quantities. 

LSI Logic Corp., 1551 McCar­
thy Blvd., Milpitas , CA 95035; 
Rick Rasmussen, (408) 433-8000. 
CIRCLE 315 

ONE DAY GATE ARRAYS ·~ 
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Everybody claims to have a CAD system T.KKE 
that'll make your life as a printed circuit 
board designer easier. But talk is cheap. With 
Bishop's low-cost QUIK CIRCUIT PCB 
CAD/CAM system you can sample its time and TB E 
work saving benefits before you buy. Bish?P 

• ., 1""' ca»,""' CUI/CAii 
Best of all, unlike other person21 computer­
based CAD systems, QUIK CIRCUIT's not just 
a CAD system, but a CAD/CAM system, which 
means you can get finished boards in days in-

invites you to take the QUIK CIRCUIT Guided 
Tour. The Tour (a demonstration diskette and 
synchronized audio tape) tak.es just 35 . 
minutes. And you can make stops along the TOU B 
way to put QUIK CIRCUIT through its paces, 
and try its easy-to-use features yourself. 

Basy 2'o Use & Powerful 
You 'II be impressed with how easy it is to use 
QUIK CIRCUIT - no typing expertise 
required . .. no dozens of commands to 
memorize. You'll also be impressed with how 
powerful it is - multi-layer capabilities; 
surface mount technology (SMT}; board sizes 
up to 32 11 X 32 11

; finished artwork, 
fabrication and assembly documentation at 
IX, 2X and 4X. 
And QUIK CIRCUIT is flexible. Create 
whatever pads, patterns and traces you need 
to complete your layout ... your library of 
elements is unlimited! And design changes, 
which can be made at any time, 
are a snap. 

You hear so 
much about 

PCB CAD SYSTEMS 
these days, 

now here's a chance 
to see what a 

CAD SYSTEM 
can do ... take the 
QUIK CIRCUIT™ 
GUIDED TOUR 

from Bishop ... 
Only 

s1500 

®. 

stead of weeks from your QUIK CIRCUIT data. 

!'al'• n. ro.,. 
Like the QUIK CIRCUIT software, the 
demonstration diskette runs on an Apple 
Macintosh 128K, 512K or XL personal com­
puter, an Apple Lisa system with MacWorks, 
and the powerful new Macintosh Plus. . 
The QUIK CIRCUIT Guided Tour (Order No. 
30008) is available now from your local 
authorized Bishop Graphics CAD Systems 
dealer for only $15.00. Call Bishop Graphics 
CAD System Corporation TOLL-FREE at 
800-222-5808 (in Alaska, Hawaii and 
California, call 818-991-2600) for the name of 
your nearest dealer. 
The "full-blown" QUIK CIRCUIT PCB 
CAD/CAM System software (Order No. 30000) 

- sells for just $695.00. QUIK CIRCUIT system 
hardware is also available - ask your local 
Bishop CAD systems dealer for details. 

Bishap Graphics 

© 1986, Bishop Graphics, Inc. 

CAD SYSTEMS CORPORATION 
5388 Sterling Center Drive - Westlake Village, CA 91359 - (818) 991-2600 

Telex 66-2400 (Bishop WKVG)-Facsimile (FAX) 1(818)889-3744 
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DIGITAL ICs 

EPROM pinouts 
meet system needs 

Four variations of the pinout for a 
1-Mbit CMOS UV EPROM give 
designers the flexibility to handle al­
most any system requirement. 
There will be two versions that offer 
a 64k-by- I 6-bit organization, the 
MBM27CI028 and the CI024, 
and two that offer I 28k-by-8-bit 
formats, the MBM27CI001 and 
CI 000. The X 16 versions include a 
multiplexed address/data unit that 
comes in a 28-pin 600-mil DIP (the 
CI028) and a nonmultiplexed 
40-pin option (the Cl024). A 32-bit 
DIP houses one of the X 8 versions 
(the CIOOI), while a 28-pin pack­
age, compatible with the pinout of 
several 1-Mbit ROMs, will be used 

NEW PRODUCTS 

for the other X 8 EPROM (the 
CIOOO). 

Prices in I 00-unit quantities start 
at $225 apiece for the CI 000 and 
CIOOI and increase to $255 for the 
CI 024 and to $265 for the CI 028 . 
Samples are available from stock. 

Fujitsu Microelectronics Inc., 
3320Scott Blvd. , Santa Clara, CA 
95054; (408) 727-1700. 
CIRCLE 391 

DRAM driver 
handles 11 bits 

An I I -bit- wide dynamic memory 
driver increases the efficiency of 
memory systems by accommodat­
ing wider address paths. In addition, 
the Am2976 allows all memory 

array RAS and CAS lines to be 
driven by one chip, minimizing skew 
times between devices and opti­
mizing system performance. With a 
capacity for driving up to 88 dy­
namic RAMs, the 11 inputs and 11 
outputs of the Am2976 are ideal for 
driving memory devices with densi­
ties of up to I Mbit. 

Advanced Micro Devices Inc ., 
901 Thompson Pl., Sunnyvale, CA 
94088; (408) 982-7445. From $4 
( /00 units). 
CIRCLE 392 

MULTI-LAYER 
PROTOTYPES 

DUAL-PORT VARIANTS: 9, 15, 25 & 37 poles, 
female. FULLY OR PARTIALLY POPULATED 
CONNECTORS: Contacts selectively positioned to 
order. RS232, RS449, Interface, X.24. RAPID 
ASSEMBLY: Panel & Printed board in one manouver. 
CONTACTS: Machined, solid piece copper alloy 
contact, gold over nickel, 5 amp. INSULATOR : Nylon. 
SHELLS: Steel and brass, zinc or tin plated (dimpled). 
COUPLING : Thread lock and slide lock system. 
NORMES: Connectors to IEC 807-2, U.L. recognized, 
plug compatible all Sub-D's 

POSITRON IC 
INDUSTRIES, INC. 
423 NO. CAMPBELL AV. - SPRINGFIELD MO. 65806 
TEL. 417-866-2322 · TX 436445 · TOLL FREE 80().641-4054 

CIRCLE 195 

FAST. 
with .005" 
lines and spaces. 
The best CNC production drill­
ing and routing equipment in 
the business coupled with top 
quality personnel mean PDI 
can build incredibly precise 
multi-layered prototypes. With our SMOBC techniques you 
can design boards with .005" lines and spaces and still be 
assured of quality prototypes. And delivery in one week. 
PDI does it. Consistently! Because we specialize in proto· 
types. Call or write for details and pricing. 

Precision 
Diversified 
Industries, Inc. 
15285 Minnetonka Boulevard 
Minnetonka, Minnesota 55345 
(612) 935-8825 
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DIGITAL ICs 

NCO provides 
32-bit resolution 

A number-controll ed oscillator 
(NCO) generates digital si ne a nd 
cosine outputs with a frequency res­
olution of 32 bits. The CMOS de­
vice, designated the ST-l l 72A, can 
operate with clock frequencies of up 
to 25 MHz. Power di ssipation at 
25 MHz is 330 mW . Sine and cosine 
outputs each have 8 bits of ampli­
tude resolution. Packaged in a 40-
pin DIP, the device can be used in 
digital processing applications or 
with a d-a converter for analog fre­
quency generation. 

Stanford Telecommunications 
Inc .. 2421 Mission College Blvd., 
Santa Clara, CA 95054; (408) 
980-5684. $300 (small quantities); 
stock. 
CIRCLE 393 

RAM modules meet 
diverse needs 

A complete line of memory modules 
is available from Jnterplex Tech­
nologies , including dynamic RAM 
configurations of 4k, 8k, and 9k by 
256 bits in both single-in-line pack­
ages and socket-insertable modules. 
Row access times of 100, 120, 150, 
and 200 ns are avai lable, as well as 
page and nibble operating modes. 
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The devices have a 4-ms (256-cycle) 
refresh period a nd operate over a 
temperature range of 0° to 70°C. 

lnterplex Technologies Corp. , 
381 Park St ., Hackensack, NJ 
07602; (201 ) 343-3156. 
CIRCLE 394 

CMOS logic ICs 
replace bipolars 

A family of CMOS replacements 
for Advanced Micro Devices' popu­
lar 29800 bipolar interface chips 
matches the speeds of the bipolar 
parts yet supplies the same output 
drive current with only 5% the active 
power. The CMOS chips derive 
their high speed from a 1.2-µm 
double-l evel metal process de­
veloped by Integrated Device Tech-

nology. The CEMOS II process re­
duces parasitic losses so that stand­
by (static) power consumption drops 
to just 5 µ W or about 1/10 of the level 
consumed by bipolar versions of the 
8-, 9-, and 10-bit-wide bus interface 
circuits. 

First to be released are 9-bit non­
inverting circuits that include a bus 
interface regi ster (IDT39C823), 
a bu s interface latch (IDT-
39C843), and a bus transceiver 
(IDT39C863) . The 9-bit chips pro­
vide pin-to-pin delays ranging from 
5.5 to 7.5 ns, eliminating the need 
for extra buffers a nd thus conserv­
ing board space. 

Integrated Device Technology 
In c., 3236 Scott Blvd . , Santa 
Clara, CA 95054; (408) 727-6116. 
From $5.90 (JOO units). 
CIRCLE 395 

Sealed or Fie d Repairable 
The efficiency and size of a switcher, the 
output of a linear - all in a compact 
package! Available in AC/DC and DC/ 
DC models, these "Mil-Qual" units are 
designed for severe shock and harsh 
environments. They feature a Mil-type 
input/output connector along with spe­
cially developed EMl/RFI filter circuitry. 
MTBF is 100,000 plus hours. Efficiency 
is 80%. Full power is provided al max 
operating temp., to 95°C, no deraling. 

Choose from 20 models which meet 
Mil-704, Mil-901 and other standards, 
have transient protection plus power 
ranges from 20 to 300W. 5 year warranty. 
Send for details. 

We Do The Job Right' ® 
TECHNIPOWER 

A penri/ CO MPAN Y 

F'O. Box 222. Commerce Park, Danbury, Conn. 06810 
Phones: (203) 748-7001 ; In Calif. (805) 493-2244 

SEE US AT BOOTH #118 ELECTRO '86, BAYSIDE CTR. BOSTON 

CIRCLE 196 



NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

PC hosts µP development system 

Usi ng an I BM PC as a command 
control terminal, a "development 
laboratory" can help write and de­
bug microcode for more than 50 mi-

croprocessors. Called the UniLab II 
by its developers at Orion Instru­
ments, the hardware actually com­
prises four development system 

Just in time 
delivery 

on over 100,000 
electronic hardware parts. 

We've been cutting our customers' inventory 
costs with "JUST IN TIME DELIVERY" for 
ten years. We stock over 800/o of our items 
for immediate shipment to your scheduled 
delivery dates. Non-catalog or out-of-stock 
parts are shipped within a few weeks. 

We manufacture our own parts to en-
sure consistent high quality. When you 
need special hardware, we custom­
manufacture to your blueprint in 
any quantity, from small lot to high 
volume. 

For quality, selection, competi­
tive pricing, and "JUST IN TIME 
DELIVERY," depend on RAF 
Write or call today for our free 
catalog, or a quotation. 

RAF 
Electronic 

Hardware, Inc. 
95 Silvermine Road • Seymour, CT 06483 

(203) 888-2133 

" SEE US AT ELECTRO BOOTH #2232" CIRCLE 207 

functions : a 48-channel logic ana­
lyzer, an in-circuit emulator, a stim­
ulus generator, and an EPROM 
programmer. The UniLab II devel­
ops microcode for 8- and 16-bit 
processors, including those from 
RCA, Motorola, Intel, and Zilog. 

The system's logic analyzer ac­
cepts user-specified trigger points or 
single-step triggers . Data is cap­
tured by UniLab's buffer memory 
without affecting the operation of 
the target system, a feature dubbed 
nonintrusive analysis. 

For maximum accuracy, the in­
circuit emulator uses the actual tar­
get microprocessor. A separate 
Uni Lab Personality Pak is available 
for each microprocessor target, 
along with cabling and connectors. 

The system's user interface in­
cludes an on-screen menu, with PC 
function-key listings. The symbolic 
debugger and microcode disas­
sembler can be displayed simul­
taneously in different windows. A 
user either can enter commands di­
rectly from the PC keyboard or can 
develop his own macrocommands 
for single keystroke execution. To 
simplify matters, the system in­
cludes an on-line command glos­
sary. 

The price of the UniLab II de­
pends on the size of its emulator' s 
memory (which defines the depth of 
the code accepted by the in-circuit 
emulator) . A UniLab II with 128 
kbytes of emulation RAM is $4485. 
A unit with 32 kbytes costs $2995. 
The system requires a PC host with 
at least 256 kbytes of main memory. 
Delivery takes two weeks. 

Orion Instruments In c., 702 
Marshall St ., Redwood City, CA 
94063; Terry Zimmerman, (415) 
361-8883. 
CIRCLE 314 
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COMPUTERS & PERIPHERALS 

Interface doubles 
as breakout box 

The SmartCableMaker connects a 
host computer to a terminal, printer, 
modem, bar-code reader, digitizer, 
or any device that utilizes an RS-
232-C asynchronous port. Es­
sentially a smart breakout box, the 
device routes the signals on each line 
to the proper connection. Only three 
switches need be set by the user: one 
controls data lines two and three, 
one configures control lines, and a 
third sets the correct handshaking 
protocol. Fourteen LEDs indicate 
operating status for a graphic dis­
play of the interface. The unit comes 
with male and female connectors at 
each end. 

JAM, P.O. Box 2545, Fair Oaks, 
CA 95628; (916) 961-8082. 
CIRCLE 396 

Unit buffers 
plotter data 

To free the host computer during 
the plotting cycle, a buffer unit 
stores 512 kbytes (expandable to 
8 Mbytes) of data and then sends it 
to the plotter. The Caddy buffer has 
two RS-232-C serial ports, each 
with user-selectable baud rates and 

NEW PRODUCTS 

data formats. It automatically 
senses the end of a drawing and halts 
the output to the plotter, allowing 
multiple drawings to be buffered at 
a single time. The unit operates with 
plotters made by Calcomp, Ioline, 
and Houston Instruments, and it is 
currently being updated to support 
Hewlett-Packard plotters. 

Dickerson Enterprises Inc ., 
8101 N. Milwaukee Ave., Niles, IL 
60648;(312) 966-0290. $1295 (512 
kbytes of memory) . 
CIRCLE 397 

Subsystem emulates 
Tektronix 4107 /4109 

Metheus Corp. and Grafpoint have 
teamed to create Tektronix 4107 
and 4109 emulation subsystems for 
the IBM PC and compatibles. The 
Omega/ PC GRAF-07 and GRAF-
09 subsystems combine Metheus 
Corp.'s Omega/ PC display proces­
sor and 15- or 19-in. color monitors 
with a specially designed TGRAF 
emulation software package from 
Grafpoint. They provide complete 
Tektronix functionality at less cost, 
and their 1024-by-768-pixel resolu­
tion exceeds the 640-by-480-pixel 
resolution of the 4107 and 4109. 

Metheus Corp . , 5510 N . E . 
Elam Young Pkwy., Hillsboro, 
OR 97123; (503) 640-8000. $4950 
(15-in. monitor) and $6950 (19-in. 
monitor). 
CIRCLE 398 

Microcomputer is 
PC AT-compatible 

Designated the TCS-7000, an IBM 
PC AT-compatible computer em­
ploys an 80286 CPU and operates 
under MS-DOS 3.0 or higher. It has 
a 24-bit address bus and 16-bit data 

bus. Memory comes in the form of 
64 kbytes of ROM (expandable to 
128 kbytes) and 512 or 640 kbytes 
of RAM. Battery backup and a real­
time clock are also provided . Avail­
able add-on boards include a 
2-Mbyte RAM card, color graphics 
cards (with resolutions of 640 by 
200 or 640 by 480 pixels) and a 
serial / parallel card. 

Tatung Co. of America Inc ., In­
formation and Communication 
Division , 2850 El Presidio St., 
Long Beach, CA 90810; (213 ) 
637-2105. 
CIRCLE 399 

RGB monitor works 
with any controller 

Because it automatically adjusts the 
horizontal scan rate to any fre­
quency between 15 to 34 kHz, the 
ECM 1311 color monitor can be 
used with virtually any personal 
computer graphics controller. Mov­
ing easily from one application to 
another, the RG B monitor accepts 
both RS-170 and TTL inputs via 
BNC cable connections and a 9-pin 
D connector, respectively. It offers a 
resolution of 720 by 540 pixels on its 
13-in. screen and uses a long-per­
sistence phosphor. 

Electrohome Ltd., 809 Welling­
ton St. N .. Kitchener , Ont . N2G 
416, Canada; (519 ) 744-7111 . 
$1195. 
CIRCLE 400 

Electro nic Design • May 1. 1986 323 



NEW PRODUCTS 
SOFTWARE 

Lisp meets CAD on PCs 

Designers running Autodesk's 
AutoCad software on their IBM 
PCs and compatibles can now in­
crease their efficiency by calling on 
the Lisp programming language. A 
Lisp interpreter, called AutoLisp, is 
embedded in the latest versions of 
AutoCad's Advanced Drawing Ex­
tensions, level 3 (ADE-3 , an op­
tional set of software modules for 
the program) . 

AutoLisp, a subset of Lisp, allows 
the user to design custom com­
mands that can perform complex 
engineering functions with a min­
imum number of keystrokes. These 
commands are called in the same 
way as those stored on the original 
AutoCad disks-through keyboard 

C function library 
speeds programming 

A comprehensive library of object­
oriented functions and subsystems 
for the C programming language 
can cut programming time in half. 
Called PforCe, it offers program­
mers both high- and low-level func­
tions that are fully integrated, opti­
mized, debugged and ready to use. 
Subsystems for handling complex 
tasks include a data-base system 
with demand paging and 8-trees to 
store access and index data, a win­
dowing system, interrupt-driven 
communications, and background 
tasks. PforCe is written in C and as­
sembly languages. Source code is in­
cluded for all functions and supplied 
utilities. 

Phoenix Computer Produ cts 
Corp ., 320 Norwood Pk . S., Nor­
wood, MA 02062; (617) 762-5030. 
$395. 
CIRCLE 401 
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entries, on-screen menu picks, or 
script file inputs. (A script file is a 
batch file that AutoCad recognizes 
and executes.) 

Previously, creating custom menu 
commands was only possible by 
writing script files for each com­
mand on the menu. But this ap­
proach limited the versatility of the 
commands to tied-together strings 
of functions allowed by AutoCad. 

Many of the functions that are 
important to engineers, such as the 
ability to perform calculations and 
make mathematical decisions, were 
very difficult to obtain by writing 
script files . With AutoLisp, they can 
be had very easily, making for pow­
erful, engineering-specific oper-

Graphics library 
runs on HP 9000 

A two-dimensional graphics library 
provides powerful graphics func­
tions when used with HP 9000 tech­
nical workstations and graphics 
hardware under the HP-UX oper­
ating system. The library is an im­
plementation of Level 2b of the 
industry-standard Graphics Kernel 
System (GKS) and can be used in 
such applications as drafting, pro­
cess control , mapping, simulation 
analysis, and presentation graphics. 
Applications that have already been 
written to the G KS standard are 
easily ported to the HP 9000. HP­
G KS for the Series 200 / 300 is 
$1000; for the Series 500, it costs 
$3000. 

Hewlett-Packard Co., Inquiries 
Manager, I 820 Embarcadero Rd., 
Palo Alto, CA 94303; call local 
sales office. 
CIRCLE 402 

ations. 
Among their abilities, the Auto­

Lisp commands can pause in the 
middle of an operation to prompt the 
user for an input from a keyboard, 
mouse, or tablet. Another indication 
of the package's power is its ability 
to allow commands to be construct­
ed that read information from or 
write data to a disk or tape file, as 
well as from another system over a 
communications port. 

AutoCad with ADE- I, -2, and -3, 
sells for $2500. It is available from 
stock. 

Autodesk Inc., 2320 Marinship 
Way, Sausalito, CA 94965; (415) 
331-0356. 
CIRCLE 309 

DOS debugger 
eases development 

A symbolic debugger that runs on 
the IBM PC XT and AT, as well as 
selected compatibles running DOS 
3.0 or hig her , allows users to ob­
serve program execution at the 
source-code level by using high­
level procedure and variable names 
and labels. DOS PSCOPE pro­
vides software engineers with a 
symbolic test environment for pro­
gram execution and includes 
source code display, high-level 
code patching, and a procedural 
command language . A syntax­
driven prompt line provides fully 
interactive operation . 

Intel Corp., Literature De ­
partment W280, 3065 Bowers 
Ave ., Santa Clara , CA 95051 ; 
(503) 681-2279. $995; two or more 
debuggers can be purchased for 
$795 each. 
CIRCLE 403 



Ot¥NIBYTE™ 
Board Level Products 

Here's how our 8 plus years of experience saves 
you rime and money: rime because we have 
already designed and built these stare-of-the-arr 
boards for your high performance needs; money 
because we spread design/debug/resting costs 
over thousands of units. Call Peter Czuchra, 
Marketing Manager, to discuss how our high 
quality, high reliability boards will save you 
rime and money on your next application. 

[JIU OMNIBYTE CORPORATION 
llU 245 W. Roosevelt Rd. 

West Chicago, IL 60185-37 90 
(31 2) 231-6880 
Intl. Telex: 210070 MAGEX UR 

A Look at Today . .. A Vision of Tomorrow 

OB68KNME1 '" 
SINGLE BOARD COMPUTER 

ON THE VME BUS 
• 12.5MHz 68000 16/32 bit CPU 
• (8) pairs of 28-pin sockets for RAM and 

ROM (up to 448K RAM or 896K ROM) 
• (2) RS-232C seria l ports using (I) 

68681 DUART 
• (2) 8-bi t para llel 1/0 ports using (I) 

68230 Pl /T 
• System controller funct ions are 

supported 
• (7) Priori tized bus or auto vectored 

prioritized interrupts 
• Omnibyte two year limited warranty 

CIRCLE 215 

OB68K230'" 
MULTIBUS 96-BIT PARALLEL 

1/0 TIMER BOARD 
• 96 bi ts of software definable para llel 1/0 
• (4) 68230 Pl /T chips · 
• (4) 24 bi t timers 
• 3 5 sq. in. of prototyping area 
• Omnibyte two year limited warranty 

CIRCLE 218 

OB68K/MSBC1 '" 
MULTIBUS* SINGLE BOARD 

COMPUTER 
• 12 .5MHz 68000 16/32 bit CPU (other 

speeds and 68010 optional) 
• 256K/ 512K/ JM/ 2M bytes dual­

ported; zero-wait-state RAM wi th parity 
• (4) RS-232C serial Synchronous/ 

Asynchronous multiprotocol 1/0 ports 
• (I) iSBX* expansion connector 
• (4) 28 pin ROM sockets (up to 256KB) 
• Optional memory management 
• Omnibyte two year limited warranty 

*Multibus and iSBX are trademarks of /nee/ Corp. 

CIRCLE 213 

OB68K/MMU'" MULTIBUS 
CPU BOARD WITH OPTIONAL 

MEMORY MANAGEMENT 
• IOMHz 68010 16/32 bit CPU 
•Up to (4) 68451 Memory Management 

Units (optional) 
•High speed iLBX* memory port 
• 8 channel DMA port 
• (2) RS-232C serial ports 
• 4K/16K bytes of RAM 
• (2) 28-pin ROM sockets 
• Omnibyte two year limited warranty 

*iLBX is a trademark of /nee/ Corp. 

CIRCLE 216 

OB68K/INT(S}'" 
MULTIBUS HOST ADAPTER/ 

SERIAL 1/0 BOARD 
• (2) 68230 Pl/T chips 
• (2) 68681 DUART chips 
• (4) RS-232C or RS-422 seria l 1/0 ports 
• SASI interface to disk controller 
• Para llel printer port 
• Rea l time calendar clock with battery 

back-up 
• Omnibyte two year limited warranty 

CIRCLE 219 

OB68K1A'" 
MULTIBUS SINGLE BOARD 

COMPUTER 
• IOMHz 68000 16/32 CPU 
• 32K/ 12 8K/ 512K bytes zero-wait-state 

dual-ported RAM 
• Up to 192K bytes of EPROM 
• (2) RS-2 32C serial ports 
• (2) 16-bit para llel ports 
•A triple 16-bit timer/counter 
• (7) prioritized-vectored interrupts 
• Omnibyte two year limited warranty 

CIRCLE 214 

OB68K/OCTAL'" 
MULTIBUS SERIAL 1/0 BOARD 
• (8) RS-232C or RS-422 seria l 1/0 ports 
• Individually programmable baud rates 

between 50 and 38.4K baud 
• (4) 68681 DUART chips 
• (4) Multi-function programmable 16-bit 

counter/timers 
• Omnibyte two year limited warranty 

CIRCLE 217 

OB68K/INT(P}'" 
MULTIBUS HOST ADAPTER/ 

PARALLEL 1/0 BOARD 
• 48 bi ts of software definable parallel 1/0 
• Real time ca lendar clock w/battery 

back-up 
• (4) 68230 Pl/T chips 
• 15 sq. in. of prototyping area 
• Parallel printer port 
• SASI * interface to disk controller 
• Omnibyte two year limited warranty 
*SAS/ is a trademark of Shugart Associates. 

CIRCLE 220 



ELEC.TRDNIC 
DESIGN 

ELECTRONIC DES IG N's function is: 
• To aid progress in the electronics industry by pro­
moting good design. 
• To give the electronic design engineer concepts 
a nd ideas that make his job easier a nd more prod­
uctive. 
• To provide a centra l source of timely electronics 
informa tion. 
• To promote communication a mong members of 
the electronics community. 
Want a subscription? ELECTRONIC DESIGN is cir­
culated free of charge to those individuals in the 
United Sta tes and Western Europe who function in 
design and development engineering in companies 
that incorporate electronics in their end product and 
government or milita ry agencies involved in elec­
tronics activities. For a free subscription, use the 
application form bound in the back of the magazine 
or write for an applica tion form. 
If you do not qua lify, paid rates fo r a one yea r sub­
scription (26 issues) are as follows : $45. U.S. , $60. 
Canada , Mexico and Central America. Interna­
tional a nnual subscri ption rates listed below include 
air delivery: $95. Europe; $145. Japan , North Af­
rica & Mid East; $170. Australi a; $185. South 
America; $210. Centra l/ South Africa & Other 
Asia ; $245 . New Zealand / New Caledonia. Single 
copies (when available) may be purchased for $5 . 
U.S ., Canada, Mexico & Central America; $7 . 
Europe; $8. Japan , North Africa, Mid East, South 
America; $10. Central / South Africa, Other Asia, 
Australi a, New Zealand / New Ca ledonia. The 
GOLD BOOK (27th issue) may be purchased for 
$50. U.S., Canada, Mex ico, Central America and 
$65. all other countries, via surface mai l. 
If you change your address, send us a n old ma iling 
label and your new address; there is a coupon in the 
New Products sect ion of the magazi ne for this pur­
pose. Please allow 6 to 8 weeks for address change to 
become effective. You must requalify in order to 
continue receiving ELECTRONIC DES IGN free of 
charge. 
ELECTRO IC DES IGN 's accuracy policy: 
• To ma ke dilige nt efforts to ensure the accuracy of 
editoria l matter. 
• To publish prompt corrections whenever inaccu­
racies are brought to our a ttention . Corrections ap­
pear in " Reader Feedback." 
• To encourage our readers as responsible members 
of our bu si ness comm unit y to report to us mi s­
leading or fraudulent advertising. 
• To refuse any advertisement deemed to be mis­
leading or fraudulent. 
Individua l a rticle reprints a nd microfilm copies of 
complete a nnua l volumes are avai la ble. Reprints 
cost $6 .00 each, prepaid ($.50 fo r each additiona l 
copy of the same artic le) . no ma tt er how long the 
article. Microfilmed volumes cost $66.80 for 1982 
(Vol. 30); $75.70 fo r 1974-198 1 (Vols . 22-29) ; 
$50 .20 for 19 73 ( Vol. 2 1 ) ; va ri ed prices for 
1952-1972 (Vols. 1-20). Prices a re subject to 
change. For further detai ls and to place orders, con­
tact Customer Services Dept. Un iversity Micro­
films , 300 . Zeeb Rd ., Ann Arbor, Ml 48106. 
(313) 76 1-4700. 
Where necessary, permission is granted by the copy­
right owner for libraries a nd others registered with 
the Copyright Cleara nce Center (CCC) to photo­
copy any article herei n for the base fee of $ 1.00 per 
copy of the art icle plus 50¢ per page per copy. Pay­
ments accompanied by the identifying seria l fee 
code below should be sent directly to the CCC, 2 I 
Congress St. , Salem, MA 01970. Copying done for 
other than personal or internal reference use wi th­
out the express permission of Hayden Publishing 
Co. / ELECTRONIC DES IGN is prohibited . Req uests 
for special permission or bulk orders shou ld be ad­
dressed to the editor. Serial fee Code: 0013-
4872/ I 984 $1 .00 + .50. 
Want to contact us? Address your correspondence 
to: 

Editor 
ELECTRONIC DES IGN 
10 Mulholl and Dr. 
Hasbrouck Heights, J 07604 

PRODUCT NEWS 

Emulation software mimics IBM 3270 

IBM 3270 termina l emulation is now an option for the OesignSet (OS) 1080 
graphics workstation-one of the few workstations compatible with IBM's 
5080 high-end graphics station. The OS I 080 and its 3270 emulation soft­
ware are products of Spectragraphics Corp. (San Diego, CA). The 3270 
emulation appears as either a user-placed window on the OS I 080 or as a 
full screen. In the latter case, a single keystroke will toggle the display from 
3270 alphanumerics to high-resolution graphics and back again . The $900 
option allows the OS I 080 to act like any member of the 3270 family, in­
cluding the 3277, 3278, 3279, and 3290. Further, the software makes possi­
ble multiple screen partitions and extended highlighting. 
CIRCLE 409 

Digital signal processor bows in CMOS 

A CMOS version of the OSP32010 digital signal processor is now available 
from General Instrument Corp.'s Microelectronics Division (Chandler, 
AZ). The new OSP320Cl0 is pin-compatible with and functionally equiv­
a lent to its predecessor, as well as the TMS320 I 0 from Texas Instruments. 
It will initially support applications requiring a 20.5-MHz clock frequency. 
Users may expect a 60% or greater reduction in power dissipation over the 
current N MOS devi~e . In lots of I 00 units, the processor costs $64. 
CIRCLE 410 

ASIC design tools run on VAXstation 

In its continuing support of Unix-based engineering workstations, Via Sys­
tems Inc. (North Billerica, MA) has ported its BuildingBlocks ASIC design 
tools to the VAXstation 11 / G PX workstation . Recently introduced on Sun 
Microsystems' hardware, BuildingBlocks provides application-specific inte­
grated circuit placement and routing software, integrated with Yia's sche­
matic entry, interactive physical layout, and other software modules. 
CIRCLE 411 

Kit evaluates logic cell array 

An evaluation kit from Xilinx Inc. (San Jose, CA) allows digital systems de­
signers to evaluate a design application incorporating the company's logic 
cell array (LCA) . The EK-01 kit comes with a macro library for entering 
designs using familiar building blocks, such as common TTL functions . It 
also provides a timing calculator that enables the designer to quickly look at 
worst-case timing for a given design. The software, which runs on the IBM 
family of personal computers and lookalikes, sells for $250. 
CIRCLE 412 
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PRODUCT NEWS 

8-bit serial mode speeds RAM access 

Although many 256-kbit dynamic RAMs include a 4-bit serial access mode, 
designers at Sharp Corp. (Tenri City, Japan) decided to distinguish one ver­
sion of their RAM by letting it deliver twice the number of bits in its serial 
access mode. Thus, a fter the first access, which will initially require 150 or 
120 ns, the successive bits can be transferred at just 35 or 30 ns, respectively. 
Therefore, the total transfer time for 8 bits can be shortened by about 100 ns 
vs the dyna mic RAMs with 4-bit transfers. Engineering samples of the 
NMOS chip are 11ow available in Japan and wi ll soon be on hand in the 
company's Paramus, NJ, office. 
CIRCLE 413 

PC AT chip set operates at 1 O MHz 

The PC AT ChipSet, introduced by Chips and Technologies Inc. (Milpitas, 
CA) last October, now provides full I 0-MHz system operation. The five­
component set consists of two CMOS and three bipolar VLSI circuits, which 
replace 63 of the 94 components on the IBM PC AT motherboard and thus 
reduce AT-compatible system designs to a 36-component implementation, 
plus memory. Using the same design and pin-out as its 8-MHz predecessor, 
the I 0-MHz set is priced at $75 .50 (I 00 units) . 
CIRCLE 414 

Design software runs on Apollo hardware 

Mentor Graphics Corp. (Beaverton, OR) is making available its entire line 
of design automation software on the Domain Series 3000 platform, a true 
32-bit C PU and bus system. When configured with Mentor's Idea series 
software, the two combine to form a full-function CAE workstation with 
prices ranging from $19,900 to $31,900- slightly above the price of current 
16-bit PC-based systems. Users will a lso have the option of installing a PC­
DOS card, which will tie the IBM PC operating system to the CAE 
industry-standard Aegis and Unix operating systems. 
CIRCLE 415 

Logic supply voltage guaranteed to 10°/o 

Fairchild Semiconductor Corp. (South Portland, ME) is now offering its 
FAST (Fairchi ld Advanced Schottky TTL) line of standard logic circuits 
with the supply voltage guaranteed at 5 V ± I 0%. The industry standard for 
other TTL technologies is just ± 5%. In addition to enhanced flexibility, the 
I 0% tolerance also a llows designs to tolerate a larger voltage droop caused 
by multiple device switching. There is no change to existing ac specifications 
as listed in the Fairch ild FAST data book, and there is no increase in price 
for the improvement in performance. 
CIRCLE 416 
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APPLICATION NOTES 

Signal processing 
newsletter 

The latest issue of Analog Dia­
logue, a technical journal on cir­
cuits, systems, and software for real­
world signa l processing, describes 
the AD538- the industry's first 
monolithic analog computational 
unit with a transfer function of V 0 

= Y(Z / X)M. Applications illus­
trate how the chip performs division 
and multiplication and how powers, 
roots, logs , and antilogs are com­
puted. 

Analog Devices Inc., Literature 
Ctr., 70 Shawmut Rd .. Canton, 
MA 02021; (617) 329-4700. 
CIRCLE 4 17 

Optical-fiber 
newsletter 

The latest issue of Guidelines, Cor­
ning Glass Works' quarterly optical­
fiber news magazine, focuses on the 
growth and movement of optical­
fiber markets. Issues discuss indus­
try trends, recent fiber ins ta Ila lions 
and case histories, application engi­
neering, Corning business activities, 
and Corguide optica l-fiber prod­
ucts. Sections include fiber test and 
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measurement, new products from 
fiber-optic component manufactur­
ers, and literature available upon re­
quest. 

Corning Glass Works, Telecom­
munications Products Division, 
MP-BH-5-1 , Corning, NY 14831; 
(607) 974-9000. 
CIRCLE 418 

Half-bridge 
motor driver 

A 12-page note describes the use of 
a GESmart power module as aver­
satile system building block to sim­
plify motor drive design. By re­
placing the numerous discrete 
components previously required to 
interface digital control logic with 
output power switches, the GES­
mart half-bridge driver provides 
dramatic size reduction and en­
hanced reliability. 

General Electric Co., Semicon­
ductor Division, Electronics Pk .. 
Bldg. 7, M D49 , Syracuse, NY 
13221; (315) 456-3269. 
CIRCLE 4 19 

Photosensor 
application 

A photosensor application manual 
contains more than 65 examples of 
manufacturing, assembly, material 
handling, and quality control pro­
cesses that are enhanced by the ad­
dition of photosensors. To assist in 
system design and factory integra­
tion , details include photosensor 

setup, model numbers, and recom­
mended amplifier /power units. 

Pu/nix America Inc., 770-A Lu­
cerne Dr., Sunnyvale, CA 94086; 
(408) 7 33-1560. 
CIRCLE 420 

Interfacing 
the AD7549 DAC 

A three-page bulletin describes how 
to interface the AD7549- the in­
dustry's first dual 12-bit digital-to­
analog converter- with the MCS-
48 and MCS-51 microcomputer 
families. The note uses timing dia­
grams, program listings, and dia­
grams of interface circuits for each 
microcomputer to examine the use 
of the AD7549 in applications such 
as audio systems and control sys­
tems. 

Analog Devices Inc .. Literature 
Ctr., 70 Shawmut Rd., Canton, 
MA 02021 ; (617) 329-4700. 
CIRCLE 421 

Temperature 
transducer 

A four-page note is dedicated to 
minimizing the influence of noise in 
remote temperature measurement 
circuits. It outlines how to build a re­
mote temperature-to-current trans­
ducer with a range of -55 ° to 
+ l00°C and an output voltage of 
100 mV j°C using Analog Devices' 
AD590 linear current-output tem­
perature transducer. In-depth dis­
cussions include types of noise, ini­
tial noise effects, elements of noise, 
shielding to eliminate electrostatic 
noise, and rf noise. 

Analog Devices Inc., Literature 
Ctr., 70 Shawmut Rd., Canton, 
MA 02021; (617) 329-4700. 
C IRCLE 422 



APPLICATION NOTES 

Microwave Spice, a CAE tool for 
nonlinear circuit analysis, is fea­
tured in the latest issue of EEsof's 
Fables , a six-page newsletter from 
EEsof Inc. The publication detai ls 
the program's special extensions for 
microwave applications a nd how it 
may be integrated with other EEsof 
tools. Also featured in the issue are 
interviews with the designers of the 
company's new line of microwave 
filter programs. Other topics include 
EEsors customer support program 
and various stories on personnel and 
upcoming events. 

EEsof Inc., 31 194 La Baya Dr .. 
Westlake Village , CA 91362; 
(8 18) 991-7530. 
CIRCLE 423 

Lock-in amplifier 
noise measurement 

Preferred methods for lock-in a m­
plifier noise measurement using dig­
ital integration are discussed in an 
eight-page bulletin (IAN 38). De­
scribed within are methods for mea­
suring signals, noise, and signa l-to­
noise density ratios from 90 dB to 
below - 20 dB. By usi ng these 

methods, the user can determine the 
level of confidence in the reproduc­
ibility of a signal measurement. De­
tailed techniques also permit the 
noise value to be used to determine 
the operating limits of a detector or 
system. 

Ithaca Inc., 735 W. Clinton St .. 
P.O. Box 6437, Ithaca, NY 1485 1; 
(607) 272-7640. 
CIRCLE 424 

Industrial 
local network 

Described in a four-page pamphlet 
are those features of the MIL-STD-
1553 data bus that can be readily 
applied to a n industrial local net­
work. The document gives details on 
how the readily avai la ble data bus 
interface components have achieved 
the desired result of flexible system 
integration with easier modification, 
growth , a nd test ability. It is these 
features that make it attractive to 
adapt the components developed for 
the MIL-STD-1553 data bus to 
commercial-type local area net­
works. 

!LC Data Device Corp ., 105 
Wilbur Pl ., Bohemia, NY 11716; 
(5 16) 567-5600. 
CIRCLE 425 

High-precision 
calibrator 

T ypica l app lications for Honey­
well's HCAL24010 high-precision 
calibrator are described in a n eight­
page note. These include a voltage 
source for calibrating channel gain, 
a programmable voltage generator, 
an offset voltage control to the out­
put of an instrumentation amplifier, 
and a precision feedback source for 
a programm a ble gain amp lifier . 

Formulas and circuit diagrams illus­
trate these and other applications. 

H oneywell In c., Signal Pro­
cessing Technologies, Marketing 
Communications Department, 
1150 E. Cheyenne Mountain 
Blvd ., Colorado Springs, CO 
80906; (303) 577-1000. 
CIRCLE 426 

HRAM circuit 
design 

Designing a memory subsystem that 
achieves a JOO-MHz read data rate 
is the focus of a four-page illustrated 
report. It describes the hierarchical 
RAM (HRAM) tha t allows this 
continuous data rate to be achieved 
and presents a circuit design for easy 
implementation of the high-per­
formance memory. 

Visic Inc., 1120 Ringwood Ct., 
San Jose, CA 95131; (408 ) 
945-9991 . 
CIRCLE 427 

A-d converter 
testing 

The cross-plot generator is a simple 
approach to analog-to-digital con­
verter eva luation . The system uses 
basic test equipment, simple logic 
and timing, and is compatible with 
converters of any resolution. The 
test method described in PMI 's ap­
plication note (AN-JOI) yields four 
types of data: missing code identi­
fication , dynamic response, con­
verter code width, and system noise. 
Included are a cross-plot matrix, di­
agrams, and schematic. 

Precision Monolithics Inc .. lit­
erature Department, 1500 Space 
Park Dr., P.O. Box 58020, Santa 
Clara, CA 95052; (408) 727-9222. 
CIRCLE 428 
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APPLICATION NOTES 

Flow and level 
measurement 

The 1986 Flow and Level M ea­
surement Handbook and Encyclo­
pedia provides more than 250 
pages offering a wide variety of 
products to meet all flow applica­
tion requirements . An overview on 
flow measurement is provided with 
aids on selecting a complete flow 
measurement system , as well as 
unit conversion tables and a glos­
sary of terms. 

Omega Engine ering In c .. I 
Omega Dr., P.O. Box 4047, Stam­
ford, CT06907; (203) 359-1660. 
CIRCLE 429 

IGT power 
transistors 

Motor control applications for Gen­
eral Electric's second-generation in­
sulated gate transistors (IGTs) are 
discussed in an I I -page note. The 
operation and characteristics of the 
!GT power transistor are reviewed, 
and their advantages over con­
ventional bipolar Darlingtons for 
PWM motor drive a pplications are 
discussed . 
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General Electric Co .. Semicon­
ductor Division, Electronics Pk .. 
Bldg. 7, M D49 , S y ra cuse , NY 
13221; (315) 456-3269. 
CIRCLE 430 

Shaft-angle 
measurement 

Techniques Examined for 
Glmbat·Angle Measurement 

rn ITEk MEASUREMENT SYSTEMS 

The two principal types of shaft­
angle digitizers- the resolver and 
the optical encoder- a re evaluated 
and contrasted in an informative six­
page paper . The publication dis­
cusses the need for more accurate 
gimbal-angle measurement to 
achieve the desired overall system 
performance. 

Itek Measurement Systems, 27 
Christina St ., Newton, MA 02161 ; 
(61 7) 969-7300. 
CIRCLE 431 

Programmable 
logic devices 

Monolithic Memories' four-page 
brochure describes programmable 
logic devices now available for vol­
ume production designs. The docu­
ment includes specification guide­
lines, sample flowchart , checklist , 
and nationwide locations of the 
manufacturer's representa tives. 

Monolithi c Memories Inc .. 
2175 Mission College Blvd .. Santa 
Clara, CA 95054; (408) 970-9700. 
CIRCLE 432 

Toroidal power 
transformers 

A four-page guide describes the ad­
vantages of the toroidal design ap­
proach over the conventional lami­
nated design of power transformers. 
The brochure discusses the size and 
weight advantages of toroids, as well 
as their higher efficiency. 

Bicron Electronics Co., JOO Bar­
low St., Canaan, CT 06018; (203) 
824-5125. 
C IRCLE 433 

Microcomputer 
data acquisition 

Interactive Microware's latest 
newsletter f ea tu res a pp! ica ti on 
notes concerning Apple 11 and 
IBM PC data acquisition and data 
analysis. 

Interactive Microware Inc., P.O. 
Box 139, State College, PA 16804; 
(814 ) 238-8294. 
CIRCLE 434 

Fiber-optic 
instrumentation 

A catalog features 112 pages of 
fiber-optic test equipment, as well as 
an overview of testing techniques. 
Detailed descriptions are provided 
for power meters , a tten ua tors , 
OTDRs, and laser / LED sources. 

Photody ne In c .. 117 5 Tour­
maline Dr .. N ewbury Park , CA 
91320; (818) 889-8 770 or (805) 
499-3636. 
CIRCLE 435 



NEW LITERATURE 

Mass-terminated 
connectors 

The latest additions to Amp's mass­
terminated connector families are 
featured in a 32-page catalog. In­
cluded are alternatives in wire-to­
board and wire-to-wire connections 
in 0.025-in. square post technology 
on 0.100-in. centers. Catalog 85-773 
also highlights the AMPMODU 
MTE interconnection system. Elec­
trical and mechanical specifications 
are provided for approximately 300 
different connector types. Also 
included are descriptions of a com­
plete range of application equip­
ment and hand tools. 

Amp In c., P.O . Box 3608, 
Harrisburg, PA 17105; (717) 
564-0100. 
CIRCLE 436 

LED 
indicators 

Modular, slide-in array LED indi­
cators, as well as low-current minia­
ture LEDs, are among the eleven 
new product groups in the latest 
LED optoelectronic product catalog 
from Leecraft. The 24-page publi­
cation details key specifications and 
characteristics for a wide range of pc 

board and panel-mounted indicators 
used in a variety of industrial and 
commercial applications. Product 
categories representing hundreds of 
individual items include elevated 
printed circuit board indicators, 
red/ green bi color indicators, and 
rectangular LEDs. 

Leecraft Manufacturing Co. 
Inc., 21-02 44th Rd., Long Island 
City, NY I I IOI; (718) 392-8800. 
C IRCLE 437 

Data communication 
devices, equipment 

The latest edition of the Black Box 
Catalog is an excellent source book 
for anyone seeking solutions to data 
communications problems. This up­
dated edition features 176 pages de­
tailing over 600 unique and hard-to­
find data communications and 
computer devices. Products range 
from interface connector kits and 
parallel printer switches to the latest 
in networking and hardware test 
sets. A technical reference section 
and a glossary of terms are also in­
cluded. A technical support staff is 
on hand to answer questions. 

Black Box Corp., P.O. Box 
12800, Pittsburgh, PA 15241; 
(412) 746-5500. 
CIRCLE 438 
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~ower 
SP.litter/ 

combiners 
2 way0° 

I • ·~ l 
~ 

0.1 to 400 MHz 
only $995<6-49) 

IN STOCK ... IMMEDIATE DELIVERY 

• MIL-P-23971 /15-01 
performance· 

• NSN 5820-00-548-0739 

• miniature 0.4 x 0.8 x 0.4 in . 

• hermetically-sealed 

• low insertion loss , 0.6dB 

• hi-isolation, 25dB 

• excellent phase and 
amplitude balance 

• 1 year guarantee 
* uni ts are not OPL listed 

PSC-2-1 SPECIFICATIONS 

FREQUENCY (MHz) 01 -400 

INSERTION LOSS, 
above 3dB 
0.1-100 MHz 
100-200 MHz 
200-400 MHz 
/SOLA TION, dB 
AMPLITUDE UNB AL. 
PHASE UNBAL. 

TYP. 
0.2 
0.4 
0.6 

25dB 
0 .2dB 

20 

MAX. 
0.6 
0.75 
1.0 

TYP. 
TYP. 
TYP. 

IMPEDANCE 50 ohm s. 

For complete specifications and performance 
curves refer to the Microwaves Product 
Data Director, the Gold book, EEM , 
or Mini-Circuits catalog 

finding new ways. 
setting higher standards 

r;:;IMini-Circuits 
A 01v1s1on of Sc1enl1f1c Components Corporation 

World 's largest manufacturer of Double Balanced Mixers 

2625 E. 14th St. B'klyn , N Y 11235 (718) 769-0200 
C73-3 REV B 

CIRCLE 199 



Data General 
special products --~ ... - -

- - - ~ ~ ~-~~~ 
•·Dat.aGeneml 1H(INJ~lfMJ~ 

PROoucr 
ANO SERVICES 

CATALOG 

A 26-page catalog features 43 Spe­
cial Systems' products designed to 
help users of Data General comput­
ers complete their system config­
urations . Descriptions and illustra­
tions of processors, peripheral 
devices, switches, terminals and dis­
plays, and communication products 
are provided . 

Data General Corp., Special 
Systems Group, MS 6-1, Rt. 9, 
Southboro , MA 01772; (617 ) 
480-7150. 
CIRCLE 439 

CAD/CAM software 
directory 

The International CAD/ CAM 
Software Directory provides de­
tailed technical descriptions of man­
ufacturing and engineering graphic 
software packages, indexed both by 
application and by company / prod­
uct name . Each listing includes 
hardware and software require­
ments, list price, and availability of 
updates and source code. 

Technical Database Corp., P.O. 
Box 720, Conroe, TX 77 305; (713) 
439-1687. $35 . 
CIRCLE 440 
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NEW LITERATURE 

Electromechanical 
relays 

• TAKAMl.5AWA 
RELAYS 

• 

• EXCLUSIVE RESALE AGENT 

ITT Components 

A 52-page catalog details ITT Com­
ponents' electromechanical relays, 
including subminiature and minia­
ture pc board, general-purpose, and 
power types. Contact, coil, and gen­
eral data specifications are given for 
relays used in appliance, computer, 
industrial control, security, and tele­
communication applications. 

ITT Components, 1201 E. 
McFadden Ave., Santa Ana, CA 
92705; (714) 836-0351 . 
CIRCLE 44 1 

Advanced CMOS 
integrated circuits 

A 20-page directory describes a 
family of advanced CMOS inte­
grated circuits. It provides detailed 
descriptions and technical data 
for GTE's full line of ADV-CMOS 
products, including microproces­
sors, microcomputers, communica­
tion !Cs, gate arrays, logic devices, 
peri phera 1 control circuits, and 
memory products. 

GTE Microcircuits, Marketing 
Services, 2000 W.14thSt ., Tempe, 
AZ 85281; (602) 921-6505. 
CIRCLE 442 

Pocket guide 
to connectors 

A pocket reference enables connec­
tor specifiers to quickly determine 
which Lerno connector meets their 
needs. The guide's tables are or­
ganized around the main elements 
needed to specify connectors: num­
ber of contacts, working voltage, 
amps, and collet range. 

Lerno USA Inc., P . O . Box 
11488, Santa Rosa, CA 95406; 
(707) 578-8811 . 
CIRCLE 443 

Injection-molded 
components 

Design guidelines, engineering resin 
comparisons, and custom injection­
molding capabilities are discussed in 
a 14-page brochure to help the 
OEM engineer design quality, cost­
efficient plastic components. 

Security Plastics Inc., 14427 
N. W. 60th Ave. , P.O. Box 4723, 
Miami Lakes, FL 33014; (305 ) 
823-5440. 
CIRCLE 444 

Tools and 
test equipment 

Over 1000 manufacturers are repre­
sented in a 96-page catalog of tools 
and test equipment for the electron­
ics, computer, telecommunications, 
and field service ind ustries. The 
publication illustrates tools used for 
electronic rework and repair, solder­
ing and desoldering, equipment 
testing, and telecommunication 
work. 

W.S. Jenks & Son, 2024 W. Vir­
ginia Ave. N.E., Washington, DC 
20002; (202) 529-6020. 
CIRCLE 445 



PROFESSIONAL NOTEBOOK 
CAROLE PATTON 

Free-market practices 
hit the skids 
in military bids 

Despite "competition advocates" 
urging small companies to bid on 
military contracts, the free mar­
ket- at least in the procurement 
world- is crumbling. The reason is 
simple: Prime contractors are levy­
ing heavy-duty complaints that the 
little guys threaten their profits. 

In 1983 Congress became disen­
chanted with the Pentagon 's use of 
sole sources- single suppliers for 
each piece of equipment- after 
$640 toilet seats, $400 lug wrenches, 
and other purchases hit the head­
lines. A Government Accounting 
Office study followed, indicating 
that competitive bidding could save 
52% compared with single-source 
procurement. 

The study sealed the fate of sole 
sources. Legislation was passed 
mandating open bidding, and thou­
sands of competition advocates were 
hired to pull small companies into 
the fray. 

But preaching a free market is 
easier than practicing it. Consider a 
recent report in the Wall Street 
Journal (March 6, 1986, p . 1 ). 
When one competition advoca te 
recommended awarding a contract 
for F-100 jet-engine parts to a small 
company, procurement people at 
Kelly Air Force Base in San An­
tonio , Tex ., put the company's 
parts samples through what a De­
partment of Defense inspector calls 
" unn ecessary" tests. Later , when 
the advocate recommended award­
ing the contract to the smal l com­
pany, he was overruled; instead it 
went to the F-1 OO's prime con-

tractor, Pratt & Whitney. 
A similar scenario arose when 

Goodyear, Goodrich, and Bendix all 
complained that sma ll companies 
were eating into their spare parts 
profits . The Air Force ignored a 
study of its own, which warned 
against buying the parts from the 
prime contractors, a nd essentially 
renounced the competition policy. 
Now , the three prime contractors 
have exclusive rights to manufac­
ture all parts for five years. 

Sole sources, beware: 
You're not 
the only game in town 

According to my mechanic Dennis, 
competitive bidding is a great idea. 
In fact, Dennis said he could use the 
same a pproach to save me some 
money. When my car's oil pressure 
gauge needed a new bulb, Dennis 
got six bids on it- with some help 
from his brother-in-law, Archie. 

Archie is a procurement officer 
for the government, a nd occa­
sionally he lends his expertise to ac­
quiring spare parts for Dennis. Last 
week , Archie flew up from Wash­
ington to hand-deliver the low bid on 
my bulb-$1 l. Unfortunately, the 
manufacturer- Midnight Auto 
Parts- says its production line will 
only be up a nd running within two 
years. 

Could I get a bulb sooner else­
where? I as ked Archie. "Well, I 
could get one today , but the con­
tractor is a sole source. Sole sourc­
ing," he emphasized, "is dead." 

Since Archie was in town, he sug­
gested stopping by my house for 
lunch so he could explain how gov-

ernment procurement works these 
days. Right now , he was looking 
around for bidders on a $2 billion 
computer contract. "In the old days, 
this contract would have gone to 
Bigfoot Computers. Now I can 
guarantee we'll get at least l 0 other 
bids, and every bid will be less than 
what Bigfoot would have charged." 

Archie rang my doorbell around 
noon, armed with a stack of official­
looking documents, a nd toured the 
place taking extensive notes. "Nice 
spot for JC fabrication," he said in 
the laundry room. "Plumbing's al­
ready in." 

He pulled out a tape a nd began 
measuring the room. "It's six by 
six," I volunteered, "but if you make 
ICs here , I ' ll have to move the 
washer and dryer . Where will I 
wash the kids' dirty sneakers? And 
what's more, I don't want to make 
computers," I told Archie. 

"You don 't have to," he said. 
"Just lighten up and play the game. 
Do commodity brokers wind up with 
soybeans in their front yard?" 

His strategy was simple. "if you 
win, just refuse to test your comput­
ers on the grounds that government 
specifications a re too st rict. That 
way, procurement will cancel the 
contract and award it to the prime 
contractor, Bigfoot Computers, and 
the Government Accounting Office 
will still be happy. It's the American 
thing to do." 

Later that day, I stopped by the 
service station to see if Dennis had 
found a second source for the bulb. 
"Sure have," he said. "Not only that, 
but I've got 10 bids from bulb in­
stallers. Let's see, the lowest is from 
a small Maryland firm called Aunt 
Martha 's Electronics Wonderland. 
They'll screw it in for $10.95." 
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• Test Engineer • Systems Engineer • D1g1tal Engineer • Quality 
Assurance Engineer • Software Engineer • Analog Engineer • Director of 
Engineering • Data Communicati ons Engineer • Hardware Engineer 
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Circulation 135, 163 
Total Readership 384,837 

RECRUITMENT CLOSING DATES 

Electronic Design is mailed every two w eeks . Because of it s timeli­
ness . personnel recruitment advert ising closes only tw o w eeks be­
fore each issue' s mailing date . 

Issue Date 

May 29 

Editorial Feature 

NCC 86 Preview 
Automatic Test Equipment 
Connectors 
Interface ICs 

.. . And Shed New Light On 
Our Expanding Integrated 
Circuit Operation. 
Increased demand has created several 
new opportunities for key engineering 
professionals at RCA Solid State 
Division 's expanding Integrated Circuit 
Operation . Bring us your innovative 
ideas. and take advantage of the 
rewards associated with a recognized 
leader in supplying advanced devices 
for commercial , military and aerospace 
markets. 

Application Engineers 
You 'll qualify with a BSEE or MSEE and 
3-5 years of experience in memory 
or microprocessor based systems 
design or definition . Experience with 
microprocessor development systems 
and emulators is required , along with 
familiarity with software at the machine 
language level. This opportunity 
involves hardware interfacing of 
microprocessors to peripheral devices 
and memories. Customer contact is 
also required . 

Engineers (High Reliability) 
A BSEE or Physics degree and 2-4 
years of experience is requi red . You 'll 
be responsible for characterization . 
specification . and qualification of 
devices in high reliability applications 
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Per Column Inch $104 $102 $95 $88 S85 $81 $80 $78 

COLOR RATES 

Second color, per page or fraction $620 Matched color, per page or frac tion $850 

3 & 4 color, per page or fraction 980 Sheen inks, per page or fraction 

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) 
393-6396/6076. Ask for: 

Susan Ullrich 
RECRUITMENT ADVERTISING MANAGER 

ELECTRONIC DESIGN 
1 0 Mulholland Drive, Hasbrouck Heights, New Jersey 07604 

including Class (B) and Space Grade 
Class (S) parts . 

Design Engineers 

960 

We ask that you have a BSEE and 1-3 
years experience in the design of 
advanced high-speed logic. Specific 
tasks will pertain to the design and 
simulation of circuits , design/layout 
verification , and generation of test 
specification . Knowledge of ECAO 
software and MENTOR GRAPHICS/ 
APOLLO workstations is desirable. 

Test Engineers 
You 'll design and develop software and 
hardware for the testing of integrated 
circuits and develop test specifications 
utilizing Sentry 7, 20 or 21 systems . A 
BSEE and 3 or more years experience 
is required . 

RCA Solid State provides competitive 
salaries and a comprehensive corporate 
benefits program. In addition , you will 
be rewarded by the relaxed lifestyle of 
Somerset County, New Jersey, its 
excellent school systems, affordable 
housing , and easy access to Atlantic 
City and all the attractions of New York 
City. For confidential consideration , 
please send your resume to : Mr. D.R. 
Hunt-Employment Department-
ED , RCA Solid State Division , Route 
202 , Somerville, New Jersey 08876 . 
RCA is an equal opportunity employer. 



THE TELECOM LEADERS 

Rockwell lnternational's Collins Transmission Systems Division 

Ever try to explain a complex technical issue 
to someone over the phone? ... Nothing beats 
talking with someone face to face. 

That's only one of the advantages Rockwell 
telecommunications technology professionals 
find working at Collins Transmission Systems 
Division in Dallas, Texas. Our lateral integra­
tion strategically places product planning, 
advanced technology, R&D, manufacturing, and 
quality in one, central location-suburban 
Richardson , Texas. just north of Dallas. 

You will have the opportunity to work with 
talented peers across the entire technology 
spectrum-from DC to Light-on a personal. 
first-name basis. Imagine walking down the hall 
to talk with the product planner. .. Getting per­
sonal advice from the advanced technology ex­
pert... CAD support just steps away ... Being able 
to confer with manufacturing right on the floor. 

TELECOM STRENGTH 
Today, technology is not enough. In our high­
tech business climate , success requires 
strategic marketing and a balanced organiza­
tion . The balance of our technology , business 
strength and tradition of strategic leadership 
has been a key to our growth . We 're the 
leading independent domestic supplier of 
transmission systems to Bell operating com­
panies, independent telco's, inter-exchange 
carriers, and corporations. Leadership built on 
a comprehensive product line that includes the 
most advanced 565 Mb/s fiber optic transmis­
sion systems, digital and analog multiplex 
systems, and digital and analog microwave 
radio systems. Our broad expertise ranges 
from fiber optics systems, digital cross-connect 
systems, optoelectronic devices, advanced RF, 
hybrid microelectronics. SMT automation, 
digital signal processing and CAD. 

DYNAMIC BALANCE 
A close-knit environment, a 30 year history of 
telecommunication success, and leading edge 
technology all add up to an excellent oppor­
tunity for motivated telecommunications tech­
nology professionals. 

' UNIX is a trademark of AT&T Bell Laboratories 

L/GHTWAVC/FIBCR OPTICS DESIGNERS 
Digital Projeat Leaders & Managers-BSEE with minimum of 6-8 years experience 
with high speed digital circuit design. Fast CMOS TTL/ECL logic, semi-custom/custom LSI. gate ar­
rays, PCM and microprocessors required. Project leadership experience necessary. CCITT/CEPT ex­
pertise desired. Duties involve providing project direction over junior engineers for lightwave transmis­
sion equipment. 

Digi tal VLSI Cngineers-BSEE/MSEE with a minimum of 4-6 years experience in 
semicustom VLSI design , fast CMOS and ECL technology. Expertise with Daisy CAD sytems. custom 
VLSI and 50 MHz CMOS desired. 

Digital Signal Processing Cngineer-BSEElMSEE with 4-8 years experience in DSP, 
time domain equalizers, 256 QAM modulation , multi-level modulation , passive filters and FIR digital 
filters required . 

High Speed Digital Cngineers-BSEE with 2-4 years experience in high speed digital 
design using ECL logic design , multiplex circuits, demultiplex circuits required . Knowledge of impe­
diance matching and load termination desirable. Prior analog circuit experience very helpful. Exper­
tise in LSI, SPICE, CAD, helpful. Position involves design of digital multiplex/demultiplex modules 
for high capacity lightwave transmission equipment. 

DIGITAL CROSS-CONNECT DESIGNERS 
Software Project Leaders-BSEEJCS or MSEEJCS with a minimum of 5 years experience 
in communications protocol interfaces. 68000/68HC 11 microprocessor memory, VME Bus and Pro­
cessor system peripherals . Experience in microprocessor assembly language and " C" level language 
required . 

Digital Cross-Connect Systenis Cngineers-BSEElCS or MSEE/CS with 
minimum of 3 years experience in the software design of real time systems for control. monitoring 
and provisioning of Digital Cross-Connect Subsystem modules. Experience in VAX based UNIX' 
development system required . Knowledge of " C" language and 6800/68000 assembly, real time 
operating systems. data base management. test and maintenance software. matrix control and remote 
communication interfaces. 

Gate Array Designers-BSEE/MSEE with minimum of 3 years experience in design of 
high density CMOS VLSI gate arrays for use in DS3 Cross-Connect Systems. DAISY, CADNETIX and 
CAD equipment knowledge required . 

Control Subsysteni Project Leaders-BSEE or MSEE with minimum of 6 years 
in communications protocol. interfaces, 68000/68HC I I microprocessors. VME Bus and Processor 
system peripherals. " C" language desirable. 

Switching Matrix Project Leaders-BSEE/MSEE with minimum of 6 years 
experience in DSI , DS2 , DS3 hierarchial rate MUX/DEMUX, input/output conditioners , space matrix 
modules and interconnect subsystems and knowledge of microprocessors. 

RockweU International offers its people an excellent compensation package that includes a Rockwell 
savings/stock ownership plan, medical insurance or HMO, dental coverage, retirement plan, life insurance, 
I 00% tuition reimbursement. graduate/undergraduate on-site continuing education and more, such as 
no state Income tax. 
You owe it to yourself to find out what Rockwell may have to offer you. Begin by sending your resume 
in confidence to: Kevin L. Weiss. Professional Staffing, RockweU International , Collins Transmission 
Systems Division, MIS 40 1-152. #8463, P.O. Box 10462, Dallas, Texas 75207. U.S. Citizenship Re­
quired . Equal Opportunity Employer MIF. 

Rockwell International 
... where science gets down to business 



IN 
For more than 75 years, Sperry has 
focused its energy on one quest: meeting 
the demands of a changing world . 

In meeting these needs, we have 
become one of the most respected 
names in high technology electronics 
and a leading supplier of advanced 
electronic warfare, ship communication/ 
navigation. automated warehousing, 
and simulation systems We're proud of 
our continuing success in providing high­
qual ity innovative solutions through 
technology. 

We're looking for mid- and senior-level 
engineers and programmers skilled in 
the following areas and programs who 
share this commitment with us: 

• Electronic Warfare 
•TRIDENT II 
• TRIDENT Trainer 
• Automated Warehousing 
• Directed High Energy Physics 
• Shipboard Combat Information 
• Shipboard Communications/ 

Navigation Systems 
•Logistics 
• Simulation Systems 
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SPERRY 

Sperry offers imaginative professionals 
important participation in all of these 
programs. Immediate assignments are 
available for indMduals with a BS, or 
advanced degree in Electrical Engineer­
ing, Systems Science, Computer Science, 
Physics or Mathematics and at least 3-7 
years experience. 

PASCAL EXPERTISE NEEDED 
We are particularly interested in 
seasoned professionals with experience 
in real -time energy applications to large­
scale program development including 
PPS, design, cod ing, checkout, and 
documentation; SEL 32/ 27 and its soft­
ware operating systems; Sperry-1100 
equipment; and high order language 
programming, preferably Pascal , includ­
ing design reviews, test, and evaluation of 
digital computer program performance. 

In addition, Sperry's Corporate Technol­
ogy Center in Reston is the site of 
advanced research in Al and signal pro­
cessing. This is a creative research envir­
onment devoted to the exploration of 
many intriguing areas such as knowl­
edge representation and acquisition, 
reasoning, natural language, distributed 

problem solving, and parallel algorithms 
and architectures, with applications in 
expert and knowledge-based systems, 
intelligent interfaces, data and informa­
tion management, and Al development 
tools. 

Sperry in Reslon offers all the advantages 
of a fast-paced. high-tech environment. 
Only 18 miles from Washington, D.C., Res­
ton offers easy access to the sophistica­
tion and excitement of our nation's capi­
tal . . as well as the beauty of nearby 
Shenandoah Valley and Blue Ridge 
Mountains. 

The Sperry Corporation provides the 
compensation and benefits package 
you would expect of a Fortune 100 
Company: medical coverage including 
a dental plan, l~e insurance, a retirement 
plan, tuition assistance, in-house educa­
tion , and more. Please send your resume 
in complete confidence to: SPERRY COR­
PORATION, SYSTEMS MANAGEMENT 
GROUP, 12010 Sunrise Valley Drive, Dept. 
EDCE, Reston, VA 22091 . (703) 620-7000. 

An equal opportunity employer, M/ F/ H;V 
U.S. citizenship required . 

®Sperry Corporation 1986 





BWE CHIP 
OPPORTUNITIES 

Blue chip opportunities are not only in the stock market . 
They're at Digital. 
We're a blue chip company, making the kind of chips LSI 

people can build a career on . 
Digital has invested nearly a decade in building the LSI 

Division , and over that time many people have made 
significant contributions that have guided and shaped LSI 
to the highly respected organization it is today. 

Our key goal is to create an environment that is 
technically challenging, is entrepreneurial in nature, 
stimulates learning and values peopk as our most 
important resource. We think the LSI organization's 
accomplishments reflect that environment and the excellent 
people who have chosen to work in LSI. We hope you will 
choose LSI for your future. 

Our Semiconductor Engineering Group (SEG) is a 
winning, world-class VLSI component and system 
development group. We provide innovative VLSI 
components , systems and design services that give our 
customers a competitive advantage. We designed Digita l's 
Micro T-11 , Micro J-11 and MicroVAX 
chips. We have immediate need for 
engineering, physical science, and 
computer science professionals with 
significant experience in : 

CMOS 
SEMICUSTOM DESIGN 

In addition to our custom VLSI 
technology, SEG develops high 
performance SEM ICUSTOM 
technology as well . This area is 
growing very rapidly and as a result 
we have openings at all levels for 
individuals experienced in: 

• CMOS CIRCUIT DESIGN 
Cell Library Design 
Polycell Design 
Circuit and Logic Simulation 
Auto Placement and Routing 

• VLSI SYSTEM DESIGN 
System Architecture 
Behavorial Modeling 
Logic Design Using Cell Libraries 
MOS Architecture and Simulation 

• SEMICUSTOM CAD 
Schematic Capture 
Auto Placement and Routing 
Mixed Mode Simulation 
Training and Documentation 

338 Electronic Design • May 1, 1986 

!..._ - ~--
'I ~ 

• DESIGN ANALYS IS 
Semicustom Technology 
System Architecture 
System Partitioning 
Performance and Cost Modeling 
User Applications 

LOW 
TEMPERATURE CMOS 

This effort is expected to boost CMOS into the highest 
performance systems. The work we're doing creates a set of 
opportunities that span a broad range of disciplines, 
including: 

• High Speed Multiprocessor System Design 
• CMOS Circuit Design 
• Controlled Impedance Interconnect 
• Physical Design : Heat Sinking and Refrigerat ion 

ADDITIONAL OPENINGS IN 
SEMICONDUCTOR 
ENGINEERING 

• Communications Manager 
• Designers 
• Sr. Layout Designers 
• Graphics Chip Architects and Designers 

Cash in on this blue chip opportunity• 

1.., • CALL COLLECT (617) 568-48 71 
9AM-5PM EST to arrange an 
appointment with one of 
our Ii ne managers. 

OR VISIT our suite at the 
Rocheste r Plaza Hotel , 70 State 
Street , Rochester, during the 
CICC, IPM-8PM , May 12 
and 13 . 

OR, if you are unable to see us 
in Rochester, send you r resume 

to : T. Cordeau , Digital Equipment Corporatio n , 
77 Reed Road , Dep t . 0 50 1 6 808, Ma ilstop 
HL02-2/K12, Hudson , MA 01749-2809. 

We are an affirmative action employer. 



Government Support Systems­
Orlando Operation 

Harris Orlando­
Bringing Together The 

Best Mincfs in TPS 
Only one company is able to produce test programs for all possible applications required. We are the Harris 
Corporation's Government Support Systems Division (GSSD) Orlando Operation-the largest known single sup­
plier of test program sets in the world. We've established a unique work environment that has attracted the best 
and the brightest minds in our industry. 

When you join us in Orlando, you will also enjoy one of the most appealing locations in the United States-Central 
Florida with attractive and affordable communities, a world of exciting attractions and NO STATE INCOME TAX. 

The following openings are immediately available. All require a technical degree and minimum of 3 years' related 
TPS/ A TE experience. Advanced degree is preferred. 

-----ENGINEERING-----
TPS ENGINEERING SECTION HEAD 
Responsible for the design and development of analog, 
digital and RF circuits and functions. In-depth manage­
rial capabilities are required with minimum of 5 years' 
experience in TPS development. 

ATPG ENGINEERS (All levels) 
Automatic test program generation (ATPG) for test 
program sets, which require familiarity with computer­
aided logic simulation tools such as LASAR, HITS, 
LOGO, and SPICE. 

ORLANDO/ ST. LOUIS OPPORTUNITIES 

HARDWARE ENGINEERS (All levels) 
Design of analog, digital and RF circuits including 
design reviews, specification, and acceptance test 
procedures. Experience in practical B.B./ prototype cir­
cuit layout required. 

TPS ENGINEERS (All levels) 
Analysis of digital and analog circuitry as well as ATLAS 
program generation, integration and acceptance test 
procedures. 

----TECHNICAL BUSINESS----
BUSINESS DEVELOPMENT 
MANAGERS-TPS 
Identify and develop new business opportunities for 
TPS avionic systems. Minimum 5 years' TPS experience 
in marketing and engineering with exposure to DOD 
agencies, specifically Air Force and Army. 

PROGRAM MANAGERS/TPS 
Manage programs from bid and proposal through com­
pletion. Requires minimum 5 years' experience in 
engineer~ng, including 3 years in program management 
with profit and loss responsibilities. 

As part of the Fortune 200 Harris Corporation, Florida's largest industrial employer. GSSD offers excellent 
compensation and a comprehensive benefits package including relocation assistance. If interested and qualified, 
please forward your resume to Kathy Van Deusen at Harris GSSD. Dept. ED, 1401 S. Semoran Blvd .. Bldg. 6, 
Winter Park, FL 32192. 

U.S. Citizenship Required 
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TITAN/ CENTAUR 

Your Dream Is Alive At 
General Dynamics Space Systems Division 

The professionals at General Dynamics 
Space Systems Division are working to­
gether to take space exploration beyond 
the parameters of today 's technologies. 
You can become a member of this elite 
team and use your talents to make your 
dreams of professional and personal 
satisfaction come true. We currently 
have opportunities available in the 
following areas: 

STRUCTURAL 
& MECHANICAL DESIGN 
• Support Equipment 
• Ground Systems 
• Mechanical & Fluid Systems 
• Cryogenic/ Propulsion Sy~tems 
• Launch Vehicle Structures 
• Materials & Processes 

SYSTEMS ENGINEERING 
• Systems Safety 
• Reliability 
• Parts Engineering 
• Systems Software 

TEST & EVALUATION 
• Flight Operations 
• Structural/ Avionic / Mechanical Checkout 
• Test Planning & Data Analysis 
• Acoustic / Vibration 
• Cryogenics 

ADVANCED STRUCTURES 
• Precision Space Structures 
• Composite Structural Design & Analysis 
• Cryogenic Propellant Tankage 
• The.rmostructures 
• Superconducting Magnet Design 

ADVANCED SYSTEMS 
• Ground Operations Analysis 
• Mission Analysis 

SYSTEMS ANALYSIS 
• Guidance & Control 
• Performance Analysis 
• Trajectory Analysis 
• Thermodynamics 
• Structural Analysis · 

GENERAL OVNAMICS 
Space Systems Division 

AVIONICS ENGINEERING 
• Power Systems 
• Digital/ Analog Design 
• Guidance, Navigation & Control 
• Launch Control 
• ATE 
• Harness Design 
• Instrumentation 
• Radar Analysis / RF 
• Packaging 

These positions require a technical de­
gree or the equivalent combination of 
formal education and related experi­
ence. Government or aerospace industry 
background is preferred . 

If you are interested in one or more of 
these areas, please send your resume to: 
Division Vice President - Research & 
Engineering, GENERAL DYNAMICS 
SPACE SYSTEMS DIVISION, 
MZ Cl-7143-1020, P.O. Box 85990, 
San Diego, CA 92138. 

Equal Opportunity Employer / U.S. Citizenship Required/ Principals Only 



Pictured above are seven horn antennas, machined into the inner spherical surface of a single block of 
aluminum, each pointing in a different direction. These are part of the feed horn array in a newly 
developed multiple beam antenna for a millimeter wave communications satellite. Our 
Communications Division takes a total systems approach toward expanding the nation 's 
space communications capabilities. We need talented people with interest in communications 
systems design, signal processing, RF, digital or analog circuits, antennas and laser 
communic ations techniques. 
Other opportunities at Lincoln Laboratory are available in Computer Technology, Solid State, 
Radar Measurements, Surveillance and Control, Optics, Mechanical Engineering, and Aerospace. 
In all areas, there are opportunities for MS and Ph.D. level candidates to pursue theoretical study, 
laboratory investigation, and field tests and demonstrations. 

In historic Lexington, Massachusetts, Lincoln Laboratory is within easy reach of New England's 
most beautiful beaches and mountains, offering year-round recreational pleasure. Our convenient 
location less than 15 miles from Boston provides access to cultural , educational and athletic 
events, from the elegance of the symphony to the excitement of Celtics' basketball. 

Lincoln Laboratory is a federally funded research center operated by the Massachusetts 
Institute of Technology and offers competitive salaries and comprehensive benefits. Interested 
candidates are invited to send resumes, specifying area of interest, to: Susan B. Colcock, 
Box ED, MIT Lincoln Laboratory, Lexington, MA 02173. 

An Eq ual Oppo rtunity Employer. 
U.S. Citizenship Required. 

161 MITLINCOLN 
tgJ LABORATORY 
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TALENTED 
EE GENERALIST 

Small, rapidly growing hi-tech 
company in Great Neck, sub­
sidiary of a French Company, 
seeks an EE to help build the 
U.S. development team. Mi­
cros used are Z80 and 8031 / 
8051. Assembly program­
ming and circuit design expe­
rience are essential. 

Job is highly visible and dy­
namic, and will offer the right 
individual an opportunity to 
join an aggressive success 
oriented management team . 
Starting salary 30K to 40K 
depending on experience. 

Forward resume and salary 
history to: 

President 
Barcode Industries, Inc. 
17 Barstow Road 
Great Neck, NY 11021 

An Equal Opportunity Employer 

we are currently recru1t1ng m the loUowmg areas for ma1or 
Aerospace. Military. and Commercial Electrornc Companies 
• Rada1 Systems • Sohware/Hardware • LSI/VLSI 
• Analog/ AF • CAO/CAM • CMOS 
• OpllCs •ATE 
• D19•tal • Power Supphes • Weapon Systems 
• Spac&erall Systems • Guidance • Custom IC s 

NATIONA L EXECUTIVE 

c::J RECRUITERS. INC. 
8096 N 851h Way. Suuc 102 

Sco11s<falc. Arizona 85258 
{602• 951-2122 

............................. 
! MAKE SURE YOU KNOW : 
: ABOUT EVERY POSITION : 
• USA s larg es! personnel system !or en911ieers • 
• We can help you in every city every s1a1e • 
: New Pos111ons daily Cont1aent1a1 and no lees : 

: C-ngi•eersD0~ : 
•e e • • BoA 252 l1th1m . New Yo1 l 12110 • • • • • 

CAREER EXTRA, 
ELECTRONIC 
DESIGN'S leading 
recruitment news­
paper is the only 
publication that is 
designed to reach 
qualified engi­
neers and com­
puter profession­
als involved in 
today's hottest 
technologies! 
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Electronic Design 
plus Career Extra 

offer you MORE ... 

MORE circulation! 

MORE readership! 

MORE important engineers! 

MORE bonus distribution! 

Make a MORE cost-efficient recruitment media 
buy with Electronic Design. 

The right chioce when you 're looking for MORE! 



MOTOROlA'S GOVfRNMfNT HfCTRONICS GROUP 
Motorola's Government Electro n ics Group 
is a leader in the research, development and 
production of electronic hardware for our 
country's defense, national security and space 
programs. Our success is founded on the 
strengths of people like Keith Warble. 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. 

Commu nic a tio ns Systems 
Engineers - Requires hardware oriented 
background, but principally involved in 
theoretical analysis of new satellite communi­
cation methods. Must possess good writing 
skills and strong customer interface ability. 
Responsible for development of new business 
in advanced wideband communication, 
including modems, bandwidth efficient 
modulation, link analysis, equalization and 
AM/FM. Prefer MSEE/ PhD with 10 years related 
experience. Contact Paulette Dorris. 

Elec tronic Systems Engineers 
Develop electronic equipment specifications 
from requirements documents. Participate in the 
analysis/allocation of performance parameters 
between equipment comprising electronic 
systems/subsystems. Review performance 
achieved and recommend appropriate action. 
Should be familiar with design and analysis 
requirements of high performance receiving 
systems. Prefer BSEE with 5 years related 
experience. Contact Paulette Dorris. 

Reliabil ity Assurance Engineers 
Responsible for product reliability in a 
production/field environment . Requires 
experience in circuit design, system analysis, 
environmental testing, failure analysis, and 
statistical analysis of complex electronics 
hardware/software. Conducts statistical 
analysis utilizing computer techniques. Prefer 
BSEE with 3 years experience in military 
products. Contact Bob Eddy. 

Reliability & Components 
Engineers - Current experience in 
maintainability design, analysis modeling and 
prediction, bit and self test effectivity/efficiency 
analysis, system safety/hazard analysis, safety 
fault tree analysis and FMEA. Sneak circuit 
analysis, plus .automated production experience 
highly desirable. Prefer BSEE with 7 years 
experience in maintainability and safety 
engineering. Contact Bob Eddy. 

Radiation Desig n Eng ineers 
Provide circuit design guidelines, and perform 
circuit analysis and equipment survivability/ 
vulnerability (S/V) testing on digital and analog 
equipment to ensure S/V requirements . Prepare 
radiation hardness plans and reports . Prefer 
BSEE with 5 years related experience. Contact 
Jann Nolitt. 

Join the people of Motorola's G overnment 
Elect ro n ics Group, where we are creating 
advanced electronics for a more productive 
world. The benefits are many, including sunny 
Arizona - a land as beautiful as it is abundant 
with recreation and culture. 

For prompt consideration, forward your 
resume in confidence to the appropriate 
technical recruiter at Motorola Government 
Electronics Group, 8201 E. McDowell Rd., Dept. 
B606, Scottsdale, AZ 85252; (602) 949-3759 . 

MOTOROLA INC. 

Government Electronics Group 
An Equal Oppo rtunity/Affirmative A c ti o n Emplo y e r 
U .S . Citizenship Require d 

"Within Motorola, you can find a leading 
authority in virtually every one of the 
world's technologies." 

~itlt vi&rPh 
MANAGfR, Strnte~ic Secure Communications Office 

lite Mltd to !Htagjlte 
THf SKlll TO 00 
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A high 
resolution 
spectograph 
to analyze 
matter within 
our own and 
in other galaxies. 

Who built it? 

Ball Aerospace. 

The HRS, included in NASA's Hubble Space 
Telescope, will collect data on ultraviolet emission of 
galactic and extragalactic sources, some as far away 
as 14 bi llion light years providing spectra of objects 
as they were in the early days. 

The High Resolution Spectograph. Just one of the 
many current projects underway in Boulder, Colo­
rado-home to a leading supplier of sophisticated 
spacecraft, electro-optical systems, antennas-and 
exciting career opportunities. Come to Ball Aerospace 
and enjoy excellent salaries and benefits. 

Engineers and Managers 

Ball Aerospace opportunities span a wide variety 
of disciplines: 

• Spacecraft Systems 
• Controls 
• RF/Antenna Systems 
• Laser Applications 
• Electro-Optics 
• Electro-Mechanical Systems 
• Optical Systems 
• IR Sensor Systems 
• Military Manufacturing 
• Parts and Reliability 
• Cryogenics 
• Communications 

Send your resume to Employee Relations , Dept. 53710 , 
P.O. Box 1062, Boulder, Colorado 80306. 

Equal Opportunity Employer 
No Agencies Please 
U.S. Citizenship Required 

Minds that meet the chal lenge. 
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with circulation 

concentration in the industry's fastest 

growing market segment. 

Circulation by Industry 

Computers and Communicat ions Equipment 
Computers 12,295 
Computer peripheral equipment 9,548 
Systems integration 6,427 
Office and business machines 3,007 
Communications Systems and equipment 22 ,480 

Total: 53,757 

Military and Test 
Navigation and guidance 

systems and equipment 
Aircraft , missiles, space, 

and ground support 
Oceanography and support equipment 
Test , measurement, 

and instrumentation 
Government and military 

Total: 

6,249 

15,037 
708 

11 ,846 
10, 104 
43,944 

Industrial Controls, Research, and Medical 
Industrial control systems, 

equipment, and robotics 
Independent research and testing 
Medical electronics 

Total: 

Components, Consumer, and Other 
Components and subassemblies 
Consumer electronics 
Other OEMs 
Users of electronic equipment 

Total: 

Total qualified circulation: 

15,354 
2,616 
4,404 

23,374 

5,542 
3,713 
4,597 
1,255 

15, 107 

136,182 . 



Technology knovvs one direction 
... Forvvard. 

"Technology is obviously and undoubtedly cumulative 
and progressive." George Sarton , Science Historian 

Each new scientific discovery builds upon the last, and 
provides a foundation for the next , forming a limitless 
ladder of technological achievement. If you are a 
professional who thrives on this kind of relentless 
exploration , you should explore Northrop DSD. You 'll enter 
an atmosphere charged with innovative thinkers working 
together in close-knit project teams exploring new frontiers 
in ECM applications. We have positions available in the 
following areas: 

Positions below require BSEE, or equivalent; MSEE 
preferred plus related experience. 

Antenna Design Engineers 

Duties will include analysis, design , development and 
testi ng of airborne ECM/EW antennas. Will also assist in 
preparation and debugging of new, state-of-the-art antenna 
range facility. Requires knowledge of phased arrays, 
monopulse D.F. systems and millimeter wave techniques. 

Power Supply Design Engineers 

Participate in the analysis, design and construction of 
power conversion , conditioning and control subsystems and 
modulators. Perform IR & D activities involving new 
techniques development in high voltage microwave/ 
millimeter wave transmission, nanosecond control of high 
DC voltages and modulation of microwave tube devices. 
Experience in switchmode/linear power system design at 
either high or low voltages required . 

Advanced Technology Engineers 

MICROWAVE: Active and/or passive microwave and 
millimeter wave integrated circuit design to include 
components such as oscillators, amplifiers, mixers, 
detectors and filters as well as integrated subsystems. Prior 
computer-aided design experience required . 
RECEIVERS: Conceptual design, fabrication , and test of 
state-of-the-art receiver systems for ECM/Elint applications. 
Familiarity with systems architecture, signal processing , and 
channel ized , set-on , and micro-scan techniques is 
desirable. 

Transmitter Engineers 

Responsibilities will include the specification , design and 
integration of high power microwave transmitter subsystems 
from first development models through production start-up. 
Applicants should have three or more years experience in 
high power transmitters and/or microwave frequencies. 
Background in analog and digital is desirable. 

Qualified candidates are invited to submit resume with 
salary requirements to: Supervisor Staffing, NORTHROP 
CORPORATION, DEFENSE SYSTEMS DIVISION, 
600 Hicks Road, Rolling Meadows, IL 60008. 
We are an equal opportunity employer M/FN/H . 
All positions require U.S. Citizenship. 

NORTHROP 
Defense Systems Division 
Electronics Systems Group 

Northrop DSD: where the individual thrives ... on exploration. 



quick ad1 New and current products for the elec tronic design er p res ented by the ir manufacture rs . 

INDUSTRIAL STRENGTH SINGLE BOARD 
COMPUTER possesses optimum features for 
distributed monitor & control applications. Op­
tional FORTH O.S. 79 STANDARD includes Ed i­
tor, Assembler, Target Compiler, Interrupt & 
RAM Disk Support, & Overlays. EMAC's SBC fea­
tures 8085 CPU , 16 A/ D Channels , RS232/ 
RS422, Realtime Clock, Buffered Digital 1/ 0 , 
Battery Backed RAM, Single Supply, Watchdog 
Timer, Counter/ timer, & IBM/ CPM support. Full 
li ne of support hardware available from $295 . 
EMAC, Inc., 1400 W. Main, Carbondale , IL 
62901 , (618) 529-4525. 
SINGLE BOARD COMPUTER 251 

ENHANCE YOUR IBM PC 
EPROM PROG 
PAL OPTION .. 
LOGIC ANALYZER 
SCHEMATIC 
SOFTWARE .... 

.$250 

.$250 

.$995 

.$100 

EPROM PROGRAMMER ... $250 •PAL OP­
TION Programs 20 & 24 Pin Pal ... $250 
•BIPOLAR OPTION 16, 20, and 24 Pin Bipolar 
Proms From MMI, SIG, HAR, Tl & AMO . .. $350 
•MP OPTION 8741/ 49/ 49/ 51 / 68705 
MICRO-P ... $100 •LOGIC ANALYZER 50 
MHz, 8 Channel expandable to 32 Channels .. . 
$995 •GANG PROGRAMMER Programs 8 
EPROMS with same data or different data 
... $795 •PC-SCHEME Schematic drawing 

software ... $100 Advanced Microcomputer 
Systems, Inc. 2780 S.W. 14th St. Pompano, 
Bch., FL 33069 1-800-9PC-FREE 
ENGINEERING ADD-ON FOR PC 254 

Develop applicat ions for the Intel 8096 Family 
of Microprocessors with 8 channel 10 bit A/ D 
converter using t he CSC-8097 PROTOTYP­
ING BOARD-the on/yboard available that sup­
ports hardware and software development with 
Intel 's 8097 16-bit single chip microcontroller. 
Cross assembler, debug/simulator is available. 
Price : $750. For information , contact: Caldwell 
Systems Corporat ion , P.O. Box 617 , San 
Ramon , CA 94583, 415-833-1850. 

8097 PROTOTYPING BOARD 257 
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FREE! 224 PAGE ELECTRONIC HARDWARE 
CATALOG . Items shown include standoffs, 
captive 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 ... includ­
ing new locking fastener section . ACCURATE 
SCREW MACHINE CO. INC., 19 Ba ltimore St. , 
Nutley, NJ 07110, (201) 66 1-2600. 

FREE CATALOG 252 

EPROM PROGRAMMER Model 93 with RS-
232, 300 to 19.2K baud , hardware hand­
shake, ACK/ NAK. Compact instruction set in­
cluding checksum , sil icon identifiers supports 
2758-27513, 2508-2564, MCM68764, new 
Intel Quick Pulse EPROMs; 2816A-28256 
EEPROMS; 8748, 8749 and 8751 MPU. For­
mats include Intel , TEK-HEX, S-code, and ASCII 
for read , write , split byte commands. Price 
$550, software MS-DOS, CP/ M $40. Opt imal 
Technology, Earlysville , Va. 22936 804-973-
5482. 

EPROM PROGRAMMER 255 

II 

FREE TEST EQUIPMENT GUIDE U.S. Instru­
ment Rentals has just published its 1986/ 87 
Product Guide. This free 368-page hardbound 
catalog contains a complete listing of the 4351 
different models of electronic test equipment 
that USIR has available for rent. The new Prod­
uct Guide is a one-source reference book con­
taining descriptions, specifications and compari­
son charts of test instruments from more than 
100 different manufacturers. USIR offers full 
service and immediate delivery. Call today for 
your FREE copy! U.S. Instrument Rentals 
800-824-2873 
FREE TEST EQUIPMENT GUIDE 258 

4-20mA CURRENT LOOP TRANSMITIERS 
TRANS-PUCK: Units for TEMPERATURE (RTD, 
Thermocouple or Thermistor), STRAIN-GAGE, 
RESISTANCE or MVDC are rugged all metal con­
struction using one IC for all functions with + /-
0.05% accuracy. Priced at $125 in singles. 
PRESS-PUCK: Models have integral XDCR built 
in for pressure or vacuum A/ G/ D up to 100 PSI 
the "PUCKS" can be mounted on panel , snap 
track, rail or explosion proof conduits . Custom 
units available . Press-pucks price sta rt at $225 in 
singles . l.M.C. 4016 E. Tennessee St. Tucson , 
AZ. 85714 (602) 748-7900 
"TRANS-PUCKS & PRESS-PUCKS" 253 

ANALOG PLL 
DATA SEPARATOR 

•Small Size .. . ..... . .... . .... . . . .. . 
•SIP Configurat ion ...... . .......... . 
• Precision Laser Trimmed ..... . . . . . . . . 
•No Addit ional Analog Circu itry Required .. 
The HAS1005 is a complete analog subsystem : 
an analog phase lock loop specifically designed 
for 5 Mb/s Winchester data separation . It has 
TIL-level digital inputs and outputs. And it 's laser 
trimmed so you get repeatable accuracy. Yet it is 
less than 1.8 inches long by .45 inches high . 
Hybrid Circu its Inc. 760 San Aleso Avenue 
Sunnyvale, California 94086 (408) 745-0950 

HYBRID CIRCUITS 256 

ANALOG 1/ 0 W.12 OUTPUTS, 32 INPUTS: 
The RMB-741 has 12 output channels w. 12 bit 
resolution wh ich may be connected in 4 dif. volt­
age ranges or as current loop outputs. The 32 
single-ended or 16' differential inputs may be 
connected in 3 dif. voltage ranges or current loop. 
The input channels have 12 bit resolut ion , soft­
ware programmable ga in & sample-hold amplifi ­
er. On-board microprocessor has 6 programma­
ble modes & 3 add'I self-test modes. Multibus 
compatible w. 20 bit address. ROBOTROL CORP., 
16100 Caputo Drive, Morgan Hill , CA. 95037 . 
408-77 8-0400. 
ANALOG 1/ 0 BOARD 259 

To advertise call : Sheila O 'Neill , Sales Rep. (201) 393-6080 



quick ad1 New and c urrent products for the electronic designer presented by their manufacturers . 

HIGH SPEED OSCILLATORS! Connor-Win field 
has a new line of HCMOS oscillators available up 
to 25 MHz. ECL logic oscillators are ava ilable up 
to 200 MHz. Both types are enclosed in hermeti ­
cally sealed 14 pin DIPs. Also, LOW COST TIL 
DIP clocks are available for IMMEDIATE delivery 
at the following MHz frequencies: 1, 2, 3 , 4 , 5, 
6, 8, 10, 12, 16, 20, 24, 40 and 70 MHz. (+/­
.01 % or .005%, 0 - 70 C). Call or write for our 
new catalog. Connor-Winfield Corp., 114 W. 
Washington St. , P.O. Box L, West Chicago, IL 
60185. (312) 231-5270. 

OSCILLATORS 260 

BRUSH LESS FANS AC/DC Efficient air movers 
in a variety of speeds and sizes to accommodate 
varying applications. Low noise and high reliabili ­
ty in either AC (12 or 24 volt) or DC (115 or 230 
volt) models. Airflow from 20 CFM to 105 CFM . 
Quotations on non-standard models available. 
COMPTECH SYSTEMS INC., 2081 Kedge 
Drive, Vienna Va . 22180 703-281 -0164 

BRUSHLESS FANS AC/ DC 263 

OrCAD/ SDT IS THE MOST COMPLETE sche­
matic design tool available for your IBM PC. In ­
cludes everyth ing you need to design, edit & 
print schematics . COMPARE these features : 
Supports "A" through "E" size sheets , Color & 
Monochrome Graphics, Unlimited Level Hierar­
chy, Part Rotation & Mirroring, Powerful Key­
board Macros, String Searching, Automatic Pan­
ning, 1600 Library Parts, DeMorgan Conversion , 
5 Zoom Levels, Utility Programs for Post Pro­
cessing. Order free demo disk & brochure . 
OrCAD Systems Corp. , 1049 S.W. Baseline St. , 
Hillsboro, OR 97123 (503) 640-5007 . 
SCHEMATIC DESIGN TOOL 266 

ARE YOUR PRODUCTS RELIABLE? The 
RelCalc 2 Software Package predicts the reliabili­
ty of your system using the part stress procedure 
of MIL-HDBK-2170, and runs on the IBM PC 
and full compatibles . Say goodbye to tedious, 
time consuming, and error prone manual meth­
ods! RelCalc 2 is very easy to use, and features 
menu windows, library functions, global editing 
for what-if? trials, and clear report formats . 
$1500. Demo package for $50. T-Cubed 
Systems, 31220 La Baya Drive #110, Westlake 
Village, CA 91362. (818) 991 -0057 . 

AUTOMATE MIL-HDBK-2170 261 

EE/ EPROM PROGRAMMER .. . with Eraser . . . 
the "BESr' for $1295 .. .. ...... . . . .. . . . 
...... ... DIGELEC Model 824 . . .. . ... . 

• RAM 512k Standard, 2048k optional 
• Programs 2716 to 271024, MOS & CMOS .. 
• 40 & 28 pin micro P's, Intel & MOT. . ... . 
• Programs virtually all mfg's, 220 + devices .. . 
• Time-saving quick-pulse & Int. algorithms . . .. . 
• Complete stand-alone editing, 16-char. display, 

RS-232, Remote control , translation formats 
• Optional IBM-PC/ AT menu-driven S.W .... . . 
Phone 201-493-2420 DIGELEC, Inc., 1602 Law­
rence, Ocean, NJ 07712 
EE/ EPROM PROGRAMMER 264 

IBM PC COMPATIBLE RS232 EASl-DISK 
5114'' FLOPPY DATA STORAGE & TRANSFER 
SYSTEM ......................... . 
•Reads & Writes IBM PC DOS 51/.i" Disks • RS-
232C 1/ 0 • Rugged Portable Package • Host 
and/ or Manual Controls • ASCII or Full Binary 
Operation • Baud Rates 110 to 19.2 K Baud •Au­
tomatic Data Verification • Price $1 ,095 in Sin­
gles - OEM Qtys. Less • 28 other systems with 
storage from lOOK to 35 megabytes ANALOG & 
DIGITAL PERIPHERALS INC, 815 Diana Drive, 
Troy , Ohio 45373 , 513/ 339-2241 , TWX 
810/ 450-2685. 
IBM PC COM PATIBLE DISK 267 

To advertise ca ll: She ila O 'Neill , Sales Rep. (201 ) 393-6080 

SNAP-MOUNT ALUMINUM 'LYTIC CAPACI ­
TORS. Easy to install Type 800 capacitors are 
ideal as input and output filter capacitors in 
switched-mode power supplies. Snap-lock termi ­
nals for mounting on PW boards. Operate from 
- 40°C to + 85°C. For output requirements, 
ratings from 6 .3 VDC to 100 VDC. As input filter 
capacitors, 200 VDC and 250 VDC ratings . Write 
for Bu lletin 3156A. Sprague Electric Co., 41 
Hampden Road , P.O. Box 9102, Mansfield , MA 
02048-9102. 

POWER SUPPLY CAPACITORS 262 

VME-9100D Multi-function, VMEbus Memory 
1/ 0 Board 16 battery-backed 28-pin memory 
sockets accept JEDEC RAM & ROM devices. 3 
paral lel IC 's (8536) provide 60 TIL 1/ 0 lines with 
automatic handshaking & pattern detection 
along with 9 16-bit counter/ t imers. 4 asynchro­
nous serial ports (68681) are selectable for 
RS232 & RS422 at rates up to 38.4K baud . An 
on-board battery provides power for the crys­
ta l controlled real -time calendar clock (58167) 
& the memory. Logical Design Group, Inc. , 
541 Pylon Dr., Raleigh , NC 27606 (919) 834-
8827. 
VMEbus Multi-function board 265 

$9 1.00 • Single Board Computer. • 500 piece 
price, model MOL45 shown , 6800 MPU. serial 
1/ 0 , parallel 1/ 0 , RAM, EPROM , 44-pin 4 .5" X 
6 .5" PCB EXPANSION MODULES, RAM , 
EPROM , CMOS RAM battery , analog 1/ 0 , serial 
1/ 0 , parallel 1/ 0 , counter/ t imer, IEEE-488 , 
EPROM programmer, f loppy disks, cassette , 
breadboard , keyboard display. Wintek Corpora­
tion, 1801 South Street. Lafayette . IN 4 7904 
2993 (317) 742-8428, (800) 742-6809 

SINGLE BOARD COMPUTER 268 
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quick ad1 New and current products for the electronic designer presented by their manufacturers . 

• 
Tracker 1700 Intelligent Stand Alone 15 to 20 
Mbyte ASCII or Binary RS-232-C Cartridge 
Tape System.• Standard Power Fail with No 
Data Loss• 24K CMOS Buffered Stop-Start sys­
tem• Dual RS-232-C ports with Independent 
Baud rate select 110 to 19.2K Baud and Auto 
Answer• Ideal Hard & Software replacement for 
Tektronics, Tandburg & Columbia low capacity 
RS-232-C Drives• Quantity Priced under $2000. 
Data Track USA, 9451 Sohap Lane, Columbia , 
MD 21045 301-992-9143. Telex 6971182 
CO LR ESH 

15-20 MBYTE CARTRIDGE 269 

The SCC Cost Efficient Programmer for 
EPROMS/ EEPROMS. Basic System $1,195 in­
cludes: Keypad , serial port, display, 8 gang 
programming, set programming, and device 
menu-no personality modules. 256K byte 
memory opt ion-program 512 devices . UV 
Eraser $395. Southern Computer Corporation 
3684 Clearview Avenue Atlanta , Georgia 30340 
404/455-8018 

PROGRAMMER 272 

PC BASED INSTRUMENTS Typical System 
Costs Under $9000 Runs on IBM PC/ XT/ AT or 
compatibles. The PClOOO is a hardware/ soft­
ware system designed to provide test ing solu­
tions at a moderate price . High performance 
instruments that rival IEEE 488/ GPIB without 
the programming complexity. Allows the use of 
BASIC, C, and other languages along with the 
PClOOO's simple instrument commands. 
VISTAR CORP. 13740 McCormick Dr., Tampa, 
FL. 33625 800/ 237-8812 

PC BASED INSTRUMENTS 275 
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CMOS 80C88 SINGLE BOARD STD BUS 
COMPUTER features the 16-bit 8088 with 
8087 coprocessor socket and 1 Mbyte address­
ing, On-board functions include 2 JEDEC 28-pin 
memory sockets for up to 128K bytes of RAM, 
EPROM , or EEPROM. Includes one RS-232/ RS-
422 serial port, 8259A interrupt controller, 3 16-
bit counter/ timers , SBX connector, and Watch­
dog timer. Available in NMOS/TTL or CMOS 
from WinSystems, Inc., PO Box 121361 , Arl ing­
ton , TX 76012; 817 / 274-7553. 

8088 Single Board Computer 270 

lntroducin~ a new, small 40 column thermal 
printer. It 1s top loading & accepts regular or 
label paper. Photoelectric & mechanical sensors 
are available to detect the proper side of the 
paper for printing & start & stop of paper feed. 
Ideal for single sheet feed . The printer automati­
cally grabs & feeds the paper to the correct loca­
tion for printing. Sci-Novations 1023 Wappoo 
Rd •Suite 36-B •Charleston, SC 29407 
• (803) 556-2626 TELEX 510-601 -2563/ 
SCINO UQ 

SCl-NOVATIONS 273 

IBM PC COMPATIBLE POWER FAIL PROTECT­
ED RS-232-C FLOPPY DATA COLLECTION 
SYSTEM• Writes/ Reads IBM PC DOS 2.0 com­
patible 5\4 discs• Dual RS-232-C ports with in­
dependent switch selectable baud rates to 
19.2K• Power Fail Restart with NO DATA 
LOSS• Simple front panel or remote con­
trolled• Remote polling. Tracker 1400's low 
price makes it ideal for data collection from log­
gers & information transfer from Non-IBM com­
patible systems to IBM PC's format. Data Track 
USA 9451 Sohap Lane, Columbia , MD 21045, 
301 -992-9143, Telex 6971182 COLRESH 
FLOPPY DATA COLLECTION SYS. 276 

.. 
; 

FREQUENCY RESPONSE MODELLING AND 
MEASUREMENT combined in one easy-to-use , 
menu-driven system . Model data and test data 
are presented in same format for easy compari ­
son. FILE MATH allows any math operation on 
data files, including mixing of test and model 
data. K-FACTOR synthesis program designs opti ­
mum feedback amplifiers for control systems, 
chooses components values, and creates mod­
els. The ultimate analog design tooll Venable 
Industries, Inc. 3555 Lomita Blvd ., Torrance, 
CA 90505 (213) 539-2522. 

ANALOG WORKSTATION 

MEMORY EXPANSION FOR 
INTEL EMV51 and ICE51 

\ 

271 

MEM31.MEMORY EXPANSION UNIT Hard­
ware: The MEM31 circuit board is installed be­
tween the emulator and the target system . The 
MEM31 board contains 16K of R/W memory. 
The memory can be expanded up to 64K. No ex­
ternal power supply is needed. Software: The 
MEM31 software automatically splits your object 
file into emulatory loadable units. They are then 
loaded into the MEM31 via the emulator. The 
price is $695 which includes PCB, floppy disk 
and documentation. NOHAU CORPORATION , 
164 Calle Larga , Los Gatos, CA 95030 (408) 
374-1594. 
MEMORY EXPANSION UNIT 274 

FREE DEMO DISK: SCHEMA is a complete , in­
tegrated schematic drawing software package 
for IBMTM Personal Computers. Use SCHEMA 
with your PC to draw schematics and automati­
cally generate design documentation such as 
Wire and Net Lists, Bills of Materials, Design 
Rule Checks, etc . SCHEMA is $495 and sup­
ports most common PC hardware configura­
tions. Call or write today for a free demo disk and 
brochure. OMATION, INC., 1701 N. Greenville 
Ave., Suite 809, Richardson , TX 75081 (214) 
231 -5167 

OMATION , INC. 277 
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1409 UNIVERSAL EPROM PROGRAMMER 
No personality modules required on line help and 
menu selection on board 110/ 220V power sup­
ply fast & ultra fast programming gang port for 
future expansion software drivers for most PCs 
supports all 5V EPROMS, EEPROMS & Intel Mi­
cros, Intel / Motorola 8&16 Bit format supported 
1409C-34 $695 Visa & Master Card B&C 
Microsystems 6322 Mojave Dr. San Jose CA 
95120 Phone (408) 997-7685 Telex 4995363 

EPROM PROGRAMMER 278 

Engineering Software: Micro-CSMP simulates 
any system including• Control and Servo sys­
tems• Robotics • High Order Filters• Chemical 
Processes• Stress & Strain. A full implementa­
tion of IBM 's S/ 360 CSMP, Micro-CSMP pro­
duces graphical results in minutes, typically re­
~uiring 10-20 lines of input. LSAP analyzes 
linear systems producing Bode, Nyquist, and 
Transient Response plots, and Root-Locus dia­
grams. Micro-CSMP is $900, LSAP is $450 for 
PC-DOS or MS-DOS systems. California Scien­
tific Software 25642 Hazelnut, El Toro, CA 
92630 (714) 581-7654 
CALIFORNIA SCIENTIFIC SOFTWARE 281 

8051 
8048 

SIMULATORS• CROSS ASSEMBLERS• PRO­
GRAMMERS SIM51 and SIM48 Software Sim­
ulators run on IBM-PC, CP/ M-80, MS-DOS. De­
signed for validation & debugging application 
software . Simulation includes all on chip func­
tions plus expansion chips. $250 one year FREE 
updates. Formats PC-DOS 2. X DSDD, CP/ M-
80 8' SSSD; many 5\14'' formats. Cross Assem­
blers and EPROM pgmrs also available . Logical 
Systems Corp., 6184 Teall Station, Syr., NY 
13217 (315) 478-0722 . 

8051 / 8048 DEVELOPMENT TOOLS 284 

LOW COST PIEZO SOUND TRANSDUCERS 
MS-3 sound transducers are pre-assembled & 
pre-tested-for PC board insertion . Stainless 
steel & glass-filled polyester constr. Exclusive sol­
dered crystal contacts for max reliability . Gener­
ates 70 to 80 dBA (2-5 kHz) at 2 ft. Freq ., vol­
ume & mode are functions of drive circuitry you 
supply .. 930" dia. X .255". Made in USA. 42¢ 
ea/ 1000 qty. Floyd Bell Inc., 987 Higgs Ave ., 
PO Box 12327, Columbus, OH 43212. 
614/ 488-3193. 

TRANSDUCERS 279 

Attention AutoCad Users: You can now truly 
enjoy a mainframe class PCB layout package for 
$2,500.00 Our AutoPCB features: 1- Schematic 
capture w/ netlist, BOM : 2- Automatic parts 
placement; 3- Rats' Nest; 4- Automatic routing 
which can handle fine line, SMT, 30 trace layers; 
22" X 22" board; 5- Automatic generation of 
production quality films; 6- Over 4,500 parts in 
library; 7- No add 'n hardware required . PRO.LIB 
Inc., 465 Mathilda Ave ., Suite 302, Sunnyvale, 
CA 94086. (408) 732-1832. 

PCB LAYOUT PACKAGE 282 

CHIME & WARBLE TONE PIEZO ALARMS Im­
proved chime tone piezo alarm faithfully repro­
duces pleasant sound of a small bell with atten­
tion getting output to 93 db (cj) 2 ft . 1 or 2 chimes 
per/ sec. Warble tone alarm Tias more aggressive 
still not abrasive 2 Hz, 2 tone warble to 95 db @ 
2 ft . Both alarms have low, 2200 Hz center freq . 
5 VDC-220 VAC, PC or panel mount. Opt. manu­
al shutter volume control. Made in USA by Floyd 
Bell, Inc., Box 12327, Columbus, OH 43212. 
614/ 488-3193. 

PIEZO ALARMS 285 
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STD 80188 COMMUNICATION CPU 

SCC-188 STD BUS SINGLE BOARD COMPUT­
ER features the 16 bit 80188 CPU with twice 
the performance of the 8088. The card features 
a 2 channel Serial Communication Controller 
(SCC) & supports data rates up to 1.2 Mega bits/ 
sec. On-board RS323/ RS422 receivers/ drivers, 
REAL TIME CALENDAR CLOCK, 2 channel DMA 
CONTROLLER, INTERRUPT CONTROLLER, 
three 16-bit TIMERS, 256K BYTES on-board 
MEMORY capacity, MORE. Fully buffered & true 
STD BUS COMPATIBILITY. 5 MHz $549. R.L.C. 
ENTERPRISES 1117 Hillview Dr. Milpitas, CA 
95035, (408) 946-7471 
SINGLE BOARD COMPUTER 280 

ROL YN OPTICS 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 coat ings 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) 915-5715. TELEX 67 
0380. 

OPTICS 283 

IPC WIDE BAND CURRENT MONITOR IPC's 
current monitors measure AC and fast pulsed 
currents in physical isolation from the conductor, 
thus eliminating ground loops and interference 
noise. Many standard designs are available with 
a sensitivity from .001 to 1 V / A. Peak currents 
up to 100,000 AMPs and higher for special mod­
els. For further information, write or call : ION 
PHYSICS CORPORATION 323 Andover Street 
Wilmington , MA 01887 Tel. (617) 658-6030 
Telex 5106006134 

WIDE BAND CURRENT MONITOR 286 
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quick ad1 New and current products for the electronic designer presented by their manufacturers . 

15 W TRIPLE OUTPUT DC CONVERTER ICl 's 
MT02812T provides regulated isolated outputs 
of + 5 VDC at 2 & ± 12 VDC at 208 mA from 
input of 16-40 VDC. Housed in metal , 
hermetically-sealed package, this thick-film hy­
brid unit measures 1.95" X 1.35" X 0 .50" with 
typ. efficiencies of 80%. Operating case temp. 
range - 55- + 85 °C.ICI offers over 100 mod­
els of miniature DC-DC converters. Integrated 
Circuits , 10301 Willows Rd ., Redmond, WA 
98052. 206/ 882-3100 

INTEGRATED CIRCUITS 287 

High performance 10 MHz 68000 processor 
based Multibus single board computer fea· 
tures four DMA channels, parallel interface, tim­
ers, real time clock, dual synchronous or asyn· 
chronous serial channels, up to 1 megabyte 
RAM, 256K EPROM or 128K EPROM and 64K 
battery backed up RAM, dual expansion connec· 
tors, on-board interface to Priam hard disk 
controllers. AMTELCO, 4800 Curtin Drive, Mc· 
Farland, WI 53558. (608) 838-4194. (800) 
356-9148. 

68000 MULTIBUS BOARD 290 

Full Line LOW POWER Series includes 
•CMOS Z80 PROCESSOR CARDS 
•CMOS MEMORY CARDS (with Battery Backup) 
•CMOS 1/ 0 CARDS (Parallel & Serial 1/ 0) 
•CMOS ANALOG CARDS (8 & 12-bit Conver­
sion) MICROCOMPUTER SYSTEMS, INC. 
1814 Ryder Drive, Baton Rouge , LA . 70808 
(504) 769-2154. 

MICROCOMPUTER SYSTEMS, INC. 293 
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MIL/COMMERCIAL 256K STATIC RAM The 
CMOS 256-03 and 03M are ICI 's latest additions 
to their hybrid memory line. This device is organ­
ized as 32K by 8 bits and features typical access 
times of lOONS and standby currents of 20µA. 
The CMOS 256-03M is hermetically sealed and 
screened to MIL·STD-883, priced at $347 (100). 
Stock-4wks. Integrated Circuits Inc. 10301 Wil­
lows Rd ., Redmond, WA 98052 (206) 882-
3100. 

HYBRID 256K CMOS STATIC RAM 288 

HSC-9128 Video Terminal Card The HSC-9128 
is a low cost alphanumeric 80 by 24 video termi­
nal card. Async TIL serial port to 38.4K, line driv· 
ers available . IBM PC compatible keyboard, com­
posite or separate video, EEPROM based on 
screen set up, on screen manual, 7 or 8 bit ANSI 
X3.64, 100 by lOOmm card. $129/ unit. $89/ 
100 quantity. Heritage Systems Corporation, 
PO Box 10588, Greensboro, NC 27404, (919) 
274-4818 

HSC-9128 VIDEO TERMINAL CARD 291 

THE NEW MICROSTICK for CAD/ CAM, graph· 
ics, robotics & text editing. 8 modes of move· 
ment. One emulates Summagraphics Bit Pad 
One, another an optical mouse, the other 6 
modes have an ASCII output. Has resolution of 1, 
4 or 8 parts in 4096 depending on angle of incli­
nation of stick to extremely rapid cursor move­
ment. Full EIA RS-232 serial interface; 300, 
1200, 9600 & 19,200 baud rates; discontinu· 
ous , continuous or on computer request outputs. 
Custom formats & features available . Retail 
$279.95. CH PRODUCTS, 1558 Osage, San 
Marcos, CA 92069 (619) 744-8546. 
MICROSTICK 294 

HIGH SPEED PULSE GENERATORS. This free 
new 68 page catalog describes over 100 models 
of ultra high speed pulse generators, impulse 
generators, monocycle generators, samplers, 
delay generators and accessories such as trans· 
formers, power splitters and scope probes cover· 
ing the PRF range of 0 to 250 MHz, rise times 
from 60 psec to 10 nsec, pulse widths from 130 
psec to 100 usec and amplitudes from 5 to 350 
volts. AVTECH ELECTROSYSTEMS LTD., P.O. 
Box 5120 Stn. F, Ottawa, Ontario, Canada K2C 
3H4, (613) 226-5772, TLX: 053-4591. 

PULSE GENERATORS 289 

NEW D25 HOOD This new hood is tapered for 
easy access to locking hardware. Sliding strain re· 
lief fits all cable sizes up to 12V2 pair. Only two 
screws for easy assembly, with an impression on 
either top or bottom for easy insert of your own 
logo. As low as 16¢ each I! Call (800) 243-5760 
for free sample and a copy of our new catalog. 
Don 't wait call or circle now !I CRAIG DATA 
CABLE, 652 Glenbrook Rd., Stamford, CT. 
06906 
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HIGH PERFORMANCE Z-80 SINGLE BOARD 
COMPUTERS Avai lable with either Z-80A or 
Z-80B CPU, 64-256K RAM , 2-64K ROM or 
EPROM , 2 or 4 RS-232 serial ports , high speed 
bi-directional parallel port or an 1/ 0 expansion 
bus. All models have 51/4'' & 8" disk controller 
and Centronics parallel printer port. SCSI port 
and RS-422 ports are also available . Private label 
systems available . DAVIDGE CORPORATION 
P 0 . Box 1869E, Buellton , CA 93427 (805) 
688-9598. 
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To advertise call: Sheila O'Neill, Sales Rep. (201) 393-6080 
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It. It programs 272S6 EPROM In 40 secend&·· CIOCk 
Price 
update 

It. Less than $450 per socket. •it Just plug In the SOFlPACK 
without even opening up 

• the unit. 

Is the fastest . easiest to update. and most 
•it• The Olgelec Model 828 Production Programmer 

Got • economical EPROM Programmer on the marttet. 

Get It • Dlgelec 828 

[cf-19eiec; Production p ' rogrammer model 828 



Today, ten years after its 
introduction, the SBL-1 has 
earned its reputation as tough ... the 
world's most widely accepted mixer for rugged 
industrial and military applications, judged on the basis 
of high quality, consistent performance in the field , 
and lowest in cost. 

And the winning formula is not a secret. 

Using the latest automated production and test equipment 
available, Mini-Circuits stress tests each individual compo­
nent before assembly and then subjects each assembled 
SBL-1 to 17 grueling tests before acceptance, date coding 
and close checking for unit-to-unit repeatability. 

The SBL-1 does have one drawback however. It only covers 
1 to 500 MHz. That's why we've expanded the product fam­
ily with additional models to cover 25 KHz to 1000 MHz. The 
new units are assembled with the same production and test 
expertise as the SBL-1; that's why we can offer 0.1% AOL 
on all SBL models ... no rejects, not a single one, on every 
order shipped . So don 't compromise your design or settle 
for a poor imitation. Specify Mini-Circuits SBL Mixers. 

For full specifications call or write for latest RF /IF 
Signal Processing Handbook or refer to EEM, Gold 
Book, or Microwaves Directory. 

CIRCLE 132 
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SBL SPECIFICATIONS (typ.) 

Isolation.dB Price 
Model Freq. (MHz) Conv. Loss L-R L-1 (10-49) 
SBL-1 1-500 5.5 45 40 $4.50 

*SBL-1X 10-1000 6.0 40 40 $5.95 
SBL-1Z 10-1000 6.5 35 25 $6.95 
SBL-1-1 0.1-400 5.5 35 40 $6.50 
SBL-3 0.25-200 5.5 45 40 $7.50 

*If not DC coupled . 

finding new ways 
setting higher standards 

r;;:I Mini-Circuits 
A D1v1s1on of Sc1ent1 f1c Components Corporation 

World ·s largest manufac turer of Double Balanced Mixers 
PO. Box 166. Brooklyn , New York 11235 (718) 934-4500 

Domestic and International Telex 125460 International Telex 620156 
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regulaton, precisiod Niel-Ii. 
comparators, converters, switching 
regulators, filters, buffers, con­
trollers and interface products. All 
designed to solve your toughest 
application problems. 

Linear Technology is at the 
forefront of sophisticated bipolar 
fabrication technology as well : 
Super Beta, JFET, low noise, high 
speed, thin film, and sub-surface 
zener processes are everyday occur­
rences in our modern fabrication 
facility. And we also produce an 
advanced silicon-gate CMOS 
process, called LTCMOS:" specif­
ically tailored to satisfy the special 
needs of linear IC functions. 

All Linear's products are 
designed to meet stringent military 

I 
L 

YES. 
I want to make sure I've got the future 

covered. Please send me your new catalog. 

A check (or mor.ey order) for $6.00 is enclosed. 

Name 

T itle 

Company 

Address 

City State 

Z ip Phone 

Linear Technology Corporarion 
16'.\0 McCarthy Blvd .. Milpitas. CA 95035 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 
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munications, to name a few. 
Our unique lineup of Linear 

circuit designs is the work of our 
famed team of experts, each a 
major contributor to the world of 
analog design and technology. 
So, for products designed to meet 
the challenges of the future, count 
on Linear Technology's leading­
edge IC designs to deliver the most 
cost-effective solution to your 
linear system requirements. 

fur all the specifics about 
Linear Technology's products , 
send for our new product catalog 
today. Or, for additional informa­
tion, contact us at : LINEAR 
T ECHNOLOGY CORPORATION, 
1630 McCarthy Blvd., Milpitas, 
CA 95035. (408) 942-0810. 


