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Starting now. this is the standard 
every phase must face. 

You're looking at a phase syn­
thesizer so accurate it should 
become the standard for every 
phase meter in existence. An 
instrument so versatile it can 
revolutionize every phase­
dependent testing procedure. 

The Model 650 Variable 
Phase Synthesizer from 
Wavetek. 

Model 650 uses the NBS dig­
ital signal synthesis technique 
to produce waveforms with 
0 .005° phase accuracy and 10 
digits of frequency resolution . 

Phase Meter Calibration 
Now, instead of using two sig­

nal generators, a phase meter, 
a computer, and several hours 
of time, you can calibrate a 
phase meter in minutes. With 
Model 650's phase sweep and 
an x-y plotter, you can quickly 
map a meter's response over 
360°. 

But Model 650 is more than 
accurate. It is powerful- up to 
50 Vp-p into 50 ohms. It is 
versatile-a wide range of 
waveforms and modes over 
100 µHz to 2 MHz. It is expand­
able-the standard two-channel 
or optional four-channel output 
can be multiplied by cascading 
up to 10 instruments for as 
many as 40 channels . 

Synchro/Resolver Simulation 
Since it is completely GPIB 

programmable, Model 650 is 
ideal for synchro and resolver 
simulation. You can prepro­
gram a robot's full sequence of 
actions, create a radar tracking 
scenario, or put a weapons 
guidance system through its 
paces. 

Powerful Easy To Use 
For all its power, Model 650 is 

surprisingly simple to use. Plain 
English menus in the display 
guide you through every pro­
Cedlre, and up to 25 complete 
ilstn.ment setups can be 
at.ored in non-volatile memory. 

Mott1fJr arprise is the price . 
.-s.ni11e a system 

For more information, call or 
write Wavetek San Diego, Inc., 
9045 Balboa Ave., P. 0 . Box 85265, 
San Diego, CA 92138. Tel. (619) 
279-2200; TWX-335-2007. 
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INSIDE LOOK 

Designing in the fast lane 

Raw speed has always fasci­
nated humans- cars hitting 
200 mph at Indianapolis, the 
Concorde landing in New 
York before its take-off time 
in Paris, bullet trains in 
France and Japan barreling 
down the track at 300 mph­
and, for electronic design en­
gineers, logic systems run­
ning at 100 MHz and up. 

For a growing number of 
designers, anything under 100 MHz seems like poking 
along in a horse-drawn carriage. Subnanosecond speed 
is the name of their game in such things as automatic test 
equipment, complex graphics, fiber-optic communica­
tions, robotics, real-time process controllers, and the 
like. 

Now, new types of subnanosecond gate-array chips 
are arriving to help designers cope with the problems. 
These chips differ from early gate-array chips in more 
than just speed; they represent a whole new approach to 
using gate arrays. 

The early TTL-based gate arrays were aimed at sim­
ply reducing costs by squeezing many discrete IC logic 
blocks into one large chip, thus eliminating bulky 
pc boards . The arrays may also have improved per­
formance by cutting path delays, but that was a bonus. 

By contrast, the fast ECL arrays are opening fresh ap­
plications. In fact, with the new breed of gate arrays, de­
signers are likely to leapfrog the discrete logic phase and 
go directly to the gate-array implementation. Often the 
designs are not feasible with discrete SSI- or MSI-level 
ECL, as those multiple-chip implementations are just 
too expensive and require ungainly cooling measures. 

What's more, with the arrival of the fast arrays, de­
signers now have choices beyond silicon-based ECL. As 
discussed in the ELECTRONIC DESIGN Report on p. 74, 
ECL still has a clear lead in subnanosecond gate arrays, 
but it's facing a challenge from CMOS. Gallium arse­
nide arrays are coming on strong, too, although their 
cost remains a major drawback. 

No matter how the race among technologies shapes 
up, one thing is clear: With systems continually setting 
speed records, the sure winner today may be ripe for the 
overtaking tomorrow. 
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89 COVER: SYMBOLIC LAYOUT SOFTWARE 

Industry Newsmaker 
51 4-Mbit/s transceiver works over 3500 ft 

Aimed at point-to-point twisted pair links, an analog IC's digital 
adaptive-equalization circuits give it a 40-dB dynamic range. 

Electronic Design Report 
7 4 Subnanosecond silicon ECL gate arrays face 

challenge from GaAs and CMOS 
The mainstay of the fastest digital systems, silicon ECL gate 
arrays face competition from high-density CMOS, bipolar-CMOS, 
and gallium arsenide . For now, though, ECL's picosecond delays 
and gate complexity ensure its lead . 

Design Entries 
89 Cover: Symbolic layout software accelerates 

IC design 
IC designers can see productivity rise with layout software that 
lets them work at the symbolic device level, not at the polygon 
level. Chips come out extremely compact. 

105 6-GHz analog transistors, ECL team up 
in versatile array 
Putting superfast analog and digital elements on one bipolar chip 
gives designers a precise, high-density ASIC, with reduced power. 



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

74 SUBNANOSECOND GATE ARRAYS 123 DSP CHIP FOR MODEMS 

115 Large.scale ASIC library merges circuitry for 
microprocessor peripherals 
Fitting periphera l I Cs together on one chip ca n be a stumbling 
block. To the designer 's rescue comes an AS IC device technoJ.Qgy 
tha t weds g lue logic a nd periphera l circuitry. 

Design Applications 
123 Fast modem designs benefit from DSP 

chip's versatility 
Quadra ture a mpl itude modula tion is just one of the modem tasks 
a n ag ile dig ita l signa l processor ha ndles. The chip's high density 
simplifi es design, a nd a dua l bus speeds opera tion. 

Cover photography by Herbert/ Wagner Computer Images 
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Analog 

133 Single-chip op amp mixes top 
speed and power dissipation 

Computer.Aided Engineering 
134 Logic synthesis program injects 

level-sensitive scan into ICs 

Computer Boards 
144 Q-bus two-board set processes real· 

time images 

Digital ICs 
150 32-bit CMOS MACs perform floating. 

point calculations 

Communications 
165 Communication processor peaks at 

3.5 MIPS 
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167 Pc board workstation runs DOS pro· 

grams in window 
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169 16-bit resolution spotlights VMEbus 

board 
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DON'T Ml55 THESE ... 

23 A ne~ly developed ingot­
grow1ng process may cut 

the price of gallium arsenide de­
vices by producing five times as 
many usable wafers from one in­
got. Surrounding the molten GaAs 
is a magnetic field that keeps 
temperatures close to the desired ..,.,...__.......___._.'-++-.....__._u...-..,,._. 
value. 

51 Twisted-pair wire is st ill a 
favorite for short-haul data 

transmission. But when you ' re 
faced with compromising speed in 
favor of transmission distance, you 
might consider this transceiver chip . 
By adapting to line losses, it passes 
up to 4 Mbits/s over 3000 ft of un­
shielded twisted pair. 

57 With an international pack­
et-switching network finally 

in place, the action in X. 25 prod­
ucts is heating up. 

and 
zation 
rs 

VMEbus board manufacturers 
have hopped on the bandwagon, 
introducing X.25 links that transfer 
data at speeds of up to 10 Mbits/s , 
and that also run OSI software. 

115 Microprocessor systems 
usually need a separate 

chip for each peripheral function. 
An ASIC cell library now lets you 

combine all the functions you need 
on one chip. We're talking about 
CRT, DMA, bus, and programmable 
interrupt controllers , as well as 
counter-timers, RAMs, and ROMs. 

Chip select 

IORNW or 
MEMRNW 

IOEN or 
MEMEN 

! Ac L 
tcEN 

--+-

tAAW J. tAWEN 

x 
tAEN 

_J 

133 If it's bandwidth you need 
in a monolithic op amp, 

will 170 MHz at unity gain do? That's 

RL = 46 fi //20 pf 

1--
1, 

the greatest bandwidth of any op 1---+----+---t--+-+---t 

amp chip around. 
The IC achieves that bandwidth 

when operating without compen­
sation at a noise gain of 10 and 
driving a 50-n load. 
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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. 

SPECIFICATIONS 
Model No . 
Freq (MHz) 
Gain (dB), Min. 
Gain Flatness (d B) Max. 
Max . Power (dBm) 

(1dB compression) 
NF (d B) typ. 
3rd order 

ZFL-500 
0.05-500 
20 
±1.0 

+10 
5.3 

ZFL-1000G 
10-1000 
17 
±1.5 

+3 
12 .0 

ZFL-2000 
10-2000 
20 
±1.5 

+17" 
7.0 

ZFL-1000H 
10-1000 
28 
±1 .0 

+20 
5.0 

lnterceptpt (dBm) +18 +13 +25 +33 
Current at 15V de 80mA 90mA 100mA 150mA 
Price i 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 refer to 1985-86 
Gold Book or Microwaves directory. 

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. *+15 dBm below 1000MHz 

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. 

CIRCLE 6 

finding new ways 
setting higher standards 

0 MiniA~i~!i~ti~!!!!o! 
PO. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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"Systems with our kind of p(JWer 
and upgrade potential are 
diJ[U:ult to resist." 

''And that's good for us, too. 
Software re-writes are totally 
unnecessary." 

'.'..And now, so are we." 

ow Siemens builds 
multi-user systems 

atible with the future. 
Using 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 
cover the entire spectrum of 
business applications-from 
single-user systems to high per­
formance, multi-user SINIX"" 
systems. And without having to 
reinvent the software "wheel" 
for every product. 

Such a demanding objective 
required demanding specifica­
~: true 32-bit architecture; 
a complete computing cluster, 
including memory 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 met all their needs: 
National's Series 32000 family. 

ik~1other 8- and 16-bit 

processors being extended 
upward, the Series 32000 has 
no programmer-visible changes 
in architecture-throughout 
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 

~National 
~Semiconductor 

We're doing it. 



Gene Amdahl tells how ELXSI's parallel multiprocessing computer 
fills the void between supermini and supercomputer. 

" ... we do a superb job of parallel processing and 
multiprocessing at the same time. Our 320 megabyte/second 

GIGABUS architecture eliminates bottlenecks 
and guarantees future expansion!" 

"The difference between a parallel 
processing computer and a single­
processor computer is significant. 
For instance, the single-processor 
supermini is very efficient-but it 
quickly reaches its limit. If you add 
more processors, you can increase 
total ~otential computing power, but 
theres no communication between 
CPUs; they find it difficult to share the 
load. The work doesn't get completed 
much faster, and one or more 
processors may frequently be idle. 
Making multiple 
processors work 

"We were the first company to take 
another approach to solve this prob­
lem. We place from two to twelve CPUs 
on a high speed bus- which we call 
the 'GIGABUS™' -with an advanced 
communications protocol to keep 
the processors working together. The 
system has two modes of operation: 

"When multiple CPUs run different 
jobs concurrently they're in the 
Multiprocessing mode. But sometimes 
you have a large, long-runningjob, 
and want several processors to 
cooperate on processing it. Such 
operation is called Parallel Processing. 

Gene M. Amdahl Ph.D.-Chainnan and 
CEO of Trilogy, the parent corporation of 
ELXSI - is renowned for his contributions 
to large scale computing. Dr. Amdahl started 
his career with 13 years at IBM, where he 
developed the first compatible mainframe 
line, the System/360. He founded Amdahl 
Corp. In 1970, and Trilogy Systems. Inc. In 
1980. In 1985, after evaluating the system 
architecture of several parallel processing 
companies, Dr. Amdahl selected ELXSI 
as a merger partner after concluding that 
the company had the most advancea and 
expandable computer in the industry. 
Shortly after. ELXSI merged with Trilogy Ltd. 
and became a wholly owned Tiilogy 
subsidiary. 

Multiple and Parallel 
Processing can coexist 

"ELXSI™ is unique in that our 
System 6400™ can do an efficient 
job of Multiprocessing and Parallel 
Processing at the same time. It keeps 
the processing power of the system 
fully exploiteO, and system response 
optimized to the priorities of the 
user. This capability contributes 
greatly to the 6400's outstanding 
price/performance ratio. 
Importance of the GIGABUS 
"With the 6400, each CPU is tied 
through its cache memory to the 
320 megabyte/second GIGABUS. If 
the CPlJ were tied directly to the bus, 
traffic density would be 10 to 20 
times what it actually is. The inter­
connection point of the processors 
occurs at the lowest traffic-density 
point in the system. Low system 
traffic on the bus assures that 
communication interference can't 
generate a bottleneck in the system. 

Gridlock and bottlenecks 
"A bottleneck is a lot like 'gridlock' 

in a street with lots of traffic lights 
and heavy traffic. You can have a 
high powered Ferrari, but the traffic 
and traffic system restrictions won't 
let you go any faster than if you were 
in a golf cart. 

"We provide much broader streets, 
with intersections farther apart, 
and we haven't found a Ferrari fast 
enough to create gridlock yet. Now, 
for the first time, a large system 
is able to use the total computing 
power available to it, and still have 
room to spare for growth:' 

ELXSI makes lar~e-scale 
computing practical 

ELXSI introduced the first com­
mercial parallel processing computer 
in 1983, and today has more than 60 
major installations around the world. 
System 6400 computers are used by 
up to several hundred engineers at 
a time, performing a wide variety 
of sophisticated engineering and 
scientific applications. 

Many major aerospace companies 
use at least one ELXSI System 6400, 
including Rockwell, Boeing, Martin­
Marietta, Singer Link, Hughes, 
Northrop and NASA 

At NASA/Ames Dryden Flight 
Research Facility at Edwards, 
California, the ELXSI system func­
tions as a general-purpose computer 
supporting the entire engineering 
department, with applications rang­
ing from analysis of space shuttle 
data to monitoring the flight test 
performance of experimental aircraft. 

Other applications include circuit 
simulations, graphics image 
processing, structural analysis and 
computer-aided design, engineering 
and manufacturing (CAD/CAE/CAM). 

Northwest Bell uses a 6400 for 
loop engineering, and Tektronix/CAE 
Systems uses theirs for designing 
gate arrays and developing software 
for complex PC board layout. 

In addition, the system sees 
extensive use in companies such 
as Eastman Kodak, Honeywell and 
General Data Communications for 
complex integrated circuit layout. 

Ask for product and application 
information on ELXSI's powerful 
System 6400 family. From ELXSI, 
2334 Lundy Place, San Jose, CA 95131. 
Phone (408) 942-0900. 

lRILDlr:I ELXSI 
ELXSI Is a wholly owned subsidiary of Trilogy. 
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Price of 68020 
to plunge 46°/o 

GaAs logic 
family unveiled 

System inspects 
unsoldered 
circuit boards 

Will SCSI and 
ESDI coexist? 

NEWSPULSE 

As of July 1 system designers can end their anxious wait for less expensive 
32-bit microprocessors and peripheral chips. On that date Motorola Inc. 's 
Microprocessor Products Group (Austin, Texas) will slash the price of two 
68020 versions by as much as 46%. In I 00-piece lots, the 12-MHz 68020 will 
be tagged at $174-down nearly half from the current $325 . Similarly, the 
16-MHz chip will drop from $481 to $311. Dramatic cuts are also in store for 
the 68881 floating-point coprocessor, which is cropping up in more and more 
design specifications. In quantities of 100, the coprocessor will go for $131, 
down almost 50% . Designers looking for even higher speeds can opt for the 
20-MHz version of the 68020 at $580, and a 24-MHz device that will likely be 
introduced late this year. 

A broad-based family of GaAs logic chips will be introduced during the next 
10 months by Gigabit Logic Inc. (Newbury Park, Calif.). Until now a handful 
of "silver bullet" GaAs !Cs filled a few high speed functions like signal 
processing . Now , designers can build most of a board or a subsystem with the 
fast MSI chips- typical gate speeds are about 300 ps . The Pico Logic line will 
include adders , decoders, demultiplexers, gates, multiplexers, octal registers, 
and register files . The components are at least four times faster than ECL at 
more than five times the cost. Based on depletion-mode MESFETs, the 
surface-mounted devices interface easily with ECL. 

A vision system for manufacturing circuit boards packs a one-two punch, 
evaluating both sides of an unsoldered board at once. Most vision systems look 
at only soldered boards and only one side at a time. The DR 2000, designed by 
Intelledex Inc. (Corvallis , Ore.), makes repair a much simpler matter and also 
doubles throughput over other machines. Introduced at Vision '86 last week in 
Detroit , the system compares live camera images with correct specifications 
stored in memory. It then passes or fails the boards based on criteria like lead 
lengths, clinch and wipe angles of the leads , and proximity to neighboring 
contacts . Moreover, it detects the presence or absence of the required components , 
be they surface-mounted , leaded, or hybrid. 

Don ' t bet on predictions that the Enhanced Small Device Interface (ESDI) will 
supplant the slower Small Computer Systems Interface (SCSI). The race is not 
over. Winchester drive buyers looking for high-capacity 5 1/4-in. units seem to 
favor SCSI-based interfaces for office networks, whereas the faster ES DI-based 
devices get the nod for high-performance graphics workstations . 

Drive designers are responding to the dichotomy by offering a choice of 
interfaces. For example , at next week's National Computer Conference, 
Micropolis Corp. (Chatsworth, Cali f.) will announce a 382-Mbyte subsystem 
with both SCSI and ESDI ports. Furthermore, Fujitsu America Inc. (San Jose , 
Calif.) predicts that the performance distinctions between ESDI and SCSI may 
disappear within two or three years. A synchronous SCSI controller promoted 
by Fujitsu could boost data rates to 2 Mbytes/s , if not more. 
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Analog IC eases 
Tl link to ISDN 

Japanese seek 
memory, logic 
on light emitters 

Robots to sense 
temperature 
and pressure 

Custom chip 
costs capped 
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Connecting T 1 lines to an integrated services digital network (ISON) is getting 
simpler, thanks to a smart analog chip from Crystal Semiconductor Corp. 
(Austin , Texas) . To be introduced later this month , the CMOS device operates 
at lSDN's 1.544 Mbits/s and contains a programmable pulse-shaping line 
driver that compensates for differences in line lengths and types . It transparently 
frames data in the T 1 format, includes phase-locked-loop circuitry , and replaces 
about six discrete components. The chip's 16 bits of elastic storage remove up 
to 14 unit intervals of jitter. In addition, a monitor circuit detects and isolates 
malfunctioning Tl lines . The 5-V chip is housed in a 28-pin plastic DIP. 

Speculation had it that the new optoelectronic consortium of Japanese 
electronics companies would focus on the optical computer. But the Opt 
Technology Research and Development Co. will initially zero in on high-speed 
data communications over fiber-optic cable , says analyst Sheridan Tatsuno of 
Dataquest Inc . (San Jose, Calif.) . He contends that the group, made up of NEC, 
Hitachi, Toshiba, Fujitsu , and nine other Japanese companies, wants to develop 
a second-generation of semiconductor lasers-light emitters with memory and 
logic integrated on the same chip. Tatsuno predicts that a lattice structure of 
indium phosphide, gallium aluminum arsenide , and gallium arsenide layered on 
a silicon substrate will be used to produce a light emitter capable of 1.6-GbiUs 
transmission rates. 

Researchers aim to endow industrial robots with fingers for sensing pressure , 
temperature, and proximity of objects . Under NASA funding, a team at Stanford 
University's Center for Integrated Systems (Palo Alto , Calif.) is developing 
a tactile-sensing grid made of rows of silicon circuits on a skinlike flexible 
polyimide substrate . A 5-by-5 grid of sensors can detect normal and shear forces, 
a l 6x 16 grid is on the way that will sense temperature and proximity with 
signal-processing circuitry . The Stanford researchers are also trying to boost 
yields in the wafer backside-etching process . In addition , they are considering 
a sensor-addressing scheme with triple redundancy for optimal fault tolerance, 
response time, and silicon use . 

The expense of fabricating standard-cell-based semicustom chips need no longer 
be couched in "ifs, ands , and buts." Zymos Inc. (Sunnyvale, Calif.) has 
developed a procedure , dubbed Sure Fire, that enables it to quote a fixed price 
for standard-cell designs submitted in either schematic or net-list form. 

Using that information, Zymos estimates the gate count and even does rough 
layout and routing to determine a quote . The preliminary layout helps circumvent 
cost penalties exacted by belatedly discovered design errors . There is no fee for 
the Sure Fire service , but once a customer commits to Zymos , there is a modest 
charge for the CPU time required for the circuit simulator, router, and other 
design tools. 



The INMOS 256K CMOS DRAM. 
Feel the exhilaration of unparalleled speed. 
INMOS sets performance standards again 
with the new IMS2800 family of second 
generation 256Kx 1 DRAMS. It's upwardly 
compatible with 64K x 1 and first generation 
256K devices. 

With RAS access times of 60 to 150ns and 
cycle times down to 121ns, the IMS2800 
family maximizes the speed-power benefits 
of CMOS without compromising traditional 
DRAM system costs. 

INMOS continues to lead with an address 
multiplexing scheme that eliminates timing 
constraints while reducing speed loss 
associated with traditional DRAM designs. 
INMOS' unique 2ns Row Address hold time 
saves 10to15ns in the address multiplexing 
sequence. This, in addition to Static Column 
mode accessing, allows no wait state opera­
tion with the new generation of fast 32 bit 
microprocessors including Motorola's 68020, 
Intel 's 80386 and our own T414 Transputer. 

The IMS2800 from INMOS. Experience 
the speed for yourself. 

Address RAS RAS 
Access Access Read/ Write 
Time Time Cycle Time 

Part Number Function _iMaxJ. _iMaxJ. _iMinJ. 

IMS2800-60* Static 32ns 60ns 121ns 

IMS2800-80 Column 43ns sons 146ns 

IMS2800-IO Decode 53ns IOOns 176ns 

Column CAS 
Access Access Page Mode 
Time Time Cycl e Time 

Part Number Function (Max.) (Max.) (Min.) 

IMS280t-60* 32ns tins 35ns 

IMS280t-80 Enhanced 43ns 13ns 46ns 

IMS280t-IO 
Page Mode 

53ns 16ns 56ns 

Data on Nibble Mode and Extended Serial Mode versions 
available upon request. 

*Contact factory for delivery. 

INMOS, Colorado Springs, 
Colorado, Tel. (303) 630-4000 
Bristol, England, 
Tel. 0272-290-861 
Paris, France, 
Tel. (1) 4 687-2201 
Munich, Germany, 
Tel. (089) 319-1028. 

When you're ready 
to cool down your 
competition, call INMOS. 

C IRCLE 8 

INMOS. Transputer .• and IMS are 
trademarks or the INMOS Group 
or Companies. 



I., easy. All you need is our PLDS2 
desktop development system. An 
IBM PC (or compatible). And a proj-

~ e~t t~at asks for a custom logic 
c1rcm t. Fast. 

You'll set up the system in just 
a few minutes. Just snap a board 
into your PC's slot. Plug in the EPLD 
programmer. Slide the software 
into a drive.And you're on yourway. 

No mainframe hassles. No sharing your workstation. 
With the PLDS2, you'll be using a full-fledged 

CAE tool but you won't have to change any of your 
design habits. Our A+PWS software lets you enter your 
design in a Boolean, netlist, state machine or sche­
matic capture format. You can even mix formats. 

The system will automatically fit your design 
into the target EPLD in minutes. Then let you program 
it in seconds. Giving you a working prototype that 
same day. 

Finally, you can be assured your design will 
make it to silicon painlessly. Because theres a complete 
family of CMOS EPLDs (from 300 to 2100 gates). 
Including OTP plastic parts that make the cost of mass­
production very attractive. 

So get started in CAE. Call today to learn more 
about the PLDS2 development system, our family of 
EPLDs and the economics of doing it yourself. 

Call (408) 984-2800 

3525 Monroe Street 
Santa Clara, CA 95051 CIRCLE 9 

A+PLUS is a rc~istered trademark of Altera Corporation. 
IBM is a registered trademark of International Business 
Machines Corporation. 

Distribu1ed in U.S. by Alliance, Lionex, Pioneer, 
Quality Components, Schw.!ber and Wyle. In Canada by Fu lure. 

~ 1986 Altera Corporalion. 





tough 
attenuators !..._ __ E_o_iTo_Ri~_L __ ....... 

DC to 1500 MHz 
only $1195 <1-49) 

IN STOCK ... IMMEDIATE DELIVERY 

• rugged one-piece construction 
• available with BNC, N, SMA, TNC 

• male/female connectors standard 

• available with 
connector series intermixed 

• 2W maximum power 
(0.5W for SMA) 

• VSWR DC to1000 MHz < 1.3:1 
VSWR 1000to1500 MHz < 1.5:1 

•excellent temperature stability 
(0.002d8/°C) 

• exclusive 1 year guarantee 

SPECIFICATIONS 

MODEL 
- AT- 3 
- AT- 6 
-AT-10 

ADEN. ADEN. TOL. 
3 dB ± 0.2 dB 
6 dB ± 0.3 dB 

10 dB ± 0.2 dB 
- AT- 20 20dB ± 0.3dB 

[ Add prefix C for BNC ($11.95) 
T for TNC ($12.95) 
N for Type N ($15 95) 
S for SMA ($14.95) 

finding new ways 
setting higher standards 

r;;:;;1 Mini-Circuits 
A D1v1sion of Scientific Components Corporation 

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

CIRCLE 10 C92-3 REV. ORIG 

Keeping you 
on the leading edge 
with exclusives 

Magazine publishing has never had the 
same glamour as television or Hollywood. 
But believe me, on occasion it provokes the 
same sort of name-calling and fierce com­
petition that prevails in those industries. 
In fact, there's one helluva brouhaha go­
ing on right now. I'm talking about the 
controversy over ELECTRONIC DESIGN'S 
exclusives. 

For the past six years, ELECTRONIC DESIGN has held 
the enviable position of exclusively breaking virtually 
every major electronics announcement to you, our reader. 
We've introduced literally thousands of new products, 
new design concepts, and new technologies-weeks, if not 
months, ahead of all other publications in the world. 
Needless to say, exclusives give ELECTRONIC DESIGN a 
singular advantage, one that has irritated other publica­
tions for years. 

Why do we do it? Simple. We know that being first is an 
important part of your competitive edge and of ours. We 
understand how critical timeliness is to your job, espe­
cially with product lifetimes shrinking and product devel­
opment times expanding. 

Recently, other publications have accused ELECTRONIC 
DESIGN of extra editorial enticements just to get an exclu­
sive. Nonsense! The technical expertise of our staff is why 
ELECTRONIC DESIGN garners exclusives so successfully. 
It all boils down to solid coverage by the most knowledge­
.able editors in the business. 

To counter that success, some publications- the week­
lies, primarily-have set a new editorial policy, one that I 
consider very questionable. If a story or announcement is 
given exclusive treatment by anyone else, those weeklies 
refuse to cover it at all. Talk about cutting off your nose to 
spite your face. 

At ELECTRONIC DESIGN, we believe in bringing you the 
best coverage on the most important events, be they our 
exclusives or not. Indeed, ELECTRONIC DESIGN is the pub­
lication you can count on- exclusively. 

~~ 
Editor-in-Chief 
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The all-CMOS CBC BBC I 25 CPO board features: 
• Compatible with Intel's iSBC* 88 / 25 . 
• 80C88 microprocessor operat ing at 5 or 8MHz . 
• Sockets for up to 128K bytes of ROM/EPROM . 
• 16K bytes of CMOS static RAM (expandable to 64K bytes) . 
• On-board Lithium battery providing over 5 years of continuous RAM data retention . 
• 24 programmable parallel 1/0 lines, 316-bit counter/t imers, one RS-232C serial port. 
• 0° to 70° C operating temperature range (-40° to 85° C available). 
• Low power operat ion (200 mA max. @ 5V). 

Other CMOS MOLTIBOS* CPO boards available: 
CBC86C/ 14 

• Compatible with 
Intel 's iSBC* 86 / 14. 

• 5 or SM Hz 80C86. 
• Up to 256K bytes of dual-ported 

battery-backed CMOS RAM. 

CBC86C/05 

• Compatible with 
Intel 's iSBC* 86 / 05. 

• 5or8MHz80C86. 
• Up to 64K bytes of battery· 

backed CMOS RAM on board. 

All of DTl's CPU boards allow you to gain the low 
power advantages of CMOS without sacrificing system 
performance or your development investment. For 
more information on DTI's all-CMOS MULTIBUS * boards , 
contact Jeff Little , Board Product Manager, 
at (601) 856-4121. 

·;sac and MULTIBUS are trademarks of Intel Corp. 

CIRCLE 11 

CBC85C/24 

• Compatible with 
Intel 's iSBC* 80 / 24. 

• 2.42 or 4.84M Hz 80C85. 
• SK bytes of battery-backed 

CMOS RAM on board. 

P!!! Diversified 
iii Technology 

An Ergon Co. 

P. 0 . Box 748, Ridgeland, MS 39158 
Telex 585326 



OCCASIONALLY, EVERYONE 
WISHES HE HAI) ANOTHER 

SHOT AT HIS DESIGN. 
There are some things man was not meant to 
tamper with. 

Semicustom circuits, for example. If you 
happen to have second thoughts about your design, 
you're powerless to do anything about them. 
Unless you have the luxury of lots and lots of time 
and money. But when you're trying to get your 
products to market before the competition, extra 
time is something you rarely have, and extra money 
is something you never have. 

Fortunately, there is help: Programmable 
Logic Devices from Signetics. With Signetics PLDs, 
you can make all the changes and tweaks you 
like-without losing precious time. So you reduce 
the risk of completing your design after it's 
too late to compete effectively in the marketplace. 

What makes Signetics PLDs the most flexible, 
most complete, best-supported PLD series in the 
industry? A unique approach to sequencer archi­
tecture, for one thing. 

It not only simplifies state machine designs but 
also cuts the time it takes to build them. 

It's frightfully easy to use Signetics Program­
mable Logic. We provide software-free of charge 

*IBM is a registered trademark of International Business Machines, Inc. 

to qualified users-that turns an IBM* PC into a PLD work 
station. The work station helps you to define your function 
in terms of a Boolean equation or state transfer expression; 
then you use the output to program the fuses, and your 
circuit is ready to go. 

Complete documentation and design simulation let 
you perfect your ideas to the nth degree. And 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. 

Now you don't 
have to meddle with 
forces beyond 
your control. 



r---------------1 
I Yes, I'd like to know more about Signetics PLDs. Rush me the I 

specs ASAP. 

I NAME I 
I POSITION I 
I COMPANY I 
I ADDRESS I 
I CITY STATE ZIP I 
I PHONE I 
I Send coupon to: Signetics 

811 E. Arques Ave., P.O. Box 3409 I 
I Sunnyvale, CA 94088-3409 I 
L ____ ~n~u~a~n Services, M/_::7~1~ ~2 .J 

LSI trom Sigo_~g_~ 
800-227-1817 Ext. 925C 



Tek's new 7934: at 
4 cm/ns it catches what 

no digital scope can! 
With its 500 MHz band­
width, 700 ps risetime and 
4 cm/ns writing rate, the 
new Tek 7934 is the fastest 
storage oscilloscope in the 
world. When you're working 
with any combination of 
outer-edge measurements, 
one-shot opportunities and 
now-or-never timelines ­
the 7934 will show you what 
you 're looking for when all 
else fails. 

Glitches that slip between 
digital sampling intervals, 
details distorted by lesser 
bandwidth scopes-show 
up the first time, every 
time, on the 7934. The 7934 
gives your measurement 
capabilities a welcome 
boost if you are pushing the 
edge of high-speed digital 
design; NMR, EMP and 
laser research; advanced 
power supplies, and other 
applications where fast tran­
sients and high-frequency 
bursts defy digital detection 
and capture. 

The 7934 also serves as a 
general-purpose, non-store 
500 MHz oscilloscope­
further adding to the flexibil­
ity of a system that begins 
with some 30 interchange­
able plug-ins and lets you 
design your own scope. 
For a sure shot at the fast­
est waveforms you ever 
saw, see the new 7934 
soon. Contact your local 
Tek sales engineer, or cal l 
(800) 547-1512 for more 
information. In Oregon: 
(800) 452-1877. 

No digital storage oscil loscope 
can begin to capture single-shot 
events and fast transients. Transient Capture. Single-shot electrostatic 

discharge captured using the 7934's Fast Var­
iable Persistence storage mode in reduced 
scan and 7A29 Dual Trace Amplif ier plug-in . 

Copynght '9 1986, Tektronix . Inc. All nghts reserved KSA-661 



Glitch Capture. The 7934 captures a glitch 
(near 8th d1v1s1on) 1n VLSI circuit design using 
a 7 A29 Dual Trace Amplifier plug-in and 
variable persistence storage mode. 

CIRCLE 14 

To capture the same glitch digi­
tally would require that a scope 
have a sample interval narrower 
than the glitch. Even then there 
is no assurance you would know 
the glitch's true amplitude. 

COMMITTED TO EXCELLENCE 



Superior performance now runs 
in the family. 

Introducing the 
8842A digital multimeter. 

Choices. Choices. 
Should you choose the powerful Fluke 

8840A? Or the new, advanced 8842A? 
Depending on the level of performance you 

need, consider this: 

Enhanced capabilities for new 
applications. 

The new 8842A is so technologically 
superior, it can outperform DMMs costing 
twice as much. Its capabilities include 0.003% 
1-year basic accuracy and 100 nV resolution 
for de voltage measurements. And it incorpo­
rates exclusive new thin film resistors* for 
a two-year calibration cycle. 

The widely-accepted 8840A on the other 
hand, offers value unmatched by any other 

DMM in its class. Like the 8842A, it's simple 
to operate. It gives you long-term reliability. 
And it delivers high productivity with a low 
overall cost of ownership. 

Choose either model for under $1,000. 
The 8840A starts at $760, the 8842A at 

$995. With inexpensive IEEE-488 and true 
RMS AC options available for both models. 

Which one is right for you? The choice may 
not be easy. 

But at least now, it's a family decision. 

••• ft 
Call toll-free 1-800-44-FLUKE 
(1-800-443-5853) Ask for extension 129. 

Talk to our sales engineers about the 

•Patent pending 

8840A and the new 8842A. Take advantage of 
our no-risk 15-day trial period. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 
FLUKE 8840A FLUKE 8842A 
0.005% basic de accuracy (1 Yr.) 0.003% basic de accuracy (1 Yr.) 
0.16% basic ac accuracy (1 Yr.) 0.08% basic ac accuracy (1 Yr.) 

0.013% ba~c ohms accuracy (1 Yr.) 0.008% basic ohms accuracy (1 Yr.) 

Resolutionto1µVdc, 10µAdc, 1rnfl PffioUionto1001Vdc, 1µAdc, 100µ!! 

One-)l>lr specifications anc warranty Two-)l>lr specifications anc warranty 

8840A $760 8842A $995 

8840A-05 IEEE-488 Interface $150 8842A-05 IEEE-488 Interlace $150 

8840A-09 TAMS AC option $185 8842A-09 TAMS AC option $250 

IFLUKEI ====® 
IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mtg Co ., Inc., P.O. Box C9090. MIS 250C, Everett WA 98206. Sales. (206) 356-5400. Other (206) 347-6100 

EUROPEAN HEADQUARTERS: Fluke (Holland) BV , PO Box 2269. 5600 CG Eindhoven. The Nelhe1 lands. (040) 458045. TLX 51846 
© Copyught 1985 John Fluke Mfg Co., Inc All fights reserved Ad No 2601-68-42 
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Magnetic field boosts 
GaAs wafer yield fivefold 

as little as possible from the nominal 
value. 

Earlier GaAs chips exhibited 
deviations of 35 to 50 m V, too wide a 
range to ensure high yields for com­
plex circuits. The Toshiba approach 
keeps variations below 20 mV . At 
that level, the process stands a much 
better chance of turning out such 
complex circuits as 4- and 16-kbit 
static RAMs and multi thou­
sand-gate arrays. D 

BY DA VE BURSKY . 
Kawasaki, Japan- The cost of the 
IC-quality gallium arsenide wafers 
used for picosecond logic may soon 
tumble by a factor of five. An ingot­
growing technique adopted by To­
shiba Corp. surrounds the molten 
GaAs with a 3400-Gauss magnetic 
field keeps temperature fluctuations 
within the melt to less than l °C, 
thereby avoiding the 15 °C variation 
typically encountered without a 
magnetic field. Tight control over 
temperature lets the gallium and ar­
senide mix more consistently as the 
single-crystal , liquid-encapsulated 
Czochralski ingot is pulled from the 
molten material. 

The greater consistency should 
allow Toshiba to cut five times as 
many usable wafers from each in­
got. With more wafers coming from 
the same amount of material, the 
process will likely translate directly 
into less expensive wafers. 

PRECEDENCE SET 

The Toshiba project is not the 
first to use a magnetic field for ingot 
growth . Just last year the Opto­
electronics Joint Research Labora­
tory- an industry-wide group spon­
sored by J a pa n 's Ministry of 
International Trade and Industry­
used a ma gnetic field for GaAs 
wafers with 2-in . diameters. Now 
Toshiba applies the technique to 
wafers with 3-in. diameters. 

Besides distributing gallium and 
arsenide evenly through the melt, 
the magnetic field also disperses car­
bon . In addition, Toshiba ' s im­
proved heater design allows only 
one-third as much carbon to reach 
the ingot as other techniques allow 
(see the figure). The less carbon in 
the material , the fewer defect sites 
and, therefore, the higher the circuit 

yield of good devices. 
Another benefit of the improved 

material means a big bonus for the 
circuit designer. To build complex 
LSI circuits with GaAs, the transis­
tor threshold voltage should deviate 

Pulling ___ _ 

shaft 

Surface layer 
of the melt 

Superconducting 
coil 

Bulk GaAs 

Heat 
shield 

--- Crystal 

Crucible 

Heater 

Surrounding the GaAs ingot growth chamber is a superconducting 
coll that generates a magnetic field of 3400 Gauss. The field better 
controls the molten material's temperature. 

HP spreads its CAE wings 
with third-party software 
BY BOB MILNE 

Fort Collins, Colo.- After a some­
what tardy and low-key entry into 
the CAE arena, Hewlett-Packard 
Co.'s Design Systems Group is roll­
ing up its sleeves and getting serious. 
In May the company took the wraps 

off a raft of hardware upgrades for 
its workstations. As a follow-up, this 
month HP is integrating a long list 
of design functions , many drawn 
from outside sources, into its work­
station- based system dubbed the 
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DesignCenter. 

On the list are board layout, ana­
log schematic entry and simulation, 
computer-aided software engineer­
ing, and HP's 64000-UX micropro­
cessor development environment. 
Moreover, enhancements are being 
added to the logic design system in­
troduced last year. 

With these additions , the 
DesignCenter can support electrical 
and mechanical engineering along 
with microprocessor software devel­
opment. In fact , HP may well have 
leapfrogged the rest of the work­
station industry by offering the 
broadest array of design tools from 
any one supplier. 

To get to this point from what was 
a standing start, HP augmented its 
own hardware and software prod­
ucts with third-party electrical and 
mechanical design tools. Just as HP 
buys resistors, capacitors, and ICs 
from others to build instruments, it 
now relies on externally developed 
software for its CAE lineup. 

AUTOMATIC BOARD DESIGN 

The new pc board design package 
automatically lays out digital , 
analog , and mixed digital-analog 
boards with through-hole and sur­
face-mounting technologies. The 
software also contains extensive fa­
cilities for thick-film hybrid design. 
For this offering, HP licensed the 
latest version of the source code 
for a mainframe board design sys-

Efficient gray-scale plasma display debuts 
BY DA VE BURSKY 

Custom display drivers combine 
pulse-width modulation and 64 
channels to yield the first commer­
cial plasma display with up to 16 -
gray-scale levels. Panasonic Indus­
trial Co. (Secaucus, N.J .) intro­
duced the display a few weeks ago 
as a screen for computers or instru­
ments used for graphics-intensive 
applications such as bar and pie 
charts (see the photograph). 

Other plasma displays use soft-
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ware to get limited gray-scale shad­
ing, but the processing overhead 
slows the application programs. 
With silicon controlling the in­
tensity, the driver chips can vary 
the dot-pulse width over four 
levels- full intensity, two-thirds , 
one-third , and background. Initial 
estimates place the cost at about 
the same as non- gray-scale sub­
systems: less than $500 each in 
large volumes ($1200 for samples) . 

tern from Northern Telecom (Nash­
ville, Tenn.) and its subsidiary, Bell 
Northern Research (Ontario) . 

To handle analog designs, HP 
fully integrated the Analog Work­
bench software from Analog Design 
Tools Inc . (Menlo Park, Calif.) . 
Thus, designers will be able to cap­
ture schematics with HP software, 
then pass the analog portion to the 
Analog Workbench software for 
simulation and verification. Digital 
and analog data can then be rein­
tegrated into a common-user data 
base on the HP hardware. In this 
way, schematic output, layout, and 
other tools all can be used . 

The DesignCenter gains the pow­
er to do computer-aided software 
engineering from the HP Team­
work/ Structured Analysis software 
package. A companion for the HP 
64000 logic design system, the pack­
age is the first in a series intended to 
help engineers develop and manage 
software specifications . It Jets a 
project team capture design require­
ments quickly and easily and or­
ganize them into models for evalu­
ation and maintenance. 

BETTER DESIGN SYSTEMS 

To enhance its logic design sys­
tem, HP is adding color display soft­
ware and improving the design cap­
ture and verification setups. For 
example, gate-array libraries from 
NEC Corp . (Mountain View, 
Calif.) consist of more than 150 cells 
all told and support NEC's full line 
of CMOS gate arrays in 2-µm 
geometries. The engineer has over 
20 types of popular CMOS logic 
devices to choose from , ranging 
in complexity to 20,000 gates. 

Design verification gets a boost 
from the Hichip universal hardware 
modeling system from GenRad Inc. 
(Santa Clara, Calif.). With Hichip, 
simulations can be conducted with 
an actual VLSI device rather than a 
software model. The system com­
plements the Hilo-3 simulation tools 
already available on the logic design 
system. 

Importantly, the logic design sys­
tem is tightly coupled to HP's new 
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board design system, forming a 
complete fro nt-to-back solution. 
The two systems automatically 
transfer net lists and parts informa­
tion while keeping track of engineer-

ing changes and back-annotated 
data. Added interfaces help move 
logic design information to other 
board layout systems, including the 
H P Engineering Graphics System 
and systems from Racal- Redac 
(Westford, Mass.) and Computer­
vision (Bedford, Mass.).D 

MAP development system 
spurs on factory networks 
BY ROGER ALLAN 

Laguna Niguel, Calif.-The first 
development system for the Manu­
facturing Automation Protocol 
(MAP) promises to ease the design 
of factory networks. Called MAP­
Start, the system can simulate and 
evalute MAP compatibility among 
up to 32 factory automation 
elements, such as robots, pro­
grammable controllers, data­
collection devices, sensors, and work 
cells. 

MAPStart was developed by 
Honeywell Inc.'s subsidiary, Digital 
Datacomm Inc., and will be licensed 
beginning this summer. The system 

helps determine the types of data 
that can be collected, as well as how 
much traffic the MAP network can 
handle. It also identifies data stor­
age loads and hardware require­
ments for local processing. 

TRY BEFORE YOU BUY 

"Users can begin with MAPStart 
in the laboratory, develop their own 
applications, and then transport the 
whole thing down to the factory 
floor ," says Wayne Kerr, Digital 
Datacomm's director of R&D and 
MAPStart's principle developer. 

MAPStart's test configurations 

200-char/ s r::::;,,~~:"l.llllllllAI 
printer 

MAP start 
Super­

microcomputer 

User supplied 
RS-422/ 485 -----t Programmable 

controller 

MAP broadband cable 

IEEE 802.4 

can be horizontal or vertical. The 
system can simulate data transmis­
sion across several work cells or con­
centrate on communication within 
one particular work cell and its su­
pervisor. The system now operates at 
5 Mbits/s over the IEEE-802.4 
broadband backbone, but a 10-
M bit/s version is under develop­
ment. 

Supported by Honeywell's Manu­
facturing Systems Division (Phoe­
nix), MAPStart is expected to cost 
about $176,000. Though the price 
may seem steep, it will allow a user 
to work with MAP before making a 
significant capital investment. 

The system handles any brand of 
MA P-compatible automation 
equipment. It comes complete with 
processors and operating systems, 
C RT terminals, broadband cable, 
head-end remodulator, splitters, ter­
minators, and a 200-char / s printer 
(see the figure) . The user need only 
develop application software. 

At MAPStart's core are three su­
permicrocomputers, each based on a 
Motorola MC68000 microproc­
essor. Future versions will include 
t he full 32-bit MC68020 micro­
processor. 

Each supermicrocomputer con-

Head-end 
remodulator 

RS-422/ 485 --.....---4 Data-acquisition 
terminal 

MAP start 
Super­

microcomputer 

. . . MAP start 
Super­

microcomputer 

. . 
• 

Data-collection ~----f 
terminal 

Progr. mmable 
controller 

Robot 

Data-acquisition 
terminal 

The MAPStart development system, from Honeywell, will give designers a real-world analysis of MAP 
system requirements. It will simulate and test up to 32 robots, programmable controllers, and other 
factory floor devices. (The orange area represents user-supplied hardware.) 

26 Electronic Design • June 12. 1986 



So, Is There a Real ASIC 
Second Source Setup in the Picture? 

(Hint: Raytheon's RL7000 and LSI Logic's LL7000 are like . . . ) 

There's been a lot of wishful thinking 
about an active, genuine, semi-custom 
logic array second source. For very 
good reasons, but without a very 
good solution. Now, the right people, 
technology, and systems have been 
brought together. Raytheon and LSI 
Logic. It's happening. 

D Complete and identical: Long term 
maintenance and bilateral updates of 
well-known LOS™ front and back 
end software. The same methodology. 
The same libraries, logic design, 
physical design, testing. Identical. 

LL 7000 and LOS are trademark s of LS I Logic Corp. 

D The Right Product: According to 
the marketplace, 7000 Series is the 
leading choice in 2-micron HCMOS 
logic. Now, with a full-on second 
source, 7000 Series is the ASIC 
standard. 

D It's Happening: Raytheon has over 
ten years of logic a rray experience. 
LSI Logic has over live. Real time, in 
the market, with real products. 

D Now: You ought to can the apples 
and oranges routine. Call Raytheon 
for a real ASIC matchup. 
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Raytheon Company 
Semiconductor Division 
350 Ellis Street 
Mountain View, CA 94039-7016 
(415) 966-7716 

Access to the right technology 

Raytheon 
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tains 2 Mbytes of dynamic RAM in 
ma in memory , 4 kbytes of high­
speed cache static RAM with 20-ns 
access times, a floppy-disk drive, 
and a ma gnetic tape for backup. 
Each processor is Multibus-com­
patible and has eight RS-232 serial 
ports and one parallel port. Two of 
the supermicrocomputers have 55-
Mbyte Winchester disk drives, the 

third has an 85-Mbyte unit. 
The computers run under a Unix­

derived real-time operating system 
that handles the current MAP ver­
sion 2.1 upper-layer protocols 
(ELECTRONIC DESIGN, May 15, p. 
102) . As other protocols become 
standardized, they will be incorpo­
rated into future MAPStart ver­
sions. 

A key achievement in MAP­
Start's design is the 68000's mem­
ory-management unit (MMU). A 

proprietary implementation, it lets 
the processor operate at its max­
imum clock rate of 12.5 MHz with 
no wait states. Typically, a system 
incurs one or two wait states because 
its memory functions more slowly 
than the microprocessor. 

Says Kerr: "Our MMU allows us 
to do more things faster at the cell 
level- responding to interrupts 
faster, getting data to the network 
faster, and so on. Speed is a critical 
issue on the shop floor."D 

Corporate CAD network ties 
disparate CPUs, software 

Interestingly, RCA chose not to 
develop project management soft­
ware . Instead, it incorporated a 
VAX-based program developed by 
Sherpa Corp. (San Jose, Calif.) . 
RCA worked closely with the com­
pany, founded as Cadtec Corp. in 
1980, for over a year to define and 
specify details of this package. 

BY MARTIN GOLD 

Princeton, N.J.- To manage CAD 
resources more effectively at its 
varic.us operations, RCA Corp. is 
putting together the final links in a 
massive corporate-wide design net­
work. Workstations, minicomputers, 
and mainframes around the country 
will tie into an integrated communi­
cation system to speed hardware and 
software development. Moreover, 
the system will bring together design 
tools from various suppliers. 

Going by the name Victor, the 
network is scheduled to be phased in 
this month and to be up and running 
some time later this year. RCA com­
ponent pla nts here, in Somerville, 
N.J. , and in Lancaster, Pa. , will be 
hooked up to the company's tele­
vision fa ctory in India napolis, as 
well as to its military equipment 
works in Moorestown, N.J . 

"Victor can be considered a ge­
neric mousetrap ," say s James 
Miller, director of engineering com­
puting for RCA and head of the 
project. "While the system's main 
focus is on VLSI, it can also be used 
for mech a nical , equipment , and 
software design." 

The heart of the communication 
system is Victornet, which links Dig­
ital Equipment's VAX supermini­
computers to Apollo workstations 
a nd IBM mainfr a me s. VAX 
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computers communicate using the 
Ethernet protocol, while the Apollos 
are joined to VAX machines ·via 
TCP/IP. Different operating sys­
tems will also be cohabiting: The 
workstations will run under Unix, 
the VAX machines under VMS, and 
the I B M mainframes under 
VM/CMS. 

GROWING UP WITH SOFTWARE 

Victor is a home-grown network. 
RCA is writing a large chunk of the 
software, such as the hard-to-come­
by networking programs needed to 
transparently handle communica­
tion between software design tools. 

The two companies essentially 
created a file management system 
for a CAD network, primarily to 
monitor use of standard-cell 
libraries. The system automatically 
tracks and controls data access, in­
cluding drawings, documents, and 
revisions related to any project. 

Cell libraries can be easily up­
dated, alerting designers to the latest 
revision. Sherpa's system will also 
indicate whether a simulation and 
design-rule check were performed 
on each cell library, and by whom.D 

Simulation accelerators 
tackle logic and faults 
BY TERRY COSTLOW 

Hopkins, Minn.- A turnkey accel­
erator system for CAE workstations 
underscores its high speed with fea­
tures that can save considerable de­
sign time and eliminate replication 
of tasks. The MX-100 from XCAT 
Inc., set to be introduced at the De­
sign Automation Conference in Las 
Vegas later this month, lets users 

simulate both logic and faults on a 
personal computer or a workstation. 
And it does so at up to 2 million 
events per second. 

The $49,000 to $200,000 system 
can work with IBM PC ATs and PC 
XTs, communicating at I Mbyte/s, 
as well as with Apollo workstations 
and Digital Equipment's VAX and 



At The Mitel 
CMOS Foundry 
You're Invited In 

Customer input is an essential element at our 
foundry. You know why your circuit was 
designed, what performance is expected from it, 
what its cost-constraints must be and what 
deadlines must be met by our shipments of your 
wafers. 

Mitel Semiconductor has an excellent 
customer interface along with first-rate foundry 
capabilities. Nothing is more frustrating than 
explaining your needs without receiving any 
response. Our tracking system produces weekly 
reports or you can get updates by phone or by 
electronic mail at any time. 

Most Mitel customers have tried other 
foundries, then come to us because of our 
emphasis on customer liaison and support. This 
emphasis gets the results you expect within the 
time frame that we agree on - normally five 
weeks from PG tape to completed wafers. After 
all, it's speed with high-yield production that 
counts! 

The Mitel foundry can be your one-stop North 
American resource for all CMOS fabrication 
services from mask-making to final shipment. 
It's financially stable, completely approachable 
and consistently accountable to its clients for 
timely, quality production. 

Mitel Foundry Delivers 
On Time - Every Time 

®MITEL" SEMICONDUCTOR 

UNITED STATES 
San Diego, California. Telephone: (619) 276-3421. 
San Jose, California. Telephone: (408) 249-2111 . 
Oakbrook, Illinois. Telephone: (312) 655-3930. 
Boca Raton, Florida. Telephone: (305) 994-8500. 
CANADA 
Kanata, Ontario. Telephone: (613) 592-5630. 
UNTED KINGDOM 
Portskewett, Gwent, South Wales Telephone: +44 291-423355. 
ASIA 
Tsuen Wan, Hong Kong. Telephone: +852 0-463641. 
EUROPE 
Denmark. Telephone: +45 1-612566. 
Milan, Italy. Telephone: +39 2-8245222/8245177. 
West Germany. Telephone: +49 711-7701522. 
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MicroVAX- CPUs. Furthermore, 
it taps into most popular communi­
cation networks and into XCAT's 
proprietary XNET. 

Combining fault and logic simu­
lation on an accelerator is still rela­
tively new. Silicon Solutions Corp. 
(Menlo Park, Calif.), a three-year­
old accelerator manufacturer, is in­
troducing its logic and fault simu­
lation accelerator, the Mach IOOOF, 
at Design Automation. The system 
includes some timing features not 
found on the XCAT machine and 
processes simulations at 500,000 
events per second. 

Such accelerators give users a 
good deal of design flexibility . 
Breakpointing, for instance, lets 
them interrupt a task while it is run­
ning; the system then automatically 
stores all data on the task being in­
terrupted. In contrast, many multi­
tasking accelerators cannot be inter­
rupted while running simulations or 
other tasks . Since simulation can 
take hours if not days, interruptions 
can cause a major bottleneck in 
making design changes. 

Assume, for instance, that a gate 
needs to be altered during a simu­
lation. Traditionally, the designer 
would either wait until the task was 

completed, or he would halt the 
operation, make the change, and 
then start the program from the be­
ginning. The MX-1 OO's save-and­
restart feature lets the designer stop 
the simulation, then return to the 
same point later. 

The system also saves many hours 
of design time by not repeating work 
that has already been done. A re­
work command lets users make mi­
nor changes, such as move a gate or 
wire, without recompiling the data 
base-a task that can take up to 40 
minutes. The program builds an au­
dit file so that all changes can be 
tracked at all times. 

All features can be used in both 
logic and fault simulation, unlike in 
many other systems that address 
only one of these tasks . Running 
both tasks on the same system lets 
users access the same data base. It 
also makes it easier for a designer to 
put together a system that can be 
more readily tested. 

Despite giving users a variety of 
options, the system does not scrimp 
on speed or capacity. It uses as many 
as 256 four-input, one-output prim­
itives, including basic gates , flip­
flops, bidirectional transistors, user­
defi na ble logic, and switch-level 
truth tables. Designers can also sim­
ulate up to 2 Mbytes of high-speed 
RAMorROM.D 

Common Lisp goes 
parallel in a big way 
BY RAY WEISS 

Cambridge, Mass.- Take a new 
parallel processor designed with off­
the-shelf parts, and then add a well­
established language for artificial 
intelligence. The resulting computer 
may give American systems a 
much-needed leg up over the Ja­
panese. Equally important, it repre­
sents the commerciaJ debut of an AI 
language for large-scale parallel 
processing. 

Just last month Gold Hill Com-
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puters Inc. gave word that it had in­
tegrated its Golden Common Lisp 
language with the iPSC-VX, a mul­
tiprocessor system designed by Intel 
Corp.'s Scientific Computers Di­
vision (Beaverton, Ore.). The new 
iPSC-MX system, geared for the 
scientific community, is being billed 
as an ideal mechanism for studying 
concurrent processing for Al appli­
cations. 

Yet the machine is more than just 
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Analog Solutions' 
10-bit, 25 MHz 
AID converters capture 
every event in a fast­
changing analog world. 

Some companies only deliver components. 
We provide complete solutions. 
Our latest is the ZAD1025, a vastly 

improved Video ADC offering the features that 
system designers have been asking for. 

The ZAD1025 delivers true 10-bit perfor­
mance at a 25 MHz sampling rate. So if you're 
doing video digitizing at speeds below 25 MHz, 
you don't have to pay extra for a super fast 
40 MHz converter. 

Furthermore, if you're designing test or 
imaging systems, why be limited to a single 
optimal sampling rate? Our ZAD1025 offers 
variable sampling rates from DC to 25 MHz 
with 10-bit linearity over the entire range. 

The ZAD1025 uses 40% less power than 
any other design on the market -only 13 watts. 

Add to that our custom LSI which reduces the overall parts count, and you have inherently 
better reliability 

Finally, our 1025 is pin compatible with the industry standard MOD1020. 
All this may suggest you'll be paying more than you would for a typical 20 MHz converter. 
Well, you won't. We're competitively priced. Which may inspire you to reach for the phone 

at something approaching the speed of light. ZAD 1025 HIGH-SPEED VIDEO ADC 
The ZAD1025 is the first product 

in Analog Solutions' new family of video 
converters. For more information contact 
Analog Solutions, 940 Detroit Avenue, 
Concord, CA 94518. (415) 686-6660. 
TIX: 284238 ANSOL UR. 
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A subsidiary of Silicon General. 
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FUNCTIONAL BLOCK DIAGRAM 

• 10·bit resolution • 25 million samples/sec. • 01% accuracy 
• Superior linearity • 5" X 7" open board construction 



low-profile 
• mixers 

(+7dBmLO) 

0.2 to 500 MHz 
only $51 95 (l-49) 

IN STOCK ... IMMEDIATE DELIVERY 

• tailored for rugged 
MIL environments 

• very flat response ±1 dB typ. 

• low conversion loss, 5.5 dB typ. 

• high isolation, 35 dB typ. 

• BNC or SMA connectors 

• convenient front-face mounting 

• EMI shielded case 

• one-year guarantee 

ZP-10514 SPECIFICATIONS 

FREQUENCY RANGE (MHz) 

LO/RF 0.2-500 
IF DC-500 

CONVERSION LOSS, dB TYP MAX. 
One octave from 
bandedge 5.5 7.0 
Total range 6.5 8.5 

ISOLATION, dB TYP MAX. 
0.2-2MHz LO/RF 55 45 

LO/IF 50 40 

2-250 MHz LO/RF 50 35 
LO/IF 35 30 

250-500MHz LO/RF 35 30 
LO/IF 30 20 

Call or write for 64-page 
RF Designers Guide, or see guide in EEM, 
EBG, Gold Book or Microwaves Directory 

finding new ways . 
setting higher standards 

O Mini-Circuits 
A Division of Scientific Components Corporation 

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

CIRCLE 23 C100-3 Rev. Orig . 
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an esoteric research tool. The up to 
64 processor nodes can simulta­
neously execute Lisp programs in a 
loosely tied configuration. Using 
288 Mbytes, the iPSC-MX executes 
up to 50 MIPS. That level of power 
satisfies the tremendous demands 
of fifth-generation computer 
projects-say, systems that can per­
form high-speed symbolic process­
ing-many reaching far beyond the 
realm of any workstations now run­
ning Lisp. 

As American researchers buckle 
down in their contest against the Ja­
panese, Al implementations will be­
come critical. "The iPSC-MX opens 
up all kinds of possibilities for com­
puting and specifically for intel­
ligent parallel processing," notes 
Carl Hewitt, a professor at the Mas­
sachusetts Institute of Technology. 
One of the first iPSC-MX machines 
is scheduled to be delivered to MIT's 
Artificial Intelligence Laboratory 
later this month. 

Another advantage of the combi­
nation stems from the hardware de­
sign. Intel 's parallel processor de­
sign uses the 80286 microprocessor 
at each node in the hypercube inter­
connection concept developed by the 
California Institute of Technology. 
Since the iPSC-MX revolves around 
the same chip that drives the IBM 
PC AT, in the not-too-distant fu­
ture, concurrent processing and Lisp 
software could conceivably move 
onto networks of PC ATs. Thus , 
progress at the hypercube level may 
invite software advances at the PC 
AT level. 

THE EASY PORT 

Designers at Gold Hill Comput­
ers were surprised at how easily they 
could port Golden Common Lisp to 
the iPSC's parallel structure. They 
simply added communication prim­
itives for passing messages from 
node to node and from node to host. 
These primitives can dispatch Lisp 
object code from one node to an­
other for remote execution. As a re-
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suit, Lisp application software run­
ning on one node can transmit 
messages to any other node. 

The code was fairly easy to imple­
ment, Gold Hill officials say, since 
the iPSC's underlying message­
based operating system handles 
most of the message passing. Be­
cause the operating system is multi­
tasking, several Lisp tasks can run 
on each node. Moreover, Golden 
Common Lisp supports multitask­
ing through the use of different 
stack groups for tasks. 

The Lisp package already ac­
cepted foreign subroutine calls to 

Thanks to the 80286, 
concurrent process· 
ing and Lisp software 
could conceivably 
move onto networks 
of IBM PC ATs. 

languages like C or Fortran. By ad­
ding other functions for interfacing 
with the operating system's kernel, 
programs written in other languages 
can run jointly and communicate 
with a Lisp task on a node. 

GOLDEN RULE 

Developed originally for the I BM 
PC, Golden Common Lisp is a sub­
set of the emerging Common Lisp 
standard. It comes with a full set of 
development tools, including an 
Emacs-like editor. An existing ver­
sion, the 286 Developer, is designed 
to run on the PC AT and within 15 
Mbytes of memory. 

By beefing up node memory to 4.5 
Mbytes, Intel gave each iPSC-MX 
node enough storage to process Lisp. 
The iPSC-MX is available in con­
figurations with 16, 32 or 64 nodes 
(ELECTRONIC DESIGN , April 17, p. 
12) . A system-wide Ethernet bus 
links the nodes to the host, while an 
Intel 810 development system run­
ning under Xenix acts as the host 
processor. Additionally, a dedicated 
AI processor like the Symbolics 
3600 affords a sophisticated devel­
opment environment. D 



Why fill your digital delay design with 
unnecessary components, when you can 
have all the capability you need in one 
small, low-cost IC? 

TRW LSI Products Division, the industry 
leader in high performance digital signal 
processing products, gives designers an 
edge with theTDClOll. The TDClOll is a 
high-speed, 8-bit wide shift register, pro­
grammable to any length between 3 and 18 
stages. It operates at an 18MHz shift rate 
(56ns worst case), is TTL compatible, and 
dissipates a low 750m Wt The TDC 1011 
operates from a single + 5V power supply 
and is available in a 24-lead DIP. 

The beauty of the TDC 1011 is that this 
single chip performs the same functions 
that would require as many as 18 alterna­
tive chips-instead ofl8 shift registers, 
you can use just one in a variety of digital 
delay applications. This translates into 
lower component costs, less board space 

and reduced power dissipation. Built with 
TRW's OMICRON-B™ one-micron bipo­
lar process, the TDClOll provides the 
system designer with a unique variable 
delay capability at video speed. 

You can usetheTDClOll fortelecom, 
sonar, radar, CAT scanners, computer 
graphics , TV special effects, and a host of 
other digital delay applications. And, as 
with all ofourproducts, the TDClOll is 
backed by our extensive network of in­
house and field applications engineers, 
application notes and our full line VLSI 
DATA BOOK. 
Available off the shelf from Arrow Elec­
tronics, Hall-Mark and Hamilton /Avnet. 
Remember, you always get 
FULL SPEC PERFORMANCE 
from TRW LSI. 
To receive a data sheet without delay, or for 
super-fast information, call or write our 
Literature Service Department: 

LSI Products Division, 
TRW Electronic Components Group, 
P.O. Box2472, La Jolla, CA 92038, 
619 .457.1000 

In Europe, call or write: 
TRW LSI Products, 
Konrad-Celtis-Strasse 81, 
8000 Muenchen 70, W Germany, 
089. 7103 .115 

In the Orient, phone: 
Hong Kong, 3.856199; 
Tokyo, 03.461.5121; Taipei , 751.2062 
·u.s. price in lOOOs - $15.00 Commercial CEROIP 
to •c to 70 •c1 - 55 •c to 125 •c also available! 
© TRW lnc.1985 - TRS·51D9 

LSI Products Division 
TRW Electronic Components Group 



The HP 1631A/D. 

HP put the two most important diagnostic 
tools used in logic design together for you. In one, 
easy-to-use instrument! 

The HP 1631A/ D is a high-performance logic 
analyzer. It's also an advanced dual-channel digitiz­
ing oscilloscope with 200 Megasample/ second 
performance. 

So now you can measure complex, simultaneous 
digital and analog signals with confidence. And view 
results on a single time-correlated display ... making 
your cross-domain analysis quick and easy. 

The HP 1631A/D examines digital systems at 
the global level (system performance analysis), the 
functional level (state and timing analysis), and 
the parametric level (analog waveform analysis). 

e 
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• monepac 
You can store test data, waveforms, and 

instrument setups on HP disc drives. And even get 
hard-copy records of test results. 

Why buy a separate logic analyzer and oscillo­
scope when you can get both in one instrument? 

FREE* ThinkJet Offer! 
Now, with every HP 1630/1631 ordered, an 

HP ThinkJet Printer will be shipped to you free of 
charge! A $495tvalue, it provides high-resolution 
copies of all your data in seconds. This offer ends 
June 30, 1986. So don't wait. 

Call HP today: 1-800-835-5577. + 
Call between 8:30 a. m. and 5:00 p. m. MDT. Or 

contact your local HP sales office listed in the tele­
phone directory white pages. Ask for the electronic 
instruments department. 

•Promotional discount equals the value of the I-IP 2225A ThinkJet Printer. 
Offer subject to local conditions. 

tUSA list price only. 
:f:In Colorado, call collect 590-3490. 
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Maybe someday, 
all CAE systems 

will do this. 

... 
Smoke Alarm 
-elimination 

of problems 
caused by 

overstressed 
circuits. 

... 
Power Design 

- total element 
simulation for the 
power-electronics 

designer. 

Statistical 
Analysis­
accurate 
predictions of 
manufacturing 
yield. 

CIRCLE 24 

The Analog Workbench 
does NOW. 

The Analog Workbench :" the CAE system 
conceived exclusively for analog circuit design­
by analog designers-now has three new, inter­
active, integrated analog design tools that make 
it possible for you to determine safe operating 
conditions and improve circuit reliability and man­
ufacturing yield before you build any hardware, 
and to design analog power electronics- all with 
the speed and precision of CAE. All three mod­
ules are unique to the Analog Workbench, all 
three were created exclusively for the analog 
designer, and you already know how to use them. 

Determine safe operating conditions. 
Our Smoke Alarm '" module allows you to deter­
mine safe operating conditions for your design­
effectively eliminating problems caused by over­
stressed circuits. It identifies marginal conditions 
based on peak (or average) power dissipation, 
voltage , current, and junction temperature . Sec­
ondary breakdown effects for semiconductor 
devices and temperature effects of all compo­
nents are used in the analyses. 

Predict manufacturing yield. Our Statistical 
Analysis Module simulates the effects of compo­
nent parameter tolerances on the performance 
of the ci rcuit being designed. This makes it pos­
sible to predict a circuit's manufacturing yield 
and directly reduce production costs . With this 
module you eliminate costly, time-consuming 
changes at the prototype and production stages. 

Design power electronics. Our Power 
Design Module simulates the elements of a 
power system. It includes an advanced nonlinear 
magnetics model with hysteresis and core satu­
ration effects, a library of core elements created 
specifi cally for the magnetics model, and a library 
of power devices, including semiconductor and 
contro ller IC models for switching-mode power 
supply design . 

Now, more than ever, the Analog Workbench 
has the tools you need to create quality circuit 
designs-the first time. And they're the tools you 
already know how to use-Analog Design Tools'." 

ANALOG 
DESIGN 
TOOLS 

Contact us today for our 
new full-color brochure-and 
ask about our product-dem­
onstration video tape. Analog 
Design Tools, Inc., 66 Willow 
Place, Men lo Park, California 
94025 (415) 328-0780. 
Analog Design Tools. Analog Workbench and 
Smoke Alarm are trademarks of Analog Design Tools, 1nc 



CONFERENCE PREVIEW 

DESIGN AUTOMATION CONFERENCE According to the Berkeley report, 
TimberWolf fa red well when com­
pared with a commercially devel­
oped placement program. The 
c o mp a r iso n was made on two 
doubl e- meta l microcircuits, one 
containing 2500 cells a long with two 
macro blocks, the other, 469 cells. 
On the larger circuit, total channel 
density was reduced by 36%. More­
ov er, T imb er Wolf needed 35 % 
fewer feedthrough paths and 75% 
fewer feedthrough cells than did the 
other program. 

Advanced software improves 
silicon layout and sharply 
raises simulation efficiency 
BY BOB MILNE 

Silicon chip conservation and fast 
simulation for circuit design will be 
among the scores of topics to be dis­
cussed at the upcoming Design Au­
tomation Conference. Several uni­
versities, along with research teams 
from IBM and other companies, will 
describe recent work on software 
used to design and test integrated 
circuits. 

Experiments on numerous indus­
trial circuits show that a standard­
cell placement and global routing 
package from the University of Cal­
ifornia can reduce a chip's silicon 
area by anything from 15% to 75%. 
Called TimberWolf 3.2, the soft­
ware was devised by the university's 
Department of Electrica l Engi­
neering and Computer Science 
(Berkeley) . 

THREE-STAGE PROCESS 

The package moves through cell 
placement and routing in three 
stages, the first two making use of a 
general combinatorial optimization 
technique ca lled simulated a n­
nealing. In the first stage, the cells 
are placed in a way that conserves 
the amount of silicon algorithmic­
ally estimated for the interconnec­
tions. 

In the second stage, the same sim­
ulated annealing procedure takes 
place after the insertion of feed­
through cells. The final part of the 
second stage, a global routing step, 
closely estimates the nurriber of wir­
ing tracks needed on the chip. In the 
third stage, local changes are made 
in the cells' placement to reduce the 
number of wiring tracks. 

If you go . . . 
23rd DESIGN AUTOMATION 
CONFERENCE 
JUNE 29- JUL Y 2 

LAS VEGAS 
. LAS VEGAS HILTON 

(303) 530-4333 

For evaluation, Timber Wolf was 
put to work on some American Mi­
crosystems circuits . On CktF, a 
2700-cell circuit, the cell placement 
saved 69.4% in area, with an addi­
tional 8% derived from the router 
for a total reduction of 7 5%. 
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For t he sma ller circuit, tot a l 
cha nn el densi t y was reduced by 
23 %, a nd t he nu m ber of feed­
through paths was reduced by 18%. 
In addition, feedthrough cells were 
not required. 

In s il ico n compilers too , cell 
placement is of great importance. 
Control Data Corp.'s Advanced 
ECAD Laboratory (Minneapolis) 
joined the University of Minnesota's 
Electrical Engineering and Com­
puter Science departments (Min­
neapolis) in devising an automated 
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Plots of CPU l ime against circuit size show that the Adept liming algo­
rllhm from Silicon Design Labs is orders of magnitude faster than the 
Spice and Simon circuit simulators fo r a wide range of CMOS count­
ers. The dashed line shows where Spice could no longer simulate the 
circuit because of limitations of convergence and circuit size. An ex­
panded-scale graph (on the right) is needed lo p lot the Adept algo­
rithm. (The numbers 4 to 32 above the transisto r axis indicate the size 
of the counter In b its.) 
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layout-synthesis procedure for a sili­
con compiler. 

The new process serves as the lay­
out and synthesis portion of the Yasc 
compiler developed by Control Data 
and the University of Iowa (Iowa 
City). Introduced at last year's De­
sign Automation Conference, Yasc 
uses the initial behavioral descrip­
tion to synthesize a chip's physical 
layout. 

PERMUTABLE STRUCTURE 

Working similarly with the initial 
behavioral description, the new 
technique also generates functional 
cells with a permutable inner struc­
ture . The cells can be arranged in 
columns, with the chip's global 
properties determining their final 
inner structure. The result is a 
smaller chip with improved perfor­
mance. 

Physical design techniques must 
often balance a number of con­
flicting goals. Ideally, a design sys­
tem should be fast, produce chips 
with high circuit density, and re­
main unaffected by any changes in 
the design's ground rules. A system 
should partition data into working 
files of manageable size and incor­
porate updates in the design without 
difficulty. 

But the real world dictates trade­
offs. Gate arrays, for instance, have 
short design cycles and lend them­
selves to automated production ; 
when designed flat, however, they 
present formidable problems in 
placement and wiring.A custom 
chip, on the other hand, has a high 
circuit density and accepts design 
updates in its individual macros, yet 
it is more vulnerable to changes in 
design rules. 

TOP-DOWN DESIGNS 

To combine the best features of 
gate arrays and custom chips, re­
searchers at IBM Corp.'s Thomas J. 
Watson Research Center (York­
town Heights, N.Y.) have come up 
with a top-down physical design sys­
tem. Called Vanguard, it routes the 
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interconnections through porous 
macro designs. By combining the 
advantages of gate-array and cus­
tom design techniques, Vanguard 
produces high-density chips as well 
as standard chip images. 

With each level of physical hier­
archy imposing constraints on the 
levels beneath it, the chip's I/O lo­
cations influence its floorplan , 
which guides the intermacro nets . 
The nets are in turn routed through 
rather than around the intervening 
porous macros, using areas created 
specially for the wires . The pro-

lators. The last of the three simu­
lators is based on the Adept timing 
algorithm (for "automatic dynamic 
electrical partitioning of transis­
tors") . The three simulation algo­
rithms together form a consistent, 
interactive MOS simulator, with 
Stafan fault simulation at the tran­
sistor level to grade the test vectors. 

The Adept algorithm yields 
circuit-simulation results com­
parable to those of Spice. Based on 
selective trace simulation, it inter­
faces naturally with the switch and 
behavioral simulation levels without 

L·Sim is 1000 times faster than 
Spice and 136 times faster than 
Simon in simulating a 24·bit counter. 

cedure works best when there are 
considerably fewer connections be­
tween macros than there are connec­
tions within each macro. 

Vanguard partitions the chip 
physically along the boundaries of 
its macros. Besides macro circuitry 
and internal macro wires, each sub­
chip contains all global connections 
and portions of connections for the 
chip as a whole. Partitioning means 
that regardless of the chip's size and 
complexity, placement and routing 
programs have to deal only with the 
data associated with each separate 
macro, in manageable amounts. 

SLASHING THE TIME 

Silicon compilers promise to slash 
the time taken to transform a design 
concept into an actual piece of sili­
con. Doing so would intensify the 
need to evaluate a circuit's perform­
ance accurately, and simulation, al­
ready a highly CPU-intensive pro­
cess, would become even more of a 
bottleneck. 

A mixed-mode simulator, which 
Silicon Design Labs (Liberty Cor­
ner, N.J.) calls L-Simulator, or 
Lsim, combines behavioral timing, 
switch-level, and circuit-level simu-

special synchronization blocks. 
Because of its selectivity, the al­

gorithm simulates large circuits eas­
ily, without Spice's large CPU and 
memory requirements . Silicon De­
sign built and simulated several ver­
sions of a CMOS counter, using 
Spice, Simon, and Adept (see the 
figure p. 37). For a 24-bit counter 
the Adept algorithm proved 1000 
times faster than Spice and 136 
times faster than Simon. 

The resulting simulation wave­
forms were identical, but the Adept 
algorithm is so much faster than the 
other two that it can be viewed only 
with an expanded time scale. The al­
gorithm CPU time grows linearly 
with respect to nodal activity- in 
other words, less than linearly with 
respect to circuit sizes. D 

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

It starts 
on page 180. 



DATA GENERAL ASKS: 
ARE YOUR ENGINEERS OPERATING AT A HANDICAP? 

GIVE THEM TOTAL RESOURCE-SHARING WITH TEO.™ 
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) integrates 
technical applications software 
with our industry-leading CEO® 
office automation. And our AOS/ 
DVS™ distributed operating system 
allows you to tap all the power and 
responsiveness of your entire com­
puting resources from each 
workstation. 

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. 

Only Data General gives you 
AOS/DVS or your choice of 
enhanced UNIX™ environments on a 
full range of compatible processors , 
from our new DS/700QTM family of 
workstations to the new standard for 
superminis, the Data General 

MV/ 2oooor~ And our commitment to 
industry standards lets you integrate 
your current mainframes. Easily 
expand your network. And protect 
your investment. 

Learn more about Data General's 
integrated solutions. Write Data 
General , 6300 So. Syracuse Way, 
Englewood, CO 80111. Or call 
1-800-DATAGEN (in Canada call 
1-800- 268-5454). 

t •Data General 
a Generation ahead. 

© 1986 Data General Corporation, Westboro. MA. CEO is a reg istered trademark and 
TEO, AOS/DVS. DS/7000 and MV/20000 are trademarks of Data General. 
UNIX is a trademark o f AT&T Bell Laboratories. 
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211 CMOS GATE ARRAYS. 
We have the silicon. We have LDS™ software. 

We have volume produdion. And we have design capacity 
available now. 

Get your 2µcMos gate array 
design off the board and into produc­
tion at one of Toshiba's design cen­
ters. We have design capacity 
available now. We have Daisy;M and 
other popular workstation 
compatibility, LDS design software 
and the applications engineering staff 
to give you total support. 

We are volume producers of indus­
try standard gate array families such 
as our high performance 2 µ 
devices, the 17G series. It has a 1.5 
nanosecond gate speed with up to 
10,000 gates as well as a macro 
library of 7 400 type ssr;Msr functions. 
These units have fully compatible 
TTL/CMOS input and output and can 
be configured with up to 232 avail­
able pins. Our 3 µindustry standard 
CMOS gate array family, the 1sG, has a 
2.5 nanosecond gate speed with up 
to 6000 gates available. In fact, 
that's why these industry standard 
families are second-sourced with LS I 
Logic Corporation. 

And we're working now on the 
next generation of CMOS gate arrays 

as well as full standard cell capability 
to be introduced shortly. 

TOSHIBA IS 
PRODUCTION POWER 

Toshiba is the world's largest 
producer of high quality CMOS 
devices, and one of the few compa­
nies with high volume production 
experience and capability in CMOS 
gate arrays. 

All this means Toshiba can provide 
the design support you need with a 
volume production capability to 
assure that your designs become 
delivered product in the right quanti­
ties on time. 

So if you are planning a 2 µgate 
array design, plan with the people who 
have the power. Plan with Toshiba. 

Part Array Max Gate Gate Delay (ns) ' 
Number Size Pins Length TYP MAX ' 

TC15G008 880 74 3 2 .5 5 .0 
TC15G014 1400 92 3 2.5 5 .0 
TC15G022 2200 114 3 2 .5 5 .0 
TC15G032 3200 138 3 2.5 5 .0 
TC15G042 4200 156 3 2 .5 5 .0 
TC15G060 6000 180 3 2.5 5.0 

TC17G005 540 44 48 2 1.5 3.0 
TC17G008 880 52 68 2 1.5 3 .0 
TC17G014 1400 68 86 2 1.5 3 .0 
TC17G022 2200 82 106 2 1.5 3 .0 
TC17G032 3200 98 128 2 1.5 3 .0 
TC17G042 4200 118 150 2 1.5 3 .0 
TC17G060 6000 146 188 2 1.5 3 .0 
TC17G080 8000 174 222 2 1.5 3.0 
TCI7GIOO 10000 180 232 2 1.5 3.0 

NOTES: 
1 For a 2 input NAND gate having a fan out of 2 and 2mm of metal interconnect. 
2 At 1o·c and Vdd = 5v ± 5% 

TOSHIBA. THE POWER IN GATE ARDYS. 

LDS is a trademark of LSI Logic Corporation. Daisy is a trademark of Daisy Systems. TOSHIBA AMERICA, INC. 
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is Intergraph focusing 
on Electronics Design 

Automation? 

Because there's something missing in the 
marketplace. 

As an electronics manufacturer, we know that real 
gains in productivity come only when advanced 
engineering solutions are combined with a means 
to eliminate delays in data transfer Time saved in 
one department shouldn 't be wasted transferring 
data back and forth to an incompatible system in 
another Integration is critical: smooth, invisible­
to-the-user data linkages from the schematic to 
PCB and VLSI design-and back. 

Solving the "islands of automation" 
problem 
Intergraph begins with a hardware platform that 
incorporates the de facto "standards" for 
engineering databases-VMS, UNIX System V and 
PC-DOS. To this platform, we add products for 
Schematic Capture; Logic, Circuit and Timing 
Simulation; and PCB, Hybrid and Cell-based 
IC design. 

These products are not only productive in their 
own right, they multiply productivity when used 
together Data is readily exchanged. "Islands of 
automation" can't exist. 

System manufacturers need more than 
electronics solutions 
We don 't stop with electronics design automation. 
We eliminate "islands" in related processes as well. 

An electronics product is more than a good 
design-it 's working silicon and tested circuit 
boards-wiring harnesses, mechanical assemblies 
and mechanisms-a housing that holds all the 
parts, and documentation for assembly, 
troubleshooting and end use. 

The manufacturing interfaces we provide are 
designed to get a working product out the door 
With an Intergraph system, you can interface to 
board manufacturing devices; automate 
mechanical design, analysis and manufacturing; 
create wiring harnesses; link directly to silicon 
vendors; and develop documentation with our 
electronic publishing system. All operating off the 
same family of Intergraph systems, linked by a 
common network (IEEE 802.3), sharing 
information as needed, and eliminating 
redundant reentry of data. 

It 's a system we are depending on to create our 
next generation of hardware. And it 's a system you 
should investigate. 

Intergraph-the new name in electronics design automation. 
Intergraph Corporation 
Department ED06 I 2-6 
One Madison Industrial Park 
Huntsville, Alabama 35807-4201 
1-800/826-3515 

Intergraph Electronics Design products will be on display at the Design Automatinn Conference 
in Las Vegas, June 29th through July 2nd, Booth # 755 CIRCLE 27 



LOW ESR&MORE. 

4$W4\29Rl 

SPRAGUE Sprague Type 5500 Solid-Electrolyte Tantalex® Capacitors, designed for use in power 
supply filters at frequencies to 100 kHz, feature extremely low ESR and high ripple 

TA l\...TTA T "UMS MEET currentcapability.MaximumESRfora300µF, 
·~ ~ ·~ 1 • 6 voe unit is only 0.0450 at 100 kHz. 

MANY SMPS NEEDS 
Additional advantages include small size, long 
Life, exceptional capacitance stability and 

e hermetic sealing to withstand severe 
environments. Capacitance values: 5.6 to 330 µF. Voltage ratings: 50 to 6 WVDC. Sprague Electric #il';i:.• SPRnGUE 
Company, a Penn Central unit, Worldwide Hdqtrs., Lexington, MA. Write for Engineering Bulletin ((li i!>J H 
3548 to Technical Literature Service, Sprague Electric Co., 41 Hampden Road, Mansfield, MA " .. .J:;.~ THE MARK oF RELIABILITY 

02048-1807. CIRCLE 28 
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Janw. Takke 

Jan W. Takke Is manager 
of the computer-aided sys­
tems and services support 
group at NV Phillps In Eln­
dhoven, The Netherlands. 
He has more than 20 years 
of experience at Phillps. 
He received a degree In 
electrical engineering 
from The College of Ad­
vanced Technology at 
Amhem, The Netherlands. 

VIEWPOINT 

EXCLUSIVE INTERVIEW 

EEs need CAE flexibility, 
not more horsepower 
The sophistication of a CAE system 
for electronics design should be 
measured not by the number of 
standard-cell libraries available nor 
by whether the processor produces 
three-dimensional graphics in real 
time. Instead, suggests Jan W. 
Takke, manager of the computer­
aided systems and services support 
group at N.V. Philips, a CAE sys­
tem should provide continuity­
from the initial design to the final 
product. The system that an engi­
neer uses to describe a circuit in a 
schematic drawing, he explains, 
must be flexible enough to place 
parts on a pc board and to deliver 
the solder masks and drilling tapes 
for the board. 

To integrate all of that informa­
tion, Philips as well as other 
European manufacturers are 
putting many of their CAE projects 
on mainframe or minicomputer sys­
tems. Opting for CAE systems 
based on IBM, Digital Equipment 
or Computervision hardware, 
Takke insists, means choosing 
"flexibility over performance." 
Rather than buying a new high­
performance workstation or CAE 
package that may be incompatible 
with what a company already owns, 
Takke and others are resisting the 
CAE horsepower race in favor of 
getting finished products out the 
door with more limited systems. 

Consider the CAE data-base sys­
tem Philips uses to design its popu­
lar compact audio disks. The sys­
tem attempts to vertically integrate 
an entire consumer product line­
from conception to final production 
runs. Besides containing electrical 

Stephan Ohr 

information like the schematic or 
circuit layout, the data base must 
hold mechanical assembly draw­
ings and sketches of how the fin­
ished product will look. For exam­
ple, pc boards in Philips products 
often are oddly shaped to ensure a 
compact fit with rotating parts, like 
motors, and also to avoid rfi or 
other signal crosstalk. 

Furthermore, since dozens of de­
signers around the world can work 
on one project, they must be able to 
access the same data base for sche­
matic drawings, product specifica­
tions, simulation data, physical lay­
out, and a variety of manufacturing 
process constraints. 

Many CAE systems, Takke 
points out, deliver high per­
formance for one or two applica­
tions, such as schematic entry and 
layout. Bu~ he contends they do not 
solve the real CAE challenge: mix­
ing mechanical and electrical engi­
neering tasks with mainframe data­
base management and project 
tracking (see the figure). 

Even with a migration to a main­
frame-based system, Philips is a 
long way from CAE nirvana. The 
software is tailored to analog board 
design and to Philips' manufactur­
ing design rules for trace widths 
and solder masks restraint. Even so, 
a Jot of data remains outside of the 
system. 

"No CAE system," Takke 
stresses, "is a turnkey system." 

Now, Philips' designers must 
manually identify ground planes, 
shields, and high-frequency trans­
mission lines for the analog boards. 
"And since Philips also manufac­
LUres its boards in-house," Takke 
adds, "CAE system users must 
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constantly check manuals and 
guidebooks to be sure that the 
software is consistent with the 
company's board manufactur­
ing processes." 

VIEWPOINT 

ating a wall rather than en­
hancing communication." 

Does the Philips policy sound 
familiar? For one, General Mo­
tors Corp. will only buy hard­
ware that meets the Manufac-

Office Protocol will aid com­
munication between systems," 
he states. However, they're a 
long way from delivering the 
common data-base language 
and commands that are critical In fact, Philips suspects that 

the time spent hunting through 
books may mean CAE systems 
offer little time savings over 
hand-drawn pc board layouts. 
It will be years before the board 
rules are on-line with the layout 
editor. 

Every purchase has the potential 
of creating a wall rather 
than enhancing communication. 

To maintain the drive toward 
continuity, Philips wants to 
control the proliferation of in­
compatible hardware and soft­
ware. There is a limit to the va­
riety of systems that a company 
will buy, Takke emphasizes. 
"Every new equipment pur­
chase has the potential of ere-

High 
Daisy, 

Mentor, 
Valid 

Calm a, 
Applicon 

turing Automation Protocol 
(MAP). Philips is issuing a 
similar edict when it comes to 
computational resources for 
CAE applications. But Takke 
believes that the approach is 
not a catchall solution. "MAP 
and its companion Technical 

Calay, 
Telesis, 

Racal-Redac 

Type of application 

When it comes to CAE hardware and software, Philips, as well as a 
number of other European companies, is choosing compatibility and 
flexibility over performance. Rather than selecting a more powerful 
product for any one application from a relatively focused supplier, 
they frequently compromise by buying a broad-based but lower­
performance system. 
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for a real CAE system. 
Takke is well aware that 

managerial edicts are often 
criticized as stifling to the cre­
ative process. "Any CAE, 
CAD, or CAM system," he 
concedes, "may limit a de­
signer's creativity if it is stan­
dardized for more rapid prod­
uct turnaround." However, he 
envisions a compromise system 
that he calls "innomation." The 
system would furnish a work­
able balance between a de­
signer's innovative spirit and an 
organization's automation 
needs and goals. 

To illustrate, the needs of the 
designer and the organization 
can be met by a CAE system in­
corporating the ubiquitous 
IBM PC personal computer 
along with a mainframe or 
minicomputer. Philips, in fact, 
is exploring the use of personal 
computers for assorted drafting 
applications. 

Of course, linking IBM PCs 
to a mainframe economically in 
a real-time network is easier 
said than done. Philips' efforts 
revolve around I BM PC A Ts 
using microcomputer versions 
of Computervision's minicom­
puter software. The approach 
follows Takke's principle of 
limiting variety and maintain­
ing continuity throughout the 
design process. o 



Pacific's new VMEbus 32-bit single-board 
computer is the latest in a line of innovative 
solutions to multiprocess/ multitask data-crunching 
problems for business and science applications. 

The V682F architecture 
optimizes the features of the 
68020 16.67 MHz processor 
in a way that no other SBC 
has before. Direct memory 
access to onboard and ex­
pansion RAM is provided to 
other VME masters. VME 

Dual-sided surface mounting. accesses to the V682F's dual-
ported memory are accom­

plished without unnecessary interruptions of the 
68020, providing maximum system performance 
through parallel usage of resources. 

As an option, for applications requiring top perfor­
mance our standard demand-paged MMU will allow 
memory operations to execute with .5 wait state. The 
optional 68881 binary floating point coprocessor 
operates at a speed of 16.67 MHz with a 32-bit data 
path to the central processing unit. 

Our proprietary system expansion bus (PMIX) 
allows a high-rise approach to motherboard function­
ality, providing all signals necessary for the integration 
of complex motherboards with the 32-bit CPU bus. 

Whether you are designing for a business or science 
environment, you can count on Pacific's ingenuity to 
help you solve your most complex problems. Call 
today for more information. Pacific Microcomputers, 
Inc., 160 Chesterfield Dr., Cardiff, CA 92007, 
(619) 436-8649. 

a subs1d1ary of Signal Technology Corporation 
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How we've made sure 
the chip's locked in, 
butyou're not. 



Whichever direction you take in 
microprocessor technology, AMP makes 
sure you have the socketing options 
you need to make it pay off. 

Our high pressure tin sockets 
for plastic leaded packages come with 
an exclusive Positive Lock retention 
system that keeps chips secure during 
handling and shipping. Ceramic chip 

carrier sockets feature duplex plated 
contacts and snap-on covers that 
accommodate heat sinks. Both are 
available in standard and surface­
mount versions. 

AMP offers you more: high-speed, 
surface-mount sockets on .020" centers. 
Gold-plated plastic carriers and sockets. 
For pin grid arrays , sockets in ZIF and 

LIF styles, plus custom VHSIC 
capability. 

Choose your technology. AMP 
makes it easy to implement, with full 
socketing support. 

Call (717) 780-4400 and ask 
for the AMP Sockets Desk. 
AMP Incorporated, Harrisburg, 
PA 17105-3608. 

AIVI P Interconnecting ideas 
CIRCLE 30 

Low-height sockets in 
all standard sizes 
(JEDEC A, B, D), with 
duplex-plated contacts 
for sure performance. 
High-speed, surface­
mount sockets feature 
0. SpF, 1.4nH contact 
characteristics. 



DOC 
ABOUT SYNCHRO-CONVERSION • HIGH-SPEED, HIGH ACCURACY D/A & AID CONVERSION • DATA BUS DEVICES 

PUBLISHED BY ILC DATA DEVICE CORPORATION JUNE 1986 

MILITARY SYNCHRO CONVERTER 
OFFERS DYNAMIC PROGRAMMING 

~O CONVERTER 
De . 14560 

The SDC-14560 series SI D con­
verters offer programmable resolu­
tion of 10, 12, 14, or 16 bits, tach­
ometer-like high quality velocity 
output and accuracy to 1.3 arc 
minutes . In addition, a Built-In­
Test (BIT), CT mode operation, 
transparent latch, and three-state 
output in two bytes are standard 
features. 

The SDC-14560 was configured 
to provide new capabilities to 
system designers. Programmable 
resolution allows both high speed 
position tracking and precise posi­
tioning with one converter. Where 
speed is essential, 10 bit resolution 
allows the highest tracking rate of 
160rps. Conversely, when exact 
positioning is required, 16 bit reso­
lution can be dynamically selected. 

Velocity output (VEL) from the 
SDC-14560 is a ground based volt­
age of 0 to ± lOVDC at the highest 
tracking rate for each resolution . 
VEL is positive for an increasing 
angle. Through the use of this 
highly characterized signal, the 
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electro-mechanical tachometer may 
be eliminated from the system. The 
benefit is savings in system size, 
weight and cost. 

All SDC-14560 converters pro­
vide Built-In-Test (BIT), a trans­
parent latch and three-state output 
in two bytes. The BIT circuit 
detects over-velocity, out-of-null 
circuit conditions, and most con­
verter or input failures. The three­
state, two byte output and trans­
parent latch provide for easy com­
puter interface and continuous 
angle tracking while an inhibit is 
applied during data transfers. 

Two input options are included 
in the SDC-14560 series: synchro or 
resolver. Models are offered with 
broadband frequency ranges of 360 
to 1 kHz, or 47 to 1 kHz. 

The SDC-14560 is a Monobrid® 
design which incorporates a custom 
LSI chip in its circuitry. Use of the 
LSI chip results in fewer parts, 
thereby increasing the reliability. 
The converters are packaged in a 
compact 36-pin DDIP measuring 

c:Jc:JC3 

88/T 
OR 

16 BIT 
µp 

1.9 x 0.78 x 0.21 inches and weigh 
0. 7 oz. Power requirements are 
± 15VDC and + 5VDC supplies. 
Two operating temperature ranges 
are available: 0°C to + 70°C and 
-55°C to+ 125°C. 

The SDC-14560 series is designed 
for use in modern high perfor­
mance high reliability commercial 
and military motion control 
systems. All models are available 
with MIL-STD-883 processing as a 
standard option. Some typical ap­
plications include radar, navigation 
and fire control systems, flight in­
strumentation and flight trainers or 
simulators. 

Learn how you can improve your 
system designs with the new SDC-
14560 from DDC. Call one of our 
regional offices today for all the 
details . D 
"' Monobrid is a registered 1rademark of ILC Data Device Corp. 

Glc:JGJ 
FULLY CERTIFIED TO 

MIL-STD-1772 
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ILC DATA DEVICE CORPORATION 
HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation , 105 Wilbur Place, Bohemia, N.Y. 11716, (516) 567-5600, TWX: 510-228-7324 

WEST COAST (CALIF.): WOODLAND HILLS, (818) 992-1772, TWX: 910-499-2674; SANTA CLARA, (408) 244-0831 , TLX: 172775; HUNTINGTON BEACH, (714) 840-5723 
WASHINGTON, D.C. AREA: (703) 893-7989, TWX: 910-997-0967; NORTHERN NEW JERSEY: (201) 785-1734, TWX: 130-332 

EUROPEAN OFFICE: 01·387 4599, TLX: 851-261967; UNITED KINGDOM: (44) 635·40158, TLX : 851-848826; FRANCE: (1) 4-333·5888, TLX: 842-630609 
WEST GERMANY: (08191) 3105, TLX: 841 -527128; SWEDEN: 46-8-920-635, TLX: 854-10952; JAPAN: (03) 490-0203, TLX: 781-34158 



INDUSTRY NEWSMAKER 
ELECTRONIC DESIGN EXCLUSIVE repeater or on one end of a full­

duplex point-to-point link. Among 
such links are local-area networks; 
serial buses for computers and con­
trollers, lines between high speed 
modems, and desktop computers, 
or among CAD /CAM a nd CAE 
workstations and their peripherals. 

4-Mbit/s transceiver 
works over 3500 ft 

Aimed at point-to-point twisted-pair links, 
an analog /C's digital adaptive-equalization 

circuits give it a 40-dB dynamic range. 

In either configuration-mid­
link or link-end- the chip performs 
the functions of receiver-sign al 
equalization, data and clock recov­
ery, asynchronous data transmis­
sion , and fault diagnosis . It has a 
gain-and-equalization filter, a fully 
digital decision-feedback equalizer 
(DFE), a phase-locked loop, and an 
output driver (Fig. 1 ). 

BY ROGER ALLAN 

Transmitting data over twisted-pair 
wiring usually means trading off 
data rate against distance. An in­
crease in either one seriously de­
grades a data signal's quality, as in­
tersymbol interference rises and 
signal-to-noise ratio drops. Even the 
best IC transceivers operate at no 
more than 1 Mbit/s over some 5000 
to 6000 ft. At four times the speed, 
the maximum distance shrinks to a 
few hundred feet. 

One way out is to add circuitry 
that compensates for line abnormal­
ities and data rate problems. But the 
extra components take up extra 
power and extra space and are likely 
to decrease reliability. A single-chip, 
full-duplex transceiver about to ap­
pear promises a far better solution. 

The CSC82200 from Crystal 
Semiconductor operates at a data 
rate of 2.35 to 4 Mbits/s across up to 
3500 ft of 22 -gauge shiel ded 
twisted-pair wiring . Over un­
shielded 24-gauge twisted-pair 
wires the maximum distance falls to 
3000 ft. The chip's bit error rate is 
less than 10 - 9

, against the 10 - 6 for 
Tl links and voice-grade modem 
lines. Moreover , for short packet 
bursts of under 16 kbits , it stands 
better than a 95% chance of error­
free transmission for a given second. 
What's more , its external needs 
amount only to a pair of isolation 
transformers, an ac coupling capaci­
tor, and a crystal. 

The 24-pin-DIP device is de­
signed with a 3-µm CMOS process 

and operates from a single 5-V sup­
ply. Its digital inputs and outputs 
are both CMOS- and TTL-com­
patible, and it supports differential 
Manchester encoding. 

The chip gains its speed and long­
distance performance by adapting 
to line losses over a wide dynamic 
range. To do so, it relies on intel­
ligent digital circuitry that supple­
ments the analog parts. 

The CSC82200 can be used in the 
middle of a full-duplex link as a full 

Receiver 
input A 

~II 
Receiver 
input B 

Transmitter 
output A 

,----

Gain and 
equalization 

filters 

The CSC82200 provides adaptive 
equalization, data recovery, and 
low-jitter clock recovery. A trans­
former couples the distorted and 
attenuated signal into front-end 
equalization filters-made up of 
transconductance amplifiers and 
capacitors- that compensate for 
line losses during the transmis-

Declalon­
feedback 
equalizer 

Receiver 
clock signal 

Receiver 

Enable 

Output 
driver 

Digital data 14--___ ....._ ______ ---li-- input 

Transmitter 
output B 

L 

k-------------JI-- Transmitter 
clock signal 

Ready signal line 

Device 
control I 

- - - J 

1. A pair of isolation transformers, an ac coupling capacitor, and a 
crystal are all the external components needed by a monolithic 
4-Mbit/s transceiver that works over 3500 ft of twisted-pair lines. The 
analog device includes intelligent digital circuitry that compensates 
for transmission-line losses, suppresses interference signals, and en­
sures clock signal recovery. 
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sion. Varying the transconductance 
of the amplifiers through biasing 
trains the active filters to a critica l 
operating frequency controlled by a 
4-MHz, ± 200-ppm crystal oscilla­
tor. An automatic gain control loop 
further checks the incoming signal's 
gain and shape. 

The adaptive equalization process 
is controlled digitally, with eight dif­
ferent gain and shape settings that 
span a 0- to 40-dB dynamic range. 
The filter 's response is at its best 
with a gain of about 28 dB at 4 MHz 
and at the maximum dista nce of 
3500 ft (Fig. 2a). It rolls off rapidly 
on either side of the peak frequency, 
closely following the inverse-loss 
characteristics of a wire line. 

Even with adaptive equalization, 
the fact that losses take place all 
along the line, coupled with the 
different characteristics of cable, 
means that some distortion will get 
past the filters . But the CSC82200 
uses its DFE section to deal neatly 
with the intersymbol interference. 
Such interference is caused by en­
ergy from one data pulse smearing 
or spreading out into a neighboring 
pulse's time slot. 

The DFE removes intersymbol 
interference, which gets worse with 
line length, by estimating the 
amount of an interference for every 
data time slot. It subtracts the inter­
ference estimate from the signal be­
fore making a decision on each pulse 

(Fig . 2b) . The signals it receives 
from the adaptive equalizer have al­
ready been digitized by a 5-bit 
ana log-to-digital converter. The 
DFE has separate elements for digi­
tal interference subtraction, up­
dating, and storage. 

MORE INTELLIGENCE 

But the CSC82200's intelligence 
does not stop there . The DFE also 
deals with near-end cross talk 
caused by the proximity of the on­
chip receiver and transmitter each 
other, or by coupling in wire bundles 
and PC-board conductors. 

The DFE's near-end cross talk 
canceler, akin to an echo canceler, 
estimates the interference's ampli­
tude and, as is done with the inter­
sym bol interference, subtracts it 
from the signal. A very low band­
width phase-locked loop with a Q of 
2000 performs clock recovery, using 
a switched-load voltage-controlled 
crystal oscillator and a digital loop 
filter . 

The oscillator operates at any one 
of four discrete frequencies that 
straddle the average frequency of 
the incoming signal. It is controlled 
digitally by the switching in or out of 
various capacitances. Because the 
oscillator frequencies straddle that 
of the incoming signals, the two sig­
nals remain locked in phase, with a 
maximum lock-in time of 1.5 ms. 

The digita l loop filter controls 

Price and availability 
The CSC82200 transceiver 
IC will be available for sam 
piing in the third quarter, 
priced at about $30 apiece 
in lots of 1000. 

Crystal Semiconductor 
Corp., 2024 East Saint Elmo 
Rd., Austin, TX 18744; Bob 
Bridge, (512) 4451222. 

CIRCLE 511 

load switching by sampling a series 
of phases, calculating their average, 
and updating the oscillator frequen­
cy accordingly . The CSC82200's 
phase-locked loop 's architecture 
also provides low-jitter clock recov­
ery, holds accumulation of jitter to a 
negligible fraction of a symbol pe­
riod, and keeps alignment errors to 
the minimum. 

On the transmitter side, the chip 
drives a 150-Q medium with a 3- to 
4.5-V symmetrical signal that meets 
FCC standards for radiation from 
shielded twisted-pair wiring. An on­
chip servo loop governs the transmit­
ted signal 's harmonic content by 
controlling the output waveform's 
rise and fall times. This slew-control 
circuitry keeps third, fifth, and sev­
enth harmonics, for example, down 
to - IO , -15, and - 20 dB, re­
spectively. The chip is designed to 
operate over the commercial tem­
perature range of0° to 70°C.D 

Transmitted ---t 
data 

Data rate (Mbits/s) (a) 

2. Adaptive-equalization filters in the transceiver 
produce a peak 28-dB response at 4 MHz, closely 
approximating the inverse-loss characteristics of 
the twisted-pair wire. The sharp roll-off on either 
side of the 4-MHz peak keeps out-of-band un­
wanted signals to a minimum (a). A decision­
feedback equalizer circuit removes intersymbol­
interference and distortion (b). 
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Please send me more information on the TSC911 , single: 0 TSC913, dual: 0 TSC914, quad: 0 

PLEASE HAVE A SALESPERSON CALL ME 0 

Name -~-------------------Title----------'---'----'-------"'---
Company Address ___________________ _ 

City ________________ State _______ Zip _______ Tel :( ) ______ _ 
686ED911 



Communications condensed: 



the single-chip CMOS modem. 

Introducing the K212, a complete Bell 
212A compatible, full duplex modem on a 
single chip. It provides all the functions on 
one chip that used to require up to five 
separate chips. 

Developed by Silicon Systems Inc., this 
1200 / 300 bps modem is alternate sourced 
by RCA 

Peripheral-on-a-chip. 
To the system designer, the K212 looks 

like a peripheral. It includes fu ll Bell 103 and 
212A operating modes, a cal l progress moni­
tor and a DTMF dialer. 

Interface with popular micros. 
The K212 interfaces directly with the 

8048 / 8051 family of low-cost micros. 
Modem operation is control led through the 
on-chip, 8-bit multiplexed address and data 
bus, or through an optional serial-command 
bus. The address-latch-enable control line 
simplifies address demultiplexing. Data 
communications go only through a separate 
serial port. 

The on-chip DTMF enables the K212 to 
dial its own calls. And a call-progress detec­
tion feature allows it to change cal ling action 
in response to dial tones, busy signals or ring 
back. The dial-up phone line is connected 
through an external direct access arrange­
ment interface (FCC approved). 

And because it's CMOS, the K212 con­
sumes very little power (less than 10mW in 
the idle mode and only 120mW in operation). 

' 8048 and 8051 are trademarks of Intel Corporation. 

It makes talk even cheaper. 
Now a complete modem requires only 

the K212, a phone line interface, an RS-232-C 
level converter and a control microproces­
sor. Perfect for personal computer modems, 

Inter­
face 
(RS-
232C 

01 

Uart) 

voice / data terminals, portables or battery 
operated systems. Ideal for free-standing 
products or systems; synchronous or 
asynchronous communications. 

By eliminating multi-chip sets, you save 
board space, testing and time in bringing 
your product to market. 

Futurespeak: the V.22 modem. 
The K221 modem is coming soon, to 

support CCITT V.22 and V.21 communica­
tions protocol standards for Europe. 

Availability: lines are open now. 
You can get the K212 in 22-pin and 

28-pin DI Ps, or in quad packages. Samples 
are available for evaluation right now. 

To order samples, write: RCA Solid State, 
Box 2900, Somerville, NJ 08876, or Silicon Sys­
tems, 14351 Myford Road, Tustin, CA 92680. 

ncn 
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'1\ttention shoppers.Our image processing dept. 
has been expanded again.Repeat .. ?' 

Welcome to Data Translation, home of the image processing board. 
Here you'll find the industry's most complete line of products for the 
IBM PC, IBM PC AT and the Micro VAX II. 

Data Translation can furnish high and low resolution products for 

DT2803 
Low Cost 
Frame Grabber 

DT2851 + 
DT2858 
High Resolution 
Frame Grabber 
and Auxiliary 
Frame Processor 

DT2603 
Low Cost 
Frame Grabber 

IBM PC, 
PC XT, 256x256 64 Yes Yes 
PCAT 

IBM PCAT 512x512 256 

MicroVAX II 256x256 64 

1 butler 
8 • Yes Yes 256x256x8 

(64 Kbytes) 

2 buffers, 
512x512x8each 

Yes a· (512 Kbytes) , 
and 1 buffer. 
512x512x16 
(512 Kbytes) 

1 buffer 
256x256x8 
(64 Kbytes) 

real-time applications requiring user-defined convolutions, histo­
grams, frame averaging, windowing, arithmetic and logic operations, 
graphic overlays, and even video animation. And all at prices that are 
often assumed to be misprints at first glance. 

~~~~~~~R $1495 

DT2851 
Yes Yes Yes Yes OT-IRIS $2995 

DT2858 
$1495 

Coming $1B95 Soon 

Naturally, you can depend 
on our standard five-day 

delivery and extensive 
software support. 
Have a productive day and thank 

you for shopping Data Translation. 

Call (617) 481-3700 

See our new 646 pg. 
catalog/handbook or 
see us in Gold Book 

~.-W-it-h D-T-2B_5_9 E-ig-h~t C-h-an-ne-1 V-id-e~o -Mu-11-ip-le~xe-r (~$3~95-)-~~~~~-~----~-~~-~~---~-~ 1986. Or call for your 
.. All frame processor boards operate in near-real-time with 16-bit internal accuracy; all 512x512 frame grabber boards process in real-lime with 4-bitand personal copy today. 

8-bil internal accuracy. 

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 Tix 951 646. European Headquarters: Data Translation, Ltd., 
13 The Business Centre, Molly Millars Lane, Wokingham Berks, RG112QZ, England Tix: 851849862 ( #D) In Canada (4 16) 625-1907. IBM PC and IBM PC ATare 
registered trademarks of IBM. MicroVAX II is a registered trademark of Digital Equipment Corporation. Data Transla tion is a registered trademark of Data Translation , Inc. 
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NEWSTREND 

VMEbus boards handle X. 25-based 
packet-switched communications 
As packet switching over the public data 
networks catches on, a growing number 

10 Mbits /s- ten times faster than 
anything else on the market (Fig. I). 

To reach that speed, the 334 uses 
two MC68605 chips and a 680 I 0 
processor. Also, it is configured 
with 32 address lines, rather than 
the usual 24, so that it can access 4 
Gbytes without being slowed down 
by address translation. The board's 
sheer speed makes it attractive for 
private exchanges. 

of boards is emerging to help make it happen. 

BY MITCH BEEDIE 

Paying only for the data you trans­
mit, rather than for the length of 
time you connect to the line, is the 
attraction of packet-switching 
across the Public Data Networks 
(PDNs). Advocates of the scheme 
are counting on that attraction to 
make packet-switched PDNs the 
dominant wide-area network for 
data transfer of the 90s, surpassing 
even ISDN (the Integrated Services 
Digital Network), which attacks the 
problem from the voice side of infor­
mation transfer (see "The Letters 
Game," p. 59) . 

Although packet switching is po­
tentially much cheaper than circuit 
switching over leased anal0g lines, it 
has been slow to press its advantage. 
This is mainly because the major 
customers have been large compa­
nies , which are understandably re­
luctant to invest in unproven tech­
nology . But with an X .2 5-based 
Packet-Switching Network (PSN) 
now in place , transferring dat a 
internationally, things are starting 
to speed up. 

Equipment from all of the major 
mainframe and minicomputer man­
ufacturers already connects to pack­
et-switching networks using their 
own (or third-party) X.25 links, and 
it is now being joined by VMEbus 
systems- in the main across dial-up 
telephone lines. 

X .25 boards will therefore in­
creasingly head up VMEbus sys­
tems, transferring data cheaply 
across public and private packet-

switching networks . Some half­
dozen companies have announced 
these boards, with each embodying 
a different idea of what the market 
wants and needs. Product offerings 
range from sophisticated, high­
speed boards capable of transferring 
data at IO Mbits/s over several kilo­
meters, to slower, cheaper units that 
connect to public packet-switching 
networks. 

THE SPEED KING 

When it comes to speed, the top 
VMEbus performer is undoubtedly 
the MVME 334 from Motorola 
[nc ., which has two independent 
X .25 channels that each work at 

Despite the blazing speed of the 
Motorola board, X.25 cannot com­
pete with the efficient, high-perfor­
mance protocols needed for closely­
coupled computer systems . But it 
does ensure reliable data transfer , 
and therefore comes into its own 
when widely separated systems must 
be interconnected. 

Geographically separated indus­
trial or office sites that need data 
interchange-especially when there 
are common data bases to be up­
dated-are natural applications for 
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1. Motorola's MVME334 zips through 10 Mbits/s; it owes much of its 
performance to two MC68605 XPC (X.25 protocol controller) chips 
that implement layer 2 of X.25. 
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X.25. For them, a cluster of serial 
channels does not come amiss, and 
the six or seven 1-Mbit /s multi­
protocol links on the VME 7300 
from Mizar Inc. will do nicely. Even 
this many serial channels leaves one 
or two 1-Mbit/s links free for X.25; 
normally a single X.25 link is 
enough, unless the board is to form 
part of some kind of switching sta­
tion, in which case two are needed. 

Like most other X.25 boards, the 
VME 7300 connects on level 1 of the 
X.25 protocol using either X .2 1 or 
X.2lbis, with messages being buff­
ered by dual-port RAM (in this case 
128 kbytes), and VMEbus-to-X.25-
board message transfer using a 
68450 OMA controller. (The levels 
of X.25 correspond to those of the 
ISO 's Open System Interface 
Model. Level 1 is the physical layer, 
which concerns voltage values, 
transmission rates, connector con­
figurations, and so forth.) 

When forwarding messages 
across the X.25 link, level 3 imposes 
flow control to prevent the links 
from becoming overloaded . (For 
X.25, level 3, the network layer, is 
the packet level, which sets up net­
work connections.) A sender may 
only transmit a predefined number 
of packets (through a 'window') be-

fore it has to request the window to 
be opened for more packets. This 
number varies from board to board 
(see manufacturer's data at the end 
of the article), and is determined by 
the EPROM-based firmware. This 
firmware is held in EPROM (or 
may be downloaded at system start­
up) along with the other OSI layer-3 
routines. 

The OSI model aims to make the 
type of network in use invisible to 
the higher-layer software, thus al­
lowing, for example, VMEbus sys­
tems to talk quite happily to main­
frames and minicomputers . DEC 
computers will be brought into the 
fold across Reltek Data Inc. 's line of 
X.25 boards . This line includes 
boards for the VMEbus, as well as 
DEC's Q-bus and Unibus; later in 
the year it will link up to IBM PCs, 
again using X .25 . The VMEbus 
board even adds a VAX / VMS 
driver to the Unix type that is uni­
versally available. 

Reltek's X.CAL-VME board has 
a 68000 processor backed up by two 
WD25 l l protocol controllers. This 
illustrates a current industry-wide 
trend: not only are peripheral boards 
increasing in intelligence to offload 
host processor boards, the proces­
sors on the peripheral boards are 

2. The TSVME 540/ 1 from Thomson is the only board not to 
have a full X.21 link; instead two V.21bis links can connect 
the board to dial-up telephone lines. 
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themselves being offloaded by in­
creasingly intelligent, specialized 
peripheral chips. In this case, the 
2511 controllers handle layer 2 of 
X.25; they detect any errors in data 
received , and request retransmis­
sions where needed, interrupting the 
processor once the whole process is 
complete and error free data is 
safely in RAM. (Layer 2 makes the 
physical transmission medium invis­
ible to the higher layers.) 

The WD25 l l protocol controllers 
give Reltek's board two 1-Mbit/s 
channels. Although these rates (and 
above) are needed for LANs, they 
are somewhat of an overkill for 
actually transmitting data across a 
PD1 , which is limited to some 48 or 
64 kbits/s . 

WHAT'S THE THROUGHPUT 

Besides the data transfer rate, 
however, an important figure is the 
throughput. This is perhaps best 
measured in packets/sand depends 
largely, of course , on the packet 
length, although the maximum rate 
with a zero-byte packet is deter­
mined by software overheads. 
The Thomson Semiconducteurs ' 
TSVME 540 and 541 boards (Fig. 
2) for example- which have a max­
im um data transfer rate of 100 
kbits /s-translate a data rate of 
64 kbits /s into a maximum 300 
packets/s for a zero-byte packet, but 
this fa11s to 170 packets /s for a 
128-byte packet, and to 28 pack­
ets/ s for a packet size of 1024 bytes. 

These boards have as a main tar­
get controlling remote industrial 
VMEbus systems or transferring 
data between two medium-speed 
networks. For these applications a 
full X.25 link is not needed, and so 
the board has two V .2 1 bis-that is, 
RS-232 or RS-422-links for con­
necting to dial-up telephone lines­
currently the most common way of 
connecting to PDNs. 

Thomson was in fact the first 
company to announce an X.25 
board (ELECT RONIC DESIGN , July 
11, 1985)-the current board is 



their second-generation product­
and will also be the first with higher­
layer software: layer 4 (the transport 
layer) should be available in the next 
month or so, and will be joined over 
the next few months from similar 
packages from other manufacturers. 

A bunch of forward-looking soft­
ware packages will soon be available 
for a board that was designed jointly 
by Heurikon Inc. and Morning Star 
Technologies Inc. One of these pack­
ages implements Teletex {high­
speed telex), while another enables a 
terminal to emulate a Group-3 fac­
simile machine (both of these pack­
ages are planned for release by Sep­
tember) . In addition, an X.400 
message-handling system is sched­
uled for release soon after the final 
specification has been defined. 

Like a couple of other companies, 
Heurikon/Morning Star uses soft­
ware release X.25-80; although this 
does not have the streamlined inter­
national addressing (and other im­
provements) of the more recent 
X.25-84, many of their client com­
panies are still working with it. And 
those who change over from one to 
the other can expect some inconsis­
tencies between the two versions of 
the CCITT's standard. The X.25-84 
version is expected to be ready in the 
next few months. 

A concept central to both versions 
of X.25 is the concept of virtual cir­
cuits between terminals on the net­
work. Although the standard allows 
for 4095 different virtual circuits, 
few of these need be implemented on 
a VMEbus board, since each virtual 
circuit will normally be dedicated to 
one user or task. A common figure is 
32 or 64 channels; Heurikon/ Morn­
ing Star has 120. 

The board itself (Fig. 3) has up to 
1 Mbyte of dynamic RAM and up 
to two serial X.25 links running at 
64 kbits/s. In a few months the com­
pany will increase that to 4 Mbytes 
of dynamic RAM, and four X.25 
links-all running at 64 kbits/s. 

But even lines that transfer data 
at 48 or 64 kbits/s are expensive. A 

cheaper alternative is to connect to a 
packet-switching network across 
dial-up telephone lines using 
X.21 bis . Here, speed is not an issue, 
since dial-up lines are generally lim­
ited to 1200 or 2400 baud unless 
quadrature amplitude modulation is 
used to boost them to 9.6 kbits/s or 
more (ELECTRO IC D ESIGN, April 
17, 1986, p. 89) . 

The 19.2-kbit/ s speed of Stoll­
man's SICC board (Fig. 4) is there­
fore plenty for transmitting across 
X.21 bis and through a PDN. The 
board has a 4-MHz Z80A, although 

a 68000-based version of the board 
that will work at up to 64 kbits/s is 
planned for later this year. Also 
in the pipeline at Stollman (and 
Heurikon / Morning Star) is S A 
software that will al low the Unix­
based VMEbus system to communi­
cate with an IBM mainframe using 
the 3270 protocol. 

Extending the reach of X.25 are 
PADs- Packet Assemblers a nd 
Disassemblers. Although X.25 was 
designed for packet-switching ter­
minals, simple asynchronous termi­
nals are not ignored, and can be at-

3. Heurikon/Morning Star's HK68/V10 board works at 64 kbits/s; it hos a 
68000 processor and a megabyte of dynamic RAM. 

The letters game 

Bad as the acronym situation is in 
the electronics industry as a whole, 
it is worse yet in the telecommuni­
cations segment, although not as 
bad as in the military. Public Data 
Networks (PDNs) are being set up 
alongside the familiar analog Pub­
lic Switched Telephone Networks 
(PSTNs). Transmitting data over 
the PDNs is the subject of the 
CCITT's X.-series of recommen­
dations, while transmitting data 
over the PSTNs is the subject of the 
V .-series . The ISON (Integrated 
Services Digital Network) is the 
subject of the I.-series. 

A Packet-Switching PON 
(PSPDN) stands alongside 
Circuit-Switching PDNs 
(CSPDNs), of which there are only 
a few : the companies and author­
ities responsible for operating tele­
communications systems have fa­
vored packet-switching networks. 

In the UK, the PSPDN services 
a re termed PSS s (for Packe t 
Switch Stream) . The International 
Pocket Switch Stream is the JPSS. 
In West Germany, the PSPDN is 
called Datex-p; in France, it is 
Transpac; in the USA, Telenet, 
Tymnet, and others: and in Can­
ada, Datapac. 

To add to the confusion, Teletex, 
the high-speed telex service, sou nds 
a lot like Teletext, a scheme for 
displaying computer information 
on television sets. Systems similar 
to Teletext are also known as Video­
tex, Viewdata, Bildschirmtext, Vi­
ditel , Teletel , Telidon , Captains, 
Prestel , and others. Some are one­
way broadcast systems; others are 
interactive and make use of tele­
phone lines for transmission . All 
are intended to link homes and 
small businesses with central data 
bases . 
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tached using a PAD. This software, 
as its name suggests, assembles 
transmitted messages into packets 
for a terminal, and strips off the 
packet from received messages. It is 
currently being planned by a couple 
of ma nufacturers, but is only avail­
able right now on Stollman's board, 
and the one from Heurikon / Morn­
ing Star. 

Although the number of X .25 
boards on the market currently is 
rather small, many such boards are 
in the planning stage. Data Sud 
(Montpellier, France) , for example, 
is working on a double-height Euro­
card, ha lf of which will hold the 
processor a nd YMEbus interface 
logic, while the other half holds the 
application-specific circuits (here, 
the X.25 circuits). The company 
will have a whole range of such cir­
cuits, including hard-disk control­
lers, serial-to-parallel interfaces, 
a nd a-d ad d-a converters . This 
type of arrangement is in fact being 
taken up by a couple of YMEbus 

4. The SICC board from Stollman 
has a 4-MHz Z80A, and uses 8-bit 
data transfers across the 
VMEbus. (All other boards 
use 16-bit data transfers.) 

manufacturers; it aims to free a user 
from tangling with YMEbus speci­
fications, while at the same time a l­
lowing him to use the same core of 
hardware and software for a wide 
range of applications. 

Plessey (Towcester, England) too 
has a boa rd waiting for the X.25 
software that is now in preparation, 
a nd Electronic Modular Systems 
GmbH (Neu-Isenburg, W . Ger­
many) may base one on their CPU-
2PB board, which has 512 kbytes of 
RAM a nd the ever-present 68450 
DMAC. 

Although a long way off yet, 
X.25's eventual promise is for user 
a pplications running on machines 
spread out all across the world to be 
a bl e to communicate with each 
other as if they were all on the same 
machine-even though they may be 
running on different types of com­
puters, in different languages, using 
different operating systems. 

And there are more possibilities, 
with packet-switching networks in 
the future providing cable TV, vid­
eotex, teletex (high-speed telexes), 
facsimile, and message-handling 
systems. In fact, the eventual aim is 
to link packet-switching networks 
with the voice-based ISON. D 

Directory of X.25 board manufacturers 
Serial ports 

X.25 Ports (mulllprotocol) 

Avoll -
Dal a Through- Maximum Number Trans- ab I Illy 

Maximum OMA lransler put 2 packe l or mission (sam-
Proc- EEPROM RAM con- Num- rate (pack- size virtual Num- rate CostS pies/ pro-

Company Model essor (kbytes) (bytes) I roller ber (blts / s) ets / s) (octets) circuits ber (blls / s) ($) ductlon) 

Heurlkon Inc. 
3201 Latham Dr. 
Madison. WI 53713 
608-271-8700 
telex : 469532 Horizon 10-MHz 512k 

240V 68000 128 or 68450 1 or 2 64k 180 1024 120 0 or 1 256k 4990 Now/now 
Mo rn ing Sta r Tech. Inc . 
1760 Zollinger Rd .. 1 M 
Columbus. OH 43221 
614-451 -1883 
TWX: 5106003273 

Mizar Inc. 
20 Yorkton Court 
St . Poul. MN 55117 
612-224-8941 
telex : 469542 8-MHz 

4500 7 August/ VME7300 64 144k 68450 1 or 2 1 M N.o . N.o . N.o . 6 or 7 1 M 
Mizar Inc. Ltd . 68000 N.o . 
100 White Holl Estate 
Glenrothes. Fife KY6 
2RP. Scptlond 
( + 44) 592 771615 

Motoro la Inc. 
Microsystems Marketing 
2900 South Dioblo Woy 
Tempe. AZ 85282 
602-438-3501 12.5-MHz Sept ./ 
Mo to rola GmbH 

MVME334 68010 256 2M 63450 2 10 M 1000 1024 32 44 1.5 M 29006 Nov. 
Abteilung Microsystem 
Tounusstrosse 51 
8000 Munich 40 
( + 49) 89 356094 
TWX: 522 199 
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IN A MATTER 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 (BOO) 323-2401 Nationwide 
into easily-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 

CIRCLE 36 
Copyright "'1986, Tektronix, Inc. All rights reserved. # PMA-657 
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Directory of X.25 board manufacturers (cont'd.) 
Serial ports 

X.25 Ports (mu Ill protocol) 

Ava il-
Data Through- Maxi mum Number Trans- ability 

Maximum OMA transter put 2 packet ot m iss ion (sam-
Proc- EEPROM RAM con- Num- rate (pack- size virtual Num- rate Cost5 pies/pro-

Company Model essor (kbytes) (bytes) !roller ber (b ils/s) e ts / s) (octets) ci rculls ber (blts/s) ($) ductlon) 

Reltek Data Inc. 
44 Steacie Dr. 

10-MHz Now/ 
Kanata. Ontario X.CAL-VME 64 1M None 1 1 M 750 4096 64 2 19.2k 4845 
Canada K2K 2A9 68000 July 

613-592-2411 

Stallmann GmbH 
Max-Brauer-Allee 81. 4-MHz Sept./ 
D-2000 Hamburg 50. SICC 32 16k None 19.2k 100 512 63 3 0 3650 
West Germany. 

280A Nov. 

( t- 49) 40 3890030 

Thomson 
Semiconductors VSI 

761 E University 
Mesa. AZ 85203 
602-962-9579 128k 
Thomson TSVME540/1 10-MHz 128 or 68450 1 or 2 100k 170 1024 64 0 or 1 1M 2700/ Now/now 

Semiconducteurs 68010 512k 2900 

17 3 bd Haussmann 
75379 Paris Cedex 08 
France 
( I 33) 1 561 96 00 
Telex TCSF 204780F 

Notes ~Uses instead two 512-byte b1direct1onal FIFOs 5 Single-quantity; includes board. driver. and X.25 software. 
6 Projected price. With a 128-byte packet. 

~ 12 can be active simultaneously 7 Board any, not including Unix driver . 
Software not yet implemented 

(N a )-Not available 

Prototypes in 24 hours? Only from laserpath, the gate 
array prototype specialists. 

HCMOS families. Use extensive macrocell libraries 
supporting the leading CAD systems. And get volume 
shipments from our production partners , who are major 
IC manufacturers. 

Circle 
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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. 

For details, call 408-773-8484 and ask for Earl Watts. 

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 

Or write him at: laserpath, 160 Sobrante Way, 
Sunnyvale, CA 94086. 

Give us a day, and we'll save you weeks. 

LASERPATH 
O N E DA Y G A TE ARRA YS '• 



Put your 
finger on 

intelligence! 
Intelligence is truly the hallmark of 

the Philips family of 350MHz oscillo­
scopes. 

Intelligent beam finding, for exam­
ple . A finger-tip touch of the Auto-Set 
button and every parameter for all ini­
tial measurements is displayed - im­
mediately ; amplitude, timebase, trig­
ger functions and screen positioning. 
Other intelligent benefits include: 
• Current status read-outs thanks to 
buffered switching. 
• '.At a lance' status is indicated on 
LED/ LCD displays , while voltage/ 
time cursors simplify direct signal 
measurement. 
•Ultra-fast writing speed of 4 div/ns 
for secure capture and full waveform 
display of single-shot and low-repeti­
tion signals . 
• Product credebility in technology, 
technique, quality and service is assur­
ed, because the PM 3295 is backed by 
the corporate resources of one of the 
world's largest electronics companies. 

"Philips - the fastest growing force in 
oscilloscopes. logic analyzers, wave­
form analyzers, signal sources, count­
ers/timers, digital multimeters and 
systems/IEEE instruments. Philips 
products are also available for lease 
through United States Instruments Rent­
als. Inc " 

35Q 
s c 

Write to 
Philips Test & Measuring Instruments, 
Inc. 85 McKee Drive, Mahwah, New 
Yersey 07430 (20 1) 529-3800. TWX 710 
988-5348 
For the Philips Sales Office or Repre­
sentative nearest you call Toll Free 
800-631 -71 72 

PHILIPS e Test& 
Measurement CIRCLE 38 PHILIPS 



Designer's dilemma: Buy vs. Build. 
Should you get to market 

quickly, using one of our fully 
assembled and tested disk control­
ler boards? Or should you go for 
the flexibility of integrating our 
VLSI controllers and support 
devices into your own design? 

Either way, you win when 
the first thing you do is call 
Western Digital. 

We' re proud of the success 
we've had supplying leading 
microsystem builders with disk 
controller boards. 

We're even prouder of our family of 
VLSI devices. They' re the true secret 
of our success. And they' re all for sale. 

Ride down the experience/cost curoe with our VIS! devices while we push them up 
the fanction integration curve. 

The pace is quickening. 
Our chip engineers nave been 
busy. Right now we' re introducing 

Our VIS! designers are 
among the most creative 
in the industry, and 
have the most power.fat 
tools to work with. 

WD1002A-WXJ 
4.95" x 3. 85" ha!f­
slot IBM XT compat­
ible controller for up 
to two S'T506 drives. 

new VLSI devices at an especially 
rapid pace. 

That includes more highly inte­
grated hard and floppy disk con­
trollers, both with on-board data 
separators. (Neat trick, huh?) A single 

WD30C30!31 
CMOS S'T506/RLL 
Hard disk con­
trollers with on- chip 
ECG and analog 
data separator. 

WD3600 CMOS 
streaming drive con­
troller with QIC-36 
interface. 



secret to our success. 
chip controller that turns SCSI from 
scuzzy to sexy. A new QIC-36 stream­
ing tape controller device. And an RLL 
hard disk controller with 56-bit ECC. 

Our board engineers have been 
busy too. Integrating our new VLSI into 
solutions that address the emerging 
high performance disk markets of 
(2, 7) RLL and ESDI, 
as well as new technol­
ogies such as optical. 

Up the function. 
Down the cost. 

Being our own biggest 
customer for our VLSI devices has 

for our own board-level products, 
we can help you integrate our devices 
into your system. 

As a matter of fact, start with our 
board-level solutions, for accelerated 
market entry and reduced start-up 

manufacturer in the world. And more 
in-house applications engineers that 
live and die by the motto, "we suc­
ceed when you succeed'.' 

Make our 
success yours. 

Five of our newest VLSI develop-
ments are detailed at the 
bottom of this ad, along 
with three of our new 
board-level designs based 
on our ever-growing fam­
ily of devices. 

taught us a lot about what our chip choose your interface. Our VLSI solutions provide the 
level customers need and want. foundation for a family of boards supporting all 

If you don't see what you 
want, though, we'll even entertain 
the notion of developing custom 
VLSI and board-level products 

Such as devices that are easy to popular host and drive interfaces. 

design with and easy to test. And that cost, and we'll help you build your 
have a built-in promise of follow-on own boards based on our chips as 
solutions that drive down the cost of soon as you're ready.We'll even license 
your system design and manufactur- our microcode, saving you man-years 
ing costs by giving you more for less. of development time and hard-

No secrets. knocks experience. 
Our VLSI devices come with systems That promise is backed with more 
level support, to help you get to mar- technical people working on-site 
ket quickly. Because we design our with customers than any controller 
devices with system issues in mind, 

for you. 
Tu arrange for samples, call 

our Western Regional Sales Office 
at (714) 851-1221 or our Eastern 
Regional Sales Office at (612) 
835-1003. Or, for more literature, 
write Western Digital Corporation, 
Literature Dept. , 2445 McCabe Way, 
Irvine, CA 92714. 

and sort out design considerations 
WESTERN DIGITAi. 

WD5011-10 ST506 
Hard disk controller/ 
formatter using 2, 7 
RLL encoding and 
on-chip 56-bit ECC 

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

WD37C65 CMOS 
Floppy disk controller 
with on-chip digi-
tal data separator. 
NEC765A compatible. 

CORPORATION 

-
. .. -

• II . ~ 

WDI005-SCS SCSI 
interface controller 
forup to.four FSDI 
drives with powerful 
56-bit ECC 

WD33C93 CMOS SCSI 
bus interface con­
troller with on-chip 
high current drivers. 

CIRCLE 39 
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WDJ003-WAH 100% 
PC AT compatible hard 
disk controller for up 
to two ST506 drives. 
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Ot+llBYTE™ 
Board Level Products 

Here's how our 8 plus years of experience saves 
you time and money: time because we have 
already designed and built these state-of-the-art 
boards for your high performance needs; money 
because we spread design/debug/testing costs 
over thousands of units. Call Peter Czuchra, 
Marketing Manager, to discuss how our high 
quality, high reliabi lity boards will save you 
time and money on your next application. 

[]IU OMNIBYTE CORPORATION n 245 W. Roosevelt Rd. 
l West Chicago, IL 60185-3790 

(312) 231-6880 
Intl. Telex: 210070 MAGEX UR 

A Look ac Today ... A Vision of Tomorrow 

OB68KNME 1 '" 
SINGLE BOARD COMPUTER 

ON THE VME BUS 
• 12 .SMHz 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 serial ports using (I) 

68681 DUART 
• (2) 8-bit parallel 1/0 ports using (I) 

68230 Pl/T 
• System controller functions are 

supported 
• (7) Prioritized bus or auto vectored 

prioritized interrupts 
• Omnibyte two year limited warranty 

CIRCLE 215 

OB68K230'" 
MULTIBUS 96-BIT PARALLEL 

110 TIMER BOARD 
• 96 bits of software definable parallel 1/0 
• (4) 68230 Pl/T chips 
• (4) 24 bit timers 
• 35 sq. in. of prototyping area 
• Omnibyte two year limited warranty 

CIRCLE 218 

OB68K/MSBC1 '" 
MULTIBUS* SINGLE BOARD 

COMPUTER 
• 12.SMHz 68000 16/32 bit CPU (other 

speeds and 68010 optional) 
• 256K/ 512K/ JM/ 2M bytes dual­

ported; zero-wait-state RAM with 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 

• Mu/cibus and iSBX are crademarks of Ince/ 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 crademark of Ince/ Corp. 

CIRCLE 216 

OB68K/INT(S)'" 
MULTIBUS HOST ADAPTER/ 

SERIAL 110 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 
• Parallel printer port 
• Real 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/ 128K/512K bytes zero-wait-state 

dual-ported RAM 
•Up to 192K bytes of EPROM 
• (2) RS-232C serial ports 
• (2) 16-bit parallel ports 
• A triple 16-bit timer/counter 
• (7) prioritized-vectored interrupts 
• Omnibyte two year limited warranty 

CIRCLE 214 

OB68K/OCTAL'" 
MULTIBUS SERIAL 110 BOARD 
• (8) RS-232C or RS-422 serial 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 110 BOARD 
• 48 bits of software definable parallel 1/0 
• Real time calendar 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 crademark of Shugart Asscx:iaces. 

CIRCLE 220 



READER FEEDBACK 

More on models 

Your April 3 Viewpoint article fea­
turing Nick Van Brunt for the first 
time addressed a very important and 
misunderstood issue in board- and 
system-level design analysis: how 
simulation is best accomplished with 
physical modelers and software 
models. 

We were very interested in your 
article because Logic Automation's 
business is to supply software 
models of complex !Cs to CAE 
users. Software models offer many 
advantages to the designer per­
forming logic simulation at the 
board or systems level. If the models 
are written at the behavioral level, 
they are considerably faster than 
physical modelers. Models are also 
much less expensive and don't suffer 
from the same physical limitations, 
that is, restrictions in total pin count 
and vector storage depth. 

At Logic Automation we largely 
agree that physical modeling for 
board-level simulation is not the 
panacea that it first appeared to be. 
Indeed, the problems are even larger 
than outlined in the Viewpoint arti­
cle. Still, physical modelers do play 
an important role in solving board­
level simulation problems, probably 
somewhat more than Van Brunt be­
lieves. They are an excellent way to 
include ASICs in board simulation 
or to simulate components for which 
no models are available. And it's 
very unlikely that software models 
will ever be available for every IC. 

The IC manufacturers realize the 
importance of this problem and are 
so far being quite supportive of our 
efforts. Some are even going to the 
lengths of providing us with their 
test vectors to verify the models, as 
well as advance information on new 
products so that models are avail­
able even before some parts are in 
silicon. Building models for the myr­
iad of I Cs available is a huge job, 

and one that the IC companies don't 
want to undertake. It really is most 
cost-effective for an independent 
company to do it, as development 
costs can be amortized across simi­
lar "pin compatible" products from 
multiple vendors. 

Michael Turner 
Director of Marketing 
Logic Automation 
Beaverton, Ore. 

Correction 

A number of errors crept into our 
news story in the March 6 issue, 
p. 28. The piece described SGS' 
improved version of Spice for bi­
polar power transistors (not just 
for the biFET, which is a trade­
mark of National Semiconduc­
tor). Standard Spice under­
estimates the gain for high 
collector current densities and de­
creasing values of collector­
emitter voltage (and not just be­
tween 0.5 to 2 V). SGS' model 
improves on this by adding a non­
linear resistance to simulate the 
transistor's collector-emitter 
resistance, which can be JO times 
higher than the 30 to 50 Q that 
Spice assumes. 

The correct equations for the 
collector resistance are: R = 

R j( 1 + expf (4x/ Wc) - 2/), and 
x/Wc = (K/Ic) (h exp(Vic/V,) - J) , 
where h is a constant that depends 
on the epitaxial doping level. 

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

It starts 
on page 180. 
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A UNIQUE 
PRODUCTIVITY TOOL 

MACGDS™ is a revolutionary 
breakthrough in VLSI design 
technoloR It's designed to run on the 
Macintosh M, delivering mainframe 
functionality in a portable micro environment 
MACGDS™ is so cost effective, you can afford 
to have multiple work stations hooked up in a 
network on an existing mainframe. That 
means easy access and no waiting around. 

Here are some more MACGDS™ features: 
•Macintosh™ user friendly menus & windows. 
•Database management system allows you to 

copy, rename and delete graphic structures. 
•Graphic elements include boundary, path, 
text, structure and array references with 
unlimited levels of nesting. 

•Powerful editing lets you stretch, copy, modify, 
move, rotate .. polygons and other shapes. 

•View commands let you pan, zoom, view any 
area, layer or combination of layers desired. 

•GDSll stream compatible. 1/0 available via 
link to any computer. 

•Flexible viewing configuration allows user to 
design layout in a symbolic fashion. 

Symbolic layout 
made easy. 

View commands 
for versatility. 

11 Donex Street, Pointe Claire, 
Quebec, Canada H9R 4Z3 

(514) 694-97731694-9904 
Telex 05-822-892 

•Maci ntosh is a trademark of Apple Computer Company. 
• MACGDS is a trademark of DKL Technology Inc. 
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FOR ABOUT 
$20,000 
YOU CAN 

GETA 
HIGH 

PERFORMANCE 
TEKTRONIX 

4125 

CIRCLE 66 

OR 
YOU CAN 

GETA 
HIGH 

PERFORMANCE 
RAMTEK® 

4225 

AND SOMETHING TO 
DRIVE IT HOME IN. 

The Ramtek 2020-4225 High-Resolution Graphics Display 
System. For An Incredibly Low Price of $10,995 

At Ramtek, we've done for computer graphics display systems 
what Henry Ford did for automobiles: make them affordable for 
everyone. 

Costing only $10,995, the Ramtek 2020-4225 now makes high­
resolution . color graphics practical for every engineer. Plus, it comes 
in a desk top package. 

The secret to our breakthrough? Proprietary VLSI chips that 
condense our design to a single board . So, for only $10,995, you get 
a system designed to give you the power, performance, and flexibility 
of systems costing nearly twice as much. 

For more information on the Ramtek 2020-4225, call us today at 
( 408) 988-2211. Or write: Corporate Communications, Ramtek 
Corporation , 2211 Lawson Lane, Santa Clara, CA 95050. 
Telex 171-954. TWX 910-338-0027 

Ramtek 
The end user pnce comparisons are based on Tektronix 4125 at s 19.950 vs the 2020-4225 at s I0.995 and Chrysler Laser 
base price of SB.854 Aam1ek rs a reg1s1ered trademark ot Ramtek Coroora!lon 



UPCOMING MEETINGS 

Conference on Lasers and Electro­
Optics (CLEO '86), June 9-13. Mo­
scone Convention Center, San Fran­
cisco, CA. CLEO '86, Optica l Society 
of America, 1816 Jefferson Pl. N.W., 
Washington, D.C. 20036; (202) 
223-0920. 

14th International Conference on 
Quantum Electronics (IQEC '86), June 
9-13. Moscone Convention Center, 
San Francisco, CA. IQ EC '86, Optica l 
Society of America, 1816 Jefferson Pl. 
N.W., Washington , D.C. 20036; (202) 
223-0920. 

4th European Comdex International 
Conference & Exposition, June 
10- 12. The Acropolis, Nice, France. 
Comdex International , The Interface 
Group, 300 First Ave., Needham, MA 
02194; ( 61 7) 449-6600. 

IFAC Workshop, Digital Image Pro­
cessing in Industrial Applications, June 
10- 12. Helsinki , Finland . Martin 01-
lus, Technical Research Center of Fin­
land, Otakaari 5 1, SF02 l 50 Espoo, 
Finland. 

IMEKO / IFAC Symposium, Intel­
ligent Measurement, June 10-14. 
Jena , East Germany. Professor D. 
Hofmann, Friedrich-Schi ller Univer­
sity, Section Technology, GD R-6900, 
Jena, E. Germany. 

International Conference on Power 
Electronics and Variable Speed Drives, 
June 10-12. London, England. Con­
ference Services, Institution of Elec­
trical Engineers, Savoy Place, London 
WC2R OBL, England; ( + 44) 1 240 
1871. 

NEPCON East '86 Electronics Pack­
aging, Production and Testing Confer­
ence & Exposition, June 10-12. Bay­
side Exposition Center, Boston, MA . 
NEPCON East '86, Cahners Exposi­
tion Group, 1350 E. Touhy Ave. , P.O. 
Box 5060, Des Plaines, IL 60017; 
(312) 299-9311. 

1986 Scottish Electronics Show, June 
10-12. Anderston Center, Glasgow, 
Scotland. Network Events Ltd., Print­
ers Mews, Market Hill , Buckingham, 
MK18 lJX, Eng land; (+44) 280 
815226. 

1986 International Computer Ex­
hibition, June 12-15. Cologne, West 
Germany. Messe- und Ausstellungs­
Ges .m.b.h. Koln, Messepla tz, Post-

fach 21 07 60, D-5000 Cologne 21, 
West Germany; (+49) 221 821-1. 

1986 National Computer Conference 
& Exhibition (NCC '86), June 16-19. 
Las Vegas Convention Center, Las 
Vegas, NV . NCC '86, American Fed­
eration of Information Processing So­
cieties (AF! PS) , 1899 Preston White 
Dr., Res ton, VA 22091; (800) NCC­
l 986. 

1986 Topical Meeting on Ultrafast 
Phenomena, June 16- 19. Snowmass 
Conference Center, Aspen, CO. Opti­
cal Society of America, Ultrafast Phe­
nomena , 1816 Jefferson Pl. N.W., 
Washington , D .C. 20036; (202) 
223-0920. 

ISC EXPO '86 Central, International 
Security Conference & Ex posi tion, 
June 19-21. O'Hare Exposition Cen­
ter , Rosemont , IL. !SC EXP0'86 
Central, Cahners Exposition Group, 
Cahners Plaza, 1350 East Touhy Ave., 
P.O. Box 5060, Des Plaines, IL 60017; 
(312) 299-9311. 

1986 IEEE Computer Vision and Pat­
tern Recognition Conference & Ex­
hibition, June 22- 26. Fontai nbleau 
Hilton Hotel , Miami Beach, FL. Dr. 
Linda Shapiro, Conference Chairman, 
Machine Vision International, 325 E. 
Eisenhower Pkwy., Ann Arbor, Ml 
48104; or IEEE Computer Society, 
1730 Massachusetts Ave. N.W., 
W as hington , D .C. 20036; (202) 
371-0101. 

Image Processing and Applications 
Conference, June 23-25. London, 
England. Conference Services, The In­
stitution of Electrical Engineers, Sa­
voy Place , London WC2R OBL, 
England; (+44) 12401871. 

7th Power Modulator Symposium, 
June 23-25. Hyatt Seattle, Seattle, 
WA. Leslie Gallo, Program Secretary, 
Palisades Institute for Research Serv­
ices Inc., 201 1 Crystal Dr., 1 Crystal 
Pk ., Ste. 307, Arlington, VA 22202; 
(703) 769-5580. 

Automatic Test Equipment (ATE) East 
'86 Conference & Exhibition, June 
23-26. World Trade Center, Boston, 
MA. Morgan-Grampian Expositions 
Group, 1050 Commonwealth Ave., 
Boston, MA 02215; (617) 232-3976. 

(continued on p. 70) 
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Faraday delivers 
the Micro PC:M 
A single board 
computer with 
the capabilities 
of the IBM®PC 
but only 
4.2x6.2 inches. 
With the Faraday Micro PC, you can imbed 
the power of the IBM PC into thousands 
of new applications. The Micro PC features: 
• Plug-in card • ROM BIOS on board 
• 8088 processor with optional 8087 
co-processor • 256K RAM memory 
• 64K ROM memo~y • CMOS version 
optional • 4.77 mhz 

You can depend on Faraday to deliver 
100% PC BUS compatibi li ty. We supply 
OEMs in telecommunications, office auto­
mation, industrial automation, instru­
mentation, manufacturing test equipment, 
medical instruments, point of sale, com­
puter terminals and personal computing 
applications. 

For more information on the Micro PC 
or other Faraday PC BUS single board 
computers, call us at 408-749-1900. 

Faraday Electronics, 749 North Mary 
Avenue, Sunnyvale, California 94086, TLX 
706738. In England, TLX 847096 EM DAL. 
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Faraday quality at Y5 the size. 
IBM is a registered trademark of International Business Machines 
Corporation. 
Micro PC is a trademar~ of Faraday Electronics. 
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The PC Bus: 

Cost-Effective, 
Board-Level 

Solution 
To 

System 
Integration 

Get your dedicated system to 
market months sooner with the PC 
Bus. Full board-level implementa­
tion by I-Bus lets you plug together 
system components from hundreds 
of PC Bus board manufacturers, and 
directly execute software developed 
on and for the IBM® PC. 

I-Bus has board-level CPU's with 
8088 or 80188 processors, full disk 
or diskless operation and up to 160K 
of EPROM, 256K of RAM on board. 
We have the most complete line of 
system packaging for the PC Bus, too. 

Start cutting your schedule 
today-give us a call today at 
(800) 382-4229. In California, call 
(619) 569-0646. 

( :c 

I-Bus 
SYSTEMS 

9235 Chesapeake Drive 
San Diego, CA 92123 
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UPCOMING MEETINGS 

(continued from p. 69) 

CPEM '86, Conference on Precision 
Electro-Magnetic Measurements, 
June 23-27. National Bureau of Stan­
dards, Gaithersburg, MD. CPEM '86 
Technical Program Chairman, Nor­
man B. Belecki , National Bureau of 
Standards, B 146, Metrology , Gai­
thersburg, MD 20899; (301) 
921-2715. 

4th European Fiber Optics Communi­
cations & Local Area Networks Ex­
hibition (EFOC/LAN '86), June 
23-27. International Congrescentrum 
Rai, Amsterdam, The Netherlands. 
Joan Barry, Information Gatekeepers 
Inc., 214 Harvard Ave., Boston, MA 
02125; (617) 232-3111. 

Power Electronics Specialists Confer­
ence (PESC '86), June 23-27. Univer­
si ty of British Columbia campus, Van­
couver, B.C. , Canada. Peter Wood , 
Westinghouse R&D Center, 1310 
Beulah Rd ., Pittsburgh , PA 15235; 
(412) 256-2306. 

1986 Advanced Manufacturing Sys­
tems Conference & Exposition (AMS 
'86), June 24-26. McCormick Place, 
Chicago, IL. AMS '86, Richard John 
& Co., 1350 E. Touhy Ave., P.O. Box 
5060, Des Plaines, IL 60017; (312) 
299-9311, Jane Allred. 

23rd Design Automation Conference 
& Exhibition (DAC '86), June 29-July 
2. Las Vegas Hilton, Las Vegas, NV. 
DAC '86. Donald E . Thomas, Pro­
gram Chairman, IBM Thomas J. 
Watson Research Center, P.O. Box 
218, Yorktown Heights, 1Y I 0598. 

International Workshop on Systolic 
Arrays, July 2-4. University of Ox­
ford, Oxford, England . Dr. Will 
Moore, Secretary, Systolic Array 
Workshop, Dept. of Engineering Sci­
ence, University of Oxford, Parks Rd ., 
OXFORD, OXI 3PJ, England; 0865 
59988. 

4th Annual Personal Computer (PC 
'86) Exposition & Conference, July 
9-11. Jacob K. Javits Convention 
Center, New York, NY. PC Expo, 333 
Sylvan Ave., Englewood Cliffs, NJ 
07632; (20 I) 569-8542. 

British Information Technology (Bri­
tec '86) Conference & Exhibition on 
Engineering Software, July 14-16. 
Hilton Hotel at Colonial, Wakefield, 
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MA. Dr. C. A . Brebbia , Compu­
tational Mechanics Inc ., Ste. 6200, 
400 W. Cummings Pk ., Woburn , MA 
01801 ; (617) 933-7374. 

1986 American Society of Mechanical 
Engineers, (ASME) International 
Computers in Engineering Conference 
& Exhibition, July 20-24. Hyatt Re­
gency, Chicago, IL. Dr. David Di­
etrich, Conference Chairman, Swan­
son Analysis Systems Inc., P.O. Box 
65, Houston, PA 15342 ; (412) 
746-3304. 

2nd International Committee on 
Acoustic Emission from Reinforced 
Plastics (CARP) Conference & Ex­
hibition, July 21-25. Montreal , Can­
ada. James R. Mitchell, Organizing 
Committee CARP / SPI, Physical 
Acoustics Corp., P.O. Box 3135, 819 
Alexander Rd., Princeton, NJ 08540; 
(609) 452-2510. 

1986 Summer Computer Simulation 
(SCSC '86) Conference & Exhibition, 
July 28-30. MGM Grand Hotel, 
Reno , NV . SCSC '86, Society for 
Computer Simulation , P .O. Box 
17900, San Diego, CA 92117; (619) 
277-3888. 

SIMS '86, Symposium for Innovation 
in Measurement Science, August 3-6. 
Hobart and William Smith College 
campuses, Geneva, NY . Instrument 
Society of America, P.O. Box 12277, 
Research Triangle Pk., NC 27709; 
(919) 549-8411, Marie Long. 

5th International Conference on Arti­
ficial Intelligence, August 11-15. Phil­
adelphia Convention Center, Philadel­
phia, PA. Lorraine Cooper, AAA!, 
445 Burgess, Menlo Park, CA 94025; 
(415) 328-3123. 

13th Annual Computer Graphics and 
Interactive Techniques (Siggraph '86) 
Conference & Exhibition, August 
18-22. Dallas Convention Center, 
Dallas, TX. IEEE Computer Society, 
10662 Los Vaqueros Circle, Los Ala­
mitos , CA 90720; (714) 821-8380, 
Lorraine Weeks. 

15th Annual International Parallel 
Processing Conference, Aug. 19-22. 
Pheasant Run Resort, St. Charles, IL. 
I 986 I nterna ti on al Conference on 
Parallel Processing C/ O IEEE Com­
puter Society, 1730 Massachusetts 
Ave. N.W., Washington , D.C. 20036. 





An ASIC design won't sparkle, 
if your vendor doesn't cut it. 
In application specific I Cs, you have 
two choices-an optimal design or 
something less brilliant. 

That's why you can be shortchanged 
by a one-product ASIC house. They 
must sell you what they have-not 
necessarily what you need. You miss 
out on the full promise of AS I Cs. 
Here's why. 

An optimal ASIC design gives 
you the edge. 
An ASIC solution is not just a gate 

array. Or a standard cell. Or a cell­
based custom circuit. 

These are simply different ap­
proaches to an IC that meets your 
application requirements. Time-to­
market, development cost, production 
price and performance needs make 
every job different. No design 
approach works best every time. 

When is that a problem? When a 
vendor has only one design approach, 
odds are it isn't the best one for you. 

Gould AMI offers all approaches to 
assure you the optimal solution. And 
a leg up on competition . 

Get an uncompromising team 
on your side. 
Choose a true ASIC house. One with 
a full continuum of design approaches. 
The leading design capability. And an 
experienced team of ASIC profes­
sionals committed to making your job 
easier. That's the best guarantee of 
getting the results you want. That's 
Gould AMI. 

High Performance Solutions in Factory Automation, Computers, Instrumentation, Defense and Semiconductors. 



Contact us for details and our infor­
mative new booklet, "How to Choose 
an ASIC Solution '.' Call Gould Inc., 
Semiconductor Division, manufacturer 
of Gould AMI Semiconductors, at 
( 408) 554-2311 . 

See what a stunning difference one 
call can make. 

Gould AMI ASIC: 
Depend on it. 

CIRCLE 47 

•)GOULD 
Electronics 





he mainstay of the fastest digital sys­
ems, silicon ECL gate arrays face an 

onslaught of competition as new proc­
esses and materials run tight on their heels. 
Fortunately, the same technological ad­
vances that give MOS its advantages will 
guarantee that bipolar arrays remain several 
steps ahead of MOS and mixed bipolar-MOS 
and in stride with the subnanosecond speeds 
of gallium arsenide. In fact, before the year 
ends, ECL gate arrays will pack as many as 
10,000 gates and deliver gate delays of only 
200 to 300 ps. 

Nonetheless, ECL does stand to lose its 
edge in certain fields. For instance, boards 
built with previous-generation SSI and MSI 
ECL chips can now be replaced by high­
density CMOS gate arrays and mixed bipolar­
CM OS chips, w ith delays of 0. 7 to I ns and 
integration levels of 5000 to 50,000 gates. At 
the same time, gallium arsenide may outrun 
ECL in some designs calling for extremely 
high speed (Fig. I). GaAs logic arrays and 
standard cells now come in with delays of 
200 ps or less and complexities of a few hun­
dred gates to a few thousand. 

For the most part, the industry's manufac­
turing experience w ith ECL, coupled with 
costs that are lower than those for GaAs, 
ensures that ECL w ill remain the high-speed 
workhorse throughout the decade and be­
yond. Yet right now , the field of competitors 
is small. O nly about a dozen companies com­
pete in subnanosecond gate arrays, a far cry 
from the 50 or so that churn out CMOS 

gate arrays. Even fewer companies expect 
to deal in commercial gallium arsenide arrays 
- perhaps half a dozen in J 987 and several 
more by J 988. 

In standard cells, the game is similar. Loads 
of companies offer CMOS cells, but only one 
or two plan to get involved with bipolar digi­
tal standard cells. The expense of developing 
and maintaining a standard-cell library seem­
ingly would not be justified by production 
volumes of only a few thousand chips, quan­
tities that would be perfect for gate arrays. 
(For more on standard cells, see the box.) 

Bipolar gate arrays fabricated with ECL 
or even current-mode or nonthreshold logic 
now sport complexities ranging from a low 
of JOO equivalent gates to about 8000. The 
higher number will double again by the end 
of next year, thanks to smaller low-power 
transistors, adjustable speed-power prod­
ucts, and chips reaching 400 mils on a side. 
A few chips squeeze some static RAM along­
side the logic elements, a strategy that im­
proves silicon efficiency by a factor of two or 
three when register files are needed. More 
logic-plus-memory chips are on the way. 

The term "equivalent gates" is peculiar to 
bipolar gate arrays. Unlike other types, the 
majority of bipolar arrays do not have gates 
prediffused into the chip. Instead they have 
groups of transistors and resistors (here, 
called macrod.Mls) that are used to build 
multilevel cascade logic circuits (ELEcrRoN1c 
DESIGN, Feb. 6, 1986, p. 127). Cascode ECL 
structures i~ent various circuit functions 
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(such as an exclusive-OR, exclusive-NOR circuit) far 
more efficiently than predefined gates can (Fig. 2). 

Unfortunately, multilevel cascade structures make the 
term "gate propagation delay" almost meaningless, since 
the chip contains no true gates. Therefore, instead of 
specifying gate delay, most manufacturers specify the 
speed and power for some typical functions (multiple­
input OR gates, flip-flops, multiplexers). Further com­
plicating matters, the number of gates in arrays offered by 
different manufacturers defies comparison, as each man­
ufacturer defines a gate differently. 

Many of the arrays expected in the near future will re­
place boards of smaller arrays or MS I logic and thus must 
provide plenty of 1/0 lines that can handle either ECL or 
TTL-CMOS signal swings. With that requirement, 
input- and output-only buffers are giving way to I /0 buff­
ers that can be programmed for either direction. Just as 
1/ 0 lines and buffers will change, pin counts will more 
than double from today's range of 120 to about 160: Pack­
ages with 300-plus pins already are nearing production. 
They will withstand the 15 W or more that the next gener­
ation of ECL arrays will demand at top speed. 

When operating at full throttle, high-speed gates typi­
cally draw between 3 and 5 mW each; fortunately, in a 
large array, not every gate has to run at top speed. Thus all 
array manufacturers are exploring ways, usually through 
ion implantation or metal masks, to provide a lower­
power, lower-speed operating point for each circuit mac­
rocell. Doing so could decrease gate power by a factor of 
two to four but lengthen the delay of that particular gate 
proportionally. 

Macrocells usually include resistors of more than one 
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1. The traditional realm of ECL gate arrays is now 
under attack: fine-line CMOS and mixed bipolar­
CMOS proc esses from the low-speed front, practical 
GaAs c hips from the high-speed front. 
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value and transistors of more than one type. By properly 
selecting those components during circuit design , an engi­
neer can alter each cell's current draw for the task at 
hand, thereby maximizing the overall speed / power ratio 
(Fig. 3) . An adjustable speed-power product, common to 
just about all arrays, is critical as gate counts rise above 
3000. Without the low-power option, a 5000-gate chip 
might consume anywhere from 15 to 25 W; with opti­
mized current, it might demand 5 to 10 W . 

By giving designers a choice of two silicon starting 
points- wafers identical in all respects except the ion­
implantation dose used to set the current-source resis­
tance- Thomson-Mostek 's Vatic Systems Inc. (Car­
rollton, Texas) doubles the number of speed -power 
choices that mask-programming alone provides. Vatic's 
three arrays carry 750 to 3632 gates and have delays that 
can be programmed for 800 ps to 1.3 ns (see the table). 
The chip's total power, though , is determined by the 1/ 0 
interface, which can be programmed for either ECL I OK 
or TTL levels. A faster 3500-gate chip is now in design . 

Motorola lnc. 's Semicustom Group (Phoenix, Ariz.) 
has taken a similar approach. A I 0,000-gate chip, the first 
in the MCA 3 family, will be offered with two speed 
ranges and two mask-programmable current levels. The 
faster version will sport gate delays of 150 to 250 ps with 
switch currents of 0.8 to 0.4 mA; the slower chip, gate de­
lays of 300 to 500 ps at about half the current. In addition, 
through metal options the designer can select one of 
several levels within the current range. Like preceding 
chips, the array, due late this year , operates with a 
-4.5-V supply instead of the usual - 5.2 V needed for 
ECL I OKH chips. The lower supply voltage further re­
duces the chip's power consumption by about 16% with­
out sacrificing ECL I OKH logic swing compatibility. 

To keep the MCA 3 chip's gate power to about 2.5 mW, 
Motorola turned from 2-µm geometry to 1.5 µm, enlisted 
a high-performance transistor structure (one using self­
aligned polysilicon bases, emitters, and collectors), and 
reduced the gates' internal logic swing . However, the 
smaller logic swing dictates the ECL I OKH input signals 
and outputs from the array core pass through interface 
buffers . The buffers add some delay to the signal, but the 
delay is considered insignificant when evaluated as part of 
the overall chip delay. 

Although Motorola has yet to release samples of the 
I 0,000-gate chip, another half-dozen ECL arrays are now 
in volume production within the MCA 2 and MCA I 
families. Those arrays will soon be joined by one with 
about 800 gates, the MCA800. Although it aims at tele­
communications, it has no special on-chip resources . 
Motorola does guarantee its operation, as well as its soft­
ware library macros, for 770 MHz- a frequency crucial 
for some of the latest digital communication systems. 

Two versions of the MCA 2 arrays carry some static 
RAM to satisfy designs that require small amounts of 



memory. For instance, a predefined metal mask option­
ally gives the MCA2800 a 16-by-8-bit multiport memory 
that accesses in 6 ns . However, for larger amounts of 
RAM, dedicated silicon yields denser and faster memo­
ries more efficiently. Motorola coun ted on exactly that to 
squeeze a bout I kbit of 2-ns single-port RAM on its 
MCAI500M. 

On-chip RAM attracts other companies too, now that a 
thousand bits or more can fit on the same chip as the logic. 
Within the recently released turbo upgrade for the 
Phil ips-Signetics ACE family, one chip incorporates 1280 
bits of 4-ns RAM and 1450 gates with 250-ps delays. The 
30TOO chip quadruples the RAM included on the earlier 
ACE 1320 RAM-equipped array, halves the access time, 
and slashes gate delays by more than 30%. The 128 I/ O 
lines can be programmed for ECL I OKH, ECL IOOK, or 
TTL signal levels . Older a nd slightly slower, the 
QM I 600S from Applied Micro Ci rcuits also contains 
1280 bits of RAM . However, a 20% faster version is slated 
for sample release in about two months. 

Rounding out the list of currently available memory­
plus-logic arrays is one that packs 1152 bits of RAM next 
to 3700 additional gates. Developed by Advanced Micro 
Devices, the Am3525 manages to keep the memory access 
time to 5.5 ns and worst-case gate delays to 650 to 950 ps. 

Naturally, more combination arrays will eventually see 
the light of day, some by the end of the year: Fairchild 
Semiconductor's Semicustom Division plans to release a 
RAM- eq uipped version of its new FGE6300 . The 
FGE6320R contains eight RAM blocks of 32 by 9 bits 
but gives up about 2300 gates to do so . The basic 
FG E6300 sports about 6300 equiva lent gates and has 216 
I/ O pads (ECL IOOK, ECL lOKH , or TTL) and 80 or 
more for power a nd ground. A 30 I-lead pin-grid array 
holds the chip when all signal and power pads are used. 

A new entry in the ECL array field, Fujitsu Ltd. 
(Tokyo) has in the works a RAM-plus- logic chip, with a 
target release date of late 1987. Though Fujitsu's in-house 
designers can already take advantage of a 2000-gate 
array with a 16-kbit RAM (ELECTRONIC D ES IGN, March 
6, 1986, p. 28), in all likelihood, a version with less RAM 
and more logic will be what makes it into the commercial 
realm. Another logic-plus-memory array, this one from 
NEC Corp. (Tokyo), is scheduled for release in mid-1987. 
Preliminary word indicates about 3000 logic gates a nd 
2 kbits of 5-ns RAM . 

Though arrays with embedded memory have their at­
traction, many systems demand arrays with just random 
logic, lots of it. Two of the largest chips around , the 
FGE6300 and the H E8000, can adequately fill most de­
signers' needs. The first, made by Fairchild, furnishes 
6300 gates and 225-ps delays; the la tter, fabricated by 
Honeywell 's Digital Products Center, carries 8000 gates 
with 210-ps delays. Both have plenty of 1/ 0 resources . 

Each company now acts as an alternative source for the 
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2. Trilevel cascode logic, as used in Motorola's 
three-input exclusive-OR, exclusive-NOR circuit, 
implements logic functions very efficiently. Sig­
nificantly more transistors would be needed if the 
same circuit were built with elemental gates. 
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3. Designers can choose among two or more resis­
tor values in many circuit macrocells, enabling 
them to tailor a gate array's speed-power level to 
the job. For instance, Fairchild's internal cell con­
tains five adjustable resistors-grouped as one set 
of three (left) and one set of two (right)-which the 
user sets on a CAD system. 
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other, but the agreement does not cover the FGE6300. 
Honeywell will initiate its part of the pact with Fairchild's 
FGE2500, a 1.5-µm ECL chip with 2840 gates, TTL and 
ECL 1/ 0 capability, and 225-ps delays. Fairchild will 
second-source the HE8000 in exchange for access to Hon­
eywell 's 1.25-µm bipolar current-mode logic technology. 

Alumlnum-slllcon 

Collector 

To maintain the 6300's short delays with its 1.5-µm 
process, Fairchild ties the array's internal termination 
resistors to a - 2-Y supply. Additionally, when gates must 
handle a large fan-out, on-chip drivers can reduce the de­
lay deterioration caused by the heavy loading. Few other 
companies include the built-in termination resistors or the 

p + polysillcon 
Polyslllcon resistor 

p 

Emitter (n+) Base 

4. A self-aligned platinum sil icide coating on the base of this scaled bipolar tran­
sistor will let Mitsubishi Electric reconcile trade-offs between high performance 
and low power. The transistor will be used in arrays carrying close to 15,000 gates 
and boasting propagation delays of only 100 ps or so. 
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on-chip drivers. 
From England, Plessey Ltd. (Caswell, Northants.) 

plans to offer a family of ECL arrays with 125-ps delays 
and 500 to 2000-plus gates. The gates' power con­
sumption can be mask-programmed from 5 mW/gate for 
the fastest version to I mW for the slowest option. Like 
the arrays offered by most companies, Plessey's chips con­
tain three layers of metal interconnections, but unlike 
those others, a polyimide-based dielectric material will 
serve as the intermetal insulator. The polyimide forms a 
much flatter surface than the more common deposit of sil­
icon dioxide. The smoother surface not only reduces the 
risk of poor step coverage, it also allows metal lines to be 
kept very thin and the wiring to be routed over contact re­
gions, clearly leading to greater silicon efficiency. 

Another European company expected to enter the fray 
is Siemens AG (Munich, West Germany). It has quietly 
started developing some arrays, probably with 3000 to 
6000 gates, based on the self-aligned bipolar transistors it 
uses for a 9000-gate CML array. That chip contains 256 
1/0 buffers, which convert external ECL IOOK or !OK 
signal levels to CML levels or vice versa, and 64 power 
and ground pads. 

From Japan, both Fujitsu Ltd. and NEC Corp. have 
recently unveiled ECL arrays. Fujitsu's ET3000 and 

Still PLDing along? Meet GALs! 
The 20-pin GAL 16VB and 24-pin 
GAL20V8 ... your 100% programm­
able logic solution, made possible 
by Lattice's ultrafast E2CMOS™ 
technology. 100% bipolar-compat­
ible (truly, with 24mA output drive) 
- both offer a tpd of 17ns typical, 
25ns worst-case over temperature. 
With 100% programming yields ... 
and 100% + architectures. 
Generic means they take any 
architecture - odd, even, or 
even unknown. 
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. 
100% YIELD ­
GUARANTEED 
98% programming yield? Forget 
it. E2CMOS technology guaran­
tees a quality level in parts per 
million, not parts per hundred . 
Only multiple-tested E2CMOS 
GAL devices give you 100% guar­
anteed programming yield without 
incoming QA. Buy one device type, 
not a whole catalog of parts. Then 
take your GAL devices straight to 
the manufacturing floor. 

ET4500, with respective counts of 3000 and 4500 gates, 
offer mask-programmable combinations of 220 ps at 
5 mW or 260 ps at 2.4 mW. I/ O buffers in the arrays can 
be configured for ECL lOKH or LSTTL compatibility. 
Late next year, a 1-µm trench isolation process will reduce 
transistor spacing enough to pack somewhere between 
6000 and 8000 gates on extremely compact arrays. 

Using its own counting method, NEC pegs its eight­
array family at 300 to 5000 gates, though it admits that 
the count would actually be about 8000 gates maximum, 
if it applies Motorola's counting approach to the µPB63xx 
family. Most of the arrays have loaded delays of about 
700 ps, but the smallest chip keeps the figure down to just 
500 ps. A 4000- and a 5000-gate unit, the two largest 
chips, can tie their 1/0 buffers into TTL, ECL lOKH, or 
ECL 1 OOK levels . Now in development is a series of 
arrays with loaded delays as short as 220 ps at about 
4 mW. A 1200-gate device is first on the schedule. 

Designers with big ideas will meet their match with a 
15,000-gate ECL array now being defined by Mitsubishi 
Electric Corp. (ltami, Japan) . The chip, which may be 
ready for release toward the end of 1987, will use a new 
1.2-µm technology that relies on self-aligned silicide 
("salicide") contacts and bases; first details were revealed 
at ISSCC 1986 (Fig. 4). Gate delays of 150 ps with 

STANDARD 
PROGRAMMING TOOLS 
No need to waste money on new 
boxes. If you're already using pro­
grammable logic, you can upgrade 
to GAL devices immediately. Data 
1/0, Stag, and other hardware will 
program them, and standard soft­
ware like CUPL®, ABEL™, and 
PALASM®will compile your source 
code. In most cases, your existing 
master devices and JEDEC files 
can be used without modification. 

E 2 CMOS™ 
~HING•EVERYTIME•INSTANTLY• 

IN VOLUME NOW 
Some day, all systems will be built 
with the technology you can pro­
gram to be anything, everytime, 
instantly: E2CMOS. Make your 
move with Lattice GALs today. 

LATTICE 
SEMICONDUCTOR CORP 
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ELECTRONIC DESIGN REPORT 
Subnanosecond gate arrays 

milliwatt-level power consumption wi ll keep chip power to 
reasonable levels. 

. Giving older-generation EC L a run for its money are 
two mixed bipolar-CMOS schemes, described by Moto­
rola and NEC j ust las t month at the C ustom IC Con­
fe rence. Both approaches merge C MOS logic gates and 
bipolar buffer drivers fo r each a rray cell , with current re­
sults being gate delays of 900 ps tops. A bipolar drive 
stage greatl y reduces the loading effect that long meta l 
wires and la rge fa n-outs have on C MOS gates- a critica l 
problem as arrays grow. 

The gate delays of the bipola r-C MOS chips a re sure to 
plunge even further. At Motorola , shrinking 2-µm design 
rules by 30% should slash propagation delay to less than 
650 ps. Motorola's basic cell consists of five n-channel and 
two p-channel MOS devices and two npn transistors set 
up as a push-pull driver (Fig. 5). NEC's process a lready 
employs fine features to deliver gate delays of 800 ps. The 
element a rra ngement is simila r to Motorola's, but it adds 
three n-channel and two p-channel devices, as well as a 
resistor, to the basic cell. Motorola's chip will ca rry 6000 
gates a nd 202 1/ 0 buffers, N EC's onl y 3100 gates and 
140 1/0 buffers, despite its la rger cell. 

Even a rrays that a re made solely with C MOS struc­
tures can reach the subna nosecond inte rna l del ays of 
ECL or bipolar-C MOS. But to do so, they must use ex­
acting lithography (typically with minimum feature sizes 
of 1.5 µm or smaller) . Moreover, interna l loading takes its 
toll fa r more quickly on C MOS than on bipolar circuits. 
In many instances, though, the higher densities possible 
with C MOS more than compensate for the slightly slower 
interna l gates. 

Not surprisingly, the greatest threat to ECL's speed ti­
tle comes from gallium a rsenide. Wi th a n intrinsic elec-

tron mobility about five times greater than that of silicon, 
GaAs transistors can switch that much fas ter. Moreover, 
they operate a t lower power levels, since the substrate's 
semi-insulating property keeps down both device pa ra­
sitics and hence switching losses. In addition, GaAs oper­
ates over a wider temperature range (- 100° to+ 200 °C 
is considered possible) and withstands higher levels of ra­
diation than do most silicon circuits, facts that make the 
technology attractive to milita ry system designers. Few 
ECL gate a rrays, for example, a re guaranteed for oper­
ation over the full - 55 ° to + 125 °C range. (For a review 
of the status of GaAs, see ELECTRON IC D ES IGN, Dec. 12, 
1985, p. 79. ) 

Most GaAs activity centers on enhancement-mode and 
depletion-mode MESFETs (meta l semiconductor FETs) 
formed via ion implantation . But two relative newcomers, 
high-electron-mobility transistors (HEMTs) and hetero­
junction bipola r t ra nsistors (HBTs) , offer even fas ter 
switching cha racteristics than MESFETs. 

Today, GaAs a rrays carry anywhere from a few hun­
dred to a couple thousand gates. Samples a re starting to 
appea r, and several companies plan to release a rrays with 
about 4000 counts for sa le in 1987. Gate delays will fa ll 
between I 00 and 200 ps, and power levels will be simila r 
to those of today 's ECL. However, adjusta ble speed / 
power ratios will keep a chip's overall power demands to 
ha lf or below that of silicon ECL. 

For insta nce, an experimenta l 4032-ga te a rray bui lt 
with H BTs by Texas Instruments (Da llas) relies on inte­
grated injection logic to obta in good packing density and 
drive capability. The a rray consumes just I mW/ gate at 
delays of 400 ps, but slowing gates to 1250 ps lowers the 
power to 0.2 mW. Further process refinements will a llow 
delays as short as 100 ps with a ga te power of 4 mW. The 

Standard cells find their niche 

Although si licon bipolar standard­
cell designs promise better pe r­
forma nce than gate arrays, thei r high 
cost has discouraged their use. IC 
manufacturers are re luctant to invest 
the. large sums required to maintain 
standard-cell li bra ries because of the 
traditionally low volu mes of high­
speed circui ts. Users, fo r their part, 
don't want to incur the addit ional 
NRE charges necessitated by the six 
to nine extra masks (over and above 
those required by gate arrays) . Only 
two companies, VTC Corp. (Min­
neapolis) and Plessey Ltd. (North­
ants, U.K. ), current ly intend to dea l 
in bipolar standard cells. 

With typical loaded gate delays of 
350 ps, VTC's standard-cell family , 
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the Series 2000, includes both digi tal 
and analog functions. Plessey's capa­
bil ity wi ll likely be released next yea r 
as a supplement to its Classic design 
automation system. The EC L mega­
cells, appea ring as fixed macros in 
the library, wi ll match the per­
formance levels of an EC L array 
fa mil y schedu led fo r int roduction 
late this year. 

More companies plan to enter the 
gallium arsenide standard cell mar­
ket, partia lly because fewer masks 
lower the N RE charges but mostly 
because MESFET technology does 
not lend itself to gate arrays. Transis­
tor speeds deteriorate rapidly as dis­
ta nces and loads increase, much 
more rapidly than wi th bipolar tran-

sistors; thus large MESFET-based 
GaAs ga te arrays might actually 
operate more slowly than ECL chips. 
GaAs standard cells, in contrast, per­
mi t designers to min imize circuit 
loading and dis tances between cells. 
Though GaAs materia l costs about 
20 times more than silicon and is 
more prone to materia l defects, stan­
dard cells use the rea l estate so effi­
ciently that a GaAs chi p's cost­
performance could actuall y compete 
with si licon. 

Tr iquin t Semico ndu cto r In c. 
(Beaverton, Ore.) is pioneering the 
GaAs standard cells, and other com­
panies are embarking on contractual 
custom development progra ms be­
fore releasing their libraries. 



The fastest way through customs. 
THE PID DESIGN IANGUAGE 

WITII SOMETIIING TO DECIARE. 

You've probably heard about the advan­
tages of programmable logic devices 
(Pill's) over conventional 1TL. In 
design flexibility, for example. Or 
increased functional density. Perhaps 
you've learned the hard way~ a com­
petitor using Pill's h<L5 beaten you to 
market with a new product. 

What you may not have heard, 
though, is that just switching to Pill's 
isn't enough. You've got to 
choose the right PLD design 
language, too. 

FREEDOM OF 

CHOICE. 

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-

I -,-

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
fu l 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) 628-87 48.) Or write: Personal 
CAD Systems, Inc. , 1290 Parkmoor Ave., 
San Jose, CA 95126. TELEX: 3717199. 

Because gening held up in 
customs can be an unsettling 
experience. 

CUPL: THAT'S 
THE BENCHMARK. 

From the 
Assisted Technology Division 

p-caa™ 
IBE BENCHMARK 
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160 1/ 0 buffers interface with ECL signal levels; the chip 
will operate from - 100° to + 200°C. 

Although the 4032-gate chip is still experimental, TI 
plans to offer a commercial version, as well as a 2-k and a 
6-k version by next year. Similar commercial plans are in 
the works at Ford Microelectronics and Honeywell's 
GaAs IC Product Center (both in Colorado Springs) . 

By the end of the year, Ford expects to have a 1000-gate 
array ready for designers' use. At the Custom IC Confer­
ence last month, it gave some indication of what it expects 
from proprietary depletion -mode MESFET config­
urations. Based on a 504-gate chip, gate delays hit 250 ps 
with a 0.7-V noise margin and a power drain of about 2 
mW. The circuit structure, called FET-diode-FET logic, 
can implement four-input NORs with optional output 
buffers; the configuration handles highly capacitive loads 
and thus large fan-outs. 

npn 

AB 

B 

A 
npn 

n-channel 
transistors 

5. The basic mixed bipolar-CMOS cell in Motorola's 
MCA6000ETL array contains n- and p-channel MOS 
devices, which form the logic, and two npn bipolar 
transistors, which strengthen drive and reduce load­
ing effects on the gate. 

ECL gate 

Part Equ ivalent 
Company number gates (RAM) 

Advanced Micro Devices Inc. AmMPA1850; 1800 
901 Thompson Pl. AmMPA3500 4988 

As for Honeywell, it has already started offering a com­
mercial 1950-gate chip with 56 I/ O pads . The HGG-
2020 has gate delays of about 230 ps with a power of 3 
mW; the 1 /0 buffers add a mere 500 ps- about half that 
of ECL and an eighth that of bipolar-CMOS. The 1/ 0 
buffers can be arranged to tie into TTL, CMOS, or ECL 
signals and into other GaAs systems. Honeywell is in the 
midst of evaluating an array with three times the density; 
gate delays will be close to those of the smaller chip, but 
per-gate power will plummet to one-tenth. 

Smaller arrays are already hitting the streets. Triquint 
Semiconductor (Beaverton, Ore.) and Harris Microwave 
Semiconductor (Milpitas, Calif.) offer chips with clock 
rates of 2 GHz. Triquint's Q-chip array consumes about 3 
Wand holds about 150 gates in its 28 cells, which can be 
customized through their 20 transistors and 8 diodes. 

The H MD-11100-3 array from Harris can deal with 
signals as fast as 3 GHz. Predicated logic functions enable 
Harris to about double the gate count of the Q-chip. In­
stead of an array of gates, the chip contains 8 master-slave 
flip-flops , 88 inverters, 48 A D gates , 8 NOR gates, 
6 dual-phase clock drivers and differential amplifiers, 
16 input buffers, and 8 output buffers. To get the speed 
and flexibi lity, designers pay the piper in power con­
sumption: 35 mW/ gate on average with a 130-ps delay. 

Fujitsu also plans to release several small arrays by the 
end of this year, and several other companies are also ac­
tively researching GaAs array concepts. NEC, Toshiba 
(Tokyo), Gigabit Logic (Newbury Park, Calif.), and Oki 
Electric (Machioji , Japan) , all are talking about arrays 
with a few hundred to about 3000 gates. 

Toshiba reported incredible 42-ps delays on a 
2000-gate chip unveiled in 1985, NEC showed off 48-ps 
delays in a 3000-gate chip, and last month 's Custom IC 
Conference had Gigabit describing 76-ps delays in an 
array-based ring oscillator (using proprietary capacitor­
diode FET logic). Oki developed a slower structure called 
super-buffered FET logic that yields 390-ps delays but 
can handle big fan-outs without much of a slowdown. 0 

arrays 
1/ 0 pads; 

Gate speed (ps); logic-level Features 
gate power (mW) interface and comments Circle 

800- 1200; 4-0.7 75; ECL. TTL 
1 
Compatible with 465 

600-900; 3-1.53 134; ECL Motorola MCA 1 
Sunnyvale. CA 94088 AmMPA3525 3718 (1152 bits. 5.5 ns) 600-900; 3-1 .5 135; ECL library 

AmMPA35502 600-900; 3-1.53 (408) 732-2400 5228 124; ECL. TTL 2Superset of 
Motorola MCA 2 
library 
3Three program-
mable speed-power 
levels 

Appl ied Mic ro Circu its Corp. Q700 250.500, 1000 500-900; 8- 5
1 

36-76; ECL. TTL All arra ys available 466 
5502 Oberlin Dr. Q1500 1500. 1700 500-900; 12-5 84-120; ECL. TTL for military tempera-
San Diego, CA 92121 Q3500 1300. 2400. 3500 275-700; 15-4 76-120; ECL. TTL lure range; 1Two 
(619) 450-9333 QM1600S 1600 (1280 bits) 275-700; 15-4 106; ECL, TTL programmable 

speed power levels; 
a ll others. three 
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''I can't believe it! 
VAX-like performance for 

only $995 ?" 
Believe it! National's ICM-3216 

sets a new standard for price/performance. 
The ICM-3216 is a board-level product that Far from a restrictive "fixed-design" system, the 

can actually give you comparable ICM-3216 allows you to build a unit to meet your 
performance to the most popular VAX™ systems. exact application needs. 

At a fraction of the cost. 

That's because the entire system is 
contained on just two stacked 9" xll" 
boards: complete computing cluster, 

serial and parallel ports, SCSI 
interface, and up to 8 Mbytes of 

main memory. All with full UNIX™ 
support, including demand-paged 

virtual memory. And VRTX™ is coming. 

And the ICM-3216's unique interface 
eliminates memory contention and 

arbitration delays, so you get 
no wait states at 10 MHz. · 

UNIX~ a trademarl< or ,(f&T Bell Labs . 
VM. ~a trademarl< of Digital Equipment Corporation. 

VRTX ~a trademark or Hunter & Ready. 

That means you can deliver a better system 
faster at a lower price. And that's what 

this business is all about. 

Let's talk. Call Karen toll-free 
(800) 538-8510. In California, 
(800) 345-4006. 

National 
Semiconductor 
Corporation 

2900 Semiconductor Drive 
P.O. Box 58090, Santa Clara, CA 95052-8090 
Tel: ( 408) 733-26o0 TWX: (910) 339-9550 

Prices stated in OEM quantities. 
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ECL 

.Pa rt 
Company number 

Fairchild Semiconductor Inc . FGE0050, 0550, 2000 
1801 McCarthy Blvd FGE2500

1 
Milpitas. CA 95035 FGE6300 
(408) 942-2672 FGE6300R

1 

Fujitsu Microelectronics Inc . 
2985 Kifer Rd ET3000 
Santa Clara. CA 95051 ET4500 
( 408) 727 -1700 

Hitachi America Inc . HG28 
2210 O'Toole Ave. 
San Jose. CA 95131 
(800) 842-9000 

Honeywell Inc ., Digital HM1000, 3500
1 

Products Center HE2000 
1150 E. Cheyenne Mountain Blvd HT50002 

Colorado Springs. CO 80906 HE80003 

(800) 328-5111, ext. 3422 

Mitsubishi Electronics vsc 
America Inc. 

1050 E Arques Ave 
Sunnyvale. CA 94086 
( 408) 7 30-5900 

Motorola Inc. MCA 1 
PO. Box 20912, M/S ADV 72 MCA2 
Phoenix, AZ 85036 
( 602) 244-6900 

NEC Electronics Corp. MCA3 
401 Ellis St . MCA6000 ETL (biCMOS) 
Mountain View, CA 94039 ECL-2 
(415) 960-6000 ECL-3 

ECL-4 
1 

Bipolar-CMOS 

Philips International BV and ACE (standard) 
Signetics Corp. ACE (turbo) 

811 E Arques Ave. ACE (turbo RAM) 
Sunnyvale. CA 94086 ACE (low power) 
(408) 991-2000 

Plessey Semiconductors Inc. SCD 10qo 
3 Whatney Future 
lrivine. CA 92714 
(71 4) 951-5212 

Siemens Components Inc . SH100B/1 , B/2 
186 Wood Ave S. SH100B/3 
lselin, NJ 08830 sH1ooc;: 
(201) 321-3400 Future 

Thomson-Mostek Vatic B600-B3500 
Systems Inc. 

1215 W. Crosby Rd. 
Carrollton, TX 75006 
(214) 466-6000 

VTC Inc . Standard cell 
2401 E 86 St. 
Bloomington. MN 55420 
(612) 851-5000 

N.s. - not specified yet 
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gate arrays 

Equiva lent 
gales (RAM) 

100, 680, 2500 
2840 
6300 

4000 (2304 bits) 

3072 
-4500 

630-2550 

1000, 3500 
2000 
5000 
8000 

3000-15,000 

652, 1192 
902-2958 1 

10,000 
8192 

300-2000 
1200-3000 
4000-5000 

3100 

1650 (310 bits, 5 ns) 
660-2700 

1450 (1280 bits, 4 ns) 
660-2700 

75-600 
500-2000 + 

700.960 
700 (bits. ns) 

960, 2500 
4000-9000 

750-3632 

Variable 

(cont'd.) 
110 pads; 

Gale speed (ps); logic-level Features 
gate power (mW) interface and comments Circle 

225-570; 9-2.5 21-120; ECL All models have three 467 
225-570; 9-2 .5 120; ECL, TTL programmable 
225-570; 9-2.5 216; ECL speed-power levels; 
225-570; 9-2 .5 N.s. 11nternal - 2-V 

termination 

72ECL1/0 In both models, ECL 468 
220-570; 4,7-2- 4 192 TTL 1/0 E/T inputs can go direct -
220-570; 4.7-2.4 N.s. ly to logic cells 

800 48-114 Bipolar -CMOS logic 469 
cells and 1/0 buffers 

800; 2 60-1 10; ECL, TTL 
1 
Radiation-hardened 470 

300; 2 140; ECL 10K/KH versions available 
550-740; 0.6-0.4 120; TTL, CML 2Military temperature 

210; 06-04 196 range available 
3Two programmable 
speed-power levels; 
mixed TTL -ECL and 
TTL -only in develop-
ment 

150; 1 N.s ; ECL 10KH 471 

900-1200; 3.3 46,60; ECL 10KH/K 
1
Two models have 472 

300-1100; 2.6 54-120; ECL, TTL 3 on-chip memory 
2some versions are 
ECL-only; one, TTL-
only 

150-250; 4-1
3 

256; ECL 
1

1n final develop- 473 
900-1100;22µW /MHz 202; ECL 10KH, TTL ment 
500-700; 5.4-1 .9 56-108; ECL 100K 

1000; 1.1 88-180; ECL 10KH 
700; 1.9 156- 172; ECL. TTL 

800; 30µW /MHz 140; TTL, CMOS 

350; 0 .9 112; ECL, TTL 474 
250; 3 28-128; ECL, TTL 
250; 3 128; ECL, TTL 

450; 1.5 28-128; ECL, TTL 

500-2000; 5-2 24-54; ECL 10K \ate 1986 475 
125-250; 5-1 N.s. 2Early 1987 

500;2 58; ECL 100K 
1
Currently for internal 476 

500; 2 58; ECL 100K use only 
350; 2 58-120; ECL 

150; 7.5-5 < 256; ECL 

800; 2-1 72-128; Adjustable speed- 477 
ECL 10K, TTL power levels 

350; 2 User-defined; Military and radiation- 478 
ECL 10KH, TTL hardened ( 10-Mrad) 

versions available 



Probe is shown approx. 
50 X actual size 

CASCADE MICROTECH TAKES 
PICOSECOND TESTING 

ONTO THE WAFER 
MULTI-CONTACT PROBES 
BRING ON-WAFER TESTING 
TO THE TIME DOMAIN. 

Cascade Microtech wafer probes 
have become the standard for on­
wafer testing of microwave devices . 
Now we've extended on-wafer testing 
to include larger, more sophisticated 
devices, digital as well as microwave. 

These new multi-contact wafer 
probes let you access die having up to 
44 contacts, with transmission lines 
and power supply bypassing cleaner 
than the best device package. In fact , 
Cascade probes give you measure­
ment accuracy limited only by your 
other test equipment. 

Using Cascade probes you can 
perform immediate, non-destructive 
circuit testing . Both during and after 
processing. 

KEEPING PACE WITH TODAY'S 
HIGH SPEED PROCESSES. 

Only Cascade probes keep pace 

picosecond timing. 
Cascade probes minimize crosstalk 

with power/ground line inductance 
of less than 300pH. Signal lines are 
capable of preserving digital rise/fall 
times of 30ps or less, with a delay 
match better than 5ps. 

with your latest high speed processes, 
including GaAs, ECL and high speed 
MOS. At frequencies from DC to 26GHz . . 

In the time domain that translates 
to multi-gigabit clock rates and 

COMPATIBLE WITH YOUR 
ICs, FROM PROCESS TO 
PRODUCTION 

Cascade Microtech probes are 
available with 3 to 11 contacts per 
probe, in a wide range of standard 
and custom footprints compatible 
with most device pad outs. Contact 
pitch ranges from 100 to 250 µ,m, 
with any signaVpower/ground pat­
tern for use with devices having up 
to 24 signal lines, plus power and 
ground. 

This line of probing tools is con­
stantly expanding to include more 
footprints, greater numbers of con­
tacts, and new capabilities to meet 
your specialized needs . 

And, we extend on-wafer testing 
into the production environment 
with a complete line of probe cards, 
manual probe stations, and top 
plates for most popular autoprobers . 

For complete information on 
Cascade Microtech wafer probing 
solutions and how they can boost 
your productivity and profits, use 
the reader service card, call or write: 
Cascade Microtech, Inc., P.O. Box 
1589, Beaverton, OR 97075-1589 . 
(503) 626-8245. 

~ CASCADE MICRDTECH 
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Hitachi brings you "Zero Turn-Around Time " for a faster. more flexible 
approach to chip design and development. 



BY REDUCING TURN-AROUND-TIME TO ZERO, 
HITACHI'S NEW 8-BIT MICROCOMPUTERS 
MAKE ROM DEVELOPMENT MUCH MORE 

It's ZTAT™, Hitachi 's revolutionary single-chip 
CMOS microcomputer. Unlike conventional mask 
ROM units which require the manufacturer to write 
in your application program at the time of wafer 
production, each ZTAT™ is user programmable. 
That means no more time wasted shuttling pro­
grammes, mask patterns and prototypes back and 
forth between you and the chip-maker. No more 
waiting for incorporation of program changes. 
ZTAT™ gives you exactly what its name stands for: 
"Zero Turn-Around Time:· 

All it takes is an EPROM writer 

You don't need your own production facilities to 
get new application software on chip. Manufac­
tured using Hitachi 's own high-speed, low-power 
CMOS process, this microcomputer comes in 
an inexpensive plastic package, ready for immedi­
ate writing. It features non-erasability and user 
programmability using a special socket adapter 
for direct programming via general-purpose 
EPROM writer. 

The result is incredible flexibility-the ability 
for you to respond immediately to your customers' 
changing demands. Create new programmes and 
apply them at will. Mask charge is unnecessary. 
Bugs can be readily corrected. 

Just think: When your OEM purchasers 
request changes in design specifications, you 'll 
be one short step from alteration . Go ahead and 
accept advance orders, even for small lots and 
specialties, the same as you would treat orders 
for your regular products. The ZTAT™ can be 
ready for delivery at almost the instant its program 
is approved . 

Choose models in the HD63701 series for 
multifunctional , high-performance applications or 
the HD63705 series for small-scale systems. 

Two series, unlimited applications 

These two models are the ZTAT™ versions of 
Hitachi 's popular 6301 and 6305 series micro­
computers. All of the powerful development tools 
currently available for the 6301/6305 can be used 
for ZTAT™ development and debugging . Possible 
uses include video disc players, hard disk drives, 
printers, typewriters, keyboards, business phones, 
automobile radiophones, game machines, robots, 
measuring instruments ... virtually any application 
where time and manufacturing costs would normal­
ly be lost in developing suitable microcomputers. 

These two series highlight Hitachi 's inte­
grated approach to reducing turn-around time, 
a concept known as the total ZTAT™ System. 
It includes three types of components: Erasable, 
ceramic-packaged EPROMs on-chip for program 
development and trial production ; the cost-saving, 
plastic-packaged ZTAT™ series units themselves; 
and economical mask ROMs for mass production . 

And reliability? Hitachi 's famous for it. That's 
why Hitachi has become one of the world 's foremost 
suppliers of CMOS products, and an innovator 
in chip engineering. Take just a little time now to 
contact your nearest Hitachi distributor or repre­
sentative for more information about the ZTAT™. 
It can save you a lot of time (and money) in devel­
oping your next product. 

@HITACHI 
Hitachi America, Ltd., Semiconductor & IC Div .. 2210 O'Toole Avenue. San Jose. CA 95131, Tel : 1-408/435-8300 Ask for literature number Ut50. 
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DESIGN ENTRY 

ELECTRONIC DESIGN EXCLUSIVE 

Symbolic layout software 
accelerates IC design 
Yuh-Zen Liao, Nang-Ping Chen, and Troy Gau 
Ecad Inc., 2455 Augustine Dr., Santa Clara , CA 95054; (408) 727-0264. 

For IC designers, little compares with the exhil­
aration of wrapping up a project. But few designers 
truly relish the idea of dealing with a conventional 
polygon editor at the final stages. Either they have 
to refer continually to an elaborate set of design and 
process rules or worse, they have to memorize the 
rules. To further aggravate the problem, they must 
manually draw the diffusion, polysilicon, and metal 
contact areas, always paying close attention to the 
detailed set of rules. 

IC designers can see 
productivity rise with 
layout software that 
lets them work at the 
symbolic device level, 
not the polygon level. 
/Cs arrive compact. 

Standing in sharp 
contrast to polygon edi­
ting is symbolic layout, 
which allows IC de­
signers to place and wire 
transistors in the same 
way circuit designers 
place and wire compo­
nents on a schematic di­
agram. Sitting at a 
workstation, they can 
concentrate on the de­

vice level, without the tedium of hand-drawing the 
pertinent areas. The change pays off in productiv­
ity. Output rises anywhere from two to ten times . In 
fact, experienced IC designers can turn out more 
than 50 transistors a day with symbolic editing- a 
far cry from the I 0 or 15 produced with con­
ventional polygon editing. 

When a symbolic layout editor is coupled with 
another automatic tool, one dedicated to creating 
the most compact layout consistent with process de­
sign rules , the result comes very close to that of 
hand-drawn, hand-packed designs. The Symbad 
system distinguishes itself as the first JC layout sys­
tem that fully exploits the symbolic approach to IC 
design. Engineers can pick predrawn transistors­
or even entire functional cell blocks- from a design 
library and simply interconnect them. The com­
pactor automatically applies the appropriate spac­
ing to the transistors and contacts. 

Since process design rules are built into each 

transistor that Symbad compacts, the results are 
automatically correct by construction. More im­
portant, for those who question the silicon efficiency 
of symbolic editing, experience indicates that Sym­
bad, teamed with a compactor, comes within 10% 
or 15% of a highly polished manual design (Fig. I). 

Nevertheless, symbolic editing has little chance 
of replacing polygon editing: Even in the age of pre­
characterized cell blocks and chips with hundreds 
of thousands of transistors, seasoned IC designers 
still must visually inspect and sometimes hand­
tweak each transistor. So, to set itself up as an all­
round solution, Symbad also includ.es a polygon 
(geometric) editor . After compaction, symbolic 
data can be easily con~erted to polygon format for 
modification by the geometric editor. 

Underlying the system's efficiency is an unusu­
ally structured, intelligent data base that all Sym­
bad tools share. The common data base eliminates 
the net-list extraction and reformatting operations 
typically encountered when moving from activity to 
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activity, say, from layout editing to block placement and 
routing. Activities proceed almost independently, yet re­
main linked through the data base. 

From still another angle, a built-in data-base manager 
takes on duties similar to an operating system. It relieves 
application software of file-management tasks; enables 
several users to access files concurrently, even through a 
network; and keeps track of files in use through time 
stamps and version numbers . 

A BASIC OVERVIEW 

The Symbad system encompasses all aspects of IC de­
sign work, from the initial entry of data to the generation 
of mask tapes. An interactive interface gives designers 
complete control over layout, no matter what the level or 
step in the mask design process. 

Designers interact with the system through a Tektronix 
4115 or 4125 terminal (or a compatible Seiko 1104 or 

1105 terminal) that is equipped with a mouse or graphics 

tablet. 
In the future, Symbad will run with VAX GPX and 

Apollo workstations. For now runs on VAX minicompu­
ters, including the MicroVAX II, under the VMS oper­
ating system. For top efficiency, it needs 5 Mbytes of main 
memory; the symbolic editor and associated libraries may 
require up to 400 Mbytes of disk space . 
. Symbad accepts Calma GOS II or CIF file inputs, as 

well as Tegas or Silogs net lists. Its outputs include GOS 
II stream or CIF tapes for mask generation or Versatec 
plotter outputs. (The Symbad tools are 100% compatible 
with Ecad ' s Dracula, a well-recognized design veri­
fication package.) 

Symbad's hierarchical, full-function graphics editor 
works on three different levels: block, symbolic, and geo­
metric. Block placement and routing software occupies 
the highest level; symbolic layout and editing software, 

1. The Symbad symbolic layout editor allows the IC designer to place and wire transistors in much the same 
way he treats components on a schematic (top). A high-speed compactor then applies the requisite pro­
cess design rules to find the smallest area of silicon (bottom). 
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the main level; and polygon editing, the lowest level. 
Though the system is hierarchically organized, it con­

trols the IC design process in a bottom-up fashion- that 
is , designers use transistors to build cells, then cells to 
build blocks, and finally blocks to build !Cs. For extra 
convenience, they can create their own library models of 
transistors and other semiconductor devices using both 
templates supplied with Symbad and their own process 
design rules. Process-related information- such as layer 
definition , device construction and spacing rules- and 
system-wide parameters- such as scaling factors and 
measurement units- are contained in the technology file. 

They can be entered in a textual format with a rela­
tively simple syntax (Fig. 2) . For example, the statement 
EXT POLY DIFFUSSION GE 2.0 means that the external 
spacing between the polysilicon and the diffusion area 
must be at least 2 µm . 

After the technology file is coded, the Symbad technol­
ogy file compiler translates the ASCI I design rules for 
specific processes- N MOS, n-well and p-well CMOS, bi­
polar, even GaAs- into an internal binary format to 
which all Symbad application tools can refer. 

VISUAL FEEDBACK 

On the workstation or terminal screen, Symbad depicts 
transistors, contacts, and other fixed-size circuit elements 
in true geometric form, so that users get visual feedback of 
the physical relationships. After selecting and placing 
transistors, users then interconnect them with stretchable 

Symbol 

User interface 

Symbolic editor 
(transistors) 

wires, which can be shown either in their true width or in 
short-hand form with only their center lines (Fig. 3) . 

Once the elements are chosen, placed, and routed, 
Symbad's cell compactor finds the smallest area consis­
tent with the design rules supplied. Based on a constraint­
graph algorithm, it negotiates the best compromise be­
tween speed and silicon area. As a gauge of its haste, it 
compacts a 2000-transistor design in only 5 minutes on a 
VAX- I I /750. In fact, speed and design complexity enjoy 
an almost linear relationship: Doubling the number of ob­
jects means only slightly more than double the com­
paction time. 

Designers can alter the compaction process by speci­
fying contingencies- say, "jog" or "fence"- that in effect 
give the compactor more freedom. For instance, though a 
wire stretches lengthwise in only one direction, a user can 
identify a jog point at which the wire can stretch in an­
other direction. The wire appears to take two 90 ° turns, 
yet within the software it is actually composed of three 
wire segments at right angles to each other. 

Fences enclose a number of elements, so that they can 
be treated as a subunit in the context of the whole cell. By 
fencing in a group of functionally related objects, de­
signers can limit the movements of group members and 
thus guarantee that they remain close to one another. 

User and internal design rule constraints make up all 
the contingencies of the layout. Dimensional constraints, 
for example, can be specified if a designer wants to build a 
family of cells of the same height or width- standard 

I 

Polygon 

GOS II input 

Geometric 
editor 

(polygons) 

Symbolic 
checkers 

Placer and 
router 

Net list 

Outputs 

Block compactor 
(blocks) 

2. The Symbad software modules are linked through a common intelligent data­
base. The user can move from symbolic layout editing to block placement-and­
routing (and back again) without re-compiling his data. In addition, the database 
can accept GOS II or CIF formatted files, as well as Tegas or Silos netlists. 
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cells, in other words. With restrictions, the pin pads of one 
cell can be matched with those of other cells to ensure 
smooth abutment or easy connection to an external bus. 

The block compactor, a subset of the Symbad compac­
tor, is noteworthy for its ability to fix overcongestion . To 
do so, it automatically inserts jogs on any wires that limit 
the movement of blocks and interconnections. The com­
pactor guarantees that the compacted result is I 00% de­
sign rule correct. Once Symbad constructs and compacts 
cells, programs for block placement and routing, editing, 
and block compaction all can use them as functional 
blocks. 

CHIP OFF THE OLD BLOCK 

Symbad 's block placer-router assembles functional 
blocks generated either by the system's design tools (say, 
the symbolic layout editor) or by other layout tools. Sym­
bad's import mechanism compiles a Tegas or Silogs net 
list or a completely laid out block in either a GOS II 
stream or CIF format. 

c. = 

Designers can position predefined blocks by hand, or 
they can leave the job to Symbad's placer, which arranges 
and orients blocks of any height or width according to 
block size and shape, pinouts, and interconnections. Gov­
erning its execution is one goal: to make the layout as effi­
cient as possible in the least amount of silicon. Of course, 
designers also must identify those wire nets whose length 
is critical to the performance of a part. The placer then at­
tempts to keep the identified paths as short as possible. 

Initially the software places and routes the blocks­
automatically or interactively- without referring to de­
sign rules, using only the connectivity information housed 
in the data base. Then the block compactor steps in to ap­
ply a specific set of design rules. Though that process runs 
automatically, the user can intervene at any time to mod­
ify or fine-tune the machine's decisions. 

In operation, the placer first makes a floor plan, using 
only the connections identified by the net list, the physical 
outlines of the block, and the location and layers of the 
bonding pads. The most densely connected blocks are 

3. Symbad generally depicts transistors and contacts by their true geometric dimensions on the user screen. 
Wires, however, can be represented simply by their center lines. 
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How can you be sure you're getting 
the best wire-the right wire-for 
all your transmission needs? 
Specify AT&T wire. 

Because nobody gives you 
AT&T's years of experience and 
understanding in designing wiring 
for transmission and computer 
systems. And, nobody can give you 
all of AT&T's product innovations, 
such as dual foam insulation for 
greater data transmission rates; 

irradiated PVC for tougher wire 
protection; and low friction vinyl 
jackets for pulling wire through 
tight spaces. And, nobody gives 
you AT&T's experts, who will work 
with you to match the right insula­
tion, shield and sheath to optimize 
the performance of your wire. 

So why make choosing wire 
an adventure when you can be 
sure? Make "The right choice:' 
Call 1800 372-244 7 for more 

CIRCLE 53 

information about AT&T's full line 
of wire and cable products for 
premise distribution and peripheral 
Connections. \0 1985 AT&T Technologies, Inc. 

AT&T 
The right choice. 
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clustered and a rranged in a pseudo row structure, in 
which the channel widths vary by the density of the inter­
connection paths (Fig. 4) . A global path-assignment algo­
rithm estimates the routing area between blocks. 

With the help of "fly lines," straight lines drawn be­
tween pin pads on the same net, designers can visualize 
the signal flow and assess the quality of the placement. By 
issuing the Move, Rotate, and Mirror commands for indi­
vidual blocks and by making selections from the com­
mand menu, they can work toward better placement be­
fore automatic routing begins. The system guarantees 
I 00% routing- regardless of the initial block placement. 

BLOCK ADJUSTMENT 

The routing areas of a manually modified placement 
may not accurately reflect the space required for physical 
routing, since it is difficult for human designers to predict 
the space easily. However, designers can request the sys­
tem to perform a global routing and automatically adj ust 
the blocks to show the placement with estimated routing 
areas. 

The Symbad router relies on two algorithms, one for 
channel routing and the other for switch-box routing. The 
channel router focuses on the region between fixed-pinout 
boundaries of two neighboring blocks. The open ends of 
the channel allow signals to flow in and out. The switch-

4. The automatic place­
ment program arranges 
cell blocks in row clus­
ters according to the 
density of their inter­
connections. Blocks 
packing the most inter­
connections are situ­
ated closest together. 
The dimensions of the 
routing channel are esti­
mated by a global 
path-assignment algo­
rithm. 
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box router works in areas where channels intersect. These 
junctions typically have signals on all sides. The router 
connects the signals from side-to-side like a switch box; 
hence the name "switchbox routing". 

Overall the Symbad router implements the physical in­
terconnections with the shortest wire length and the 
smallest routing area. Moreover, it works with rectan­
gular blocks of arbitrary shape and size, and it imposes no 
artificial restrictions on the locations and layers of the ter­
minals. 

Besides routing individual nets, the program also routes 
buses. Here nets are bundled together to minimize capaci­
tive loading differences between the wires. The router is 
sensitive not only to wire length, but also to local con­
gestion. In operation, it avoids locally congested channels 
for noncritical nets, preventing block positions from being 
significantly different after compaction than they were 
during initial placement. Consequently, the user must 
weigh trade-offs between minimum wire length and chan­
nel congestion before putting the router in gear. 

At any time during automatic routing, designers can 
get in on the action. Instead of letting the software route 
all nets automatically, they can hand-wire a single net or 
single bus- say, to control a critical timing path- and let 
the system take care of the remaining nets . Moreover, 
with any routing operation designers can direct the soft-
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DESIGN ENTRY • Symbolic layout software 

Price and availability 
The block placement and routing software will 
be available this month, with prices starting at 
$75,000. Transistor-level design software will fol­
low soon after. CIRCLE 504 

ware to use a preferred layer for traces in the major chan­
nel direction and a secondary layer for the jogs or pin 
pads; set the wire widths for the two layers individually; or 
tell the router to follow a prescribed path or to avoid cer­
tain areas. Every time the router receives a command, it 
extracts the positions of the existing blocks and inter­
connections before it actually embarks on the task . It 
treats existing wires like obstacles. 

SPACE-ADEPT 

The router relies on the underlying symbolic data base 
to bypass the traditional speed limitations of conventional 
routing programs. In the Symbad environment, spacing 
between objects is finalized only after compaction, so the 
machine spends significantly less time attempting to re­
solve design rules than would a router without the benefit 
of compaction. The latter, for example, would have to cal­
culate the physical coordinates of each interconnection 
line before it could generate a layout that adheres to de­
sign rules. 

Besides that, if the routing space estimated during 
placement differed from the actual routing required, the 
conventional router either would have to shift the blocks 
to accommodate the physical width of the wire or would 
have to shrink the routing area to reduce the slack. Those 
time-consuming computations preclude interactivity and 
force the routers to operate only in the batch mode. D 

Yuh-Zen Liao, a principal member of £cad's technical 
staff. is an expert on compaction software, an area he 
also explored at Singer Link and IBM. He earned his 
doctoral degree from the University of California at 
Berkeley. 

Ecad's expert on autorouting, Nang-Ping Chen 
gained experience in Hewlett-Packard 's computer­
aided design group and at the University of California 
at Berkeley, where he earned his PhD and wrote papers 
on block routing. 

Troy Gau , an IC designer at E cad, previously 
worked at Integrated Device Technology and Hewleit­
Packard. He holds a BSEE from San Jose State Uni­
versity. 

How valuable? 
Highly 
Moderately 
Slightly 

96 Electronic Design • June 12. 1986 

Circle 

541 
542 
543 



L-76 

LOT NO 449 174 
MADE IN JAPAN 

£ LAMBDA ELECTRONICS 
DIVISION of e INSTRUMENTS INC. 

LAMBD~S 
NEW 
LWSERIES: 
Isolated Switching Power for 
your DC to DC applications 

48 models from $21. New wide input ranges, 
single and dual outputs. 



NEW 
LW SERIES: 

LAMBDA'S FULL LINE IN SIX PACKAGE 
SIZES OFFERS YOU MORE 

MODELS FOR MORE APPLICATIONS. 

Lambda's high efficiency, low 
priced LW series is now available in 
48 single and dual output models, 
allowing you more choices to 
meet your exact requirements. 

These PC board mountable 
DC-to-DC converters feature fully 
regulated outputs that are 
electrically isolated up to 1500 
volts from the inputs, thus 
eliminating any potential ground 
loop problems. 

Single output models are 
available from 10 watts to 60 

watts in wide range input, 
customer adjustable wide range 
output models. Narrow range 
input, single and dual output 
models are available in 3 and 6 
watt packages. 

Lambda 's LW series has been 
developed using the most 
modern design and packaging 
techniques, including SMT, giving 
the user a high density, highly 
reliable product. All models are 
available for one day delivery 
from stock. 



LW SERIES 
VOLTAGE AND CURRENT RATINGS-CONT'D 
DC INPUT. SINGLE OUTPUT. 

DC INPUT 20.0-40.0 voe 
REGULATION RIPPLE 

MODEL mne, loadJ !mV Pk·Pkl 

4.75·16 VOLTS ADJ. 
LWS-295·5 0.1%, 0.4% 100 

15·30 VOL TS ADJ. 
LW5·295·24 0.1%, 0.4% 200 

20·40 VOL TS ADJ. 
LWS-296·28 0.1%, 0.4% 200 

30·60 VOL TS ADJ. 
LWS-296·48 0.1%, 0.4% 200 

DC INPUT 20.0·60.0 voe 
4. 75-16 VOL TS ADJ. 
LW5·394·5 0.1%, 0.4% 100 

15-30 VOL TS ADJ. 
LWS-394·24 0.1%, 0.4% 200 

DC INPUT 30.0-60.0 voe 
4.75-16 VOLTS ADJ. 
LWS-395·5 0.1%, 0.4% 100 

15-30 VOL TS ADJ. 
LWS·395·24 0.1 %, 0.4% 200 

20-40 VOL TS ADJ. 
LWS-397·28 0.1%, 0.4% 200 

30-60 VOL TS ADJ. 
LWS·397·48 0.1%, 0.4% 200 

DC INPUT. DUAL OUTPUT. 
DC INPUT SV ± 10% 

REGULATION 

MAX CURRENT IN AMPS 
!MAX WATTAGE IN WATTSJ 

40°c so•c so•c 

5.0(25) 4.3(21 .5) 3.6(18) 

1.65(25) 1.4(21 .5) 1.2(18) 

2.5(50> 2.1(42) 1.8(36) 

1.67(50> 1.4(42) 1.2(36) 

3.0(15) 2.6(12) 2.3(11 .5) 

1.0(15) 0.9(13) 0.75(11 .5) 

5.0(25) 4.3(21 .5) 3.6(18) 

1.65(25) 1.4(21 .5) 1.2(18) 

3.0(60> 2.5(50> 2.1(42) 

2.0<60> 1.67(50> 1.4(42) 

MAX CURRENT 
RIPPLE IN AMPS 

MODEL Vo mne, loadl !mV pk-pkl 40°c so•c so•c 

±12 VOLTS ±3% FIXED 
LW0-191-12 ±12 0.2%, 0.2% 120 .060 .060 .060 
LW0·192·12 ±12 0.2%, 0.2% 120 .120 .120 .084 

±15 VOLTS ±3% FIXED 
LW0·191·15 ± 15 0.2%, 0.2% 150 .050 .050 .050 
LW0-192·15 ± 15 0.2%, 0.2% 150 .100 .100 .070 

DC INPUT 12V ±10% 

±12 VOLTS ±3% FIXED 
LW0-291·12 ±12 0.2%, 0.2% 120 .060 .060 .060 
LW0·292·12 ±12 0.2%, 0.2% 120 .120 .120 .084 

±15 VOLTS ± 3% FIXED 
LW0·291·15 ± 15 0.2%, 0.2% 150 .050 .050 .050 
LW0-292·15 ± 15 0.2%, 0.2% 150 .100 .100 .070 

DC INPUT 24V ± 10% 

±12 VOLTS ±3% FIXED 
LW0-391·12 ±12 0.2%, 0.2% 120 .060 .060 .060 
LW0-392·12 ±12 0.2%, 0.2% 120 .120 .120 .084 

±15 VOLTS ±3% FIXED 
LW0·391·15 ± 15 0.2%, 0.2% 150 .050 .050 .050 
LW0·392·15 ±15 0.2%, 0.2% 150 .100 .100 .070 

PRICE 
PKG. DIMENSIONS QTY. QTY. QTY. 
SIZE unchesJ 1 100 1000 

95 2.5 x 4.5 x 1.5 $150 $127 $95 

95 2.5 x 4.5 x 1.5 150 127 95 

95 2.5 x 4.5 x 1.5 200 170 127 

95 2.5 x 4.5 x 1.5 200 170 127 

94 1.25 x 3.5 x 2.5 $119 $101 $75 

94 1.25 x 3.5 x 2.5 119 101 75 

95 2.5 x 4.5 x 1.5 $150 $127 $95 

95 2.5 x 4.5 x 1.5 150 127 95 

95 2.5 x 4.5 x 1.5 200 170 127 

95 2.5 x 4.5 x 1.5 200 170 127 

PRICE 
PKG. DIMENSIONS QTY. QTY. QTY. 
SIZE Unchesl 1 100 1000 

0·91 1.77x1 .19 x .40 $62 $49 $25.50 
0·92 1.85 x 1.85 x .47 76 60 31.00 

0·91 1.77 x 1.19 x .40 62 49 25.50 
0·92 1.85 x 1.85 x .47 76 60 31 .00 

0·91 1.77 x 1.19 x .40 $62 $49 $25.50 
0·92 1.85 x 1.85 x .47 76 60 31 .00 

0·91 1.77 x 1.19 x .40 62 49 25.50 
0·92 1.85 x 1.85 x .47 76 60 31 .00 

0·91 1.77 x 1.19 x .40 $62 $49 $25.50 
0·92 1.85 x 1.85 x .47 76 60 31 .00 

0·91 1.77 x 1.19 x .40 62 49 25.50 
0·92 1.85 x 1.85 x .47 76 60 31 .00 



LW SERIES: Specifications 
DC OUTPUT 
voltage range shown in tables . 

REGULATED VOLTAGE 
regulation , line 0.1 % from minimum to 

maximum and from maxirnum to 
minimum. O.S% on LWS-190, 191 , 
290, 291, 390, 391. 0.2% on both 
outputs of dual output models 
for input variations from 21 .6 to 
26.4 voe or 26.4 to 21 .6 voe on 
LWD-391 , 392; from 10.8 to 13.2 
voe or 13.2 to 10.8 voe on 
LWD-291 , 292; from 4.S to s.s voe 
or s.s to 4.S voe on LWD-191 , 192. 

regulation, load ... 0.4% for load variations from no 
load to full load and full load to 
no load . 1.0% on LWS-190, 191 , 
290, 291 , 390, 391 . 0.2% on dual 
output models. 

ripple and noise .... 20mV RMS, 1oomv pk-pk for -s 
models of LWS-193, 194, 19S, 294, 
29S, 394, 39S. 
12omv pk-pk for sv models of 
LWS-190, 191 , 290, 291 , 390, 391 
and 12V models of LWD-191 , 192, 
291 , 292, 391 , 392. 
1 somv pk-pk for 12v models of 
LWD-191 , 192, 291 , 292, 391 , 392 
and 12v and 1 sv models of 
LWS-190, 191 , 290, 291 , 390, 391 . 
2smv RMS, 2oomv pk-pk for all 
other models. 

efficiency . . . LWS-194, LWS-294, LWS-394, and 
LWS-193: SO% minimum 
LWS-19S: S7% minimum 
LWS-190: S8% minimum 
LWS-191: 60% minimum 
LWS-391 : 64% minimum 
LWS-390: 67% minimum 
LWS-291 : 68% minimum 
LWS-290: 70% minimum 
LWS-296, 397: 7S% minimum 

temp. coeff. . .. ... 0.03% I °C. 0.02% on LWS-190, 
191, 290, 291 , 390, 391 and on all 
dual output models. 

AMBIENT OPERATING TEMPERATURE 
continuous duty Oto +60°C with suitable derating 
above 40°C for LWS-193, 194, 19S, 294, 29S, 296, 394, 
39S, 397, and dual output models. continuous duty 
-s 0 c to + 60°C with suitable derating above 4S°C for 
LWS-191 , 291 , 391 . continuous duty -s 0 c to +6S°C 
with suitable derating above S0°C for LWS-190, 290, 
390. 

OVERLOAD PROTECTION 
External overload protection. Automatic electronic 
current limiting circuit limits the output current to a 
preset value, thereby providing protection for the 
load as well as the power supply. 

STORAGE TEMPERATURE RANCE 
-ss 0 c to +8S°C. - 20°c to +8S°C for LWS-190, 191, 
290, 291 , 390, 391 . - 30°C to + 8S°C on all dual output 
models. 

OVERSHOOT 
No overshoot at turn-on , turn-off, or power failure. 

COOLING 
All units are convection cooled . No fans or blowers 
needed. 

MOUNTING 
PC board mountable. Refer to outline drawings in 
catalog . 

OUTPUT VOL TACE ADJUST 
LWS-193, 194, 19S, 294, 29S, 296, 394, 39S, 397 
Output voltage can be set to desired value within the 
entire range by inserting a resistor between + v and 
RP terminals. Resistor can be selected as per 
equations supplied in instruction manual. 

INPUT / OUTPUT CONNECTIONS 
DC input and outputs are via pin type connections. 
Refer to outline drawings in catalog. 

ISOLATION RATING 
1soo voe on LWS-394, 39S, 397. 
soo voe on all other models. 

PHYSICAL DATA 

Package 
Model 

LWS-190, 290, 390 
LWS-191 , 291 , 391 
LWS-193 
LWS-194, 294, 394 
LWS-195, 295, 395 
LWS-296 
LWS-397 
LWD-191 , 291 , 391 
LWD-192, 292, 392 

"1 / CSA 
Under evaluation 

GUARANTEE 

Weight 
Lbs. Lbs. 
Net Ship 

.10 .12 

.1 6 .19 

.65 .90 

.65 .90 

.75 1.00 

.7S 1.00 

.75 1.00 

.06 .10 

.09 .12 

Size 
Inches 

1.8S x 1.85 x 0.47 
1.8S x 1.85 x 0.75 
2.SO x 3.SO x 1.2S 
2.50 x 3.50 x 1.25 
2.50 x 4.50 x 1.50 
2.50 x 4.SO x 1.50 
2.50 x 4.50 x 1.50 
1.77 x 1.19 x .40 
1.85 x 1.85 x .47 

90 day guarantee includes labor as well as parts. 



LW SERIES 
VOLTAGE AND CURRENT RATINGS 
DC INPUT. SINGLE OUTPUT. 

DC INPUT 4.5·6.0 voe 
MAX CURRENT 

RECULATION RIPPLE IN AMPS PKC. 
MODEL mne, load> <mV pk·pkl 45°C 50°C 60°C 65°C SIZE 

5V ± 5% NON·ADJ. 
LW5-190-5 0.5%, 1.0% 120 0.5 0.5 - 0.200 90 
LW5-191 -5 0.5%, 1.0% 120 1.0 - 0.400 - 91 

12V ± 5% NON·ADJ. 
LW5-190-12 0.5%, 1.0% 150 0.21 0.21 - 0.084 90 
LW5-191-12 0.5% , 1.0% 150 0.42 - 0.168 - 91 

15V ± 5% NON·ADJ. 
LW5-190-15 0.5%, 1.0% 150 0.17 0.17 - 0.060 90 
LW5-191-15 0.5% , 1.0% 150 0.34 - 0.136 - 91 

DC INPUT 4.5-10.0 voe 
MAX CURRENT IN AMPS 

RECULATION RIPPLE !MAX WATIACE IN WATIS> PKC. 
MODEL mne, load> <mv pk-Pk> 40°C 50°C 60°C SIZE 

4. 75-16 VOL TS ADJ. 
LW5-193-5 0.1%, 0.4% 100 2.0(10) 1.7(8.5) 1.5(7.5) 94 
LW5-194-5 0.1%, 0.4% 100 3.0(15) 2.6(12) 2.3(11.5) 94 

15-30 VOL TS ADJ. 
LW5-193-24 0.1%, 0.4% 200 0.65(10) 0.57(8.5l 0.50<7.5l 94 
LW5-194-24 0.1%, 0.4% 200 1.00(15) 0.90(13) 0.75<11 .5l 94 

DC INPUT 10.0-15.0 voe 
MAX CURRENT 

RECULATIQN RIPPLE IN AMPS PKC. 
MODEL !line, load> lmV pk-pk> 45°C 50°C 60°C 65°C SIZE 

5V ± 5% NON-ADJ. 
LW5-290-5 0.5%, 1.0% 120 0.60 0.60 - 0.24 90 
LW5-291-5 0.5%, 1.0% 120 1.20 - 0.48 - 91 

12V ± 5% NON-ADJ. 
LW5-290-12 0.5%, 1.0% 150 0.25 0.25 - 0.10 90 
LW5-291 -12 0.5%, 1.0% 150 0.50 - 0.20 - 91 

15V ± 5% NON-ADJ. 
LW5-290-15 0.5%, 1.0% 150 0.20 0.20 - 0.08 90 
LW5-291-15 0.5%, 1.0% 150 0.40 - 0.16 - 91 

DC INPUT 10.0-20.0 voe 
MAX CURRENT IN AMPS 

RECULATION RIPPLE !MAX WATIACE IN WATIS> PKC. 
MODEL mne, load> <mV pk-pk> 40°C 50°C 60°C SIZE 

4. 75-16 VOL TS ADJ. 
LW5-195-5 0.1%, 0.4% 100 5.0(25) 4.3(21 .5) 3.6(18) 95 

15-30 VOL TS ADJ. 
LW5-195-24 0.1 % , 0.4% 200 1.65(25) 1.4(21.5) 1.2(18) 95 

DC INPUT 10.0-30.0 voe 
4.75-16 VOLTS ADJ. 
LW5-294-5 0.1%, 0.4% 100 3.0(15) 2.6(13) 2.3(11 .5l 94 

15-30 VOL TS ADJ. 
LW5-294-24 0.1%, 0.4% 200 1.0(15) 0.9(13) 0.75<11 .5l 94 

DC INPUT 20.0-30.0 voe 
MAX CURRENT 

RECULATION RIPPLE IN AMPS PKC. 
MODEL mne, load> <mV pk-pk> 45°C 50°C 60°C 65°C SIZE 

5V ± 5% NON-ADJ. 
LW5-390·5 0.5%, 1.0% 120 0.60 0.60 - 0.24 90 
LW5·391 ·5 0.5%, 1.0% 120 1.20 - 0.48 - 91 

12V ± 5% NON-ADJ. 
LW5·390·12 0.5%, 1.0% 150 0.25 0.25 - 0.10 90 
LW5·391·12 0.5% , 1.0% 150 0.50 - 0.20 - 91 

15V ± 5% NON-ADJ. 
LW5·390-15 0.5%, 1.0% 150 0.20 0.20 - 0.08 90 
LW5-391·15 0.5%, 1.0% 150 0.40 - 0.16 - 91 

PRICE 
DIMENSIONS QTY. OTY. OTY. 

nnches1 1 100 1000 

1.85 x 1.85 x 0.47 $49 $39 $21 
1.85 x 1.85 x 0.75 59 47 25 

1.85 x 1.85 x 0.47 49 39 21 
1.85 x 1.85 x 0.75 59 47 25 

1.85 x 1.85 x 0.47 49 39 21 
1.85 x 1.85 x 0.75 59 47 25 

PRICE 
DIMENSIONS OTY. QTY. OTY. 

<Inches> 1 100 1000 

1.25 x 3.5 x 2.5 $89 $76 $62 
1.25 x 3.5 x 2.5 119 101 75 

1.25 x 3.5 x 2.5 89 76 62 
1.25 x 3.5 x 2.5 119 101 75 

PRICE 
OIMENSIONS OTY. QTY. QTY. 

unches> 1 100 1000 

1.85 x 1.85 x 0.47 $49 $39 $21 
1.85 x 1.85 x 0.75 59 47 25 

1.85 x 1.85 x 0.47 49 39 21 
1.85 x 1.85 x 0.75 59 47 25 

1.85 x 1.85 x 0.47 49 39 21 
1.85 x 1.85 x 0.75 59 47 25 

PRICE 
DIMENSIONS QTY. QTY. QTY. 

nnches> 1 100 1000 

2.5 x 4.5 x 1.5 $150 $127 $95 

2.5 x 4.5 x 1.5 150 127 95 

1.25 x 3.5 x 2.5 $119 $101 $75 

1.25X3.5X2.5 119 101 75 

PRICE 
DIMENSIONS QTY. QTY. QTY. 

<Inches> 1 100 1000 

1.85 x 1.85 x 0.47 $49 $39 $21 
1.85 x 1.85 x 0.75 59 47 25 

1.85 x 1.85 x 0.47 49 39 21 
1.85 x 1.85 x 0.75 59 47 25 

1.85 x 1.85 x 0.47 49 39 21 
1.85 x 1.85 x 0.75 59 47 25 



TO ORDER CALL YOUR LOCAL LAMBDA SALES ENGINEER. 
To contact the direct-factory Lambda Sales Engineer responsible for your account and located in your area, or to contact 

Customer Service for price, delivery or placing purchase orders, call as follows : 

IN EASTERN 
UNITED STATES 
(Shaded area) 

1-800-LAMBDA-4 
(In New York and Puerto Rico 
Dial 516-694-4200) 

IN WESTERN 
UNITED STATES 

1-800-LAMBDA-5 
(In Arizona, Alaska and 
Hawaii, Dial 602 -746-1011) 
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ADDRESS ALL CUSTOMER 
CORRESPONDENCE TO: 
LAMBDA ELECTRONICS 

515 BROAD HOLLOW ROAD 
MELVILLE, NY 11747 
TWX: 510-224-6484 
FAX: 516-293-0519 

Canada 
Lambda Electronics 
100C Hymus Blvd. 
Pointe-Claire 
Quebec H9R 1 E4 

1-800-361 -6130 
TLX:05-822582 
FAX:514-697-4336 

England, 
High Wycombe, Buck 
Lambda Electronics 
Tel : 36386/7 /8 

Germany, Achem 
Lambda Netzgerate GmbH 
Tel :07841 /5031 

In Metropolitan Montreal Israel, Tel Aviv 
514-697-6520 

France, Orsay 

lsLAMBDA ELECTRONICS, l 
Tel : (03)493941-2-3 

Lambda Electronique SA Japan, Tokyo 
Tel : 6012-1487 NEMIC-Lambda K.K. 

Tel : 03-447-4411 

A LAMBDA 
~ELECTRONICS 

DIVISI ON ot c8 INSTRUMENTS INC. 

® 



DESIGN ENTRY 

ELECTRONIC DESIGN EXCLUSIVE 

6-GHz analog transistors, ECL 
team up in versatile array 
Robert Sparkes and Winthrop Gross 
Tektronix, Inc., P.O. Box 500, Beaverton, OR 97077; (503) 627·2515. 

In monolithic structures,"analog and digital circuits 
make uneasy bedfellows. Digital circuitry takes 
large numbers of small-geometry transistors, some 
specific resistor values, and not much else. De­
signing a digital circuit with an analog array, while 
not quite so unproductive as trying to fit a square 
peg into a round hole, often results in poor use of the 
device and a waste of precious space on the chip. 

Gate arrays, on the other hand, without pnp tran­
sistors, high-value or thin-film resistors, capacitors, 

Putting superfast 
analog and digital 
elements on a single 
bipolar chip gives 
designers a precise, 
high-density ASIC, 
with reduced power. 

and other components, 
are even less suitable for 
analog applications . 
Even a chipful of npn 
transistors-a bipolar 
gate array's strong 
suit-is of little help, 
since these are all small, 
low-current devices . In 
chip design, analog and 
digital functions might 
stay forever apart were 

it not for the growing number of applications de­
manding both technologies in close proximity. 

Combining analog and digital functions on one 
monolithic IC, the QuickChip 4, profits designers 
by shortening the distance required for interfacing 
between the two sections. The combination cuts out 
interconnection parasitic effects and delays, and be­
cause the interface between the two sections is at a 
higher impedance level, the chip uses less power­
all of which improves reliability . Further, more 
functions exist in a smaller space, which makes for 
easier packaging. 

The QuickChip 4 IC brings together the Quick­
Chip 2 6 GHz analog array and an ECL gate 
array, both of which are fabricated with the same 
IC process and use the same design rules (Fig. 1) . 
Although the process was developed for analog ap­
plications, it produces high-speed and high-density 
ECL elements. The result is an analog array with 
more than 290 very fast npn transistors (h typically 

6.5 GHz), along with a high-speed ECL gate array 
(up to 500-MHz clock rate) with over 300 equiv­
alent gates. 

The complexities of the combined array make 
good simulation essential in aiming for first-time 
success. To help the designer anticipate the sys­
tem's performance, two simulators accompany 
QuickChip 4: Tlogs for logic and timing and Tspice 
for circuits. Tlogs analyzes the chip's testability, 
and Tspice, an enhanced version of Spice 2G, has 
powerful plotting and analysis routines and good 
numerical convergence. 

The design package includes three model librar­
ies: one for Tspice that covers all analog compo­
nents, one for the Tlogs logic that covers standard 
digital functions in the gate-array portion, and the 
third a Tspice circuit library for the standard digital 
cells. This last can simulate the interface dynamics 
between the I C's digital and analog portions. 

For layout design, the QuickChip 4 IC design 
package includes QuicKic, an interactive graphics 
editor that routes metal interconnections. A grid 
layout system, in which the grid equals the mini­
mum metal pitch (7 µm), simplifies layout rules. 

The IC's analog portion consists of an array of 
uncommitted bipolar transistors, capacitors, and 
resistors. The npn transistors have a 6.5-GHz h 
with high current-drive capability (up to 30 mA per 
large device) and moderate collector-base and 
collector-substrate breakdown voltages (BY cso = 
15 Y, BY cs = 32 Y). The IC process used also pro­
vides excellent Y BE matching, well-characterized 
pnp transistors, zener diodes, and implanted resis­
tors. For precision applications, or when absolute 
impedance levels are important, there are optional 
thin-film nichrome resistors which can be laser­
trimmed to O.Ql %. 

An array of 15 tiles gives the analog section am­
ple space for supply busing and nichrome resistors. 
Each tile contains 18 npn and 10 pnp transistors 
and a versatile assortment of implanted resistors. 

The ECL gate array portion of the QuickChip 4 
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IC, however, packs four times more npn transistors into 
its half of the IC, compared with the analog half. It bases 
its digital design on the placement of predesigned and 
characterized cells in appropriate core or I/O sites. The 
gate-array tiles connect through two layers of gold as do 
the analog tiles, with via holes in the intervening dielectric 
layer. Library cells include OR, NOR, NAND, and 
AND gates, D flip-flops, latches, and multiplexers, be­
sides the ECL and TTL I/O cells. Typical propagation 
delays are in the range of 300 to 400 ns; the D flip-flops 
toggle at 500 MHz. 

TRIGGERING AN EXAMPLE 

A high-speed trigger circuit for a' portable oscilloscope 
demonstrates the combined analog-digital array's capa­
bilities. The circuit generates a stable ECL transition 
when the input signal passes a voltage threshold that the 
user sets with an external potentiometer. The circuit ac­
cepts five analog input channels (Fig. 2) selected by a 
TTL input. The trigger design exhibits less than 50-ps jit­
ter in the sweep trigger mode, with a 300-MHz input sig­
nal. A trigger must occur only on one slope-also speci­
fied by the user over a serial data bus-of the input signal. 

In an oscilloscope, the trigger circuit determines when 
the electron beam will be deflected horizontally across the 

Analog 
tile 

Vee 

face of the CRT. In most, the deflection occurs at a con­
stant speed determined by the sweep circuit. A viewer 
usually wants to see the waveform in a particular time 
window or sweep duration, and the trigger circuit sets the 
window accordingly. When the trigger signal crosses the 
voltage threshold, the trigger fires and starts the sweep. 
The crossing may be fast or slow; it may occur once only, 
or it may repeat at widely varying frequencies . But the 
trigger circuit must fire as consistently as possible, partic­
ularly on repetitive signals, so that the waveform remains 
stationary on the screen. 

The triggering signal can come from one of several 
sources. It can also be filtered and set for a maximum 
trigger-repeat rate. Each time the user changes one of the 
front-panel controls, a serial data word is loaded into a 
shift register on the IC to set the switch combination. 

In the normal sweep-trigger mode, a hold-off com­
mand allows the sweep to reset and settle before sweeping 
again. The IC has an ECL trigger driven by arm and 
trigger comparators. Further, a hysteresis generator im­
proves the stability of the gate output (TG) by guaran­
teeing that it always makes the same transition with re­
spect to the analog input signal. The circuit detects two 
threshold crossings in a row, firing on the second. The first 
threshold crossing sets the arm latch; the second, the trig-

I . . 

v •• 

. 

Digital 
section 

J 
1. A high-speed bipolar array Integrates analog and digital functions on one 
chip. Providing tighter packing density and greater reliability than separate ICs, 
the chip's analog npn transistors have an fr of 6.5 GHz, while the digital section 
operates at up to a 500-MHz clock rate. 
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ger latch. 
The trigger circuit also has a comparator mode that 

functions more simply than the normal sweep-trigger 
mode. It detects a single threshold crossing in the appro­
priate direction and resets when the threshold is crossed 
the opposite way. 

THREE MAIN AREAS 

The trigger IC design has three main areas: the analog 
signal-conditioning circuitry, the digital state-control 
logic, and the high-speed ECL trigger circuitry. The 
signal-conditioning circuitry is designed with the array's 
analog tiles, using Tspice for simulation and drawing on 
the analog device library for its models. 

The state-control logic, designed for the most part from 
low-speed ECL, uses the TECL-1 gate-array cell library 
and is simulated on Tlogs. The simulation draws on the 
logic models in the QuickChip 4 library of standard digi­
tal functions. The high-speed ECL trigger is designed 
from the TECL-1 functional cells but is simulated on 
Tspice to determine actual performance. That final simu­
lation depends on Tspice models for the TECL-1 cells. 

Several variations of a three-transistor buffer serve as 
building blocks in designing the trigger circuit's analog 
portion. The buffer's properties include unity gain, good 

Input source 
selector 

De 

Coupling 
selector 

Price and availability 
The QulckChlp 4 waters are available within 
three weeks of layout approval, with prototype 
waters or packaged parts priced at $26,500. 
There Is also a nonrecurring eng ineering 
charge of $25,000 to $30,000, Including slmu· 
lotion software, and depending on options. 

CIRCLE 503 

linearity, and parameters constant with temperature and 
processing. It has high input impedance and low output 
impedance. Moreover, it exhibits no change in de level 
from input to output- an important characteristic, since 
the design is implemented with an IC process that yields 
relatively poor pnp transistors. Its bandwidth is about 
1 GHz. 

A five-channel multiplexer provides the IC's input 
(Fig. 3). By steering the current to the separate differen­
tial pairs, the inputs can be selected in turn, a config­
uration that offers excellent signal rejection of deselected 
inputs and that interfaces well with ECL. In the Tspice 
simulation for this stage, transistor and resistor models 
are drawn from the analog device library, while the NOR 
gates that drive the current-steering transistors are mod-

Norm 

Filter 
selector 

Normal 
and 

Invert 

Channel 1 

Channel 2 

Channel 3 

Channel 4 

Channel 5 

, """-~""" I J 
rejection / 

Trigger 
level 

tSR2 

TIL SR, 

SRo 

Dlgltal aac:tlon 

Source selector 
decoding logic 

(TIL) Data 

(TIL)Clock 

Decoding logic 

8 

8-bit shift register 

Reset 
(TIL) 

Low-frequency 
rejection 

3 

2 

4 

OS 
(ECL) 

I 
I 
I 
I Arm 
~ompa~r 

STB 
(ECL) 
THO 
(ECL) 

Level shilling 
and 

hysteresis 
generator 

ECL trigger 
circuit 

+ 

Analog 
Mellon 

H)'Steresls 

TG (ECL) 
Trigger gate 

goes to 
sweep circuit 

TG (ECL) 

2. When used In a high-speed trigger circuit for an oscilloscope, the mixed analog-digital chip chooses five 
Input signals under digital control. An 8-blt shift register stores the digital word that controls the circuit's 
operation. The trigger Is a high-speed ECL signal. 
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eled through the digital cell library. These models accu­
rately simulate digital cell behavior, such as settling time 
between source selections. 

The input source selector is followed by two cascaded 
multi-input selectors (Fig. 2 again). The ac-dc coupling 
selector is followed by a three-input filter selector buffer. 
The signal comes either directly, or through a high-pass or 
low-pass filter. (Because the filters require large capaci­
tors and accurate time constants, they are not themselves 
on the IC.) 

Gain , threshold injection, and signal inversion circuitry 
follow (Fig. 4) . The threshold level, set by the user with 
the trigger-level control, feeds one side of the cascode dif­
ferential amplifier through another three-transistor 
buffer. The signal is applied to the other side of the ampli­
fier, which has a gain of about 25. The high hand low 
Cc 6 (capacitance from collector to base) of the IC process 

+sv 

Input 1 

Input 2 

Input 3 

Channel 1 

Channel 2 

Channel 3 

+sv 

- 5 v 

3. The basic analog building block is a three­
transistor buffer circuit with unity gain and good lin­
earity. Exhibiting a high input and a low output 
impedance, it provides a bandwidth of 1 GHz. More 
transistors increases the number of inputs. 
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that is used I;'ermit a bandwidth wider than 600 MHz. 
An alternate common-base path (Q 1 and Q2) inverts 

the signal. Zener diodes shift the output level to drive the 
ECL comparators operating between - 5 V and ground. 

The differential outputs of the emitter-followers (Q3 

and Q4 ) drive a pair of comparators, whose reference volt­
age is about 50 mV less than the common-mode level of 
the emitter-follower outputs. That 50-m V shift provides 
trigger hysteresis and prevents input signal noise from 
creating trigger jitter. The comparators are simple differ­
ential pairs with emitter-follower outputs and with their 
output levels interfacing with the devices in the ECL cell 
library. 

HIGH-SPEED TRIGGER SECTION 

The actual trigger circuit, constructed from prede­
signed high-speed ECL cells that come with the array, has 
a pair of latches, arm and trigger, to realize the trigger 
operation. A signal from the decoding logic (Fig. 2 again) 
activates the normal-sweep trigger mode, and the Holdoff 
signal (THO) enables an arm latch, which resets on the 
first negative transition of the arm comparator after THO 
goes low. 

With a low from the arm latch, the trigger gate latch 
sets on the next negative transition from the trigger com­
parator. Because trigger and arm comparators are driven 
by opposite polarity signals, the trigger occurs on the first 
positive-going threshold crossing following the first 
negative-going crossing, after THO goes low. The hyster­
esis between arm and gate threshold levels prevents the 
trigger from firing on low-level noise near the threshold 
crossing. 

This IC also has circuitry that allows it to function in 
two additional ways. It can be a simple comparator, inde­
pendent of holdoff and not requiring the particular arm­
gate sequence, or a strobed comparator, with the compar­
ison made only when the Strobe signal (STB) is high. The 
three modes are set by two bits in the input serial data 
word. 

The high-speed trigger could be simulated by Tlogs, 
but that software would not provide accurate timing in­
formation. Trigger circuits must operate stably as input 
frequency changes, so the simulation must use Tspice 
with input sine waves of different frequencies. 

DIGIT AL ST ATE-CONTROL LOGIC 

The digital state-control logic for the timing circuit 
comprises an 8-bit shift register, its decoding logic, and 
the source selector decoding logic. It is made up entirely of 
predesigned TECL-1 cells. To make that convenient a li­
brary of Tspice models for all the digital function cells has 
been generated. Those cells are represented by the equiv­
alent of Spice cells. The circuitry can be simulated on 
Tlogs using cells from the standard library. Since Tspice 
and Tlogs have a common input language, a single net-list 



In this business, it's not enough 
just to keep up.You and your system 
have to be fast. Fast in performance. 
Fast to market. 

And thats where Adaptec can help. 
We offer a family of controller 

chips with unusual flexibility. And 
unmistakable speed. 

Our AIC-010 mass storage con­
troller chip is a perfect example. 
It's fully programmable, runs up to 
0 1986, Adaptec, Inc 

24 MHz, and works with any host 
and any storage device. Winchester, 
tape and even optical disk 

We also have other chips that 
help in other ways. Like encoder/ 
decoders, a dual-port buffer control­
ler, fully-integrated VCO and a SCSI 
chip. So you can choose just the 
features you need, and forget about 
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CIRCLE 56 

data transfer rates, a faster time to 
market, and the best possible 
performance. 

So for a brochure, give us a call 
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Adaptec, 580 Cottonwood Drive, 
Milpitas, CA 95035. 

And wave goodbye to your 
competition. 
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description of the source selector logic, for example, can 
be simulated either at the logic level with Tlogs or at the 
circuit level with Tspice by attaching the app-ropriate li­
brary file. By using a single input language for the net list, 
the entire circuit layout is verified at once. D 

Robert Sparkes, a senior design engineer in Tek­
tronix 's Integrated Circuit Operation, has worked for 
the company for six years. He is program manager for 
the QuickChip bipolar arrays and has designed many 
digital and analog circuits. Born in Canada, Sparkes 
received his BA, master's, and doctoral degrees in elec­
trical engineering from the University of Toronto. 

Winthrop (Wink) Gross is IC design manager for the 

+sv 

Input 

- sv 

IC operation. With Tektronix since 1969, he was re­
sponsible for developing the vertical-output amplifiers 
for the Model 7104 oscilloscope and the 2465 portable 
oscilloscope. Gross earned a BA at Harvard University 
and an E lectrical E ngineer degree at Massachusetts 
Institute of Technology. He holds two patents in high­
s peed analog IC design. 

How valuable? 
Highly 
Moderately 
Slightly 
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4. The threshold level of the trigger circuit is set by adjusting a trigger-level control 
on the front panel. That level is fed through a three-transistor buffer to a cascode 
differential amplifier, with the differential output and hysteresis signal applied to 
the arm and trigger comparators (see Fig. 1). 
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lwatsu translates 30 
years of· leadership 

into a line-up of 
unlimited scope 

Presenting multi-channel, multi-function instruments delivering 
extraordinary intelligence, speed and ease of operation. 

CAPTURE SIGNALS UP TO 12.4 GHz with 
lwatsu SAS-8130 Sampling Oscillo­
scope. Features 2 plug-in sampling 
heads, 10-bit 1 k-word memory per 
channel, standard GP-IB, automatic 
waveform search and auto ranging . 
Also saves 15 programs and exe­
cutes sequentially. 

DIGITALLY STORE 100-MHz SINGLE SHOT 
SIGNALS with lwatsu TS-8123 Stor­
age Scope. Features 3000 cm/ µs 

writing speed, 8-bit vertical resolu­
tion, standard GP-IB and digitizing 
speed of 1200 cm/ µs [equivalent to 
40 ps (25 GHz) clock] . 

OBSERVE TWO SIGNALS SIMULTANEOUSLY 
with lwatsu DS-8122 Dual Beam 
Oscilloscope with 3 plug-in compart­
ments. The oscilloscope features 1-
gun, 2-beam high luminance CRT, 
100 MHz Bandwidth and digital dis­
play of data. 

ClwAT;J. 

USE IWATSU'S GENERAL PURPOSE MAIN­
FRAME SS-8120 as a 4-channel 100 
MHz oscilloscope, a 4-channel 
I GHz sampling oscilloscope or 
as an 11 MHz spectrum analyzer, 
depending on plug-in selections. 

PLUG-INS include vertical dual-trace 
amplifier, horizontal dual timebase, 
delay line, vertical and horizontal 
sampling units and digital measur­
ing unit. 

IWATSU INSTRUMENTS INC. 
Instruments of your success. 

430 COMMERCE BOULEVARD, CARLSTADT, NJ 07072 PHONE : (201) 935-5220, TLX. 710-989-0255 
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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/G Px;rM 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-ULTRIXTM 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 II/G PX 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 ~nmn t m I TM 

to: Digital Equipment Corporation, 200 Baker ~ve., West 1 1 _ 
Concord, MA 01742. Or call your local sales office. 

© Digital Equipment Corporation 1986. Oigila l , the Digital logo, DECnet , MicroVAX II , ULTRIX, VAX, VAXsta tion 11 /G PX and VMS are trademarks of Digital Equipmeni Corporation . 
System Vand UNIX arc tradema rks of AT&T Bell Laboratories, Inc.© Massachuseus Institute of Technology. 



BtlOl. Triple 8-bit VIDEODAC, 50 & 
30 MHz, Monolithic, + 5v CMOS, 
40-pin CERDIP. 

Btl02- 8-bit VIDEODAC, 75 MHz, 
Monolithic, +5v CMOS, 22-pin 0.3" 
CERDIP. 

Btl03. Triple 4-bit VIDEODAC, 75 & 
30 MHz, Monolithic, + 5v CMOS, 
28-pin CERDIP. 

Btl06. 8-bit VIDEODAC, 50 & 
30 MHz, Monolithic, + 5v CMOS, 
20-pin 0.3" CERDIP. 

Bt444. 4-bit VIDEODAC, 40 MHz, 
Hybrid, + 5v CMOS, Pin-compatible 
VDAC 444TD. 

Bt452. 4-bit RAMDAC, 16 x 12 Color 
Lookup Table, 40 MHz, Hybrid, + 5v 
CMOS, Pin-compatible to RGB DAC 4TD. 

Bt450. 4-bit RAMDAC, 16 x 12 Color 
Lookup Table, 70, 50 & 30 MHz, Mono­
lithic, +5v CMOS, 28-pin CERDIP 

Bt453- 8-bit RAMDAC, 256 x 24 Color 
Lookup Table, 40 MHz, Monolithic, 
+5v CMOS, 40 pin CERDIP. 

Btl08. 8-bit VIDEODAC, 200 & 300 
MHz, Monolithic, ECL interface, 
28-pin CERDIP or 32-pin flat pack. 

Flock of DACs. 
We promised you the fastest-growing family of high 
speed, high performance data converters and display 
and imaging ICs. And we've delivered. 

Our highly-integrated approach to DAC design 
gives you monolithic parts where before you had to settle 
for hybrids, provides TIL-compatible CMOS compo­
nents where before you had to use power hungry, com­
plex ECL solutions, and delivers bipolar converters 
running at speeds that make high resolution systems 
eminently practical. 

We'll continue to unveil a flock of important 
new DACs in coming months, putting our technology 

I 

to work to deliver solutions that help you build sys­
tems worth bragging about. That's the Brooktree way. 
Make it yours. 

For samples, evaluation kits, or the location 
of your nearest Brooktree representative, call our 
DAC hotline, 1-800-VIDEO IC. Brooktree Corporation, 
9950 Barries Canyon Rd., San Diego, CA 92121. 

619/452-7580. B I TM 

TLX 383 596. l:'(X) ~ 
Brooktree, VIDEODAC and RAMDAC are trademarks of Brooktree Corporation. 

1985 Brooktree Corporation. Pat. Pending. 
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DESIGN ENTRY 

ELECTRONIC DESIGN EXCLUSIVE 

Large-scale ASIC library merges 
microprocessor peripherals 
Andrew Haines 
VLSI Technology Inc., 1101 McKay Dr., San Jose, CA 95131; (408) 434·3000. 

One-chip microprocessors that include on-board 
peripheral circuits offer many adva ntages over 
those that do not. Such devices typically combine 
8-bit microprocessors , seri a l 1/ 0 ports, direct­
memory-access controllers, and timer/ counters. As 
a result, they cut chip count and printed circuit 
board space, shrink design time, and simplify inter­
face problems. Perhaps most important, these parts 
improve reliability. For these reasons, they are in­
creasingly important to system designers. 

Fitting peripheral /Cs 
together can be a 
stumbling block. To 
the designer's rescue 
come an ASIC device 
technology that weds 
glue and peripherals. 

However, as standard 
products addressing a 
multitude of needs, they 
risk meeting none of 
them best. For example, 
a device may have too 
few timers or serial 
lines, or its OMA con­
t ro 11 er may be the 
wrong type , forcing a 
designer to compensate 
by adding other chips. 

For the first time, the technology for building 
application-specific ICs (ASICs) can help solve the 
problem by giving designers the raw material and 
tools to tailor a chip that includes only the parts they 
need. A library of popular 8086 and 8088 micro­
processor peripheral devices, called megacells , 
includes CRT, DMA, bus, and programmable in­
terrupt controllers, as well as an asynchronous com­
munications element. The library also contains such 
general-purpose circuits as a timer / counter, clock 
generator and programmable peripheral interface 
and four byte-wide CMOS memories. The memo­
ries consist of two RAMs, lk-by-8 and 256-by-8 
bits, and two ROMs, lk-by-8 and 4k-by-8 bits. 

But a megacell library alone is not enough to 
make a complete peripheral circuit. The system is 
one of the first to include a microprocessor bus 
structure, as well as a standard-cell library, with 
which users can create their own functions . In addi­
tion, the development system's CAE software tools 

enable engineers to analyze a design quickly and ac­
curately. Furthermore, packaged versions of each 
megacell are available for checking out a system be­
fore designing the ASIC. Engineers can plug these 
versions directly into an existing system to ensure 
that they will perform correctly in the surrounding 
software and hardware. 

The combination of peripheral and standard cell 

Address 

- ! AC 
t cEN 

Chip select 

t AAW t RWEN 

Read 
IORNWor 
MEMRNW Write 

t AEN t ENW 

IOEN or 
MEMEN t END 

Read data---------< 

t e N OH 

Write data-------< 

Key to abbreviations 

Symbol Parameters Minimum (ns) Maximum (ns) 

t AC Address to chip-select delay 
IAEN Address to enable delay 
IARW Address to read-write delay 
tceN Chip select to enable setup time 
tDEN Write data to enable setup time 
teNA Enable to ock:ll'ess hold time 
teNC Enable to chip-select hold time 
teND Enable to reod-doto delay 
feNDF Enable to data-bus float 
teNDH Enable lo write-data hold lime 
IENRW Enable to read-write hold lime 
teNw Enable pulse width 
IRWEN Read-write to enable setup time 

0 
40 
0 

10 
so 
10 
10 

so 
5 30 

10 
10 
so 
10 

1. In the megacell ASIC architecture, the 
microprocessor bus acts like a standard 
system bus, making simple work of connect­
ing large-scale cells and other logic through­
out the chip . Reading and writ ing starts when 
the system processor addresses and selects a 
megacell and then chooses an operation. 
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libraries goes beyond the core microprocessor concept. 
Each megacell meshes optimally with the other library 
elements; all cells are a standard height. Jn addition, be­
cause the locations of buses, control signals, and power 
lines are standardized, all library elements connect in the 
same way and in a straight line. As a result, layouts make 
the most efficient use of silicon . Such efficiency is es­
pecially important in bus-oriented microprocessor de­
signs, where meandering buses can consume valuable 
chip area. 

SUPERIOR IMITATIONS 

The microprocessor peripherals, built with 2-,um , 
double-metal CMOS, duplicate the functions of standard 
products. But they use less power and perform about 75% 
faster than their NMOS counterparts. Equally important 
to a one-chip system are the SSI and MSI functions . The 
standard-cell components, dense and compact, fit an aver­
age of two transistors into l mil 2

, and the cell height is 
only 72 ,um. 

Designers can incorporate memory elements into the 
integrated system in three ways. They can access the 
CAE software's compiler through a display window and 

2. Unlike most other software that places functional 
blocks and routes their connections, the megacell 
system can automatically route the second metal 
layer over a cell (arrow). The metal requires no 
feedthroughs or paths between cells. That ability is 
critical because it caps the die size for single-chip 
systems that might otherwise grow too large. 
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specify the memory's length , word width , and per­
formance . Then the compiler automatically generates a 
physical layout, simulation model, and schematic symbol. 
Another approach is simply to have the megacell vendor 
compile the memory and supply the simulation model and 
schematic. The third choice is one of the bytewide memo­
ries in the megacell library. 

The VTlbus, the megacell system's standard bus , 
makes a simple link between the various integrated.com­
ponents. The bus architecture and operation mimic a 
standard microprocessor bus (Fig. l ). Reading and writ­
ing operations begin when a system processor addresses 
and selects a particular megacell and chooses the oper­
ation. 

For I/ O operations, the processor controls line IO­
RNW; for memory operations, it switches MEMRNW. 
Data transfers when the processor holds the correspond­
ing enable line, either IOE or MEMEN, high for at 
least 50 ns. When data is being read, it appears on the 
megacell output within 50 ns of the enable line going into 
its high state. For writing, the processor must put data on 
the bus at least 50 ns before the enable line returns to a 
low. 

The simple interface is similarly defined for all mega­
cells, regardless of their bus requirements. Moreover, 
standard microprocessor interfaces can be created for off­
chip connections. 

TOOLS OF THE TRADE 

No library would be adequate without suitable soft­
ware to place and route cells. For this, the megacell soft­
ware takes full advantage of CMOS' two metal layers. 
Unlike commercial systems, which require a feed through 
or routing path between cells, the megacell approach au­
tomatically routes second-layer wires over cells wherever 
possible (Fig. 2). As a result, die size decreases. 

Though microprocessor peripherals make particularly 
heavy demands on automatic design tools, the megacell 
system solves the difficult problem of placing blocks of ar­
bitrary height among blocks of standard height. In addi­
tion, a proprietary editor takes a hierarchical approach to 
placing symbolic elements. Final placement occurs after 
routing, during a "compaction" phase, which closes the 
space between cells. 

In addition to placing, routing, and schematic entry 
software, the CAE package includes such verification 
tools as a functional simulator and test description lan­
guage. The functional simulator is dramatically faster 
than the gate-level ones that most device manufacturers 
require. What's more, it suits microprocessor systems, 
which can have up to 15,000 gates, and, consequently, are 
slow to simulate at the gate level. Thus, it avoids the de­
lays that invite designers to take shortcuts and therefore 
compromise a design's integrity. 

The simulator's display window accepts a large number 



of commands and provides both waveform and text out­
puts. Using a hierarchical approach, designers first work 
on subblocks and then individual blocks of a design. The 
final task is on the interaction between the blocks. 

A TASTE FOR TESTING 

Because the functional model written for each mega­
cell comes thoroughly tested, no effort goes into simu­
lating their complex functions; only the interaction be­
tween megacells must be checked. 

Each megacell has its own test program, which is iden­
tical to that of the part 's standard product. Therefore, the 
two versions respond in the same way to the same test. In 
addition, test modes are built into chips that contain mul­
tiple megacells. The modes access the internal bus and al-

low off-the-shelf tests to exercise individual megacells. As 
a result, the devices are easier to test thoroughly and the 
megacell operates just as its standard product version 
does. 

Designers apply VTitest, the test (and simulation) de­
scription language, in a hierarchical manner from the bot­
tom up. First, they define a sequence of vectors (Is and Os) 
that perform a particular operation. Once described, the 
vectors can be shared by as many operations that need 
them, thus simplifying the job of specifying those oper­
ations. For example, read and write cycles would natu­
rally share a vector pattern. 

Moreover, once it is described and named, an operation 
can be combined with others to form higher-level func­
tions that can be called by a single command. The com-

3. A floor plan of a design integrates two typical microprocessor peripheral 
circuits, an 8254 timer-counter and an 8250 serial 1/0 port. Also on board are 
small functional elements, namely a clock generator, address decoder, and 
keyboard interface, as well as glue logic. The ASIC compresses 30 in. 2 of cir­
cuit consuming 6.5 W into a 1-in.2 device using only 0.5 W. 
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mand, in effect, invokes hundreds of test vectors. The 
functions can also take parameters. For example, writing 
a sequence of bytes is performed with repeated references 
to the same operation, changing only one parameter, 
which is passed to the write function each time it is called. 
Working at the functional level , it also easier to predict a 
circuit's output and verify that the prediction matches the 
output of the simulated circuit. 

The floor plan (Fig. 3) of a chip shows how peripherals 
are integrated to solve a problem faced by many micro­
processor system designers. Taken individually, the chip's 
functions correspond to those of an 8254 timer / counter, 
8250 serial I/ O port, clock generator, address decoder, 
glue logic, and keyboard interface. The combination of 
those functions applies to a wide range of electronic sys­
tems, including personal computers, telecommunication 
systems, and industrial controls. 

TIMING AND 1/0 

The timer / counter and serial 1/ 0 port are popular LSI 
peripherals common in 8086 and 8088 microprocessor 
systems. In this case, the processor is an 8088. The timer/ 
counter supplies the system's general-purpose timing 
pulses; the I/ Oline carries serial communications. In 
addition , the clock generator divides the incoming 
4.77-MHz reference signal into appropriate timing pulses 
for the timer/ counter, UART, and keyboard interface 
circuits. 

The address-decoding logic selects system devices . It 
turns A0 through A9 of the processor's address lines into 
enabling signals that travel on chip and off. The on-chip 
signals select the I/ O ports, keyboard logic, and the LSI 
peripheral logic. Off-chip, the signals select peripheral 
devices, such as a floppy disk, OMA controller, and real 
time clock and calendar. 

The keyboard logic converts serial data from a key­
board into bytes, and double buffers it to ensure integrity. 
On receiving data, the logic also interrupts the processor. 
The glue logic performs the remaining tasks- to control 
an external audio output port, generate a nonmaskable in­
terrupt when a memory parity-error occurs, and control 
bidirectional three-state data buffers. 

A CONVINCING COMPARISON 

The ASIC circuit occupies a single 68-pin package and 
1 in. 2 of board space and dissipates less than 0.5 W. If 
built conventionally, the same design would require two 
24-pin LSI circuits and 22 TTL devices of MSI scale. It 
would consume 30 in . 2 of space and 6.5 W of power. In ad­
dition, the many solder joints throughout the board would 
make it less reliable. 

What does it take to design the circuit as an ASIC? 
Since the megacell library includes the serial I/O port 
and the timer/ counter, those are included as ready-made 
functional blocks. Moreover, because the megacells cor-
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Price and availability 
Individual megacells cost from $3000 to $6000, 
depending on their complexity . The price in· 
eludes a packaged version of the cell , simu· 
lotion model , test program, and icons for the 
physical and logical design schematic. Mega· 
cells are available as software for customers ' 
engineering workstations or through facilities at 
design centers. CIRCLE 502 

respond exactly to their standard component counter­
parts, existing software can be used . Furthermore, con­
necting the megacells is no problem for designers familiar 
with popular 8-bit busing concepts, and the glue logic is 
readily available, as it comes straight from the standard­
cell library. 

All library components appear as standard logic sym­
bols and are handled by the schematic editor. The editor 
offers simple pop-up menus and a mouse interface, mak­
ing it especially easy to enter the design. The schematic, 
once entered, supplies the database for the simulation 
phase to follow. In addition, it also documents the project 
and creates a net list to be compared with that of the phys­
ical layout. 

SIMULATE FOR SUCC ESS 

The simulation phase invokes the functional models of 
the standard cells and megacells . The full simulation 
takes about 65% less time than a gate-level model would. 
Then, using the test description language, the resultant 
circuit outputs can be checked against those predicted. 
For example, obviously a serial stream of ls and Os from 
the keyboard should produce bytes of alternating 1 s and 
Os from the keyboard interface every eighth bit time. It is 
simpler to predict the output working with the high-level 
representation of the keyboard function , rather than its 
gate-level descriptions. 

Once verified, the design database enters the vendor's 
prototype and manufacturing process through a network 
of design centers linked to the manufacturing facility. 
From that point, typical turnaround for prototype chips is 
8 to 12 weeks.D 

Andrew Haines is a manager for strategic marketing 
for VLSI Technology 's ASIC division. During his five 
years with the company, he has also served as a mar­
keting manager for ASIC design tools and gate-array 
products. He has a BS inphysicsfrom the University of 
Wisconsin . 
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NOW-A68020 
DEVELOPMENT SYSTEM 

~~~~~~~W-~e~velop- FOR BOTH SOFTWARE ~a~~~~::1~~i~:r's 
~~~~s:~~~~!f~~~~:fttorola AND HARDWARE !~:~~~~~~~n~~~~ ex;:~t all 

makes the software engineer ENGINEERS from Tektronix. Multi-
more productive without compro- processor designs are easily han-
mising the hardware engineer's died by a high-speed trigger bus 
needs. The next generation in The Software Executer expands which ties real-time emulators to-
microprocessor development, it is the software engineer's tools by gether in one mainframe. For team 
an integral part of Tek's Computer providing a known good development, multiple tools can 
Aided Software Engineering environment. Code runs at pro- reside in the same mainframe, and 
(CASE) program, and offers Local cessor speeds with the productiv- be accessed via RS-232 or LAN 
Area Networking (LAN), real-time ity benefits of a development on any VAX™/MicroVAX™ system 
multi-emulation, 9 MB of program system. Floating point support under ULTRIX™ or VMS™. 
memory, "C" tools, integrated HLL (68881 or 80287) is standard with Multi-V-the preferred system 
debug, and much more. both software executer and for both software and hardware 
Multi-V System is the software emulator. engineers- is integral to Tek's 
engineer's ideal development Computer Aided Software 
environment. Powerful C Lan- Engineering (CASE) program. 
guage Development System This growing toolset cluster from 
(C-LANDS II) simplifies embedded Tek's Software Development Prod-
microprocessor designs. An lnte- ucts Division demonstrates Tek's 
gration Control System (ICS) commitment to software tech-
transparently handles configura- nology. For more information, con-
tion management of prototype tact your Tek representative or call 
resources. The integrated debug today: 1-800-342-5548. 
system enables complex debug 
routines in both assembly and 
high level languages. 

VAX. MicroVAX, VMS and ULTRIX are trademarks of Digital 
Equipment Corporation. 
Copyright c 1986 by Tektronix, Inc . All rights reserved . MIA604 
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CASE: From concept to completion, 
Tek's tools take you all the way. 

I 

COMMTTEO TO EXCEU.ENCE 



How sure are you of your 
Instrument Specialties can 

• provide you with Certified· Testing~M .. 
• document with computer print-outs ... 
• recommend corrections if necessary! 

What is Certified Testinfi? 
Certified Testing is Instrument Specialties' name for its auto­
mated test program that evaluates the effectiveness of the 
interference control built into the equipment being tested. It is 
available only from Instrument Specialties. State-of-the-art 
emissions and susceptibility measurements over the range 
of 20 Hz to 20 GHz up to 20 V/m .. . RF gasket evaluation .. . 
FCC/VDE/CISPR and MIL-STD-461A/B tests ... TEMPEST 
facility measurements per NACSIM 5203 and 5204 require­
ments .. . all can be performed and documented, depending on 
your needs. 

How do we test? 
> •"'lft:- · ..., 

(~) I ii EE!+j 

ll g G[I . @l) G 

Tests are computer-controlled, to provide customized testing 
with precise results, repeatability, and hard-copy documentation 
to be included in your test reports. In addition to those tests 
mentioned above, shielding can be tested to MIL-STD-285, 
IEEE 188, NSA, etc. RF gaskets are tested using the SAE 
ARP-1705 transfer impedence method, to 140 dB. Computers 
and proved software, plotters, signal sources, oscilloscopes, 
meters, receivers, amplifiers and antennas are employed in 
a quantity and degree of sophistication not available even to 
most manufacturers of Class A and B devices. In fact, few, if any, 
other test facilities in the U.S. have a comparable array of equip­
ment, calibrated and trace­
able to the National Bureau 
of Standards! 



Interference Control? 
Where do we test? 
Your place or ours! If your equipment is portable, 
we'll conduct your tests in our new shielded en­
closures, including semi-anechoic (non-echoing). 
Commercial tests are confirmed in an open field test 
site, itself tested in accordance with FCC stan­
dards. Originally developed to ensure performance 
of our own EMC shielding 
strips, these superb facilities 
are available to you on a daily 
basis. Engineering help is also 
available on request. On the 
other hand, when on-site test­
ing is required , we 'll gladly 
come to you with nur portable 
laboratory instruments. 

What do you get? 
............... , ..... c: .......... c.,.. ....... . .... _ ... ,,,_ ............ .. 
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We've been told our Test Reports are the 
best in the industry. More detailed, and 
much clearer, since you get a continuous 
sweep of frequency spectrum-not just a 
few hand-plotted points. You get computer 
print-outs and documented data which 
meet both FCC and military audit require­
ments. And, if desired, we can supply you 
with engineering consultation leading to 
specific recommendations and verification. Final!y, our strict non­
disclosure policy assures that only you or your designees receive this 
valuable data. 

For more information on rates and schedule availability, or to 
discuss your specific needs, phone and ask for EMC Customer 
Service. Or, write us at Dept. ED·29 • 

• 1 INSTRUMENT SPECIALTIES COMPANY, INC. 
~ P.O. Box A • Delaware Water Gap, PA. 18327 

Phone: 717-424-8510 • TWX: 510-671-4526 

Specialists in interference control since 1944 
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RGI YOUR PC~ 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 67 

1055 St. Regis Blvd. 
Dorval, Quebec, Canada 
H9P 2T4 
Tel: (514) 685-2630 
Tix: 05-822798 



DESIGN APPLICATIONS 

ELECTRONIC DESIGN EXCLUSIVE 

Fast modem designs benefit 
from DSP chip's versatility 
John Roesgen 
Analog Devices Inc. , Two Technology Way, Norwood, MA 02062·0280; (617) 3294700. 

This is the last in a series of four articles de­
tailing a new digital signal processor with many 
applications. Previous articles introduced the 
ADSP-2100 (Feb. 20, p . 131 ), covered its ver­
satility in imaging and machine vision systems 
(March 20, p . 135), and showed how it succeeds 
in linear predictive coding analysis for speech 
(April 17, p . 153). 

To send data at more than 4800 bits/ s over the 
limited bandwidth of telephone lines, modems use 

Quadrature amplitude 
modulation is one 
modem task this DSP 
chip handles. Its high 
density simplifies de­
sign; a dual bus 
speeds operation. 

quadrature amplitude 
modulation and thus 
mandate digital signal 
processing. As the data 
rate climbs above 9600 
bits / s (as high as 
19 ,200 bits / sin some 
recent modems), the 
computational demands 
become particularly 
severe. For instance, 
error-correcting codes 

must be applied to the data stream to maintain ac­
ceptable performance. Furthermore, bidirectional 
fast transmission over a single phone line requires 
either echo cancellation or rapid signal reversal to 
quickly change direction. 

Because that level of complexity cannot be met 
by current single-chip signal processors, designers 
have turned to multiple processor configurations, 
bit-slice architecture, and custom VLSI. Those ave­
nues, however, not only require longer and more dif­
ficult design cycles than a single-chip processor but 
also extort a higher cost. 

Now, the ADSP-2100 DSP microprocessor 
packs enough horsepower to single-handedly tackle 
high-speed modem tasks. Its dual-bus architecture, 
on-chip cache memory , parallel arithmetic units, 
and powerful program sequencer combine to ac­
commodate the many required algorithms. In addi­
tion, extensive development tools reduce both hard­
ware and software design time. 

In operation, external program memory supplies 
instructions to the processor and stores coefficients 
for the various filters, while the external data 
memory holds internal processing variables, sample 
buffers, and filter delay lines (Fig. 1 ). The large ad­
dress range of the chip gives plenty of storage space 
in both memories. 

The digital interface section ties the modem to 
the terminal or computer equipment. A serial 
transmitter / receiver maps into the processor's 
data-memory address space as a peripheral device, 
as does a receiver tracker, which keeps the receiver 
bit clock synchronized to the transmitter at the f~r­
end modem. The transmitter tracker establishes 
timing for the local transmitter, and both tracker 
circuits generate processor interrupts to synchro­
nize the software. Those interrupts are serviced by 
the chip with almost no overhead. 

The telephone line connects to the modem 
through an analog interface, with three devices in 
that section memory-mapped to the processor . A 
digitally programmed automatic gain control (age) 
circuit normalizes the incoming signal to a prede­
termined level. After filtering, an analog-to-digital 
converter generates samples of the received signal 
and passes them to the processor. On the transmit­
ting side, a d-a converter takes samples from the 
processor and generates an analog output signal, 
which is then filtered and coupled to the transmit­
ting line. 

Depending on the complexity of the nonDSP 
tasks (front panel displays and network-control fea­
tures, for example), a host microprocessor may be 
desirable, connected most simply through the pro­
gram memory interface. With the bus request and 
grant signals on the chip, the host gains direct ac­
cess to the program memory. Consequently, it can 
download processor programs and control their exe­
cution. The interface can also accommodate data 
exchanges between the two processors. 

While the heart of a modem lies in its signal­
processing software, modem performance depends 
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on the processor's ability to execute a variety of software 
tasks in real time. Generally, those tasks fall into two ma­
jor groups: tasks that perfo rm the transmitter function 
and tasks that perform the receiver function. 

SCRAMBLED DATA 

The transmitter section (Fig. 2) converts the incoming 
digital bit stream to an analog form compatible with the 
telephone channel. First it scrambles the data in a pseudo­
random fashion, making the spectrum of the transmitter 
output resemble white noise to use the channel bandwidth 
more efficiently. The operation eases the recovery of the 
carrier and timing signal at the receiving end. 

After "whitening" the output spectrum, the transmit­
ter converts the scrambled serial bit stream into parallel 
multibit words called symbols. The number of symbols 
depends on the modulation structure. At 9600 bits/s, four 
bits define a symbol, and 16 symbols are used. The symbol 
rate is therefore one-fourth of t he da ta rate, or 2400 
symbols/s. Higher data rates require more symbols to 
keep the symbol rate lower than the channel bandwidth. 

The encoder maps each symbol into a particular combi­
nation of carrier amplitude and phase. If an error-cor-

recting code is used, the redundant bits are computed and 
added to the output at this point. Since the phase informa­
tion is usually encoded differentially, each symbol gener­
ates a change from the previous phase rather than gen­
erating an absolute phase. The result is a complex number 
representing the desired amplitude and phase of the car­
rier for each symbol interval. 

The multiplier unit modulates the encoder output by a 
complex carrier to convert the frequency spectrum into 
the channel's pass band . An interpolating digital filter re­
ceives the modulated carrier, increases the sample rate, 
and removes some of the repetitions within the spectrum. 
A d-a converter changes the real output of that filter to 
analog form, which becomes the modem's audio output. 

The receiver section (Fig. 3), which recovers the trans­
mitted data, is not as straightforward as the transmitter. 
Since the channel loss is unpredictable, it first normalizes 
the incoming signal through an age circuit. After con­
verting the normalized signal to digital form, a phase­
splitting filter recovers the imaginary part and reduces 
the sample frequency to the symbol rate. 

If the channel were perfect, the output of the phase­
splitting filter would be identical to the input of the trans-
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1. The ASDP-2100's dual bus structure speeds operanon oy a11owmg tne DSP microprocessor to fetch instruc­
tions and data simultaneously. The digital interface connects the modem with the data terminal equipment 
or to the computer. With d-a and a-d converters, the analog interface ties the modem to the phone line. 
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mitter's interpolating digital filter, and the receiver could 
simply demodulate the signal to recover the data . How­
ever, the channel amplitude and phase characteristics are 
not uniform. They vary widely from channel to channel 
and may also change over time on a single channel. Since 
the carrier amplitude and phase contain the information, 
equalization must compensate for any distortion . Fur­
thermore, because the equalizer is adaptive, it can adjust 
to any channel and track any changes. 

Multiplication by a local carrier demodula tes the 
equalizer output. At this point, since the signal may still 
be corrupted by noise or short-term channel disturbances 
that the equalizer cannot track, its amplitude and phase 
may not exactly match that of the original transmitted 
signal. Fortunately, as the receiver has been programmed 
for the allowable amplitude a nd phase combinations, it 
decides which of these is closest to the received signal , 
usually by choosing the reference combination with the 
smallest Euclidean distance (in real-imaginary space) to 
the received signal. However, if convolutional error­
correcting codes are used, a far more complex search al­
gorithm must make the decision. 

In either case, an error computation compares the deci­
sion output to the received signal and calculates an error 
vector. As long as the decision is correct, the error vector 
indicates how far the received signal deviates from its 
ideal amplitude and ph ase. A second multiplier re­
modulates the error vector into the pass band and drives 
the equalizer coefficient update algorithm. The error a l­
gorithm feeds back the phase component of the error to 
the local carrier generator, keeping the received carrier 
synchronized to the transmitted carrier. 

DESCRAMBLED DATA 

The receiver's last three blocks invert the operations 
performed by the first three blocks of the transmitter. The 
decoder maps the received amplitude and phase into a 
multibit symbol and converts it to a serial bit stream. De­
scrambling the stream recovers the original data. 

Though all the functions generate a substantial quan­
tity of software, a few critical tasks produce most of the 
processing burden and limit modem performance. The 
modem receiver's adaptive equalizer accounts for the 
largest part of the total processing demand. It consists of a 
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2. By converting the received digital signal into analog form, the transmitter section enables digital equip­
ment to send its information over ana log telephone lines. To do this, first it "whitens" the spectrum of the sig­
nal in the scrambler, thus ea sing recovery of the carrier and timing signal at the receiving end. To control 
precision and repeatability, the transmitter performs all its functions digitally (a). Because the receiver sec­
tion (b) contains most of the processing functions, it accounts for most of the signal-processing demand. 
That results from signal degradation on a telephone line. Since the channel is imperfect, equalization com­
pensates for distortion, and a decision algorithm corrects for added noise. 
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filter routine and a coefficient adaptation algorithm. The 
equalizer filter uses a finite-impulse-response structure, 
while the coefficient adaptation employs a least-mean­
squared algorithm. They are coded into subroutines and 
called from an executive program. 

A subroutine for the filtering portion of the equalizer 
demonstrates the microprocessor's efficiency in dealing 
with complex numbers (Fig. 4, left). Both the samples and 
the coefficients have real and imaginary parts, which are 
kept in separate buffers to simplify access. Coefficients 
are stored in the program memory and samples in data 
memory, enabling them to be fetched simultaneously. 

Input and output variables pass through internal regis­
ters. Each time the subroutine is called, it processes an in­
put sample and produces an output sample. Index regis­
ters are set up with pointers to the filter sample buffer 
(delay line) and coefficient storage area . Preloading the 
length registers with the filter order triggers the modulo­
addressing capability, ensuring that the pointers will be 
confined to their respective buffers. 

Equalizer Filter Subroutine 

L - 1 

The filter code contains two Do . . . Until loops, both 
without overhead cycles. The first computes the real part 
of the output using only two instructions. One instruction 
accumulates the products of the real coefficients and the 
real samples; the other subtracts the products of the imag­
inary coefficients and the imaginary samples. The second 
Do . .. Until loop computes the imaginary output by ac­
cumulating the cross terms (real X imaginary and imag­
inary X real), again using two instructions. 

The Do ... Until structure imposes no penalty for loop 
sequencing. Fetching of samples and coefficients parallels 
the computation. Even though the coefficients are fetched 
from program memory, the program flows without inter­
ference because the internal cache memory supplies the 
loop instructions after the first pass. 

The modem accomplishes other major filtering oper­
ations with similar routines. For instance, as in the equal­
izer the transmit filter also uses complex inputs and com­
plex coefficients to compute the real output. Similarly, the 
phase-splitting filter produces a complex output from real 

Algorithm: Yr (N) = SUM (Hr (K) • Xr (N-K) - Hi (K) • Xi (N - K)) 
K = O 

CMPXFIR: 

REALLOOP: 

IMAGLOOP: 

L - 1 
Yi (N) = SUM (Hr (K) • Xi (N-K) + Hi (K) • Xr (N - K)) 

K = O 

Input: AXO contains real input Xr. AX1 contains imaginary input Xi, 
10 points to starting place in real delay line 
11 points to starting place in imaginary delay line 
14 points to real coefficients 
15 points to imaginary coefficients 
LO contains filter order 
L 1 contains filter order 
L4 contains filter order 
LS contains filter order 
MO contains 1 
M4 contains 1 

Output: SR1 contains real output Yr. MR1 contains imaginary output Yi 

Execution Cycles: (4 • L) + 24 

DM (10. MO) = AXO; 
DM (11. MO) = AX1 ; 
AYO = LO: 
AR = AY0 - 1; 
CNTR = AR; 

where L is the filter order 

MR = 0. MXO = DM (11 , MO). MYO = PM (15. M4): 
DO REALLOOP UNTIL CE: 

MR = MR - MXO • MYO. MXO = DM (10. MO). MYO = PM (14, M4): 
MR = MR + MXO • MYO. MXO = DM (11. MO), MYO = PM (15. M4); 

MR = MR - MXO • MYO. MXO = DM (10. MO). MYO = PM (14. M4); 
MR = MR + MXO • MYO (RND); 
SR1 = MR1 ; 
CNTR = AR; 
MR = 0. MXO = DM (10. MO), MYO = PM (15, M4): 
DO IMAGLOOP UNTIL CE; 

MR = MR + MXO • MYO. MXO = DM (11. MO). MYO = PM (14, M4); 
MR = MR + MXO • MYO. MXO = DM (10. MO). MYO = PM (15. M4): 

MR = MR + MXO • MYO. MXO = DM (11. MO). MYO = PM (14. M4): 
MR = MR + MXO • MYO (RND): 
RTS; 
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Store Xr in delay line I 
Store Xi in delay line I 
Subtract 1 from filter order 

Load loop counter I 
Clear MR. Get Xi, Get Hi 

I Xi • Hi. Get Xr. Get Hr I 

I Xr •Hr, Get Xi. Get Hi I 
Xi • Hi, Get Xr. Get Hr 
Xr ·Hr I 
Save Yr I 
Load loop counter I 
Clear MR. Get Xr. Get Hi 

Xr • Hi . Get Xi . Get Hr I 
Xi • Hr. Get Xr. Get Hi 
Xr ·Hi . Get Xi. Get Hr 
Xi· Hr I 



inputs and complex coefficients, requiring only minor al­
terations to the equalizer filter code. 

Sample rate changes through filters are also easily 
done by adjusting the two M register values. Those values 
modify the coefficient and data pointers after each 
memory access. The ratio of the M register values deter­
mines the input-to-output sample ratio. To effect a sam­
ple rate increase of four, the data pointer would be moved 
by one, but the coefficient pointer would be moved by 
four . Or moving the data pointer by four and the coeffi­
cient pointer by one yields a sample rate decrease of four. 

The program adapts the equalizer filter coefficients in 
small steps. Each time a new error vector becomes avail­
able, the coefficients get closer to their ideal values. A 
subroutine for the adaptation algorithm updates each 
complex coefficient in only six cycles (Fig. 4, right). In­
puts to the routine include pointers to the sample and co­
efficient buffers, pointer modification values, and the er­
ror vector. The output is a set of updated coefficients. 
Combining arithmetic operations with a memory access, 
the six instructions in a single Do ... Until loop perform 

all the work. That loop updates the real and imaginary 
parts of each coefficient, based on the corresponding sam­
ple in the filter delay line and the error vector. Sharing the 
computational load, the multiplier-accumulator com­
putes the update terms and the ALU adds them to the co­
efficient. The processor then writes the new coefficient 
back into program memory and can proceed to the next 
filtering operation. 

Another time-consuming task is the received signal 
decision. In the simplest method, the processor compares 
each received sample to all the possible transmitted val­
ues, and chooses the nearest one. One comparison mea­
sure is Euclidean distance in the real-imaginary plane, 
with the best choice being the point at the least distance 
from the received sample. 

Assembly code for the received signal decision executes 
this task in just nine cycles per comparison. Inputs to the 
routine are the received sample, the total number of refer­
ence points, and a pointer to the memory buffer contain­
ing the reference coordinates. The reference points repre­
sent the allowable transmitted signal values, one of which 

Equalizer Filter Coefficient Adaptation Subroutine 

UPDATE: 

COEFLOOP: 

ENDMOD; 

Algorithm: Hr (K) = Hr (K) - Er • Xr (N - K) + Ei • Xi (N - K) 
Hi (K) = Hi (K) - Er • Xi (N - K) - Ei • Xr (N- K) 

Input: 10 points to Xr buffer. 11 points to Xi buffer 
14 points to Hr buffer 
15 points to Hi buffer 
LO contains filter order 
L 1 contains filter order 
MO contains 1 
M4 contains O 
M5 contains 1 
MXO contains Er 
MX 1 contains Ei 
CNTR contains number of complex coeffic ients 

Output : Coefficient s updated in coefficient buffers 

Execution Cycles: ( 6 • N) + 8 
where N is the number of complex coefficients 

MYO = DM (10, MO); 
MR = MXO • MYO, MY1 = DM(11. MO): 
DO COEFLOOP UNITL CE; 

MR = MR - MX 1 • MY 1 (RND). A YO = PM (14,' M4); 
AR = AYO - MR1 . AY1 = PM (15. M4): 
PM (14. M5) = AR. MR = MXO • MY1; 
MR = MR + MX 1 • MYO (RND). MYO = DM (10, MO): 
AR = AY1 - MR1 . MY1 = DM (11 . MO): 
PM (15, M5) = AR. MR = MXO • MYO; 

RTS; 

I Get Xr I 
Er • Xr. Get Xi I 
Ei • Xi, Get Hr j 
Hr - Er • Xr + Ei • Xi. Get Hi 
Stare Hr. Er • Xi l 
Ei • Xr. Get Xr I 
Hi - Er • Xi - Ei • Xr, Get Xi 
Store Hi. Er· Xr I 

4. In the eq ualizer fil ter subroutine (left), the m icroproc essor deals with complex numbers. 
Separate buffe rs conta in the real a nd imag inary parts of both the samples and the coeffi­
cients. The equalizer filter coeffic ient adaptation subroutine (right) updates each complex 
coeffic ient in six cycles, producing a set of updated coeffic ients. 
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will be returned to the calling program as the receive deci­
sion. 

The parallel arrangement of arithmetic units permits 
flexible operation sequencing in loop instructions, for ex­
ample. Computation of Euclidean distance requires a 
sum of squares of differences; that is, two subtractions fol­
lowed by two multiplications followed by an addition. 
This nonstandard succession generates much data­
shuffling overhead in a serially organized machine. 

The remainder of the loop compares each new distance 
with the previously found minimum distance. If the new 
one is smaller, it becomes the minimum, and the loop 
counter value is saved as an index. After all the distances 
are computed and compared, the subroutine returns the 
minimum distance and the corresponding reference index 
to the calling program. The program interprets the refer­
ence index as the received signal decision, and the min­
imum distance is the squared length of the error vector. 

The software routines that have been described ac­
count for a large portion of the total processing load in a 
high-speed modem. The chip's performance for these 
tasks can be calculated using the execution cycle formulas 
given in the subroutine headers. A standard 9600 bit/s 
modem will be assumed. A 40-tap equalizer needs 184 cy­
cles for the filtering operation and 248 cycles to update 

Laser diode technology has made high speed barcode scanning 
possible in less space than ever before. 

The MS-1000 is the world's smallest fixed mount, moving beam 
barcode scanner. Measuring a mere 2.3" x 4.0" x 4.7", it will help you 
meet the most stringent space limitations. 

Although small in size, the MS-1000 is BIG 
in perfonnance. At 400 scans per second, it 
rivals even the larger, more expensive laser 
scanners in its ability to read small , fast moving 
labels. And other features , like wide field of 
view, adjustable focus, large depth of field and 
very low power consumption make the MS-1000 

the coefficients. Because the transmit filter has no imag­
inary output, and the phase splitting has no imaginary in­
put, they execute twice as fast as the equalizer. If both of 
these filters have 30 taps, they require 72 cycles each. A 
receive signal decision with 16 reference points uses 148 
cycles, yielding a total of 724 cycles. 

Since each routine runs 2400 times/s, 1,737,600 pro­
ce&~')r cycles are used every second. Since the chip exe­
cutes 8 million cycles/s, the loading on the processor is 
22%. This relatively small number for such a major por­
tion of the modem indicates an ability to handle even 
more sophisticated algorithms and higher data rates than 
indicated here.D 

John Roesgen, a staff engineer at Analog Devices and 
the principal architect of the 2100. joined the Digital 
Signal Processing Division in 1982. Roesgen has a 
BSEEfrom the University of Connecticut. 
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Complementing the MS-1000 scanner is the ML-series of decoder 
boards that support all of the major industrial and retail codes. These 
decoders take full advantage of the MS-1000 's scanning speed by using 
realtime hardware decoding techniques. Each and every one of the 

400 scans per second is decoded as it is scanned 
With both serial and parallel ports, and a variety 
of programmable hardware signals, interfacing 
to just about any host system-micro or main­
frame-is fast and easy. 

Unmatched for price/ performance value, 
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During IC layout, hierarchical design 
delivers dramatic productivity gains. 

But during global cell modifications, it 
can also leave you hopelessly blind . 

Some layout editors let you see the one 
cell you're editing, but completely hide the 
global impact on other cells. 

Other editors let you see the global 
impact, but totally isolate the selected cell 
in a separate window. So you work blindly, 
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Only one vendor of IC layout tools has 
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Mentor Graphics. 
Our solution? The Chipgraph™ IC 
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you see it all during hierarchical editing. 

With Chipgraph, you work on the 
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own microcomputer hardware. 
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so we know it does the job. 

That's why we offer every design 
engineer a thirty-day money. 
back no-nonsense guarantee. 
smARTWORK9 advantages: 
D Complete interactive control 

over placement and routing 
D Quick correction and revision 
D Production-quality 2X artwork 

from a pen-and-Ink plotter 

0 Prototype-quality 2X artwork 
from a dot-matrix printer 

0 Easy to learn and operate, yet 
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layouts 

D Slngle-sided and double-sided 
printed circuit boards up to 
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D Multicolor or black-and-white 
display 
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D IBM Personal Computer, XT, or 

AT with 320K RAM, 2 disk drives, 
and DOS Version 2.0 or later 

D IBM Color/Graphics Adapter 
with RGB color or black-and­
white monitor 

D IBM Graphics Printer or Epson 
FX/MX/RX series dot-matrix 
printer 

O Houston Instrument DMP-41 
pen-and-ink plotter 

O Microsoft Mouse (optional) 

The Smart Buy 
At $895, smARTWORK® is proven, 

convenient, fast- and guaran­
teed. Call us today. And put 
smARTWORK® to work for yourself 
next week. Try it for 30 days at 
absolutely no risk. That's smart work. 

Wintek Corporation 
1801 South Street CIRCLE 11 
Lafayette, IN 47904-2993 
Telephone: (317) 742-8428 
Telex: 70-9079 WINTEK CORP UD 

In Europe contact: RIVA Terminals limited, 
Woking, Surrey GU21 5JY ENGLAND. 
Telephone: 04862-71001, Telex: 859502 

"smAATWORK''. "Wintek" and the Wintek logo are 
registered trademarks of Wintek Corporation. 



NEW PRODUCTS 
ANALOG 

ELECTRONIC DESIGN EXCLUSIVE 

Single-chip op amp mixes 
top speed and power dissipation 

Designers of wide bandwidth video 
systems can benefit from a mono­
Ii thic op amp with a minimum 
unity-gain bandwidth of over 170 
MHz- the widest of any such de­
vice . Moreover , that figure is 
reached by RCA's CA3450 while 
operating uncompensated at a noise 
gain of 10 or more and driving a 
50-Q load. 

When the op amp operates with a 
closed-loop gain between 1 and 10, 
and a single 5-pF capacitor compen­
sates it , the bandwidth narrows 
slightly to a few percent below 170 
MHz. Hooked up to a ± 6-V supply, 
and working at a gain of 5, the chip 
puts 5 V across its 50-Q load, and 
that is while slewing at 160 V / µs, 
minimum. With essentially no load, 
except for the 20 pF and 1 mQ found 
across an oscilloscope probe, the 
slew rate virtually doubles, and the 
output swing rises to 7 V. In either 
case, the slew rate at least reflects a 
10-MHz full-power bandwidth. 

Since the chip's maximum open­
loop ga in is only 60 dB, engineers 
may hold its accuracy in doubt. 
However, look again : It settles to 
0.1 %, in a mere 35 ns- at a gain of 
10, again with 50 Q at the output ter­
minals . Moreover, it can source and 
sink up to 75 mA and drive 220 pF. 

While not up to the 741 in de 
characteristics, the 3450 is quicker 
than many op amps that are faster 
than the 741. Its 350-nA maximum 
bias current is 1 % that of some op 
amps. And its offset voltage, a max­
imum of 15 mV at 25 ° C (and no 
more than 30 mV at 100°C) is 20% 

Frank Goodenough 

that of another super-fast part, a re­
cently announced GaAs op amp 
chip (ELECTRONIC DESIGN, March 
20, p. 21) . Also, offset voltage can be 
externally reduced to zero with a 
potentiometer. 

The CA3450 does require a hefty 
quiescent current of 35 mA. How­
ever, it can dissipate 1.5 W up to 
55 °C. Above that temperature, it 
must be derated at a rate of 16.6 
mWj°C. Between 90° and l00 °C 
(its maximum temperature), a heat 
sink is necessary and the chip must 
be derated more steeply- at 25 
mW/ ° C. A heavy copper leadframe 
lets the op amp handle this kind of 
power even though it is housed in a 
16-pin plastic DIP. 

Working with the CA3450 
requires careful attention to com­
mon-mode voltages; its common­
mode rejection ratio is only 50 dB, 

minimum . When operating with 
± 6-V power rails, the 3450's max­
imum common-mode voltage is 
± 3.5 V. However, the video signals 
it is designed to handle rarely exceed 
2 to 3 V so this should not be a prob­
lem. Maximum voltage between the 
power rails is 14.5 V, and the power­
supply rejection ratio is a minimum 
of 60 dB. 

The output of the amplifier can be 
protected from the effects of short 
circuits by inserting 10-Q decou­
pling resistors between the power 
pins and the supply lines . Decou­
pling capacitors (0 .001 µF) then 
connect the power pins to ground. 

In quantities of I 000, unit price of 
the CA3450 is $9 .00. Small quan­
tities are available from stock. 

RCA Solid State , Route 202 
Somerville, N J 08876; Len Metz­
ger, (201 ) 685-7 369. CIRCLE 314 

OUTPUT VOLTAGE AS A FUNCTION OF FREQUENCY 
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NEW PRODUCTS 
COMPUTER-AIDED ENGINEERING 

ELECTRONIC DESIGN EXCLUSIVE 

Logic synthesis program injects 
level-sensitive scan into ICs 
Level-sensitive scan design is a tech­
nique that guarantees that all of the 
internal nodes of a complex logic 
array will be accessible to an IC 
tester. The approach provides 100% 
testability, which ensures the high 
reliability of production ICs, but it 
typically exacts a toll in chip real es­
tate and the gate-array designer's 
time. The designer must make an 
extra effort to equip a circuit with 
scanning registers and ring count­
ers. 

Although little can be done about 
the 10% or 15% extra chip space re­
quired, at least adding the required 
scanning circuits can now be accom­
plished automatically. A synthesis 
program developed by Aida Corp., 
part of the company's Automatic 
Test Pattern Generation (ATPG) 
package, does just that. 

Level-sensitive scan design ex­
poses the inner logic of a complex 

Stephan Ohr 
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design through built-in logic blocks 
that can be pulsed serially to supply 
a characteristic signature. The sig­
nature can then be read and inter­
preted by a specialized IC tester. 

The logic blocks include scanning 
registers and serial rings that, under 
test, record the status of gates within 
combinatorial logic circuits that 
cannot be accessed by any other 
means. Although much simple com­
binatorial logic-AND, OR and 
NAND gates-may be tested with 
a carefully thought-out stimulus 
pattern, more complex logic will 
need some other means of revealing 
its functionality. A D flip-flop, for 
example, may not give a readable 
output until many clock cycles have 
passed. Some other mechanism is 
required to read the cell within one 
clock pulse (that is, before a valid 
output appears). 

The synthesis program and li­
brary devised by Aida examines 
each logic cell, and determines what 

logic should be added to convert it 
into a scannable logic cell. In many 
cases, the synthesis program adds 
additional clock lines to provide the 
needed inputs and outputs. 

Although the package must run 
with Aida software on an Apollo 
workstation or IBM mainframe, 
translators are available for con­
verting Daisy and Mentor Graphics 
files into Aida-compatible sche­
matics. 

The synthesis package currently 
works with Fujitsu Microelectron­
ics' 20K gate arrays, mapping out 
additional logic blocks and provid­
ing the additional pin-outs required 
for the chips to implement a level­
sensitive scan. Synthesis software 
for other manufacturer's gate arrays 
will be announced soon. Outputs of 
the program are a net list compati­
ble with Fujitsu's gate array simu­
lation and layout programs. 

Generating test vectors is com­
pletely automatic. It is done by the 
synthesis program, but the vectors 
can be executed only on those IC 
testers equipped for level-sensitive 
scanning. The Fairchild Sentry 20 is 
the primary tester for that task, and 
test vectors are provided in its for­
mat. In the future, the system also 
will supply test vectors compatible 
with the Takada Riken line of 
testers. 

The synthesis program is avail­
able for immediate delivery. For the 
Apollo computer, its price is 
$45,000. 

Aida Corp., 3375 Scott Blvd., 
Suite 340, Santa Clara, CA 
95054; Michael Chiang, (408) 
7 48-8571. CIRCLE 313 



Everything! 
If you have a VMEbus processing application. Plessey 
Microsystems has your VMEbus processor. Now' 

No wait state 68020 processor that runs at a 
blisteringly fast 25 MHz. 
Innovati on doesn't end there. The PME 68·21 also has a VSB 
interface which allows you to take full advantage of this 
processor's speed. It 's the perfect processor for vision 
systems. process control, real -time simulati on and high-speed 
number crunching. 

GPIB/IEEE-488 single board computer ... 

The industry's most cost-effective 
stand-alone workstation. 
The PME 68-2 single-board computer makes short work of 
data acquisition tasks. 

Data acquisition, coprocessing and other 
multiprocessor environments. 
Our PME 68-20 gives you up to 512 Kbytes of dual-ported 
RAM , and full system controller functions. Selecting or 
eliminating options on this processor allows you to develop 
the most cost-e ffective mu ltiprocessor system. 

and intelligent controller. The perfect UNIX engine, designed to optimize 
Ideal for instrumentation control applicati ons and data the performance of system hardware and software. 
acquisition , the PME 68-14 integrates IEEE-488 interface. The PME 68-15 is a fast. effic ient cache processor board aimed 
68000/68010 processor, memory and VMEbus system control - for the multi-user, multi -tasking environment, supporting up 
ler funct ions on one board providing higher performance at to 16 processes simultaneously. On-board discrete MMU. 
lower cost. UAITT and a sophisticated dual cache with least-used 
A powerful high-speed single board computer algorithm improves system and CPU performance over the full 
with 4 Mbytes of dual-ported RAM. address range of the processor. 

Our versatil e PME 68-12 provides the nucleus for a compact. A World of VMEbus Processors for You! 
efficient data acquisition workstation and other applicati ons Ca ll us toll -free at 800-368-2738 (in NY, 914-735-4661) or fill in 
requiring a floppy disk controller, programmable real-time and mail the coupon below for details on our complete 
clock and complete serial/parallel 1/0 control. VMEbus processor line ... fully supported by a 

• wide range of VMEbus memory, controllers and 
A general purpose workhorse ideal 110. development systems and software. 
for process control. 
The PME 68-lB is a 16 bit single board computer with up 8 PLESS EV 
to 512 Kbytes of on-board DRAM, RS 232 commumca- ~ 
t!ons. 24 -bit parallel port with counter/integral MICROSYSTEMS 
timer and more. ® 

CIRCLE 72 

One Blue Hi ll Plaza 
Pearl River, NY 10965-8541 
(800) 368-2738 , (914) 735-4661 

PLESSEY and the Plessev svmbol are re~ i stered 
trademarks of The Plessey Company pie. 

22931 Triton Way, Suite 231 
Laguna Hi lls, CA 92653-1237 
(714) 855-4947 



NEW PRODUCTS 
COMPUTER-AIDED ENGINEERING 

Software eases programmable logic development 

The third-party software crowd for 
programmable logic has just gained 
a powerful ally . Running on the 
IBM PC and its clones, the LOG/ 
IC package developed by Elan Digi­
tal Systems optimizes devices, con­
verts design files into any appropri­
ate device (including gate arrays) , 
and creates and prints computer­
generated circuit block diagrams 
from input data. The package is also 
up and running on Apollo , Prime, 
and Digita l Engineering's VAX 
computers. 

The software's ability to create a 
circuit block diagram from the input 
data makes it possible for the user to 
verify his logic design and to supply 
final design documentation. 

The design package allows an en­
gineer to enter a design in the form 
of truth tables , state diagrams or 
logic equations (schematic capture 
is not yet available) , select the target 
programmable device, and then op­
timize the design. Up to 32 inputs 
and 32 outputs can be handled 
simultaneously by the IBM PC im­
plementation of the software. The 
version of the LOG / IC package in­
tended for the VAX computer dou­
bles that figure. 

If the selected device cannot hold 
the entire circuit, those terms that 
cannot be realized are printed out, 
thus guiding the user to perhaps 
choose a different chip. Test vectors 
can be generated by the LOG / IC 

package to deliver 100% fault cov­
erage. 

The software will be available in 
four "capability" levels-the lowest 
handles design and user-generated 
simulation vectors for Monolithic 
Memories ' PAL devices; the next 
adds all other programmable de­
vices plus automatic test vector gen­
eration; the third adds the ability to 
design with microprogrammable 
logic; the fourth handles micropro­
grammable systems. 

Prices range from $1190 for the 
lowest level on the IBM PC to 
$19, 700 for the full VAX package. 

Elan Digital S ystems Inc., P.O. 
Box 1610 , San Anselmo, CA 
94960; (408) 7 34-2226. CIRCLE 311 

TO YOCOM 

Toyocom Presents 
1,000,000 

Bits 
of Video Memory 

Toyocom, the company that has given you more varieties of single 
in-line memory module than you ever thought possible, has done it 
again! This time it's a SIMM that puts four memory chips, each 
with 256K of video RAM, onto a PC board space just about 4 inches 
long and a half-inch wide. The dual-port memory module is 
organized as 64K x 16-bit RAM in a 68-pin single in-line package. 

TOYO COMMUNICATION EQUIPMENT CO., LTD. 

Looking for other memory-packing options? Toyocom SIMMs can 
help you here, too. With an entire family of modules for every 
application. Ask about our newest, a 1M byte SIMM organized as 
1,048K x 9 bits, in a 30-pin single in-line package. 
Toyocom. Have we got a memory for you . 

• • 
~--·---~~n•M•M-M4M~~-~~-~~~-~ -

20-4, Nishi-Shimbashi 3-chome, Minato-ku, Tokyo 105, Japan Phone: 03-459-7320 Telex : 02423115 TOYOCO J Facsimile: 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 

CIRCLE 73 



LM-1 

Introducing the LH Research LM Series: 
a line of fully regulated, 250 to 600 watt, 
convection cooled switchers. 

Simon says: "Call my guardian angel Lillian for 
price quotations on larger quantity orders." 

21 models, 1to4 outputs, up to 28V, up to 100 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. 

Little-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 

LM11-1 250 5 @ 50 1 $420 $390 $370 $345 
LM11-2 250 12 @ 21 1 420 390 370 345 
LM11-3 250 15 @ 17 1 420 390 370 345 
LM11-5 250 24 @ 11 1 420 390 370 345 
LM11-6 250 28 @ 9 1 420 390 370 345 
LMX22-12 300 5 @ 50 12 @ 9 2 520 480 455 430 
LM23-122 300 5 @ 50 12 @ 5 12 @ 5 2 550 510 480 455 
LM24-1221 300 5 @ 50 12@5 12 @ 5 5 @ 1.5 2 580 535 510 480 
LM24-1122 300 5 @ 50 5 @ 5 12 @ 5 12 @ 1.5 2 580 535 510 480 
LM24-1331 300 5 @ 50 15 @ 4 15 @ 4 5 @ 1.5 2 580 535 510 480 
LMX33-122 350 5 @ 50 12 @ 10 12 @ 9 3 620 575 540 510 
LM34-1221 350 5 @ 50 12 @ 10 12 @ 5 5 @ 5 3 650 600 570 535 
LM34-1522 350 5 (ciJ 50 24 @ 5 12 @ 5 12 @ 5 3 650 600 570 535 
LM34-1331 350 5 @ 50 15 @ 8 15 @ 4 5 @ 5 3 650 600 570 535 
LM41-1 500 5 (ciJ 100 3 625 580 550 515 
LM41-2 500 12 @ 42 3 625 580 550 515 
LM41-3 500 15 @ 34 3 625 580 550 515 
LM41-5 500 24 @ 22 3 625 580 550 515 
LM41-6 500 28 @ 18 3 625 580 550 515 
LM54-1221 600 5 @ 100 12 @ 10 12 @ 5 5 @ 10 4 815 755 715 670 
LM54-1212 600 5 @ 100 12 @ 10 5 @ 5 12 @ 10 4 815 755 715 670 

CAUTION: Total loading of all outputs not to exceed rated output power. Prices subject to change without notice . 

*Many additional standard voltage/current output combinations are available ; refer to 1985 General Catalog or contact factory. 

Ordering Information (Typical pa.rt number encoded) 

LM 2 3 - 1 2Y2 

T T I Serles 

Model* 
OutputVl (table 1) 

OutputV2 (table 1) 

OutputV3 (table 1) 

Output V4 (table 1) 

Input Voltage (115 or 230VACJ 

OPTIONS Dual input voltage : use 115-230 . 
OVP for auxil iary output : add letter Y after 
auxil iary output voltage code. 

*Last Digi t = number of outputs. 

Table 1 

0 = 2VDC 4 = 18VDC 
1 = 5VDC 5 = 24VDC 
2 = 12VDC 6 = 28VDC 
3 = 15VDC 8 = 48VDC 

I !.....4---2 

Options for LM Serles 

DELIVERY 
Most LM Series switching power supplies with selected options are 
shipped within 48 hours after placement of your order. Units with optional 
dual 115/230VAC input require 3-4 weeks . 

OPTIONS 

Dual ll5/230V Input 

OVP (not available for outputs rated at 1 .5A) 
1 auxiliary output 
2 auxilia ry outputs 
3 auxiliary outputs 

*For multiple unit pricing, contact factory. 

QUANTITY1* 

$16.00 

22 .00 
44 .00 
66 .00 



Product Specifications 
OUTPUT POWER 
250 to 600 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 
1to4. 

COOLING 
Convection . 

INPUT VOLTAGE 
92-130VAC or 184-260VAC, 47-440Hz . 

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. 
except 1.5A outputs are 1.5% or 70mV. which­
ever is greater. 

INTERACTION (CROSS REGULATION) 
0.1% maximum . 

PARD (RIPPLE & NOISE) 
1 %p-p or 50mV. whichever is higher. 

EFFICIENCY 
Up to 80%; 70% 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 all auxiliary outputs except 1.5A. 

CURRENT LIMIT 
All outputs have current limiting. 

REVERSE VOLTAGE PROTECTION 
To 100% of rated current for main output. 

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/µsec. No overshoot or undershoot 
during AC turn-on or turn-off . 

RESPONSE TIME 
200µsec to within 1 % after a 25% load change 
at 5A/µsec . 

TEMPERATURE COEFFICIENT 
± 0.02%t'C from 0°C to 50°C after half hour 
warm-up. 

OPERATING TEMPERATURE 
0°c to 70°C, full power to 40°C. Derates 
linearly to 50% power at 70°C. 

STORAGE TEMPERATURE 
- 55°C to 85°C. 

VOLTAGE ADJUST RANGE 
± 5% minimum. all outputs. 

MINIMUM LOAD 
Zero for single ouput 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 . 

CONNECTOR: 6-32 terminal screws. 
%-20 output studs. 
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Note: Overall exterior dimensions may be increased 
by up to 0 .194" maximum on some models due to 
possible protrusion of hardware . 
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LIMITED INRUSH CURRENT 
The AC input inrush current is limited to 42A 
rms when averaged over one cycle . 

REMOTE SENSE 
Standard on main outputs and auxiliary out­
puts having 5V current rating of 10A or greater. 
Compensates for up to 250mVof 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 most auxiliary outputs . 
Dual 115-230VAC inputs. 

DIMENSIONS (in.fem.) 

L W H 
11.25/28.58 5.00/12.70 4.00/10.16 
11.25/28.58 5.00/12 .70 6.45/16.38 
15.03/38.18 7.50/19.05 4.12/10.46 

4 15.00/38.10 7.50/19.05 6.00/15.24 



LH Research is its own distributor. 
Simon says: "My guardian angels will 

watch over your LM orders to make sure 
that we make 2 day shipment." 

Nine major product lines. 

Standard models 10to1500 watts, 
1to9 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 LM 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 



NEW PRODUCTS 
COMPUTER-AIDED ENGINEERING 

Pcb prototyper 
links to CAD 

-• It 

A printed circuit board prototyping 
system is directly compatible with 
all major pcb CAD systems that 
provide output in the Gerber photo­
plotter format. The CM-3000 inte­
grates the basic processes of artwork 
generation, automated drilling, and 
etching into a self-contained pack­
age which produces double-sided 
prototype circuit boards up to 10.0 
by 16 .5 in. System resolution is 
0.00 I in . with ± 0.002-in. absolute 
accuracy. 

ProtoCAD Inc ., 1050 Elkton 
Dr. , Colorado Springs, CO 80907; 
( 303) 548-0222. $39,500; 45 days. 

CIRCLE 316 

Design software 
runs on Macintosh 

With DesignScope, a software pack­
age for Apple's M aci ntosh com­
puter, engineers can construct elec­
tronic circuits on the computer's 
screen and run simulations to verify 
the design. The software allows the 
user to develop block diagrams, 
assign parameters to the various 
blocks, and run a simulation while 
viewing the resultant waveforms. If 
a problem is encountered, com­
ponent parameters can be easily 
changed and the simulation rerun. 
Amplifiers, comparators, filters , 
phase-locked loops , voltage-con­
trolled oscillators, analog switches, 
voltage sources, integrators, differ­
entiators, rectifiers, multipliers, 

peak detectors, sample and holds, 
delay lines, and noise generators are 
just a few of the component blocks 
available in DesignScope. 

Brainpower inc., 24009 Ventura 
Blvd., Suite 250, Calabasas, CA 
91302; (818) 884-6911. $249.95. 

CIRCLE 317 

Software designs 
active filters 

A software package for the IBM 
family of personal computers can be 
used to design Butterworth, elliptic, 
Chebyshev, and Bessel low-pass , 
high-pass, band-pass, and band-stop 
active filters . It also allows the direct 
entry of pole and zero locations or 
transfer functions. Facilities are in­
cluded for cascading filters and stor­
ing filter data for future analysis or 
modification. 

RLM Research , 1020 Albion 
Way , Boulder, CO 80303; (303) 
499-7566. $450. CIRCLE 318 

Simulation model 
supports 80386 µP 

Logic Automation now offers 
SmartModel support for the Intel 
80386 microprocessor. Smart­
Models are behavioral-level logic 
simulation models that run on 
popular CAE workstations and are 
accessed during simulation by the 
workstation's simulator. Available 
exclusively on SmartModels is Sym­
bolic Hardware Debugging, a series 
of checks for timing and other error 
conditions. When an error occurs in 
the design, the model generates a 
message that pinpoints the exact 
cause, location , and time of the 
problem. 

Logic Automation Inc ., J 9545 
N. W . Von Neumann Dr ., Bea­
verton, OR 97005; (503) 690-6900. 
$1830. CIRCLE319 
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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 DAC '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 DAC '86 we'll show 
you why. 

TFST SYsrEMS 
Sm\TEGIES 

8285 S.W. NIMBUS AVENUE 
BEAVERTON , OREGON 97005 
503 643 9281 TELEX 4992633 

CIRCLE 74 



It flies at 13.4 MFLOPS. Roars 
through instruction cycles at 
150ns. Performs with 32-bit float­
ing-point precision. And packs 
all that processing power onto 
a single CMOS chip. NEC's 
µPD77230 Advanced Signal 
Processor gives you the edge 
in image processing, graphics 
workstations, telecom and 
instrumentation. Because it de­
livers overpowering advantages 
in speed, accuracy and 
expandability. 

SPEED IS EVERYTHING. 
Today's DSP devices work with 
sum-of-products algorithms 
that require hundreds of multi­
plication operations for each 

CaC 
Computers and Communications 

sample input. Processing 
speed makes the decisive 
difference. And no processor 
keeps pace with the 77230. It 
gives you 32-bit full floating-point 
arithmetic at 10.4 MFLOPS. And 
executes up to six concurrent 
operations, including multiply 
and accumulate, in a 150ns cycle. 

IDEAL PRECISION. 
With 32-bit floating-point capa­
bility, our advanced signal proc­
essor eliminates problems with 
round-off error, quantization 
noise, scaling, limit cycles and 
over/ underflow. And the 77230 is 
unique in offering a 55-bit multi­
plier result (8-bit exponent, 
47-bit mantissa). With eight 55-

bit registers, 47-bit ALU and 
barrel shifter. 

EXPANDABILITY. 
The 77230 not only provides 
large internal memory blocks 
(512 x 32 x 2 data RAM, 2K x 32 
program ROM and lK x 32 data 
ROM). It offers external expan­
sion up to 4K of program RAM 
and 8K of data RAM. Serial and 
parallel I/O give you added flex­
ibility. The serial interface links 
with codecs, DACs and AD con­
verters. And opens the option 
of cascading. The parallel inter­
face supports master- and 
slave-mode operations. 

Find out how NEC 's high­
speed floating-point processor 



can help your product break Benchmarks (Floating-12oint or fixed) 0 2nd order biquad filter 0.9µS 
performance barriers and open 0 1,024-point complex FFT 12.3ms 0 32-tap FIR filter 5.25µS 
new market opportunities. 0 512-point complex FFT 4.7ms 0 Square root 9.0µS 

µPD77230 77220 7720 7720A 77P20 77C20 For further information, please contact: 

Die EPROM C MOS •USA NEC Electronics Inc . 
DESCRIPTION Fixed-point shrink version version Tel:415-960-6000. TWX:910-379-6985 

CYCLE TIME 150ns 150ns 244ns 240ns 244ns 244ns •Europe NEC Electronics (Germany) GmbH 
PACKAGE 68 PGA 68 PLCC 28 DIP 28 DIP 28 DIP 28 DIP Tel:02ll-650302. Telex:8589960 NE D. 

POWER l.4W max. 850mW max. l.75W max. 200mW max. NEC Electronics (Benelux) 

CONSUMPTION 
0.8W typ . TBD 0.9W typ. 0.6W typ . l .35W typ. 120mW typ. N etherlancls 

Tel:040-445-845. Telex:51923 NEC B NL. 

TECHNOLOGY l.5µm l.Sµm 3.lµm 2.4µm 3. lµm 3.0µm NEC Electronics (Scandinavia) 
CMOS C MOS NMOS NMOS NMOS C MOS Sweden 

ON-CHIP MEMORY Tel:08-732-8200. Telex:l3839 NECSCAN. 

DATA RAM 1K x32 512 x 24 128x 16 128x 16 128x 16 128x 16 NEC Electronics (France) S.A. 
PROGRAM ROM 2K x32 2K x32 512x 23 512x23 512x 23 512 x 23 Tel:l -3946-9617. Telex:699499 NEC EF. 

DATA ROM 1K x32 1K x24 510x 13 510x 13 512x 13 510x 13 NEC Electronics Italiana S.R.L. 
OFF-CHIP MEMORY Tel:02-6709108. Telex:315355 NEC EIT I. 

PROGRAM RAM 4Kx32 4K x32 NEC Electronics (UK) Limited 
DATA RAM 8K x32 8Kx24 Tel:0698-732-221. Telex:777565 NECUK G. 

INTERNAL BUS 32-Bit 24-Bit 16-Bit 16-Bit 16-Bit 16-Bit •Asia NEC Hong Kong Limited 

MULTIPLIER 32x32 24x24 16x 16 16x 16 16x 16 16x 16 
Tel:0-242-824. Telex:54561 HK NEC BX. 
Taipei Branch: Tel:02-522-4192, 

SERIAL 1/0 5MHz 5MHz 2MHz 2MHz 2MHz 2MHz Telex:22372 HK NEC TP. 

SYSTEM MASTER MASTER SLAVE SLAVE SLAVE SLAVE NEC Singapore Pte . Ltd. 
CONFIGURATION & SLAVE & SLAVE Tel:481988l. Telex:39726 NECSIN RS. 

NEC 



VAX,. 
power 
1nyour 
PC 

for less than 
$1500 

FREE 
BOOKLET 
• 10MHz 32032 

CPU no-wait­
states 

• Floating 
point processor 

• 1 MB to BM B RAM 
• Virtual memory with 

MS-DOS and UNIX™ 
¥.UC111 ueoem1r~ol 

0tg1:11Equ1p.nen1C0tp 
UN l .~!91 1•-""'n.ol 
AUT8ellll~Mor .. 1 

31324 Via Colinas, Suite 108 
Westlake Village, CA 91362 USA 
(818) 889-1646 Telex: 272849 OSI UR 

(818) 889-1646 
CIRCLE 75 

NEW PRODUCTS 
COMPUTER BOARDS 

ELECTRONIC DESIGN EXCLUSIVE 

Two-board Q-bus set 
processes real-time images 

A pair of Q-bus boards provides 
MicroVAX II, Micro/PDP-11 , and 
LSI-11 computers with un­
paralleled real-time performance. 
The Data Translation duo, for in­
stance, performs convolutions 25 
times faster than the MicroVAX II 
at a fraction of the cost: $4590 vs 
about $15,000. What's more, the 
duo replaces about a half-dozen ex­
isting boards. 

The DT265 l frame-grabber is 
the first to perform real-time mathe­
matical and logical operations on the 
Q-bus . It accepts nonstandard or 
standard video inputs, digiti zes 
them, then applies the mathematical 
and logical operations. The results 
are then converted back to analog 
form for display on a monitor. The 
board contains an ALU that pro­
cesses 8-bit images (512 by 512 pix­
els) at a 100-ns rate. 

In turn , the ALU is part of a 
lookup table processor that feeds 
back dat,1 to .he ALU from two 
256-k byte output buffers (or­
ganized as 512 by 512 by 8 bits) . 
The board also includes four 512- by 
8-bit input lookup tables and eight 
256- by 24-bit output lookup tables; 
an 8-bit video analog-to-digital con­
verter; a 4-channel input multi­
plexer; and a phase-locked loop . 
Completing the picture are three 
8-bit video digital-to-analog con­
verters for the red, green, and blue 
primary colors. 

The companion board, the 
DT2658 auxiliary frame processor, 
has a 16-bit pipelined processor that 
connects directly to the frame grab­
ber over special I / O ports . It in-

Roger Allan 
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cl udes a 512-kbyte frame-store 
memory, organized as 512 by 512 by 
16 bits; a 256- by 32- bit histogram 
table; a histogram generator; six 
256- by 16-bit conversion tables; di­
vision logic; and zoom, pan, and 
scroll circuitry. 

The processor board executes 
user-defined N-by-M convolutions 
at near real-time speed. For exam­
ple, it outdoes the MicroVAX II by 
zipping through a 3-by-3 con­
volution on a full frame of 512- by 
512- by 8-bit pixels in a mere 0.85 
seconds. 

The board also makes possible 
16-bin histograms and performs all 
pixel calculations at 16-bit accu­
racy. Other functions include X2, 
X4, and X8 zooming, frame aver­
aging, logic operations, mul­
tiplication and division , frame 
addition and subtraction, and log­
arithmic or arbitrary normalization. 

The frame grabber is priced at 
$2995 and the processor at $1595. 
Both are available from stock. 

Data Translation Inc ., 100 
Locke Dr., Marlboro, MA 01752; 
(617) 481-3700. CIRCLE 303 



UNIX™S~ R FOR PEOPLE WITH 
BIGGERTHINGS IN MIND. 

You know what UNIX™ System V 
can do. 

But now you don't need a mini to do 
it. The AT&T UNIX PC puts room-size 
computing power right on a desktop. 

Its Motorola 68010 chip, 10 MHz 
clock speed and up to 4MB RAM­
with virtual memory support and inter­
nal hard disk options from 10 to 
67MB-give you 75% of the power of 
a VAX* 11/780. 

For only 7% of the cost. 
Development tools? The AT&T 

UNIX PC puts you in a UNIX System V 
environment complete with system util­
ities, the shell, C compiler and 68010 
assembler. As for languages, you get the 
full range: C, Cobol, Fortran, Pascal, 
BASIC and the LPI* * high-performance 
suite. Not to mention C-ISAMt, 
INFORMIXt and sort/merge for 
database development. 

All, with the convenience of built-in 
text editors, debuggers and grapllics 
tools, including the GSS Virtual 
Device Interface. 

Up- and downloading your work 
from minis or mainframes is easy. 
Thanks to the standard internal 300/ 
1200 bps modem, RS-232 port, VT 
100 * terminal emulation software and 
optional 3270 terminal emulation. You 
also get two jacks for phone lines and 
built-in communications software. 

All of which make the AT&T UNIX 
PC ideal for ongoing voice/data com­
munications and remote access to 
shared corporate databases. 

ONE OF THE COMPUTERS 
WITH THE FUTURE BUILT IN. 

Even with all its available power 
and storage options, the AT&T UNIX 
PC still has room to grow. With three 

•vAX and VT IOO are trademarks of Digital Equipment Corporation. • • LPI is a trademark of Language Protessors, Inc. 
tC· ISAM and INFORM IX are trademarks of Relational Database Systems, Inc. © 1986 AT&T Information Systems. 

expansion slots and the ability to con­
nect up to seven serial devices. 

Because when you have big ideas, 
accommodating them shouldn't be a 
big deal. 

To find out about the AT&T UNIX PC and our 
SPECIAL LIMITED TIME OFFER 

call your AT&T Account Executive, authorized 
AT&Tsupplieror 1800 247-1212. 

-AT&T 
The right choice. 



NEW PRODUCTS 
COMPUTER BOARDS 

ELECTRONIC DESIGN EXCLUSIVE 

Board pair transfonns PCs into 
32-bit high-resolution machines 
Engineers working with personal 
computers can now upgrade them 
into 32-bit processors that deliver 
high-resolution graphics. In fact, 
Definicon Systems two-card set 
shoehorns the power of a full 32-bit 
68020, running at 16. 7 MHz, into 
an IBM personal computer or com­
patible. Furthermore, the card set 
can deliver a screen resolution of 
1280 by 960 pixels. 

The board combination handles 
resolutions ranging from 1280 by 
960 pixels down to 320 by 200 pixels 
(for CGA compatibility) . Up to 256 
colors can be displayed from a pal­
ette of 1.6 million. 

Moreover, the dual-card set does 
not require the high overhead of a 
Unix-class operating system. Defi­
nicon has built a Unix-like shell that 
looks like Unix to an application 
program. Unix System V applica­
tions can run on this shell, but most 
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of the I/O functions are passed to 
the PC's own DOS for processing. 

The 780 processor card contains a 
68020 , a 68881 floating-point 
coprocessor , and four Mbytes 
of dynamic RAM . A National 
8419 RAM controller directs 
the memory, which is built up of 
256-kbyte, low-profile SIPS. The 
RAM is designed to be upgraded to 
16 Mbytes: All of the chips are sock­
eted for easy replacement, and the 
memory SIPS used are pin­
compatible with forthcoming , 
higher-density 1-Mbyte parts. Also, 
the 8419 can be replaced with the 
8429 controller designed for 
1-Mbyte chips. Finally, the board 
can be used without the graphics 
card. 

The graphics engine is linked to 
the 780 by moving the latter's 68881 
onto the graphics card and replacing 
it with a connector that bridges the 
two boards . The graphics card is 
built around the new Hitachi 63484 

chip, which furnishes a set of graph­
ics primitives. 

By closely coupling the two cards, 
the power of the 68020 can be used 
to directly build the display bit map. 
For graphics operations that require 
floating-point math, the 68020 can 
be used; for primitive operations, the 
graphics chip is employed. Relying 
on a unique bus design, the 68020 
can directly access the frame 
memory, bypassing the 63484. The 
graphics card holds 2 Mbytes of 
frame memory, which allows the 
user to keep multiple windows of 
data while maintaining the full­
screen bit map for high-speed hard­
ware windowing. 

A number of language compilers 
are available, including ones for C, 
Pascal, Fortran, as well as assembly 
language. The card is supplied with 
a real-time multi-tasking kernel, a 
load driver for the PC CPU, a 
linker, and a debugging monitor. 
System V Unix will be available in 
the fall of this year, as well as Moto­
rola 's virtual memory chip. 

Actually , the card set can be 
teamed with a second 780 processor 
card. Also, one of the card sets can 
be paired with a Unix-based 32032 
card that Definicon makes, allowing 
one 68020 to be fully dedicated to 
graphics processing. 

The fully loaded 68020 card cost 
$3295 apiece. Lower-cost versions 
are available with 12.5-MHz parts 
and restricted to 16 colors out of a 
256-color palette. 

Definicon Systems Inc., 31324 
Via Col/inas, Suite 108, Westlake 
Village , CA 91362; (818 ) 889-
1646. CIRCLE 315 



COMPUTER BOARDS 

Graphics card 
has zoom function 

EVA (Enhanced Video Adapter) is 
a color graphics board that improves 
on the IBM EGA standard by pro­
viding a compatible superset of ex­
tended features. Based on Tseng's 
ET2000 graphics chip set, the 
board's zoom capability makes pos­
sible up to 8 X linear magnification 
on the X axis and as much as 16 X 
on the Y axis. 

The EVA board doubles the max­
imum font size from IBM's 8 by 32 
pixels to 12 or even 16 by 32 pixels. 
It also offers a third hardware win­
dow, a microsequencer for fast ras­
ter operation, and a 132-column text 
display. 

Tseng Laboratories Inc., 205 
Ph easant Run , Newtown, PA 
18940; (215) 968-0502. $525. 

CIRCLE 367 

ESDI controller 
works on VMEbus 

The Model 712 is a high-perfor­
mance controller for ESDI (En­
hanced Small Disk Interface) disk 
drives on the 32-bit VMEbus. It 
can support four of the industry­
standard drives, up to and including 
the recently announced 1.2-
Mbyte/s devices. Full VMEbus ad­
dress and data support a llows 8-, 
16-, or 32-bit operating modes to be 
selected in software. A program­
mable throttle that determines the 
length of time the controller remains 
on the VMEbus is another software­
selecta ble option . To ensure max-

NEW PRODUCTS 

imum throughput, the board comes 
with a 2-kbyte command buffer, 
and it is a lso filled out with an 
8-kbyte FIFO buff er. 

Xylogics Inc., 144 Middlesex 
Tpke., Burlington , MA 01803; 
(6 17) 272-81 40. $ 1295 (1000 
units); 60 to 90 days. CIRCLE 368 

VME card displays 
640 by 480 pixels 

The VG-640 color graphic control­
ler brings 640-by-480-pixel resolu­
tion to the VMEbus. It is capable of 
drawing up to 35,000 vectors/s 
(30-pixel vectors). Character draw­
jng speeds reach 5000 char /s, while 
raster operations are handled at 
1,200,000 pixels/s. A complete 
screen can be drawn in under a sec­
ond. The single dual-height card can 
display 256 colors from a palette of 
262,144. Over 90 high-level graphic 
commands are ava ilable, including 
two- and three-dimensional draw­
ing, modeling transformations, win­
dowing, projection and viewing, and 
image transmission. 

Matrox Electronic Systems 
Ltd., 1055 St . R egis Blvd., Dorval, 
Que . , Canada H9P 2T4; (8 00) 
361-4903 or ( 514) 685-2630 . 
$2995. CIRCLE 369 

Board transfers 
360,000 bytes/s 

Two carrier boards that plug into 
the IBM PC and compatibles each 
provide mounting space, power, and 

intermodule communications for 
up to three instrument modules of 
Burr-Brown's PCI-20000 data ac­
quisition, test, measurement, and 
control system. One board also has 
OMA capability to allow high­
speed transfers of analog, digital, 
and counter data to or from the PC 
memory at rates of up to 360,000 
bytes/s. Both the PCI-20041C-2 
and PCI-20041 C-3 offer interrupt­
driven or polled modes of operation 
and an 8-MHz pacer clock for tim­
ing data acquisition and transfers. 

Burr-Brown Corp., P. 0. Box 
11400, Tucson, AZ 85734; (602) 
746-1111. $595 and $695 (DMA 
version). CIRCLE 370 

Kit builds 32-bit 
computer board 

Two versions of an economical de­
signer kit provide the key compo­
nents needed to build a persona l 
32-bit single-board computer. Each 
kit-one based on the NS32016 
and the other on the NS32032-
provides the complete computing 
cluster chip set, including CPU, 
memory-management unit, float­
ing-point unit, timing and control 
unit, and interrupt control unit. De­
velopment aids such as firmware, 
manuals , application notes, and a 
data book are also included in the 
kit. 

National Semiconductor Corp. , 
2900 Semiconductor Dr., P.O. Box 
58090, Santa Clara , CA 95052; 
(408) 721-6874. $59 (NS32016) 
and $75 (NS32032) . CIRCLE 371 
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COMPUTER BOARDS 

AT board expands 
memory to 4 Mbytes 

A multifunction board for the IBM 
PC AT, the I DEA Supermax / 
EMS, expands the computer's 
memory to 4 Mbytes. The card also 

NEW PRODUCTS 

contains two serial ports and one 
parallel port. It is compatible with 
software applications written to the 
Lotus / Intel / Microsoft expanded 
memory specification (EMS). In­
cluded with the card is print spool­
ing software that uses expanded 

With more than a dozen years of experience, C.A.M. Graphics can now supply you 
with high reliability, low cost membrane switches with an almost unlimited range of 
colors and up to 50 highly durable textured finishes. Our membrane switches are 
inherently high reliability devices since they have only one moving part. Conventional 
push-button switches use springs, levers, pivots and cams that we have completely 
eliminated. Membrane switches supplied by us operate with over 1 O million closures per 
switch and can be made immune to dust acids, corrosives and solvents. 

We can supply membrane switches on nonridged polymer so that we can conform 
to curved surfaces or on PC board substrates if a ridged surface is required. For digital 
readouts or backlit legends we can put windows in the membrane that are clear, tinted 
or have colored filters . 

You will find that C.A.M. Graphics is one of the leaders in the industry in that we 
have supplied 500 switch contacts in an area of 8.5 x 13.5 inches. And, if you want, we 
will incorporate electrostatic and EMI shielding within the membrane switch. 

There's hardly anything we can't do for you to make your equipment more attractive, 
durable and lower in cost. Call us and let us help you solve your switch and panel 

problems. 15 Ranick Drive West 

CI .. GRAPHICS llC C!•® Amityville, NY 1'1101 
• ..... , • (516) 842-3400 

CIRCLE 78 

memory to print large files . The 
RAM can also be used to create a 
large virtual disk up to the total 
system memory . The base model 
can be fitted with from no memory 
to 1.5 Mbytes of RAM. With a 
daughter card the capacity in­
creases to 4 Mbytes. 

ID EAssociates Inc., 35 Dunham 
Rd., Billerica, MA 01821; (617 ) 
663-6878. From $495 to $2595. 

PC accelerator 
fits half slot 

CIRCLE 320 

The TinyTurbo 286 accelerator 
board triples the processing speed of 
an IBM PC or XT, yet requires only 
a half-size slot in the expansion 
chassis. Its 80286 processor plugs 
directly into the host computer's 
8088 CPU socket, while the 8088 is 
plugged into a socket on the Tiny­
Turbo. A toggle switch is used to al­
ternate between the two processors. 
The board operates independent of, 
but in tandem with, the PC and is 
able to access all system memory. 

Orchid Technology, 47790 
Westinghouse Dr., Fremont, CA 
94539; (4 15) 490-8586. $695. 

CIRCLE 321 
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The New 172 Relay 
we put Centigrid® 

• • • in c1vv1es to 
save you money 

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

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

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

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

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

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

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

~~ TELEDYNE RELAYS 
Innovations In Switching Technology 

12525 Daphne Ave., Hawthorne, California 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: Taikoh No. 3 Building, 2-I0-7 Shibuya , Shibuya- Ku, Tokyo, 150 Japan • (03) 797-52:,:, 
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Math CAD 
The Engineer's 
Scratch Pad 

I 
lltlllllmilli[!l1• I 

FOURIER RECONSTRUCTION: SQUARE WAUJ 
N :: 49 j :: 9 ,,N , , , 49 points 
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j £unction 
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fi:rst two te:rMs i :: 1,3 .. 3 
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A powerful computation and 
documentation tool for your 
IBM-PC. 

With MathCAD you simply and inter­
active ly 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 or a plot. 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, performs all calcu­
lations with real and complex num­
bers, performs iterative calculations. 
handles all units, performs error 
checking and dimensional analysis 
and much more . 

The price of MathCA0 -$189. 
In Massachusetts add 5% sales tax. 

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 So f t 
x I 

One Kendall Square 
Cambridge, Massachusetts 02139 

C IRCLE 80 

NEW PRODUCTS 
DIGITAL ICs 

ELECTRONIC DESIGN EXCLUSIVE 

32-bit CMOS MACS perform 
floating-point calculations 

Packing all the resources needed for 
32-bit IEEE floating-point arithme­
tic, the WTL3332 operates at up to 
20 MFLOPS. The first single-chip 
CMOS 32-bit floating-point multi­
plier and accumulator, the ci rcuit 
also carries a four-port, 32-by-32-bit 
register file, as well as three tempo­
rary registers to minimize bus acces­
ses. 

With three 32-bit buses on hand, 
transfers flow easily. Those buses 
plus a 33-bit instruction bus and 
various control signals let the 
WTL3332 make the most out of a 
168-lead pin-grid array package. To 
reduce the number of pins to 144, 
the WTL3 l 32 multiplexes all three 
32-bit buses over a single 32-bit bidi­
rectional interface bus. Moreover, it 
drops one of the instruction input 
pins. 

Either version of the multiplier­
accumulator can operate with a 100-
or 160-ns clock signal, which results 
in a throughput of 20 MFLO PS 
or 12.5 MFLOPS (both the multi-

Dave Bursky 
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plier and accumulator operate in 
parallel at 10 MFLOPS each) . At 
20 MFL O PS, a 4- b y-4-matrix 
transformation takes only 1.6 µs. 
The device adds, subtracts, multi­
plies, divides (Newton-Raphson di­
vision via an on-chip ROM) , and 
computes a bsolute values. It also 
converts to and from two 's com­
plement integer format. However , 
for multiplications , ALU oper­
ations, and multiplication-accumu­
lation, there is a register-to-register 
latency of three cycles. 

In addition to the two speeds and 
pinout options, the chips will also be 
available in two operating tempera­
ture ranges- 0 ° to 70 °C for com­
mercial use and - 55 ° to + 125 °C 
for military applications. Just a 5-V 
supply is needed, and the maximum 
power demanded by any of the chips 
stays under 1 W . Samples of the 
chip will be available in August. 
Prices in 100-unit lots start at $350 
(one port) and $425 (three port). 

Weitek Corp., I 060 E . Arques 
Ave., Sunnyvale, CA 94086; (408) 
7 38-8400. C IRCLE 302 



YOU ASKED FOR A FAST VMEbus 1/2" TAPE CONTROLLER THAT 
WOULD ALSO OPTIMIZE YOUR SYSTEM'S PERFORMANCE 

Tapemaster 3000 design engineers Bob Simning and Larry Hull 

WE RESPONDED WITH THE TAPEMASTER 3000 
From our unequalled experience as the leading 
supplier of Multibus compatible half inch tape 
controllers, we developed a new controller 
architecture for the VMEbus. We call it the "Dual­
ranked FIFO:' 

The Dual-ranked FIFO is comprised of a 4 Kbyte 
Data FIFO and a proprietary, VLSI based, 32 byte 
Short Burst FIFO. The 4 Kbyte Data FIFO is 
coupled to the tape interface through a 2-level 
pipeline that enables read/write data rates up to 2 
Mbytes/second. The 32 byte Short Burst FIFO 
links the Data FIFO to the VMEbus and is 
designed to attain burst transfer rates greater than 
10 Mbytes/second. 

With this architecture we've given you the ability to 
operate the slowest start/stop to the fastest GCR 
caching tape drives at maximum efficiency on the 
VMEbus. You've asked us for the highest 
performance products possible. At Ciprico 
we listen .. . and respond. 

CIRCLE 81 

UNIX is a trademark of AT&T. Rimlire , Tapemaster and Ciprico are all reQistered trademarks of 
Cipnco Inc . 

Other Tapemaster 3000 features include: 
• 32 bit addressing, 8, 16, or 32 bit data transfers 
• Programmable interrupt level and interrupt vector 
• Hardware byte-order swapping 
• Supports pass-through commands with optional 

parameters to support vendor-unique features 
• Three cable exit options: through P2, from on-board 

connector, or through additional face-plate 
• Scatter Read/Gather Write 
• Reads or writes tape records of unknown and 

unlimited record length 
• Device drivers for many operating systems 

including UNIX V and UNIX BSD 4.2 
• Companion board to the Ciprico Rimfire 3200 

VMEbus SMD-E disk controller 

For information about our full line of Rimfire and Tape­
master products contact us at the following locations: 

Ciprico Inc. European Office: 
2955 Xenium Lane United Kingdom 
Plymouth, MN 55441 Phone (0252) 712-011 
612/559-2034 

... where people listen-and respond :M 



Enclosures 
& power 
supplies for 
FLOPPY, ............. ~ 
WINCHESTER,~ 
TAPE DRIVES, 011~ 
SINGLE r~~ 
BOARD - =::P9 
COMPUTERS -=-~ 
• S-100 
SYSTEMS. 

8 inch 
5 inch 
3 inch 

CUSTOMIZING 
AVAllABLE 

Call or write 
for free 

catalogs 
and 

application 
assistance. 

RESEARCH CORPORATION 
8620 Roosevelt Ave. • Visalia , CA 93291 

209/ 651 -1203 

TELEX 5106012830 (INTEGRAND UD) 
EZLINK 62926572 

We accept BankAmericord/VISA 
and MasterCard 

CIRCLE 82 

NEW PRODUCTS 
DIGITAL ICs 

ELECTRONIC DESIGH EXCLUSIVE 

Fast nonvolatile RAM 
slashes standby current 

EEPROM array 

Recall 
Ao / 
A, 

A, 
Row Static RAM Store 

select array / 

A3,...__t----...__-------n 

A. Column select 
As u--,._ ___ ~-------4'1 

Store 

Recall 

Control Read/write 
logic circuits 

CS WE l/ Oo 110 , 110 , 1/03 

Nonvolatile RAMs overcome the slowness of 
stand-alone EEPROMs by using a RAM array for 
quick reads and writes, moving data to the built­
in EEPROM only during a power failure. 

Playing the game of electronic leap­
frog, Catalyst Inc. has slashed non­
volatile RAM standby current from 
60 mA to 30 µA, at the same time 
shaving access times from 300 to 
200 ns. With such low standby cur­
rent, the 1-kbit CAT22Cl2 is suited 
to applications like car phones or 
pocket dialers. 

CMOS is behind the lower power 
and higher speed, no simple feat 
because the higher vol tag es of 
EE PRO M cells tend to throw 
CMOS logic into a latch-up tailspin. 
CMOS construction also extends 
the operating temperature range on 
the low end down to -40°C. 

The CAT22C 12 contains 1 kbit 
of RAM and 1 kbit of EEPROM, 
both organized as 4 by 256 bits . A 
microprocessor can read and write 
to the RAM in 200 ns and can com-

Curtis Panasuk 
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mand the part to copy the R AM 
data into the EEPROM for preser­
vation during power failure (see the 
figure). The copying operation takes 
10 ms. Another first for Catalyst is 
circuitry that automatically copies 
data from RAM to EEPROM with­
out processor intervention. 

The RAM requires a single 5-V 
supply, which draws 30 mA during 
read or write operations, then 
reverts to 30 µA on standby. Ver­
sions of the device are available with 
access times of 200, 250, or 300 ns. 
The 18-pin JEDEC part is available 
immediately. In quantities of 100, 
the 1-kbit CAT22Cl2 (200-ns ver­
sion) is priced at $14.87; a smaller 
version, the CAT22Cl0, offers 256 
bits of storage (arranged as 4 by 64 
bits) for $5.65 . 

Catalyst Inc., 1800 Wyatt Dr. , 
Suite 17, Santa Clara, CA 95054; 
(408) 980-9144. CIRCLE 304 



Are you the one for Job I? 
"Do you put quality first in everything 
you do? If so, you're the one for Job 1. 

'Tm Jerry Teed, an engineer at Ford 
Motor Company's Electrical and 
Electronics Division (EEO). That's me 
to the left. With me are Nancy Sipus, 
Ron Bil and Lou Whitlock. We're four 
of the more than 17 ,000 EEO 
employees designing, developing and 
building more than 110 electronic and 
electromechanical products for 
automotive applications. 

"If EEO were a separate company, it 
would rank among the top 250 
industrial companies in the United 
States, and among the top 30 
electronics companies in the world. 
Which means EEO has the size and 
strength to offer numerous career 
advantages. Like spacious, modem 

facilities. Strategically placed mini 
labs within easy reach of your desk. 
And millions of dollars for advanced 
training." 

Positions are available for BSEE's and 
BSME's with at least three years of 
experience. Areas of concentration 
include: electronic powertrain 
controls, vehicle controls, electrical 
products, audio products, semi­
conductor products, test engineering 
and computer applications. 

To apply, submit a summary of your 
qualifications to: Electrical and 
Electronics Division, Product 
Engineering Office ED529, Room 
El30, P.O. Box 6010, Dearborn, Ml 
48121. By choice, we are an equal 
opportunity employer. 

CIRCLE 83 

Electrical and 
Electronics Division 

Quality is Job 1. 



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 
montt'\ 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=&ol. 
We're for you. 

... --
... ..-. 
-- ............... -
- ~ --

ELEC\ATROL 
ELEC-TROL, INC. , 26477 N. GOLDEN VALLEY RD. , SAUGUS, CA 91350 

TELEPHONE: (805) 252-8330 • TELEX: 310-372-0331 
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NEW PRODUCTS 
DIGITAL ICs 

Evaluation kit 
builds FIR filter 

A programmable 16-bit, 128-tap 
FIR filter can be built with an evalu­
ation kit from Calmos Systems . 
Based on the company's CA l 28X 16 
data-memory and control-unit IC, 
the kit comes complete with a pc 
board and parts kit including the 
CA128Xl6, a-d and d-a converters, 
EPROM set, audio amplifier with 
speaker, and full technical docu­
mentation. Wire-wrap prototyping 
space is also available on the board 
for filter customization. 

Ca/mos Systems Inc., 20 Edge­
water St., Kanata, Ont., Canada 
K2L 1 VB; (800) 267-7231 or (613) 
836-1014. $500. CIRCLE 322 

Logic arrays offer 
up to 10,013 gates 

High-performance CMOS logic 
arrays, the RL 7000 series, provide 
from 880 to 10,013 equivalent gates. 
The product family is identical to 
the LL 7000 series of HCMOS 
arrays developed by LSI Logic. The 
RL 7000 series uses 2-µm technol­
ogy and has eight master-slice op­
tions . The devices operate at 1.4 ns/ 
gate and consume just 18 µW /gate/ 
MHz. They are suitable for replace­
ment of high-speed SSI and MSI 
logic devices . Extensive macrocell 
and macrofunction libraries are 
available. 

Ray theon Co., Semiconductor 
Division, 350 Ellis St ., Mountain 
View, CA 94039;(415) 966-7716. 

CIRCLE 323 
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DIGITAL ICs 

Floating-point ICs 
rival NMOS chips 

Able to drop into sockets established 
by the popular NMOS 1064/1065 
and 2064/2065 floating-point mul­
tiplier and ALU chips created by 
Weitek, the IDT72064/72065 and 
IDT72264/72265 CMOS equiv­
alents consume less than a third the 
active power. The IDT chip sets pro­
vide the first direct replacement for 
the Weitek chips and operate from a 
single + 5-V supply, eliminating the 
need for the second supply used by 
the Weitek devices. The CEMOS II 
process used to fabricate the chips 
allows operating speeds about 20% 
faster than the Weitek chips when 
performing the same IEEE 64-bit 
floating -point calculations- 10 
MFLOPS for pipelined ALU oper-

Moving? 
1. For FASTEST service you must at­
tach old mailing label in space below. 
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NEW PRODUCTS 

ations or single-preci sion multi­
plications. 

opportunities and system upgrades 
thanks to its ability to sink up to 
80 mA (at 5 V) . Additionally, the 
chip offers expanded timing ranges 
due to a guaranteed input leakage 
current of no more than 200 pA . 
Thus, on the high-frequency side, 
the timer can operate in a mono­
stable mode and deliver pulses as 
short as 500 ns, while on the low-end 
of the range, timing periods can 
extend to several days when a low­
leakage capacitor is used with the 
chip. The timer can operate over a 
2- to 12-V range and consumes just 
100 µA in its quiescent state. 

Integrated Device Technology 
Inc . . 3236 S cott Bl vd ., Santa 
Clara, CA 95054; (408) 727-6116. 

C IRC LE 324 

CMOS timer sinks 
up to 80 mA 

A CMOS timer chip, the ALD555, 
can drop into existing sockets for the 
popular NE555, but opens up new 

Advanced Linear Devices Inc., 
1030 W. Maude Ave., Suite 501 . 
Sunnyvale, CA 94086; (408) 720-
87 37. From $0.71 for dice or 8-pin 
plastic DIP to$ I .18 for I 4-pin 
DIP (JOO units); stock. CIRC LE 325 

VTERM/220 
Quality makes 

all other DEC 
terminal 

emulators 
obsolete 

"When Teradyne's 
Financial Systems 
Group needed DEC"' 
terminal emulation 
software we 
chose VTERM." 

Over 35,000 demanding professionals, like Teradyne's Gregg 
Prescott, have recognized VTERM's superior quality. 
Now this same VTERM quality is available in Coefficient's 
powerful new emulator, VTERM/220. Features include: 
• Plug compatible VT220 emulation with 132-column support 
and optional Tektronix"' 4010/4014 graphics. 
• Extensive file transfer system offering KERMIT, XMODEM 
and our VTRANS protocol with VMS;" RSX-llM/M + :" 
RSTS/E"' and UNIX"' software. 
• Host data capture on PC with conversion to Lotus® 1 -2-3~ 
Symphony® and dBase~ 
• "Hot Key" toggle between host session and PC DOS. 

Call us today at 212-777 -6707 ext. 156. 
Coefficient Systems Corporation 611 Broadway, New York, N.Y. 10012 

Coefficient Trademarks: DEC, VMS, ASTS/E, RSX · 11M/M + , Digital Equipment Corp.: 
Tektronix, Tektronix, Inc.: Lotus, 1-2-3, SymphOny, 
Lotus Development Corp.; dBase, Ashton-Tate , UNIX, AT&T, Bell Laboratories. The Leader in DEC Emulation Software 

C IRCLE 86 



Losing Your Grip on Design Time? 
You say your full-featured development system 
had a six-month learning curve and your 
last product had a five-month life cycle? 
Microcosm's iAPX-86 in-circuit emulators 
feature a comprehensive interface, 
reducing your learning curve to hours 
rather than days or weeks. 

The Microcosm emulator's PC-hosted Human 
Interface combines the best features of 
menus with the direct control of a full-featured 
command language. Select and change 
emulator parameters in seconds rather 
than minutes. 

And sharing your emulator is painless. Save 
an unlimited number of system configura­
tions, symbols, and keyboard macros, and 
restore them with a single keystroke. 

Microcosm's FreezeFree Protection ensures 
your debug session stays on track, immediately 
reporting processor inactivity whether it's due to 
a prototype failure or loss of target power. Other 
emulators leave you and your system hanging. 

Real time, transparent emulation for the iAPX-86 
processors. Full 8087 support. Symbolic debug. 
Eight complex breakpoints with armed triggers. 
And an easy, economical upgrade path 
through the iAPX-86 family. 

So don't let any more 
time slip by. Call ~ 

us now for help. ~ . ._.,._;'"'""' \\\\\\\\\\\\\\\~ 
\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\~ 
~\\\\\\\\\\\\\\\ 

CIRCLE 87 

Microcosm Supports 8088, 8086 
80188, 80186, 80286, V20, 

and V30 Microprocessors. 

..i1llllla.. 
jlllllll 
1111: :lrMICROCOSM 
,...11119"' 15275 S.W. KOLL PARKWAY 

SUITEE 
BEAVERTON, OR 97006 
(503) 626·6100 
TELEX: 759527 



POWER 

De-de converter 
powers LAN chips 

A line of 24-pin DIP de-de convert­
ers is capable of delivering - 9 V 
to power Cheapernet local-area 
transceiver chips (National Semi­
conductor's DP8392 and Advanced 
Micro Devices' AM7995). The 
units take power from a + 5- or 
+ 12-V de power bus and convert 
those voltages into - 9 V de at either 
100 mA regulated or 145 mA un­
regulated. 1/0 isolation is specified 
at 500 V ac. Eight models are avail­
able in the CM600 series with 5- or 
12-V de inputs, with or without a PI 
input filter . 

Computer Products Inc., Power 
Products Division, 2900 Gateway 
Dr., Pompano Beach, FL 33069; 
(305 ) 974-5500. From $36.75; 
stock to six weeks. 

Kits simplify 
HIVIC design 

CIRCLE 326 

Two prototyping parts kits shorten 
the time between prototyping and 
developing a production-version 
high-voltage integrated circuit 
(HIVIC). Each kit contains compo­
nents capable of operating at up to 
500 V. The TMH5155 is housed in 
an 18-pin plastic DIP and contains 
n- and p-channel enhancement­
mode DMOS FETs. It also has both 
a high-voltage thyristor and an 
insulated-gate thyristor, plus a high­
voltage diode. The TMH5 l 56, in a 
16-pin DIP, packs an npn bipolar 
transistor, n-channel depletion­
mode DMOS FET, and a pair of p­
and n-channel enhancement-mode 

NEW PRODUCTS 

DMOSFETs. 
Te/mos Inc., 740 Kifer Rd. , 

Sunnyvale, CA 94086; (408) 
732-4882 . $10 . 75 each (25 
units). CIRCLE 327 

Transistors handle 
1to6A 

A series of transistors is designed for 
high-power switching applications 
such as hammer drivers, pulse mo­
tor drivers, and inductive load 
switching. The TIP series consists of 
24 devices which offer sustained col­
lector power dissipation from 30 to 
65 Wand collector current from I to 
6 A. The triple-diffused silicon tran­
sistors are housed in T0-220AB 
packages and are available in com­
plementary npn and pnp types. 

Toshiba America Inc ., Semi­
conductor Division, 2692 Dow 
Ave., Tustin , CA 92680; (714) 
832-6300. $0.20 to $0.44 (1000 
units) . CIRC LE 328 

MOSFETs boast 
fast switching 

High-speed switching coupled with 
very low input and output capaci­
tances make the ZVN 14 family of 
n-channel MOSFETs an ideal 
choice for high-speed test equip­
ment and telephone switching cir­
cuitry. Turn-on and turn-off times 
fall into the subnanosecond range, 
while input and output capacitances 
are 6.5 and 3.0 pf. T he devices also 
feature drain-source breakdowns to 

90 V for low drain current require­
ments of up ~o I 0 mA. 

Ferranti Semiconductors, 87 
Modular Ave. , Cammack, NY 
11725; (516) 543-0200 . $0 .20 
( 10,000 units); stock to six weeks. 

CIRCLE 329 

Darlingtons handle 
1-A collector current 

A series of medium-power Darling­
ton amplifier transistors, ZTX600, 
handles collector currents of up to 
I A, making it ideal for automotive 
and industrial applications. Pulsed 
currents of up to 4 A and gains of up 
to I 00,000 are possible. The V cEo 
ratings are 140 and 160 V. The parts 
come in E-Line packages produced 
by injection molding of a silicone 
plastic. The resulting encapsulant, 
coupled with the transistor chip, 
permits junction temperature oper­
ation to 200°C. That is equal to 
temperatures of metal-can devices 
with power dissipations up to 1.5 W. 

Ferranti Semiconductor, 87 
Modular Ave., Cammack, NY 
11725; (516) 543-0200. Less than 
$0.18 (50,000 units); stock. 

CIRCLE 330 

Power transistors 
handle 200 W 

A series of complementary npn and 
pnp silicon power transistors handle 
voltages of up to 150 V and currents 
up to 25 A. The devices are designed 
for motor controls, high-current am­
plifiers, and switching circuits. The 
collector current is 25 A at an hFE of 
12. Typical switching time at a col­
lector current of 10 A is 0.3 µs. 

Solitron Devices Inc., 1177 Blue 
Heron Blvd., R iviera Beach, FL 
33404; ( 305) 848-4311 . From 
$4.50 ( 100 units); six to eight 
weeks. C IRCLE 331 
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MICOM-Interlan, 155 Swanson Road, Boxborough, MA 01719 
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NEW PRODUCTS 
INSTRUMENTS 

Meter displays 
analog and digital 

A benchtop multimeter, the Fluke 
37, features a combined analog and 
digital display in a case designed to 
improve ease of use and function­
ality. With 0.1 % basic de accuracy 
and wide bandwidth ac response, the 
unit meets or exceeds the speci­
fications of any 3 1/ 2-digit bench 
multimeter. A carrying handle is 
molded into the case for portability, 
and the front panel has a 15 ° slope 
for optimum visibility. 

John Fluke Manufacturing Co. 
Inc., P.O. Box C9090, Everett, WA 
98206; (800 ) 426-0361 (206) 
347-6100. $229. CIRCLE 332 

Digital tester suits 
military use 

A MATE-compatible digital word 
generator/analyzer, the System 45, 
supports all ATLAS digital test 
types for military environments. It 
has 128 to 1024 bidirectional chan­
nels. A modular design allows a user 
to build a system to match testing 
requirements . A complete system 
includes the Test Module Adapter, 
a control chassis, and an expansion 
chassis. The TMA is linked to a host 
via an IEEE-488 bus. 

Interface Technology, 2100 E. 
Alosta Ave., Glendora, CA 91740; 
(818) 914-2741 . Typical config­
urations start at $44,000; 12 to 16 
weeks. CIRCLE 333 
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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. 

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. 

Amplifiers: Components 
Apex Microtechnology 
B&H Electronics 
Calex Mfg 
Ectron 

Amplifiers: Equipment 
Instruments for Industry 
Amplifier Research 
ENI 
Precision Filters 
Pacific Instruments 

Audio & Video Devices 
Cord Electronics 
TDK 
PHI Technology 
International Components Corp 
Oaktron Industries 

Batteries & Accessories 
AVEX Electronics Corp 
Catalyst Research 
Motorola Components Div 
Eagle-Picher 
Panasonic, Battery Sis Div 
Tauber 

Books & Publications 
Electronic Conventions Inc 
Hayden Book Co 

Capacitors 
Component Research 
Illinois Capacitor 
ITI Components 
Mitsubishi International 
Inter-Technical Group (WIMA) 
Tansitor Electronics 

Jennings/Div FL Industries 
Mepco//Electra 
National Capacitors 
Nytronics 
Stettner 
S&EI 
TDK 
Union Carbide (Kernel) 

Circuits, Hybrid 
Aeroflex Labs/ Microelectronics 
Hycomp 
International Sensor Systems 
lntech Microcircuits 
Date!, General Electric 

Circuits, Microelectronic: 
Digital 
Fairchild, Digital Products Div 
Weitek 

US Edition 

Circuits, Microelectronic: 
Interface 
Fairchild, Linear Div 

Circuits, Microelectronic: 
Linear 
Fairchild, Linear Div 
Exar 

Circuits, Microelectronic: 
Memory 
Catalyst Research 
Fairchild, Memory & High Speed 
Logic Div 
Fujitsu Component of America 
Fujitsu-Microelectronics 

Circuits, Microelectronic: 
Microprocessor 
Fairchild, Microcontroller Uiv 
Fujitsu Microelectronics 

Circuits, Microelectronic: 
Semi-Custom & Custom 
Fairchild, Gate Array Div 
Fujitsu Microelectronics 

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. 



Through GOLD BOOK'S 
Exclusive Catalog 
Request System. 

See Vol. 1, page 2 of the 
1985/86 US Edition 
of GOLD BOOK. 

Electronic Design's 

CC!·l~ ~lfI•I•J :t 
HAYDEN PUBLISHING CO., INC. 

10 MULHOLLAND DR., HASBROUCK HGTS. 
N .J. 07604 201 393 -6253 

= 

~/1996 
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~~-· ~~!"""----· Want 
~IATE 

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. 

Electronic: Design's 

HAYDEN PUBLISHING CO., INC. 
10 MULHOLLAND DR., HASBROUCK HGTS. 

N .J. 07604 201 393 -6253 

NEW PRODUCTS 
INSTRUMENTS 

Menu-driven system 
logs data and more 

The PCI ControLOGraph is a fully 
integrated, IBM PC-compatible 
hardware and software system for 
data logging , graphics display, 
alarm annunciation, and digital con­
trol. Hardware consists of modules 
from Burr-Brown 's PCl-20000 
family of data acquisition, test, mea­
surement, and control products. 
Data inputs include 21 analog sig­
nals, 24 digital bits , and 3 fre­
quency /event counting channels. To 
ensure ease of use , menu-driven 
software guides the inexperienced 
user through the configuration pro­
cess. 

Burr-Brown Corp ., P. 0 . Box 
11400, Tu cson, AZ 857 34; (602) 
746-1111 .$2750. CIRCLE 334 

System handles 
any 8-bil CPU 

The SA2000 , a portable deve l­
opment system, can handle almost 
any 8-bit CPU and provides real­
time emulation capability. The sys­
tem's standard equipment includes 
a 9-in. CRT, twin 5 1/4-in. 360-kbyte 
disk drives, a keyboard, an EPROM 
programmer , 2 kbytes of trace 
memory, and an RS-232-C serial 
port. 

Software bundled with the sys­
tem consists of a screen editor, in­
line assembler , and a debug com­
mand language that allows full 
symbolic debugging and the con­
catenation of operations. 

Microprocessor pods for the por­
table unit are or will be available by 
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the end of the third quarter for just 
about every 8-bit processor, includ­
ing chips from Hitachi, Intel, Moto­
rola, NEC, Rockwell, and Zilog. 

Sophia Computer Systems Inc., 
3337 Kifer Rd., Santa Clara, CA 
95051; (408) 7 33-1571 . $7995 
(base unit including software 
and one pod); additional pods 
are available; they cos t $3245 
each . C IRC LE 335 

Software supports 
test, measurement 

Burr-Brown now offers three soft­
ware support packages for its PCI-
20000 system of data acquisition, 
test , measurement , and control 
products. The Basic, C, and Turbo­
Pascal packages are for use with the 
IBM family of personal computers 
a nd look-alikes. Each effectively 
buffers the progra mmer from the 
deta ils of the hardware by offering 
a set of calls to invoke all major 
hardware manipulations. 

Burr-Brown Corp., P . 0 . Box 
11400, Tucson, A Z 85734; (602) 
746-1111 . $225 each. CIRCLE 336 

Simulator tests 
PCM systems 

Designed for communication sys­
tems that use pulse-code modulation 
(PCM) techniques, the Model 
51 SA PCM simulator generates a 
T-1 bit stream compatible with a ll 
the common D-bank formats, plus 
the extended superframe. For para­
metric characterization of DS 1-
compatible equipment, the unit can 
supply a wide range of digitized 
tones and signaling combinations on 
a selected channel. 

T-COM Corp ., 160 E. El Cam­
in o R eal , M o untain View, CA 
94040; (415) 964-3415. $3200. 

CIRCLE 337 



TELESIS GIVES YOU MORE THAN 
ONE PATH TO THE FUTURE. 

1HE CAD WORKSTATION FOR 
EVERY PCB TECHNOWGY. 

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. 

ECLTOOLBOX 
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. 

CIRCLE 90 



The 1985/ 86 
US Edition of 
GOLD BOOK 
contains a wealth of information about where to find electronic products­
;rnd specifications for these products. Start your product/ source search in 
GOLD BOOK. You'll be glad you did. 
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. 

Communications Equipment & 
Systems 
Grim 
RTS Systems 

Computers: Board Level 
Fairchild, Microcontroller Div 
Grant Technology 
Kierulff 
Magnum Opus 
Mizar 
SBE 
Vector Electronics 

Computers: Interface Boards 
MetraByte 
Data Translation 
Preston Scientific 
Daiei, General Electric 

Computers: Memory Boards 
Fujitsu Component of America 

Computers: Peripherals & 
Controllers 
ADAC Corp 
Alps USA 

Update your Catalog File through 

Ciprico (Computer Products) 
Kierultf 
Measurement Systems, Inc. 
L-Com 
Syntest 
Western Graphtec 

Connector Products 
AirBorn 
Alberox 
Caton Connector 
Connector Corp 
Ceramaseal 
Continental Connector Corp 

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. I (US Edition), page 2. 

Concord Electronics 
Daniels Mfg Co 
Asmann Components (ebm) 
Electronic Molding Corp 
Elf ab 
Electrovert 
Fujitsu Component of America 
Fischer-America 
Hirose Electric USA 
H& T Components 
Holmberg Electronics 
Kulka-Smith 
ITI Cannon 
Malco, Microdot Connector 
MAC Panel 
Molex 
SI Industries 
Panduit 
Superior Electric 
Tecknit 
Viking Connectors 
Vector Electronics 

Control Components & 
Equipment 
Vernitech 
Airpax, Cheshire Div 

Cooling Products: Blowers, 
Fans, Heatsinks, etc. 
ebm 
ETRI 
Marlow Industries 
MELCOR 
Micronel 
US Toyo Fan Corp 

Coils/Inductors/Chokes 
Coilcraft 
Caddell-Burns 
Cord Electronics 
Pan-Magnetics 
Inductive Products Inc 
Pico 
Nytronics 
TDK 
Wilco 

Delay Lines 
Allen Avionics 
Automatic Coil Corp 
Bel Fuse 
Data max 
Data Delay Devices 
ESC Electronics 
Hytek Microsystems 
Kappa Networks 
Nytronics 





THE SUCCESS OF YOUR MEMBRANE 
SWITCH DEPENDS ON ELECTRONIC 

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

Now you can. 
Switch to EECO. Your membrane switch panel is 
an electronic component. For over two decades, EECO 
has been an innovative leader in component techno­
logy, providing you with top performance thumbwheel 
and PCB mounted switches. We added the EECOflex® 
line to meet your demand for membrane switch panels 
from a true electronics manufacturer. Since 1977, we 
have been specified into rigorous medical and process 
control applications. Today our membranes are built 
entirely in-house for optimum control over processes 
and materials. Which guarantees the kind of quality 
t quality image for your product. And 
~~'lt!Ull~fl our company. 

r circuitry. EECOflex two-layer fully 
ltt~!Wfltch circuits are screen printed on heat 

- ·'l'•Ht!u,..ster. Conductors are always fully cured. 
•IUgjlOJ~g is available to block out EMI and 
&Vl'M•tfl!it{fs:e. State-of-the-art CAD equipment 
'**'~t!rJ;.li~otype design with precision and speed 
t)'IWl".~~'111'1 4 weeks after we receive your drawing. 

o final assembly, your EECOflex 
uitry is built to work for you. Every 
e working. All switch elements are 

EECD 
Incorporated 

rated for an average lifetime of 5 million actuations. 
Look into our graphics. You'll see bold, sharp, 
accurately registered overtays. Brilliant colors matched 
to individual lighting conditions. Take a closer look. At 
some of the most sophisticated graphics features in the 
membrane industry. Features like selective texturing 
for smooth integration of readout windows. Embossed 
key surround for definitive tactile location. A snap­
dome contact system for tactile feedback to your 
operator. These and many more custom features add up 
to the visual appeal that sells your system. Up front. 
Give us your membrane design. We'll 
implement it your way. EECO applications engineers 
work with you from Day One to make sure our membrane 
meets your toughest design criteria. A dependable, 
professional service organization assures on-time 
delivery and follow-up assistance. Design quentions? No 
problem. We're only a phone call away with designer's 
guides, test results and specifications. Call us at 
(602) 272-5645, TWX 910-950-0196. Or write EECO 
Incorporated, 1601 East Chestnut Avenue, 
Santa Ana, California 92702-0659 for a product 
catalog . 
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NEW PRODUCTS 
COMMUNICATIONS 

ELECTRONIC DESIGN EXCLUSIVE 

Communications processor 
peaks out at 3.5 MIPS 

mands are not in the cache, though, 
throughput remains high. The main 
memory, which ranges from 4 to 6 
Mbytes, is built around a four-port 
design that permits accessing of data 
from one port while the others are 
being filled with data, thereby elimi­
nating loading and transfer delays. 

Operating at an average of 3.5 
MIPS, a large-scale communica­
tions processor triples the processing 
speed of its fastest competitors. Fur­
ther , NCR Comten's 5660 lets it 
communicate with up to eight main­
frames and handle 1024 communi­
cations lines. 

The processor, which uses ECL 
macrocells and VLSI chips to 
achieve its speed, operates with 

Terry Costlow 

high-speed T 1 telephone lines 
and takes care of polling, applica­
tion routing, and other tasks . The 
combination of quick processing and 
high-speed lines greatly improves 
throughput over processors that 
cannot perform other tasks while 
tied to a Tl line. 

Overall speed is further improved 
by a 64-kbyte cache memory, one 
of the first implementations of a 
cache in a communications proces­
sor. Even when the necessary com-

The 5660 also furnishes extensive 
error checking and correction: fixing 
single-bit errors and detecting 
double-bit discrepancies. When ir­
reparable errors are detected, the 
processor will log the error and then 
continue operating until interrupted 
for repair. 

The system itself simplifies such 
repairs, incorporating an extensive 
subsystem that delivers self-testing 
and diagnostics . When problems 
arise, a built-in modem can be used 
to contact service personnel, de­
noting the nature of the problem and 
pinpointing a specific problematic 
board. 

Pricing for a basic unit with 4 
Mbytes of main memory, which 
handles 128 communications lines, 
is $540,000. Initial deliveries will 
begin this winter. 

NCR Comten Inc., 2700 Snell­
ing Ave. North, St . Paul, MN 
55113; (612) 638-7777. CIRCLE 305 

DEVICE PROCRAMMINC WORKSTATION: $2900. 

14 DAY FREE TRIAL OFFER 

ALLPRO-a total PROM/ PLO/ 
PAL* software driven device 
programming workstation 
when integrated with an 
IBM PC. 
*Each socket pin is individually 
programmable for voltage, 
current. and slew rate to 
eliminate the need f or active 
modules/ adaptors 
*New devices require only 
software updates via floppy 
disc and/ or modem 

Compare features . compare 
price ; then make the Logical 
choice 

IT'S LOGICAL 

For details. write or call : 
1321 NW 65th Place, 
Fort Lauderdale, FL 33309; 
(305) 974-0975; 
toll free 800-EE1-PROM 
TELEX 383142 

·PAL is a registered trademark of 
Monolithic Memories. Inc. 

LOGICAL DEVICES, INC. 
CIRCLE 93 



COMMUNICATIONS 

Breakout box aids 
RS-232 diagnostics 

WireTap, a miniature breakout box, 
assists diagnostics and configuration 
of RS- 232 serial data lines. The 
pocket-sized unit permits obser-

NEW PRODUCTS 

vation of nine of the most commonly 
used signals by using 18 LEDs, two 
each per line. The LEDs provide 
visual evidence of positive and nega­
tive voltages while a 9-position DIP 
switch, dual 9-position female head­
ers, and multiple jumper wires pro-

One Million 
Samples/Second 

15-Bit Resolution 
Preston Scientific's GMADlA A to D 
Conversion Systems provide JM Hz con­
version, JS-Bit resolution, and multiplexed 
inputs with up to 5 J 2 channels. 
All of Preston's GM & EM Series A to D 
Conversion Systems include these features 
and more .. . such as software supported 
interfaces to DEC, Micro Vax, HP 1000, IBM PC and others. 

Preston's building block concept results in a 
unique data acquisition sub-system that 

provides a wide variety of input 
channel signal conditioning 

and digital 1/0 options. 

r • --.--. .-1 • • • . .. ,'";- .--.-. -1-• • • ~ - ... .. .. .. . .. ... .. .. " .. . . 
111111111 1111111 

~-~-IC] 

L~1_u_i i i i ii 

PRESTON 
Preston Scientific 
805 East Cerritos Avenue 
Anaheim, CA 92805 
(714) 776-6400 
TELEX: 510 -100-4596 

CIRCLE 94 

vide a simple way to reroute signals 
to create null-modem adapters or 
special configurations. 

Hall-ComSecm In c., 1024 
Wakerobin Ln., Fort Collins , CO 
80526; (303) 223-8039. $37.50 

CIRCLE 338 

Products mate 
PCs with PBXs 

A family of hardware and software 
products, called the PC/PBX Con­
nection, converts a personal com­
puter into an integrated voice-data 
workstation . The user has on­
screen access to more than 200 
voice and data features of the 
AT&T System 75 and System 85 
digital PBX systems, in addition to 
high-speed simultaneous voice­
d a ta communications at 64 
kbits/s. The products work with a 
variety of computers operating un­
der MS-DOS or Unix, including 
AT&T's PC 6300 and Unix PC 
7 300, as well as the IBM PC and 
most compatibles. A full-function 
arrangement consisting of PC ex­
pansion cards and software pack­
ages for MS-DOS or Unix costs 
$700 and will be available in mid-
1986. 

AT&T Information Systems 
Group , 100 Southgate Pkwy ., 
Morristown, NJ 07960; (201 ) 
898-8337. CIRCLE 339 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

ELECTRONIC DESIGN EXCLUSIVE 

Pc board workstation runs 
DOS programs in window 

A printed circuit board workstation 
based on a bit-slice architecture not 
only routes and simulates logic in a 
blaze, with an optional 80186 co­
processor installed it can run popu­
lar PC-DOS software as a concur­
rent task. Just how fast does the 
6085 Expert Designer work? The 
autorouter has been benchmarked 
at a little over 3 hours with a board 
containing 150 ICs (with 98% com­
pletion). A product of the Engi­
neering Information Systems (EIS) 
Division of Xerox Corp., the work­
station is to be shown for the first 
time at the Design Automation Con­
ference in L a s Vegas la ter this 
month. 

The workstation displa ys PC­
DOS applications in a window on 
its 15-in., 697- by 880-pixel screen 
(or on an optional 19-in . 925- by 
1184-pixel screen) . 

The 2901-based 6085 is fully 
compatible with previous Xerox 
Star workstations, yet is about half 
the size-small enough to fit under 
a desk. It stands 21 .5 in. high, 9 .5 in. 
wide, and 12.5 in . deep. And it is 

Stephan Ohr 

also faster. Because it executes a 
48-bit- wide instruction, it is be­
tween 15% and 20% quicker than 
previous Star systems, and it is 
smart to boot. Its computational 
power is on the same level as a 
I-MIPS 68020-based work­
station- about as good as it gets in 
this size machine. 

The 6085's hardware includes a 
proprietary CPU running from an 
8-MHz clock, up to 3.7 Mbytes of 
main memory (with a 23-bit vir­
tual memory) , an 1/0 subsystem 
controlled by another 80186, up to 
80 Mbytes of 5 1/ 4-in. hard disk stor­
age, and an IBM compatible 5 1/4-in. 
floppy disk. An additional insert 
card containing an 80186 with up to 
640 kbytes of contiguous memory 
allows the 6085 to run the PC-DOS 
programs concurrently with Xerox 
design programs. 

One program, the Expert Place­
ment and Routing system, furnishes 
any combination of interactive and 
automatic placement and routing 
for boards with up to 16 layers. The 
available parts libraries include 
TTL, ECL, and CMOS logic, as 
well as popular microprocessors and 
peripheral chips. Outputs of the sys­
tem include automatic drilling 
tapes, as well as traditional photo­
plots. 

The entry-level workstation, with 
a 1.1-Mbyte main memory and a 
20-Mbyte hard disk, costs approxi­
mately $7000 . Delivery is from 
stock. 

Xerox Corp., Engineering Infor­
mation Systems, 2945 Oakmead 
Village Ct ., Santa Clara, CA 
95051; Janet Gilmore , (408 ) 
982-8187. CIRCLE 301 
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IBM-PC based 
microcomputer 
development tools! 
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(8051 debug/simulator shown) 

Your IBM PC can Assemble, debug 
and program (EPROM) code 
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r \ debug demo diskette 
and manual only $39.50 

Cybernetic Micro Systems 
P.O. Box 3000 
San Gregorio, CA 94074 U.S.A. 

(415) 726-3000 • Telex 171135 Attn: Cyber 
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T0-3 

'25A/200W 
NPN/PNP 
COMPLEMENTARY 
POWER 
TRANSISTORS 

• High Collector Emitter 
Sustaining Voltage 

• High DC Current Gain 
• Low Collector Emitter 

Saturation Voltage 
• Fast Switching Times 

To help meet your high power needs , we 're introducing a 
new series of complementary NPN/PNP silicon devices 
which offer increased current ratings and outstanding 
reliability . Typical characteristics of these 25 Amp power 
transistors include: 

NPN 

1 OOV (SDT6338) 
120V (SDT6339) 
140V (SDT6340) 
150V (SDT6341) 

PNP 

80V (SDT6436) 
1 OOV (SDT6437) 
120V (SDT6438) 

hFE=30-100@ lc=10A 
hFE=12 (Min)@ lc=25A 

VcE (Sat)=1 .0V (Max)@ lc=10A 

TYPICAL SWITCHING @ le= 10A 

tr = 0.3 µs (Max) 
ts = 1.0 µs (Max) 
tf = 0.25 µs (Max) 

Solitron 's new 200 Watt complementary devices are 
designed for motor controls , high current amplifiers and 
switching circuit applications. 

For complete information, contact our Sales Department 
toll-free 1-800-327-8462. 

~olitron 
DEVICES, INC. 

1177 Blue Heron Blvd. 
Riviera Beach, Florida 33404 

(305) 848-4311/TWX: (510) 952-7610/ TELEX: 51-3435 

CIRCLE 95 

I NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

Supermicro runs 
DOS and Xenix 

The newest member of the ITT 
XTRA family of computers, the 
XTRA XL runs under both DOS 
and Xenix operating systems. Based 
on an 8-MHz 80286 processor, the 
standard configuration includes 
640 kbytes of RAM , a 1.2-Mbyte 
floppy-disk drive, a 40-Mbyte hard­
disk drive, one serial and one paral­
lel port, and a monochrome monitor 
and adapter. 

ITT Information Systems, 2350 
Qume Dr., San Jose, CA 95131; 
(408) 945-8950. From $5299. 

CIRCLE 342 

PICK-based VDT 
is AT-compatible 

An IBM PC AT-compatible video 
display terminal is targeted to multi­
user environments running under 
the PICK and Xenix operating sys­
tems. With a list price of $479, the 
ATerm is the first terminal priced 
under $500 that specifically ad­
dresses PC AT multiuser systems. It 
comes with a keyboard that is identi­
cal to that of the IBM machine, plus 
a 14-in. green or amber display. The 
A Term emulates such popular ter­
minals as the ADDS Viewpoint and 
Regent 25, as well as the Lear Sieg­
ler ADM3A. 

Esprit Systems Inc., JOO Mar­
cus Dr., Melville, NY 11747; (800) 
645-4508 or (516) 293-5600. 

CIRCLE 343 
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CADAT simulator 
transfers to ATE 

A postprocessor converts circuits 
simulated with CADAT-5 into a 
form needed for the company's au­
tomatic board testers. The post­
processor runs on a VAX computer 
or Sun workstation and converts the 
simulator's circuit description, along 
with the input stimuli and nodal ac­
tivity files, to an ATE format. Un­
usually, little extra editing is needed 
to debug and optimize the test pro­
gram. 

Factron Ltd., Ferndown Indus­
trial Estate , Wimborne , Dorset 
BH21 7PP, England; (+44) 202 
893535; Telex: 41436. CIRCLE 344 

Small DPM ha s m V 
and resistance i/p 

A linearizing digita l panel meter 
measuring just 96 by 48 by 88 mm 
has millivolt and PT 100 resistance 
inputs that connect to thermocou­
ples or resistance thermometers. 
The DMM 500 offers ± 12-bit reso­
lution and operates from a 240- or 
110-V supply. Resolution is a max­
imum of 1 °C for temperatures of 
- 50 ° to l 800°C. A separate unit 
allows five thermocouples to be 
switched into the meter; any num­
ber of these switch units can be con­
nected. 

CIL Electronics Ltd., Decoy 
Rd., Worthing , Sussex BN1 4 
8ND, Eng land ; ( +4 4 ) 903 
204646; Telex: 87 515 wisco g att 
cil. CIRCLE 345 

INTERNATIONAL 

ELECTRONIC DESIGN EXCLUSIVE 

16-bit resolution 
spotlights VMEbus board 

Sixteen kwords of on-board memory 
allow a 16-bit analog input board to 
transfer data across the VMEbus 
under DMA control of a host 
processor- the first 16-bit analog 
board to do so. Burr Brown's eight­
channel MPV9 l l has a software 
programmable timer that samples 
an input signal at periods stretching 
from 1.43 ms down to 22.4 µs, the 
latter corresponding to a maximum 
sampling frequency of 44 .6 kHz. 
The board suits instrumentation, 
high-resolution digital signal 
processing, process control, and ro­
botics applications. 

The weakest link in 16-bit sys­
tems is the sample-and-hold ampli­
fier. The company achieves its high 
sampling rate using Analogic's 
MP271 hybrid sample-and-hold cir­
cuit. This device 's 50-kHz band­
width ensures the 44-kHz sampling 
rate called for in PCM telephony 
and digital audio equipment. 

The board is fitted with eight 
multiplexed input channels. The 
crosstalk from the seven off­
channels to the single on-channel is 
below - 84 dB, which corresponds 
to an accuracy of 14 bits . A pro­
grammable-gain amplifier can 
boost the dynamic range to 96 dB, 
resulting in an accuracy of 16 bits. 
Each of the eight a nalog input 
channels is accurate to ± 0.006% of 
full scale and is linear to within 
±0.004%. 

The sampled signals are fed into 
"swinging" buffers. One-half of the 
buffer, stores incoming data while 
the other half is being accessed 
across the VMEbus. There is no 
data loss while data is being trans-

Mitch Beedie 

ferred. 
The double-height Eurocard has 

16 data and 24 address lines, and the 
base address may be placed any­
where within a 16-Mbyte memory. 
Working between 0° and 60°C, the 
board draws 3.5 A from the 5-V line. 
It decodes seven vectored interrupt 
levels and uses the VMEbus ' full 
range of address-modifier codes. A 
status register indicates when the in­
put signal is oversampled. 

A driver for pSOS-68 is available 
now , and VERSAdos 4.4 and 
PDOS drivers are in development. 
Samples cost $2495. 

Burr-Brown Corp ., Interna­
tional Airport , Industrial Park , 
P . 0 . Box 11400 , Tucson , AZ 
85734;(602) 746-1111 . CIRCLE306 

Burr-Brown Ltd., Simpson 
Pkwy., Kirkton Campus , Liv­
ingston EH54 7BG, Scotland; 
( + 44) 506-414445. CIRCLE 307 
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Ac or de models 
for IR photoelectrics 

The E series of photoelectric 
switches offers six infrared models, 
all in compact 16-by-60-by-75-mm 
polycarbonate cases. Three versions, 
the ET5D , E R 03 and ER3MD 
operate from a 24-to-240-V ac or de 
power supply . For their part , the 
ENT3 , ENR03 and EN R3M re­
quire a 12-to-24-V de supply. 

Both the ET5D and ENT3 use 
separate transmitter and detector 
modules , while the ER03 and 

The 
next 

INTERNATIONAL 

ENR 03 are direct-reflection sys­
tems. The remaining two use a retro­
reflective detection scheme. 

All units have a wide-angle de­
tector lens that permits sensing of 
the IR signal from angles as high as 
70 ° (from perpendicular) , even in 
the presence of ambient light as high 
as 20,000 lux . The three ac / dc 
mo d els provide a relay output 
capable of handling a 250 V ac, 2 A 
(max) noninductive load and have a 
response time of 25 ms (max). The 
de-only units can sink up to I 00 mA 
at 30 V. The de only equipment re­
sponds in just 2 ns. 

Takenaka Electronic Industrial 
Co . Ltd., 20-1 N arano-cho, Shin­
omiy a, Yama shina-ku, Ky oto, 
Japan 607, (075) 581-7111, Fax 
(075) 501-6944. 

CIRCLE 346 
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step ... 

Sin~le unit checks 
digital links 

Eva lu a ting the qua lity of digita l 
links to CCITT G82 l , a digital 
transmission analyzer incorporates 
transmitter and receiver in a single 
case. The 7702 stores I 0 standard 
measurements in ROM and another 
I 0 sets of front-panel settings in 
nonvolatile memory. It can monitor 
lines for any period between I s and 
365 days. The instrument extends 
jitter measurements right down to 
de transmission rates and can detect 
errors and jitters on 2-, 8- and 
34-Mbit/s links. 

S o /artron In s trum entation 
Group , Victoria R oad, Farnbor­
ough, Hants , GU/4 7PW, Eng­
land; ( + 44) 252 544433; Telex: 
858245 so/far g. CIRCLE 347 
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Eventually, all boards must pass a functional test. Talon 
wants you to do it right, right from the start. With an 
automated, at-speed, board-edge approach that improves 
the entire test process. 

half your current labor cost. rfalon says you can do it and 
offers a 90-day no-nonsense return guarantee to back it 
up if you're not sati sfied. 

Talon says you can do it without dinosaur-sized ATE. 
Without complex software programming, painfully long 
learning curves, and incredibly costly downtime. Talon 
says you can test boards faster, with yields up to 98%, at 

Take the next step. Contact Talon. Weve pushed func­
tional test into a new age. Where tests for complex UUT's 
are generated directly from timing diagrams. Where fea­
tures include: 270 channels; Zk patte rn depth ; 10 MHz 
or exte rnal clock rates; sync and async modes; MPU 



NEW PRODUCTS 
SOFTWARE 

Expert systems gain "delivery vehicle" 

For the development of expert sys­
tems, Symbolics ' 36xx series has 
long been the preferred hardware. 
But because of its price, some arti­
ficial intelligence companies passed 
it by for less expensive "delivery ve­
hicles ," thereby sacrificing per­
formance. Realizing that, Symbol­
ics has gone all out to cut costs . 
Using application-specific !Cs and 
surface-mounted memory chips in 
the 3610AE cuts the chip count by 
half, the board count from 8 to 5 
and - not content with these 
gains- shrinks the unit so that it fits 
under a desk. 

Simultaneously, the company of­
fers a new version of its Lisp soft­
ware system, dubbed Release 7. It 

Talon Model JOO. At­
Speed, Board-Edge 
Funaional Test 
for under $30,000. 

addresses the fact that the last 20% 
of an AI package- usually the user 
interface-often consumes 80% of 
the development time. More intel­
ligent interactive interface drivers 
not only speed development, but give 
the user simpler man-machine 
communication. For example, the 
system not only validates all user 
entries but also suggests correct re­
sponses if the input appears incor­
rect or inappropriate. 

At the output side, Release 7 au­
tomatically formats displays for any 
workstation's console and reformats 
its outputs automatically for all 
compatible printers and storage de­
vices. Further, windows "remem­
ber" their contents, so that users can 

,· . 

return to a screen without having to 
go through the cumbersome tasks 
necessary to retrace command se­
quences. 

Furthermore, Release 7 imple­
ments continuous, hardware-as­
sisted garbage collection without 
disrupting processing. Safeguards 
against accidental file access protect 
an expert system's integrity. 

With a 19-inch console , 5.5 
Mbytes of RAM (1 Mword), a 
190-Mbyte disk, and Release 7, the 
3610AE costs $39,600 in quantities 
of 10, and $31 ,500 in volume (7 6 or 
more) . Delivery starts in October. 

Symbolics Inc., 11 Cambridge 
Center, Cambridge, MA 02142; 
(617) 577-7500. CIRCLE 312 
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support ; self-learn; self-documentation; and automated 
trouble-shooting. Features that make at-speed, board­
edge testing right, right from the start. See a demonstra­
tion or ask for more information today. 

talon 
INSTRUMENTS 

1910 D Street • La Verne • California 91750 • (71 4) 596-1874 

CIRCLE 96 



wideband 
spst,spdt 

1 ·1 h . NEW PRODUCTS sw1 c es ..__COMPO-NENTS ___ __.. 

10 to 2500 MHz 
only $2995 cs-24) 

IN STOCK .. . IMMEDIATE DELIVERY 

• rugged construction; 
pin-diode chips 
on thick-film substrate 

• only 5v control signal for 1 µsec 
switching 

• 50 ohm matched in "open" state, 
SPSTonly 

• low insertion loss, <2 dB typ. 

• high isolation, >30 dB typ. 

• hermetically-sealed to meet 
MIL-STD-202 

• one-year guarantee 

SPECIFICATIONS FOR 
PSW-1111 (SPST) and PSW-1211 (SPOT) 

FREQUENCY RANGE 
INSERTION LOSS 

10-2000MHz 
2000-2500 MHz 

ISOLATION 
10-500 MHz 

500-1000 MHz 
1000-2000 MHz 
2000-2500 MHz 

SWR 

10-2500MHz 

1.7 dB max. 
2.7 dB max. 

40dB min . 
30dB min. 
25 dB min. 
22dB min . 

1.5 max. ("on" state) 

SWITCHING SPEED 1 µ sec. (max.) 

MA XIMUM RF INPUT +20 dBm 

CONTROL +5 V (5 mA max.) 

OPERATING TEMPERATURE - 54°C to + 100°C 

STORAGE TEMPERATURE - 54°C to + 100°C 

PRICE (6-24) 
PSW 1111 $29.95 
PSW 1211 $29.95 

Call or write for free 64-pg . catalog 

inq If w ,, 1Y' 
settu a ~1qher ~.andJrds 

O Mini-Circuits 
A 01vis1on of Scient ific Components Corporation 

P. O. Box 166, Brooklyn , New York 11 235(718)934-4500 
Domestic and International Telexes: 6852844 or 620156 

CIRCLE 97 C102-3 REV. ORIG. 

Small sockets seat small-outline ICs 

Because they have the same effec­
tive dimensions as their correspond­
ing small-outline ICs, Surface 
Mount Devices' SMIP line of sock­
ets will save precious board space. 
The sockets come in 8-, 14-, 16-, 20-, 
24-, and 28-pin prototype (stag­
gered-pin) , surface-mountable, and 
wire-wrap versions. 

Each socket comes with a molded 
snap-on cover that prevents im­
proper orientation and aligns the IC 
with the socket. The cover also en­
sures suitable ventilation for the 
chip and allows for in-circuit checks 
with test probes via pin holes. An op­
tional high-impedance, 30% glass­
filled thermoplastic cover that with­
stands up to 209 °C is available. It is 
fire retardant and meets UL 94V-O 
standards. 

All of the pins in the SMIP line 
are molded into the socket's base. 
The pins are made from beryllium 
copper and plated with both a l 0- to 
20-µin . layer of nickel and a 20- to 
30-µin . layer of gold. 

The sockets require a minimum 
contact force of 65 g, and all con­
form with all JEDEC standards for 
both the top and the bottom pin­
contact surfaces. 

EL displays pack 
parallel interfaces 

Two 4-by-8-in. ac thin-film electro­
luminescent displays include on­
board parallel interfaces and related 
support electronics. The interfacing 
scheme includes 8 parallel data 
lines, 14 address lines, and 11 con­
trol lines, which are used for hand­
shaking, dimming, fault monitoring, 
and display feature selection. 

An on-board microprocessor pro­
vides a large variety of alpha nu-
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The price for the prototype ver­
sion, which has a staggered-pin ar­
rangement on 50-mil centers and 
pin spacings of 100 mils, is $4 (in 
quantities of 1000) . The surface­
mountable version (standard 50-mil 
spacing) is $3, as are the wire-wrap 
models. Unit price breaks of 25¢ for 
all versions occur at 1- 10 thousand, 
and again at 10-100 thousand units. 
Price breaks beyond 100,000 units 
are available on request. Delivery is 
from stock. 

Surface Mount Devices In c., 
P.O. Box 16818, Stamford, CT 
06903. (203) 322-8290. C IRCLE 3 10 

meric and graphics modes. Because 
the screen 's pixel information re­
sides in an on-board refresh buffer, 
text and graphics can be mixed . 
Standard 5-by-7 character blocks 
are used in 25 lines of 80 characters 
each . An optional l 2-by-16 pixel 
block provides true descenders, su­
perscripts, subscripts, and under­
scoring. 

Indu s trial Elec tro nic Engi­
neers , In c., 7740 L emona A ve., 
Van Nuy s, CA 91405; (8 18) 787-
0311 . CIRCLE 348 





ELEC.TRDNIC 
DESIGN 

ELECTRONIC DES IGN 's function is: 
• To aid progress in the electronics industry by pro­
moting good design. 
• To give the electronic design engineer concepts 
and ideas that make his job easier and more prod-
uctive. 
• To provide a central source of timely electronics 
information. 
• To promote communication among members of 
the electronics com munity. 
Want a subscription? ELECTRON IC DES IGN is ci r­
cula ted free of charge to those individuals in the 
United States and Western Europe who function in 
design and development engineering in companies 
that incorporate electronics in their end product and 
government or military agencies involved in elec­
tronics act ivities . For a free subscription, use the 
application form bound in the back of the magazine 
or write for an application form. 
If you do not qualify, paid rates for a one year sub­
scription (26 issues) are as fo llows: $45. U.S. , $60. 
Canada, Mexico a nd Centra l America . Interna­
tional annual subscription rates listed below incl ude 
air delivery: $95. Europe; $145. Japan, North Af­
rica & Mid East; $170. Australia ; $185 . South 
America ; $210. Central / South Africa & Other 
Asia ; $245 . New Zealand / New Caledonia . Single 
copies (when avai lable) 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, 
Australia , New Zealand / New Caledonia . The 
GOLD BOOK (27th issue) may be purchased for 
$50. U.S ., Canada, Mexico, Central America and 
$65. a ll other countries, via surface mail. 
If you change your address, send us an old mailing 
label a nd your new address; there is a coupon in the 
New Products section of the magazine for this pur­
pose. Please allow 6 to 8 weeks for address cha nge to 
become effective. You must requalify in order to 
continue receiving ELECTRON IC DES IGN free of 
charge. 
ELECTRONIC DESIGN's accuracy policy: 
• To make diligent efforts to ensure the accuracy of 
editorial matter. 
• To publish prompt corrections whenever inaccu­
racies are brought to our attention. Corrections ap­
pear in " Reader Feedback." 
• To encourage our readers as responsible members 
of our business comm unity to report to us mis­
leading or fraudulent advertising. 
• To refuse any advertisement deemed to be mis­
leading or fraudulent. 
Individual article reprints a nd microfilm copies of 
complete an nual volumes are avai lable. Reprints 
cost $6.00 each, prepaid ($.50 for each add itional 
copy of the same article) , no matter how long the 
article. Microfilmed volumes cost $66.80 for 1982 
(Vol. 30); $75.70 for 1974-1981 (Vols . 22-29); 
$50 .20 fo r 1973 (Vol. 21 ); varied prices for 
19 52- 1972 (Vo ls. 1-20). Prices are subject to 
cha nge . For further details a nd to place orders, con­
tact Customer Services Dept. U niversity Micro­
films, 300 N. Zeeb Rd ., Ann Arbor, Ml 48106. 
(313) 761-4700. 
Where necessary, permission is granted by the copy­
right owner for libraries and others registered with 
the Copyright Cleara nce Center (CCC) to photo­
copy any article herein for the base fee of $1.00 per 
copy of the article plus 50¢ per page per copy. Pay­
ments accompanied by the identifying serial fee 
code below should be sent directly to the CCC, 21 
Congress St. , Salem, MA 01970. Copying done for 
other than personal or internal reference use with­
out the express permission of Hayden Publishing 
Co./ ELECTRON IC DESIGN is prohibited . Requests 
for specia l permission or bulk orders should be ad­
dressed to the editor. Serial fee Code: 0013-
4872/ 1984 $ 1.00 + .50. 
Want to contact us? Address your correspondence 
to: 

Editor 
ELECTRON IC DES IGN 
10 Mulholland Dr. 
Hasbrouck Heights, NJ 07604 

PRODUCT NEWS 

CMOS OMA controller works with 68000 µP 

The Semiconductor and IC Division of Hitachi America Ltd. (San Jose, 
CA) has released a CMOS version of the company's HD68450, a 68000-
microprocessor family DMA controller. Designated the HD63450, the de­
vice offers high-speed operation up to 12.5 MHz, complete compatibility 
with the NMOS HD68450, low power dissipation of 500 mW, and new 
multiple-block transfer commands. Plug-compatible with its 64-pin DIP 
predecessor, the HD63450 is also available in a 68-pin plastic leaded chip 
carrier. Sample quantities are available now with volume deliveries sched­
uled for the second quarter. Sample price is $45 for the 12.5-MHz chip car­
rier version. CIRCLE 349 

68000 microprocessor is MIL-qualified 

Signetics Corp. (Sunnyvale, CA) announced the release of a military­
qualified 68000 16-bit microprocessor. The company is listed as an ap­
proved source of supply on the Defense Electronics Supply Center 
(DESC) drawing for the 68000 microprocessor (No. 82021). The com­
pany is also pursuing a JAN qualification for the 68000. Devices are 
available in both 6- and 8-MHz versions, priced at $346 and $385, re­
spectively, in lots of 100. Both versions are housed in 64-pin DIPs. A 
68-pin leadless chip carrier will be forthcoming. CIRCLE 350 

Op amp comes in surface-mount package 

The industry-standard OP-07 precision operational amplifier may now be 
specified in an .8-lead surface-mount package, as well as the more common 
T0 -99 and 8-lead plastic DIP and Cerdip. Maxim Integrated Products 
(Sunnyvale, CA) offers the OP-07 in five grades, specified for operation over 
two temperature ranges (0° to 70°C and -55°to+125°C). As with all 
Maxim standard products, the OP-07 is 100% burned-in at 150°C. 

CIRCLE 351 

PLO meets MIL requirements 

A military version of the GALI 6V8 Generic Array Logic device is now 
available from Lattice Semiconductor Corp. (Portland, OR). This version 
of the erasable programmable logic device guarantees performance over 
the full military temperature range of -55°to+125°C and from 4.5 to 
5.5 V. Of special interest to the military, GAL devices eliminate ex­
pensive field failures. Lattice guarantees 100% field programmabil-
ity and 100% ac/dc functionality of its devices. The company will have 
883C certification for the GALI 6V8 by December. The cost of the array, 
housed in a ceramic package, is $17.60 in lots of 1000 units. CIRCLE 352 
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PRODUCT NEWS 

SOT-89 package locks out moisture 

Rohm Corp. (Irvine, CA) is making available a series of transistors in a spe­
cial SOT-89 package which incorporates a lock-in mechanism for the power 
tab to prevent separation from the plastic base. This internal design and con­
struction of the surface-mounted package prevents the incursion of moisture 
between the two surfaces, the most common source of unreliability with 
SOT-89 packages. Sixteen parts are initially available for the U.S . market, 
ranging from 30 to 80 V, 500 mA to 2 A, and include RXT, 2SD, and 2SB 
part numbers. Pricing in 10,000-unit lots is $0.14 to $0.16. Delivery takes 
four to six weeks. CIRCLE 353 

Redesigned ADCs cost less 

Just about everything but the model numbers have been changed on a trio of 
16-bit hybrid analog-to-digital converters from Burr-Brown Corp. (Tucson, 
AZ). The ADC7 l , ADC76, and PCM75 have all been redesigned with ap­
poximately 50% fewer active and passive chips for greater reliability. JG and 
KG versions of the ADC7 l also have new bottom-brazed ceramic packages. 
Since the new designs cost less to manufacture, users realize price reductions 
of 30% to 40%, depending on model and quantity ordered. All converters re­
main pin-compatible with their earlier industry-standard versions. Prices 
start at $63 (ADC71 ), $99 (ADC76) and $87 (PCM75) . Small quantities 
are available from stock. CIRCLE 354 

4-bit MPU slice cuts power by 75°/o 

A high-speed 4-bit microprocessor slice from Advanced Micro Devices 
Inc. (Sunnyvale, CA), the Am29CO 1, offers the low-power advantages of 
CMOS and is a plug-in replacement for AMD's industry-standard 
Am2901 bit-slice microprocessor. The Am29CO 1 reduces the full-speed 
power consumption to 0.4 W, a 75% reduction over the equivalent bipolar 
device. The part is now in production in a 40-pin ceramic DIP, with plas-
tic DIPs to follow . CIRCLE 355 

681 DIP functions meet MIL-STD-883C 

More than 600 integrated circuit functions offered by the military products 
department of Texas Instruments Inc.'s Semiconductor Group (Dallas, TX) 
comply fully with the requirements of MIL-STD-883, Revision C, para­
graph 1.2.1. The 681 functions represent virtually all of the company's mil­
itary IC family and include dual-in-line versions of bipolar and CMOS logic, 
bipolar memory, linear, interface, digital signal processing, and program­
mable array logic devices. The availablility of fully compliant products pack­
aged in flat packs and leadless chip carriers is scheduled later in the first 
quarter. CIRCLE 356 
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APPLICATION NOTES 

Selecting 
positioning tables 

A 20-page catalog provides engi­
neering selection and application 
data on single, dual, and rotary type 
positioning tables available in both 
precision and commercial grades. 
Topics include accuracy, ball vs 
cross-roller bearings, load capacity, 
length of travel, multiple axes, and 
life expectancy. The catalog includes 
mechanical drawings and dimen­
sional details that will assist the de­
signer when selecting and specifying 
tables for a particular application. 

Design Components Inc., 1 Ken­
wood Cir ., Franklin, MA 02038; 
(617) 528-7300. CIRCLE 357 

Connector 
selection guide 

A comprehensive 596-page design 
guide and product catalog (No. C­
l 00) gives detailed specification and 
ordering information for TRW's 
entire line of connectors. The ap­
plication-oriented guide provides 
basic data on all standard connector 
types, including grid densities, tail 
configurations, and application ad­
vantages and disadvantages. The 
product presentation is designed 
a round a 16-page connector selec­
tion guide. Application categories 
include board to board , board to 
flexible circuit, board to discrete ca­
ble, board to component, and cable 
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to cable. 
TRW Electronic Components 

Group, Connector Division, 1501 
Morse Ave., Elk Grove Village, IL 
60007; (312) 981-6000. 

Digital storage 
oscilloscopes 

CIRCLE 358 

The applications and purchase con­
siderations of digital storage oscillo­
scopes are reviewed in a 12-page 
pamphlet. The document also com­
pares the the digital scope to tube 
storage oscilloscopes and describes 
the farmer's advantages, such as 
computer interfacing, signal pro­
cessing, plotter outputs, and pre­
trigger viewing. 

Gould Inc., R ecording Systems 
Division, 3631 Perkins Ave ., 
Cleveland, OH 44114; (216) 361-
3315. CIRCLE 359 

CAD/CAM 
analysis 

The Society of Manufacturing En­
gineers is offering its most recent 
book , New Directions Through 
CAD/CAM. It provides infor ­
mation on numerous aspects of 
CAD / CAM, including the latest 
technological developments, dis­
cussions of CAD /CAM manage­
ment and justification, system ap­
plications. A portion of the inclusive 
text even offers suggestions for the 
future. The 230-page hard-cover 
volume is written for all levels of 
manufacturing personnel-from 
technologist to engineer to corporate 
executive. 

Society of Manufacturing Engi­
neers, Marketing Division, 1 SME 
Dr., P.O. Box 930, Dearborn, MI 
48121 ; (313) 271-1500, ext. 418 or 
419. $37 ($32forSME members). 

CIRCLE 360 

Digital/rf 
article reprints 

A volume of nine technical articles is 
of interest to all who work with digi­
tally controlled rf components. The 
first seven articles serve as a cohe­
sive primer on the art of digitally 
controlling rf components, a disci­
pline that spans the disparate worlds 
of rf and digital. The two remaining 
articles are tutorial in nature and 
provide useful insight into two tech­
nical areas (switch-matrix designs 
and phase shift) that are not fully 
understood by all. 

Lorch Electronics Corp. , 105 
Cedar La., Englewood, NJ 07631; 
(201) 569-8282. CIRCLE 361 

Test 
instruments 

A. 350-page catalog provides de­
tailed specifications and illustra­
tions of Marconi's complete line of 
test instrumentation. A tutorial 
section procedes each major instru­
ment category and includes appli­
cation information, selection 
charts, measuring techniques , etc. 
Technical publications and appli­
cation notes available from Mar­
coni are also described in a sepa­
rate section. 

Marconi Instrument s, 3 Pearl 
Ct. , Allendale, NJ 07401 ; (201 ) 
934-9050. CIRCLE 362 
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Europackaging 
systems 

Vector 

' l 
~- : 

Europackaging 

A four-color brochure includes 
technical specifications and prod­
uct feature s, outline drawings , 
dimensions , and photographs of 
Vector's extensive line of Euro­
packaging systems. Five bulletins 
cover VMEbus backplanes and ex­
tenders; Euro subracks and di­
viders; Eurocard prototyping 
boards (VMEbus and Multibus 
II); and custom subracks , back­
planes, and piece parts. 

Vector Electronic Co ., 12460 
Gladstone Ave., P.O. Box 4336, 
Sy/mar , CA 91342; (818 ) 365-
9661 . 

Enclosures 
and cases 

CIRCLE 362 

Hudson Tool & Die announces the 
availability of its catalog of enclo­
sures, stampings, and assemblies. 
The 66-page document showcases 
a complete line of deep-drawn 
metal enclosures and covers , of­
fered in a variety of shapes and ma­
terials . Also featured are military 
cases and a series of crystal and 
miniature relay housings. A metric 
conversion table and a chart of 
standard modifications a re in ­
cluded. 

Hudson Tool & Di e Co. , 18 
Malvern St. , Newark, NJ 07105; 
(201 ) 589-1800. CIRC LE 363 

Fiber-optic 
transmission 

The Fiberlink product group of 
Math Associates offers an 84-page 
catalog describing a comprehensive 
line of fiber-optic transmission sys­
tems. Analog, digita l, audio, video, 
and RS-232 systems are covered, as 
well as special-purpose systems, 
fi ber-optic test equipment, fiber­
optic cable, terminating sets, and 
the company's installation capabili­
ties. Also presented are all of the 
accessories necessary to install, ser­
vice, and maintain a complete fiber­
optic system. 

Math Associates In c., 2200 
S hames Dr., Westbury, NY 11590; 
(516) 334-6800. CIRCLE 364 

Push-button 
switches 

Push-button switch configurations 
are detailed in a 19-page brochure. 
Specifications are given on the 
popular lines distributed by ECG, 
including reliable, miniature, mod­
ular , watertight, and economical 
types. Pricing information and 
samples are free on request. 

Electronic Components Groupe, 
26 N. 5th St ., Minneapolis , MN 
55441; (612) 559-07 20. 

CIRCLE 365 

Watertight 
instrument cases 

A 32-page catalog describes a line 
of portable instrument c as e s 
constructed with a special seal to 
ensure a watertight closure. Infor­
mation is provided to ease the se­
lection process, along with a chart 
of standard modifications. 

TA Instrument Case Co., 462'5 
Alger St ., Los Angeles, CA 90039; 
(818) 242-8855. CIRCLE 366 
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+ 1 to + 15 dBm input 

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* 
* units are not OPL listed 

SK-2 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
INPUT 1-500 
OUTPUT 2-1 000 
CONVERSION LOSS, dB TYP. MAX. 

1-100MHZ 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 specifications and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory, the Gold book or EEM . 

finding new ways ... 
setting higher standards 

O Mini-Circuits 
A Division of Sc1ent if1c Components Corporation 

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

Switching regulated power sup­
plies a re the subject of a six-page 
short-form catalog. A product se­
lection guide provides electrica l 
and mechanical specifications, 
voltage ranges, output combina­
tions , and ratings for all of Cher­
okee 's products . Supplies range 
from s ingle-output 50/60-W 
models to five-output 500-W 
switchers. 

Cherokee International Inc., 8 
Autry, Irvine , CA 92714; (7 14) 
951 -9679. 
CIRCLE 421 

CAM hardware 
directory 

The International Computer­
Aided Manufacturing Directory 
provides a detailed, specification­
oriented description of all types of 
hardware for CAM applications. 
Selected contents include CAM 
and CAT systems; flexible manu­
facturing systems; material man­
agement systems ; mainframe, 
mini , and microcomputers; mem­
ory devices; interfacing devices 
and data converters; workstations 
and terminals ; factory networks ; 
CNC equipment; and printers. 

Technical DataBase Corp., P.O. 
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NEW LITERATURE 

Box 7 20, Conroe, TX 77 305; (713) 
439-1687. $40; update service is an 
additional $25. 
CIRCLE 422 

Light-emitting 
diodes 

Entitled An LED Universe , this 
48-page catalog gives product speci­
fications for both panel- and board­
mounted LEDs, as well as a large 
variety of devices that mount in 
standard sockets as incandescent re­
placements . LED types covered 

\within include discrete wide viewing 
angle, snap-in, multichip illumin­
ators, industrial lamps, LED arrays, 
and tricolor and bicolor lamps. Also 
detailed are sockets and other 
mounting hardware. 

Data Display Products , 301 
Coral Cir. , El Segundo, CA 90245; 
(800) 421-6815 or (213) 640-0442. 
CIRCLE 423 

Test and 
measurement 

Wavetek is offering its 1986 test 
and measurement instrumentation 
catalog containing descriptions, 
specifications, prices, and ordering 
information . Indexes and cha rts 
are included in the 176-page publi­
cation to aid in readily finding spe-

cific instruments and features. 
Product categories include low­
frequency and rf test equipment, 
broadband cable communication 
test equipment, rf and microwave 
components, microwave test equip­
ment, instrumentation computers, 
and more. 

Wavetek Corp., 9191 Towne 
Centre Dr., Suite 450, San Diego, 
CA 92122; (619) 450-9971 . 
CIRCLE 424 

Fiber-optic 
RS-232-C kit 

A four-page color brochure de­
scribes a ready-to-install RS-232-
C fiber-optic communication kit. It 
provides simple, clear, illustrated 
installation procedures, as well as 
specifications and a parts list. The 
kit itself contains two asynchro­
nous modems and power sources, 
plus I 00 ft of twin fiber-optic cable 
with assembled connectors. 

Augat Fiberoptics, 710 Narra­
gansett Park Dr., Pawtucket , RI 
02861 ;(401 ) 724-4400. 
CIRCLE 425 

Adhesives and 
encapsulants 

A selector guide details a line of 
high-purity die-attach adhesives, 
surface-mount adhesives, elec­
tronic coatings and encapsulants, 
and wafer sorting inks. New prod­
ucts and information updates on 
standard products are provided in 
grid format showing extensive 
physical and chemical data, as well 
as suggested applications. 

Furane Products Co., 5121 San 
Fernando Rd. W., Los Angeles, 
CA 90039; (818) 247-6210. 
CIRCLE 426 



PROFESSIONAL NOTEBOOK 
BY CAROLE PATTON 

Engineer vs boss: 
Still a slugf est 
over priorities, ethics 

An historic clash is under way be­
tween engineering and corporate 
mindsets . At issue are two Morton 
Thiokol engineers who told a White 
House panel that they had urged a 
delay of the Jan . 28 Challenger 
launch because of cold weather. 
They were overruled by their own 
management. At a later hearing, 
both said they had si nc e been 
reassigned-as punishment for let­
ting the cat out of the bag. 

Thiokol's chief executive officer, 
Charles S. Locke, denies that the en­
gineers were punished . True, both 
were reassigned, yet neither engi­
neer has taken a pay cut or been de­
moted, he says. 

But the veneer of fair play is pa­
per thin. Already Locke has shown 
his displeasure with the whole con­
troversy. According to the Wall 
Street Journal (May 15, p . 5), 
Locke maintains that the two engi­
neers have traveled "all over the 
country at our expense to appear be­
fore commissions." Locke adds that 
Thiokol , which made Challenger's 
solid-fuel booster rockets, has been 
"very open and above board" about 
the problem, but once the commis­
sion report appears, the engineers' 
situation would change. "People are 
paid to do productive work for our 
company," Locke says, "not to wan­
der around the country gossiping." 

Though he is sorry that the two 
engineers are unhappy, "our con­
cern is for the best interests of our 
nation's space effort," he points out. 
Voicing concern for Thiokol's best 
interests, Locke made it plain that 
he didn't think NASA should bring 
in a second supplier for the rockets. 

Underlying his comments is the 

corporate ethic. It perpetuates itself 
by selling a product and turning a 
dollar-a worthy pursuit in a nation 
whose economic keystone is capital­
ism and whose folk hero is Horatio 
Alger. Most employees readily 
adapt to this scenario, contribute to 
corporate growth , and ultimately 
retire with the corporation's thanks 
and a gold watch. But engineers of­
ten see things differently. 

QUALITY OVER LOYALTY 

In fact, engineers take pride in 
optimal - not just adequate­
design . When life-threatening risks 
are taken merely to save a few dol­
lars or to ship something on time, the 
resulting anger and frustration can 
tear even the most tightly woven cor­
porate fabric. The Morton Thiokol 
case is only one example . A few 
years ago, the rabble-rousers were 
Westinghouse engineers working on 
a San Francisco transit system. Like 
the Thiokol engineers, they made 
their safety concerns public and em­
barrassed their employer. 

The rules that engineers follow 
are best illustrated in a recent Wall 
Street Journal article (May 13, 
p. I) on "ditch day" at the California 
Institute of Technology. A Cal Tech 
tradition, ditch day pits the techno­
logical prowess of engineering se­
niors against underclassmen, the 
"wimps." The idea is to keep the 
wimps from invading the senior's 
dormitor y rooms . But keeping 
wimps out involves exotic technical 
challenges, such as locks that can be 
opened only by heat, lasers, sound, 
or sometimes by outsmarting a com­
puter programmed for speech (like 
Hal in 200 I). The seniors even leave 
clues on how to break in. 

Other locks are purely cerebral: 
One senior left his room unlocked, 
but with a physics problem taped to 
the door. No one could open the door 

because no wimp could solve the 
equation. (In fact, even a Nobel­
laureate faculty member was unable 
to solve it.) Some seniors say they 
spend years creating unbreachable 
fortifications. 

Beneath this tomfoolery lies an 
insight into the type of systems that 
engineers are comfortable with. Its 
rules specify a knowable universe­
as unchanging as the correct answer 
to a physics equation. Here, sci­
entific laws don ' t bend for love or 
money, and the challenge is found in 
outwitting others by applying the 
same rules but more deftly. 

SHRINKING THE UNIVERSE 

Rules and theorems or the latest 
corporate philosophies aim at reduc­
ing many possibilities to a thim­
bleful of manageable choices . 
Though systems create narrow 
worlds that the human mind can 
deal with , they also can turn engi­
neers pursuing an elegant design or 
managers protecting corporate wel­
fare into well-mannered carriage 
horses, their judgment impaired by 
self-imposed blinders. The real chal­
lenge lies in knowing when to scrap 
the system's rules and take in the 
landscape's broader brush. As Dou­
glas Hofstadter points out in his 
book Godel, Escher, Bach, systems 
exist everywhere. The more civilized 
we become, the more systems we 
erect. Some of the worst snarls arise, 
Hofstadter says, when systems turn 
back on themselves- for example, 
when government investigates its 
own wrongdoing. 

For my part, I di strust systems. 
They are small-minded, self-per­
petuating, and constantly watchful 
of their own safety. But systems and 
their supporting structures must ul­
timately bow to universa l truths . 
The truth here is simple- no system 
is worth more than human life. 
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PROFESSIONAL OPPORTUNITIES 

ELEC.TRDNIC 
DESl&N 

Electronic Design has the largest qualified circulation in the electronics industry! 

YOU CAN REACH MORE ENGINEERS WITH TITLES LIKE THESE: 
•Test Engineer • Systems Engineer • Digital Engineer • Quality Assurance Engineer • Software Engineer 

• Analog Engineer • Communications Engineer • Hardware Engineer • Project Engineer 
• Digital Engineer • Microwave Engineer • Reliability Engineer • R & D Engineer • Engineering Manager 

EXPERIENCED IN INDUSTRIES LIKE THESE: 
• Military • Semiconductor• Communications • Computers •Test • Components • Research • Industrial Controls 

Circulation 135, 163 
Total Readership 384,857 

Electronic Design is timely. It is mailed every two weeks. Recruitment advertising closes only two weeks before each issue's 
mailing date. 

Issue 
June 12 

Closing 
May 23 

Electronic Design 

Editorial Features 
Semicustom ICs 
Design Automation 
Keyboards 
Computer Boards 

Bonus Distribution 

Call us now to reach those important engineers you need today! 
Susan Ullrich Susan Barnes-Ronga 

RECRUITMENT SALES MANAGER SALES REPRESENTATIVE 
201-393-6396 201-393-6076 

... 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 required . you'll 
be responsible for characterization , 
specification, and qualification of 
devices in high reliability applications 
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including Class (B) and Space Grade 
Class (S) parts . 

Design Engineers 
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 EGAD 
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. 



Sperry in Albuquerque: 
Putting your !alent 
Sperry's defense systems OD dJSplav 

operation in Albuquerque is 'J 
offering you the opportunity to 
display your talents. Our digital 
map project offers you the 
opportunity to develop technol­
ogy for this advanced display 
system. Sperry's defense sys­
tems operation designs and 
develops a diversified product 
line to meet the needs of military 
aviation. We are a solid, growth­
oriented company looking for 
engineers who want to be a part 
of our success. Our current 
openings include: 

CRT Display 
Development 
Electronic Design 

Openings in these areas range 
from two to 15 year's experience in 
analog or digital design. Some 
experience with monochrome and/ 
or color CRT systems, including 
display processor or a closely­
related field, is also preferred. 
Customer interface and proposal 
experience is also desired. Other 
openings include: High-speed Digital 
Processing, Analog-to-Digital 
Converters, and Raster/Stroke 
CRT Circuitry Design. 

Helicopter AYlonlcs 
Avionics System Engineer 
. In this position you should have a 
BSEE with three or more year's 
experience on military avionics pro­
grams. You should also have experi­
ence with designs using Mil-Std-1553 
interface and the associated 
software/hardware background 
design requirements. Experience in 
working with the man-machine 
interface and familiarity with struc­
tured analysis/design 
methodologies is desired. 

Software Engineer 
To qualify you should have a BSEE 

or BSCS and two or more years of 
real time software experience using 
Assembly and/or High Order 
Languages, for embedded processor 
applications, or computer graphics. 
Experience/exposure to Ada pro­
gramming and/or environment is 
highly desirable. Familiarity 
with Structured Analysis and 
Structured Design methodologies is 
also desired. 

Fllsht Control Systems 
FllgbtControlsEnglneer 

These positions require a BSEE 
degree and two or more year's 
experience associated with the 
design of microprocessor-based 
systems including 1/0, data trans­
mission, bus architecture, signal 
conversion and analog/digital cir­
cuit design. Applications include: 
Flight management development, 
wide band analog and high speed 
digital circuit design, flight control 
system development, software 
development and simulation/ 
algorithm development. 

Tactical and Reference 
Systems 
Product Engineer 

To qualify for this position you 
will need a BSEE degree with a 
minimum of two year's experience. 
In this position you will be working 
in support of momentum programs 
associated with digital and/or analog 
military avionics. You will be 
responsible for solving engineering 
design problems on the production 
line and for coordinating customer 
required changes into production 
hardware. Some direct customer 
interface also included. 

Pat your talents on display 
Sperry offers you a generous 

salary and benefits package. Send 
your resume and salary history, in 
confidence, to Brandon Harwood, 
(ED-E669), P.O. Box 9200, Albuquer-

que, NM. 87119. 

..JL51=>E~V .,r 
Equal Employment Opportunity/ 

Affirmative Action Employer 
U.S. citizenship is required 



Proclaim liberty 
throughout 
the land. 

It was rung to announce the 
adoption of the Declaration of Inde­
pendence. In a sense, the liberty bell 
has never stopped ringing for America. 

At Support Systems, the freedom 
to create is simply one more stimulus 
to work for the cause of liberty. We 
invite you to help us keep working for 
America. 

Flight Simulator 
System Engineers 

If you are an engineer with a 
broad base of experience in flight test 
and visual systems, you can join us in 
the advancement of flight simulation 
technologies. Excellent opportunities 
are available in Southern California at 
Hughes Aircraft Company. 

System Engineers 
Translate the operation of aircraft, 

avionic, electro-optical, ECM/radar, and 
radar warning receiver systems into 
design concepts for flight simulator 
applications and weapons tactics 
training. Knowledgeofavioniccomputer 
applications and some computer pro­
gramming, plus military flight expe­
rience in the operation and testing of 
the aforementioned systems. 

Visual Simulation System 
Engineers 

Utilize your system level design 
experience incorporating wide angle 
projection display devices and computer 
graphics. Knowledge of one or more 
of the following areas: optical system 
engineering, real-time computer 
graphics, video/display system 
engineering, display system psycho­
physics, high performance servos 
desired. Also experience with dome 
visual simulations and/or infinity 
optics visual systems. 

Software Engineers 
Real time software engineers for 

training simulator applications. Expe­
rience in avionics, radar, aerodynamics, 
ECM and Gould internals. Five to ten 
years experience desired. 

Please send your resume to 
Lowell Anderson, Hughes Aircraft 
Company, Support Systems, Dept. 
DE-6A, P.O. Box 9399, Long Beach, 
CA. 90810-0399. 

Proof of U.S. citizenship required. 
Equal opportunity employer. 

Creativity 
America depends on. 

HUGHES 
AIRCRAFT COMPANY 

SUPPORT SYSTEMS 
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Intel ... 

Changing T echnologic.al Horizons Again! 
The ability to adapt quickly to rapid changes in both market and technology is the mark of an Intel profes­
sional. As a result, we have contributed to a number of "firsts" in the microelectronics industry. Now we're 
setting industry standards for single board computers and supermicro systems ... and the process of innovation 
goes on. We still place a high premium on finding people who have inquiring minds, strong technical skills, 
and the ability to adapt quickly to changing situations. If you have experience in any of the areas below and 
want to see your work integrated into sophisticated new products, let's talk! 

SYSTOLIC ARRAY MICROPROCESSOR 
DEVELOPMENT GROUP 
Architecture Designer* 
Language Compiler Designer• 

SEMICUSTOM GROUP 
Software CAD Engineers • ... 

Performance Verification Electromigration 
Workstation Developers 
Silicon Generation Automatic Place & Route 
Circuit Simulation 
Software QA 
Data Base Management Systems 
Test & Fault Grading 

Design Center Manager• 
Design Engineers/Managers • ... 

Logic Designers 
Circuit Designers 

Technical Writers• ... 
Marketing Engineers• ... 

Customer Marketing 
Product Marketing 
Applications 

Product Engineers• ... 
Process Engineers/Managers • ... 

Thin Films 
Plasma 
Device 
Computer Integrated Manufacturing (CIM) 

Fab Training Manager• 
Assembly Engineers ... 
Quality & Reliability Program Managers• ... 
Process Equipment Engineers• ... 
Software/Test Engineers• ... 
Senior Process Engineers • 
Fab Equipment Engineers/Technicians • 

ADVANCED MICROPROCESSOR 
DEVELOPMENT GROUP 
VLSI CMOS Component Designer• 
Senior Test Engineer* 
Senior Product Engineer* 

SYSTEMS GROUP 
Quality Assurance Engineer• 

Project leaders and individual contributor positions available. All positions require 3 + years experience with 
an MS/PhD in EE or CS. For details, call our Employment Rep at the Intel site of your choice. If unable to call, 
please send your resume in confidence to the address listed. An Equal Opportunity Employer M/F/H. 

• Intel Santa Clara, Dept. 295787, P.O.Box 58121, Santa Clara, CA 95052-8121. Attn: Pam 
Najera (408)496-7551. 

... Intel Arizona, Dept. 295787, 5000 W. Chandler Blvd., Chandler, AZ 85226. Attn: Mike 
Gore (602)961-5794. 

* Intel Oregon, Dept. 295787, 5200 NE Elam Young Parkway, Hillsboro, OR 97124-6497. 
Attn: Eileen Schneider (503)681-4597. 

• Intel New Mexico, Dept. 295787, 4100 Sara Road, Rio Rancho, NM 87124. Attn: Allison 
Bridge (505)893-7210. 
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Opportunity With A 
Pacesetter In The 
Financial Industry! 

Spokane, Washington 

Pacesetter/pas'-set-er/ 1: one who sets the pace or 
leads the way for others to follow 2: one who 
outperforms others in a given area 3: a leader in a 
particular field «The company is a pacesetter in 
providing distributed processing systems to financial 
institutions.» syn ISC Systems Corporation. 

Our dynamic team of professionals has created 
many industry firsts and set the pace in the 
design and manufacture of turn-key intelligent 
terminal systems for the financial industry. 
ISC has maintained a position as one of the top 
growth companies in the Electronics Industry. 
Now, ISC needs more creative engineering 
professionals. 

Software Design 
Hardware Design 
Components 
EMI Test 
Performance Evaluation Analyst 
Product Safety 
Reliability 
Software Test 
System Test 
Continuation 
Application Development 
utilizing structured analysis and design 
Our system incorporates a unique Z-80 
microprocessor with a sophisticated multi­
tasking operating system. 

ISC is located in beautiful Eastern Washington. 
We are less than one hour from fifty lakes 
and four fine ski resorts. The area also offers 
clean air, affordable housing and uncluttered 
freeways. 

If you are interested in joining our team of 
dedicated professionals, please forward your 
resume to: Engineering Recruitment, ISC 
Systems Corporation, P.O. Box TAF C-8, 
Department ED-612, Spokane, WA 99220. 
!SC is an equal opportunity employer. 

WE'RE CHANGING THE 
PACE OF BANKING! 

184 Electronic Design • June 12, 1986 

Get noticed. 
Get known. 
Get going. 
In the Astronics Division of Lear Siegler, you ' ll 
find the opportunity. Here in our close-knit 
environment , individual abilities can affect the 
most sophisticated avionics technologies -
including Advanced Avionics and Flight 
Control Systems, Remotely Piloted Vehicles 
and other microprocessor-based control 
equipment. 

With programs like these and opportunities 
like the following , we 're the place where you 
can go far and get there fast . 

ELECTRONIC CIRCUIT DESIGN ENGINEER 
Requires BSEE and 5 + years in either analog 
circuit or digital design . 

SR. AVIONICS SYSTEMS ENGINEER 
Requires BS in related field and 8 + years 
design experience with digital architecture 
and/or flight control systems. 

MECHANICAL ENGINEER 
Requires 5 years experience in the design of 
electromechanical actuators and mechanisms, 
aircraft displays and panel controls. 

REAL-TIME SOFTWARE ENGINEER 
Requires BS in EE, CS or Math and 8 + years 
experience with embedded systems for 
airborne applications. 

At LSI Astronics , we can offer the visibility 
you 're looking for. To apply for one of our 
openings - which includes competitive salary, 
relocation consultation and excellent benefits 
- send resume and salary history to : Chuck 
Doyle, Dept. D09, Lear Siegler Astronics 
Division , 3400 Airport Ave., Santa Monica, CA 
90406. (213) 452-6745. Equal Opportunity 
Employer/U .S. Citizenship Required. 

• .... LEAR SIEGLER, INC. 
~· ~ICS DIVISION 



If you want a high-technology environment, unlimited opportunity, and long- range stability, 
you owe it to yourself to take a closer look at General Dynamics Pomona Division, a lead­
ing supplier of advanced tactical defense systems. We currently have the following positions 
available: 

GALIUM ARSENIDE 
INTEGRATED CIRCUIT 

MANAGER 
Participate in the design and operation of 
a prototype GaAs processing laboratory 
including direction of fabrication and 
testing of GaAs MMW IC's. Requires 
PhD or equivalent and a minimum of 
5 years experience. 

MIC DESIGN 
SPECIALIST 

Develop and "bring on-line" the Pomona 
Division capability to design and manu­
facture Microwave Integrated Circuits. 
Requires BSEE or Physics and minimum 
16 years experience including a broad­
based microwave circuit design 
background. 

EMC/NUCLEAR 
HARDENING 
SPECIALIST 

Perform practical techniques for the 
prevention, detection and correction of 
circuit upsets caused by electromagnetic 
and nuclear effects on modem weapon 
systems utilizing microwave, analog and 
digital circuits. Must be familiar with 
DoD standards, their application and the 
testing methods used to verify compli­
ance. Requires a technical degree and 
minimum 20 years experience. 

Technology. Opportunity. Stability. We 
have them all. If you're looking for a way 
to join us, you can start by sending your 
resume to: General Dynamics Pomona 
Division, P.O. Box 3011, MZ 4-15, 
Drawer H-453, Pomona, CA 91769. 

We're looking forward 
to meeting you. 

GENERAL DYNAMICS 
Pomona Division 

Equal Opportunity Employer/U.S. Citizenship Required 
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Engineers & Designers 

Heads up for the missions ahead ... 
we don't just build the bodies-
we make the brains. 

Sikorsky has many missions that 
make the need for totally integrated 
systems, advanced composites and 
electronics-intensive technology. 

For example, we're investing heavily 
in R&D to develop applications of ar­
tificial intelligence for multi-functions 

including navigation, evasive 
maneuvers and weapons response. 
And we're integrating sonar systems 
with computer-controlled buoy 
sensor-transmitters. The airborne 
system comprises integrated target 
location/identification and weapons 
delivery systems. 

UNITED 
TECHNOLOGIES 
SIKORSKY 
AIRCRAFT 

An Equal Opportunity Employer 
U.S. Citizenship Required 



Ready for new professional recogni­
tion and achievement? Team up with 
Sikorsky in one of the following high­
visibility roles: 

AVIONIC SYSTEMS 
• Avionics Analysis 
• Systems Integration/Architecture 
• IR, EO, Laser Sensors 
• Armament Control 
• Aircraft Survivability Equipment 
• E3/RCS Analysis, Materials and Test 
• Navigation 
• Controls and Displays 
• C3 
• ASW Systems 
• Flight Controls 
• Software Engineering 
• Software Quality Assurance 
• Manufacturing Electronic Planning 
• Radar Cross Section Engineering 
• Weapons Systems Engineering 

AIRFRAME SYSTEMS 
• Structural Design 
• Structural Analysis 
• Support Equipment 
• Landing Gear Design 
• Crashworthy Engineering 
• Mass Properties 
• Survivability Engineering 
• Reliability & Maintainability 
• Transmission Design 

FLIGHT SIMULATION 
• Simulation Hardware 
• Software & Integration 

ELECTRICAL SYSTEMS 
• Fiber Optic Systems 
• Advanced Wiring & Connectors 

SUPPORT SYSTEMS 
• Integrated Training Systems 
• ATE/GSE Systems 

ADVANCED COMPOSITES 
• Composite Design 
• Composite Stress Analysis 
• Composite Materials 
• Composite Manufacturing 

Engineering 

If you 'd like to learn more about our 
challenging, long term programs . . . 
extending well into the next century, 
write to: W. Welsh, Sikorsky Aircraft 
310 North Main Street 
Stratford, CT 06601 

UNITED 
TECHNOLOGIES 
SIKORSKY 
AIRCRAFT 

(.J,J ~ 

~~~\!!Y 
a Division of Vllrian Associates, Inc. vanan 

The 
Frequency of Technical 

Opportunities 
... Originates in Dallas 

From ELF to UHF-and beyond. Continental Elec­
tronics, a Division of Varian Associates, is span­
ning the limits of high power RF technology to 
bring imagination and application closer together. 
As an engineering-oriented company that specializ­
es in the design, development and production of 
high power radio frequency transmitters, we've 
delivered many firsts in communications, radar, 
radio broadcasting and scientific research. 

0 pportunities _exist RIGHT NOW for professionals at 
all levels with design experience in high power RF 
amplifiers and/or control and monitor systems. 
We're looking for achievement-oriented Engi­
neers, with BSEE/Physics, U.S. Citizenship and 
the ability to obtain DOD clearance, in these 
areas: 

• RF DESIGN 
• CONTROL and MONITOR DESIGN 
• MICROPROCESSOR SOFTWARE 

DESIGN 

At our Dallas, Texas headquarters, team interaction 
and responsive management promote a corporate 
culture attuned to individual achievement, creat­
ing avenues for those who want to originate 
change. 

A core cadre of professional experienced engineers 
and a broad scope of projects make Continental 
Electronics an excellent choice for the experi­
enced or recently graduated engineer who is mo­
tivated toward program success and a high level 
of self satisfaction resulting from involvement in 
all facets of engineering. 

As a division of a Fortune 500 Company, Continen­
tal Electronics promotes professional satisfaction 
through challenging work, excellent salaries, and a 
benefits package which includes cash profit shar­
ing and a 40,l(k) retirement and tax-deferred sav­
ings plan . To apply, send your resume with salary 
history to Professional Recruiter, Continental Elec­
tronics, P.O. Box 270879, Dallas, TX 75227, or 
call (214) 381-7161. Principals only, please. We 
are an equal opportunity employer. 

Continental Electronics 
P.O. Box 270879 

Dallas, Texas 75227 
(214) 381-7161 
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THEZDS 
METHOD OF 
WINNING 
\X/hen it comes to success in the 
microcomputer market. people are 
looking to Zenith Data Systems. 
New major governmental contraas 
and growing consumer acceptance 
are proving what we already know. 
That Zenith is producing some of 
the best PCs in today's marketplace. 
And we're doing it through a 
dedicated group of engineers at 
our facility in St. Joseph. Michigan. 

DIRECTOR OF ENGINEERING - COMPUTER 
PRODUCTS Direas design and development efforts for all hardware 
computer products. 8SEE/CE or equivalent experience. 8- 10 years 
engineering/managerial experience and in-depth working knowledge of 
microprocessors and microprocessor applica tions in a small business 
computer environment are required. 

SECTION MANAGER, OEM SYSTEMS 8SEE. CS or CE with 
7-10 years experience in design. systems. or product evaluation 
engineering. 

HARDWARE ENGINEER 8SEE or CE combined with 2+ years 
of microprocessor applications design experience. 

SYSTEMS SOFTWARE ENGINEER 8SCE or CS plus 2+ years 
operating systems internals experience. Strong 8086 Assembler. C and 
Pascal programming experience will be required. 

COMPONENT/ RELIABILITY ENGINEER 8SEE or equiva lent 
p lus 2-3 years experience as a component or reliability engineer. 
Thorough knowledge of microprocessors also required. 

CONTINUING ENGINEER BSEE or CE with 5+ years o[ micro­
processor applications design experience. · 

SYSTEMS ENGINEER 8SEE or CS plus 2.+- years experience (n 
design. systems. product evaluation or test engineering . 

EMI/ RFI ENGINEER A 8SEE. ME or equivalent. plus 3-7 years 
EM/ preventative design experience needed. Familiarity with mil-spec 
std. is helpful. 

We're winning the attention of computer industry watchers worldwide, 
all from our base in St. Joseph. An attractive community on the Lake 
Michigan shoreline where you can expect affordable housing, exceptional 
recreational opportunities and friendly people. Find out more about the 
winning combination of success and lifestyle. Call or send resume to: Biii 
"'-rs, 616/982-3504, Zenith Data Systems, Dept. ED, HllllDp 
Rd., St. Joseph, Ml 49085. Equal Opportunity Employer M/F/H/V 

.7'""'N I data systems 
A Wholly Owned Subsidiary 
of Zenith Electronics Corporation. 

The Winning Combination 

Research Associate 
ELECTRONICS CAREERS 

$30,000-$55,000 
We are specialists in placing degreed engineers in 
electronics. Immediate career growth opportunities 
available- NATIONWIDE. 

W:>rk on and assist in directing re- we recrurt professionals in the following areas: 
search projects related to 111-V semi- Avionics. Microprocessor Design. Hardware/Sott­
conductor in electrical pr9perties, ware. Weapons/Guidance. Simulation/Automation . 

. Artificial Intelligence, Electro-Optics. Lasers. ATE 
chemical composition analysis, and These positions require BSEE/CS and U.S. citizen­
MISFETS. Duties - electrical mea- ship. For confidential. fee paid. prompt service call 
surement of MIS diodes and chemi- or send resume today' 

cal analysis of composition at _...l) ~~~~~;; & Associms INC. 
insulator-semiconductor interface .m:; 2117 s. Stewart. P.O. Box 4387 
and MISFETs fabrication on lnP '==" Springfield. MO 65804 
semiconductor using standard CV, ~ 1417) 883-1212 
Iv XPS AES Ups ELS SIMS d Recruiting and placement since 1964 

, , , , , , an ----------• Hall Mobility processes; write re- ~------------, 
ports on research; assist in guidance 
of MS and PhD students. 

PhD in semiconductor engineering 
required. Salary $28,000 per year; 40 
hour week. Application is by resume. 

We are currently recru1tm9 in the lollowmg areas !or ma,or 
Aerospace. M1htary. and Commercial Electroruc Companies; 

• Radar Syslems • Sortw•r•/H•r<twa1e • LSl(VLSI 

• Analog/RF • CAO/CAM • CMOS 
• Electro-Optics •ATE 

• {)ogilal/Processong • Powet" Suppjles • We.pon Systems 
• Sp&cecratt Systems • GuoOance •Custom ICs 

Contact the nearest Job Service r---0 NATIONAi. n.cun•• RECRUITERS. 1Nc. 

Center and refer to order number CO '-0 =:;a1:~~r:o:· !~~~K 10~~~p;5~~. 22 
2660683. 
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SPECIAL LATE CLOSE 
Recruitment advert isers 
have special "late close" 
privileges in Electron ic 
Design. Each issue closes 
only 14 days before mail­
ing date. Don't get lost in 
general newspapers ... go 
where you'll find experi­
enced engineers ... You'll 
find them read ing Elec­
tronic Design ' 

ENGINEER SEARCH 
Engineers exclusively placing 
experienced Engineers nation­
wide for over 15 years. 100% 
employer fee paid. Many pos­
itions not advertised. Send res­
ume or call Bob Thomas at 
(512) 650-0990. 

P.O. Box 33070 
San Antonio, TX 78265 

ELECIRDNIC 
DESIGN 

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 , measu rement , 

and instrumentati on 
Government and military 

Total: 

6,249 

15,037 
708 

11 ,846 
10, 104 

43,944 

Industr ial 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 equ ipment 

Total: 

Total qualified circulation: 

15,354 
2,616 
4,404 

23,374 

5,542 
3,713 
4,597 
1,255 

15,107 

136,182 



In the field of advanced microprocessor­
based avionic systems for our nation's premier de­
fense aircraft. Lear Siegler technology has earned 
industry-wide respect for innovation 
and mission-proven performance With Weapons 
Control Systems setting new standards of reliability 
on-board the Harrier AV-BB and F/A-18 Hornet. we 
are now embarking upon ou• next decade of 
technological challenges. 

With major. long-term Full Scole Engineer­
ing Development Programs to retrofit Weapons 
Control Systems for the F-14D Tomcat and A-6E 
Intruder Upgrade now underway. we are currently 
seeking seasoned professionals in the following 
categories at our campus-like facility in the roll­
ing hills of Nort~ern New Jersey. 

COMPONENT ENGINEERS 
Intermediate & Senior Levels 
Failure Analysis 

You11 perform detailed failure analysis on elec­
tronic components (diodes. resistors. capacitors. 

~
,~1;11 • • 955:~: 

report the results to 
project manage­

ment. Specific duties will include 
designing special lest fixtures lo 
accomplish trouble shooting of 

components. developing reliability test plans to 
demonstrate reliability requirements and pro­
viding specific design recommendations to im­
prove component quality and reliability 

We require a BSEE and 3 + years relia­
bility engineering experience with emphasis on 
component failure analysis. Previous exposure to 
a military electronics environment and hands-on 
experience operating a Scanning Electron 
Microscope is highly desirable. 

SR. ELECTRONIC 
COMPONENT ENGINEERS 

You11 assume responsibility for reviewing designs 
on assigned projects to ensure compliance with 
military and company standards. Since your 
spocific duties will include the preparation 
of Specification Control Drawings (SCD). 
parts screening and the preparation of 
data items, a thorough knowledge of a 
wide range of available components. 
as well as non-standard parts 
application procedures 
is mandatory. 

Your qualifications should include a BSEE 
or the equivalent and 5+ years' experience 
working with MIL-Standards (ie., 38510, 19500. 
883C). Similar experience in commercial design 
companies will also be considered. 

SYSTEMS ENGINEERS 
You 'll assume responsibility for overall systems ar­
chitecture and details for systems changes. 
weapon interface and hardware/software in­
tegration. This will require reviewing the prepara­
tion of systems design and test specifications. 
preparing systems specifications for Built-In Test. 
and testing systems and major software functions. 
You will also be involved in customer interface, 
technical reviews of software designs, and coor­
dinating and reviewing solutions for systems in­
tegration and flight test problems. 

We require a BSEE (MBEE preferred) and 
at least 5 years' experience in airborne military 
electronic systems (ie, stores management or 
digital/analog systems). 

.... ~·A~: 
Software Test l ~ 

Your primary responsibil- • t
1
, ~'-. 

ities will include the 7!1f! •" 
design and implementation ~1111~ 
of Test software for avionic ·~U..,..' 
Weapon Control Systems in .,,.. 
conformance with DOD-STD 1679A 

These positions require a BSEE/BSCS and 
4-7 years' experience in either testing of rea!-~ime 
software. or the development oi Test-Set opera­
tional and simulation software. Previous experi­
ence with MIL-STD's. and knowle0ye of hardware 
a plus ''Hands-on" experience with 80986/80286. 
RMX operating systems. 'C: PLM-86 and Assembly 
language would be highly desirable. 

ANALOG SECTION HEAD 
You'll manage the engineering activities of the 
Analog Design Section. Your responsibilities will 
include interfacing with senior manogement ar,d 

SOFTWARE ENGINEERS providing technical direction for conformance to 
Real Time Design sound engineering techniques in analog design 

You11 assume responsibility for the design. im- and analysis. Specific duties require managing 
plemenlation and integration of software for supervisory. design and analytical personnel 
avionic Weapon Control Systems in conformance combined with varying levels of adrTlinislrative 
with DOD-STD 1679A personnel 

These positions require a BSEE /BSCS with . This position requires a BSEE (MSEE 
4.7 1- years' software design experience. pre- \\:desired) plus 8.years design. experience 1n-
ferably 80986/80286 systems using ''C" and eluding superv1s1on of technical personnel 
Assembly. Experience with structured analysis ~ Come share the excitement of these 
and design a plus. ''Hands-on" \* challenging programs alongside the "in· 
knowledge of operating systems. dustry's best" and find a special 
VAX and previous experience in kind of freedom to pursue "better 
an avionics environment would ways·: while receiving excellent 
constitute a positive asset. , .. 1 " compensation. benefits and manage-

,,
' r ment support. 

We'll put 
your ideas to work 

~ 
LEAR SIEGLER. INC. 

For prompt consideration. please 
end your resume, compl'::'le with salary history 

and position of interest in confidence to: 
Michael Ruskin, Human Resources 

Department ED-124, Lear Siegler, Inc. , Avionic 
Systems, 7-11 Vreeland Road, Florham Park, 
New Jersey 07932. 'Ne'J•eoneqc".llcpro1'Jo1'yenir<J>YM I' 11 :v 
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CAREER OPPORTUNITIES 
MSC, a leading supplier of Gallium Arsenide & Silicon microwave transistors, is launching a major program in research and development leading 
to the manufacture of matched power GaAs FETs, MMICs, analog and digital GaAs IC 's. 

Help us shape this aggressive new program backed by the stability and resources of one of the world 's largest electronic corporations. 
We need to add outstanding professionals in the following areas: 

GaAs MARKETING 

Marketing Communications 
Speclallst/Manager 
Individual should have a thorough knowledge of 
marketing efforts involved in government contracts 
supervision. 
• Design and construct contracts and proposals 
• Prepare response to RFP/RFQ 's 
• Knowledge of Non-Disclosure Argeements 
• Editing of technical publications 
• 5-10 years experience in government 

contract/commun1cat1ons 

Product Marketing EnglnHr­
Dlgltal IC 
Position requires thorough knowledge of computer 
system and architecture 1n order to define product and 
product plans. 
• Market Projection 
• Competitive Analysis 
• Penetration Plans 
• Product Portfolio Definition 
BSEE degree preferred with 3-5 years experince 1n 
related field of electronics. 

Product Marketing EnglnHr­
Federal Markets 
Position requires ind1v1dual with technical background 
to provide marketing support for federal contractors 
• Develop federal agency market pr0ject1ons 
• Seek R&D funding 
BSEE degree preferred with 3-5 years experience 1n 
related field. 

GaAs DEVICE/IC ENGINEERS 

MIMIC Design 
• MSEE or BSEE with experience 1n GaAs FET 

device or ampl1f1er design 

Autometlc Teat 

• MSEE or BSEE experienced in software 
development 

• Microwave background desirable but not essential 

Packaging (High Speed GaAs ICs) 
• MS or BS (EE or Physics) with experience 1n the 

design of packages for digital ICs 

• Microwave background desirable but not essential 

GaAs WAFER PROCESSING 
ENGINEERS 

Product Development 
• Interact with device designers to develop design 

rules and process test chips 

• Full respons1b1hty for process execution , wafer 
tracking and process control 

• Required to correlate device functional test data 
with process variables to obtain product and yield 
enhancement 

• Must have prior experience with all aspects of 
GaAs device processing 1n power GaAs FET, 
MMIC or d1g1tal IC technologies 

Lithography Development 
• To evaluate and develop high resolution 

l1thograph1c processes for GaAs device fabrication 
• Should have in -depth knowledge of 

photol1thography as applied to finehne devices 

Dry Etching Development 

• Develop dry etching processes. principally plasma 
and reactive ion etching , for the fabrication of 
GaAs MMIC and d1g1taJ IC devices 

• Must have a thorough working knowledge of dry 
etching technologies and equipment as applied 
to device fabrication 

QUALITY CONTROL ENGINEERS 
(SI and GaAs) 

Assembly and Test 
lnd1v1dual with experience m the assembly and testing 
of microwave transistors and hybrids 
• Determine problem areas 
• Institute and verity correct ive action 
• Training QC Inspectors 
• Preparing (internal) spec1flcat1ons 
• Working knowledge of MIL·STD-883. MIL-M-38510 

and MIL·STD-1772 required 

Semiconductor Processing 
We are looking for 1nd1v1duals with a thorough 
knowledge of semiconductor processing and testing 
to work with our Engineering and Manufacturing 
Departments 1n Quality Control 
Respons1b1l1t1es include 
• De1ermin1ng the need for in-process inspection 
• Establish spec1flcat1ons 
• Delermme problem areas 
• lnstilule and verify corrective aclion 

At MSC you will enjoy a fully comprehensive salary and benefits package. For prompt. confidential consideration please call the Personnel Depart­
ment or send your resume to : 

11151: MICROWAVE SEMICONDUCTOR CORP. 

A Biem•n• Camp•ny 

- = = -= 100 SCHOOL HOUSE ROAD, SOMERSET, N.J. 08873, (201) 563-6300~-=~?£:i,.,...,~=~~~~,,--:~~=---=~~ 

~ ........... .,. ....... ..., An Equal Opportunity Employer M1F/H•V :. 

- - - - -
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quick ad1 New and c urrent products for the electron ic designer presented by the i r man ufacturers . 

CS TRANSFORMERS AIE Magnetics' CS Trans­
former line offers you the industry's most precise 
regulation of output voltage-with partial turns 
as small as ± 1 / 6 turn . Large bobbin terminals 
permit higher current outputs, and the number 
of sizes is expanded to cover the output range 
from 5 to 75 watts . Compact in design. Requires 
no mounting hardware. AIE Magnet ics, 701 
Murfreesboro Road , Nashville , TN 37210, 615/ 
244-9024. 

CS TRANSFORMERS 

SPICE UP 
YOUR PC 

25 1 

SPICE UP YOUR PC with Z/SPICE-the use­
ful, professional & affordable circuit simulator 
for your PC. Ask for our free brochure. • Time 
domain analysis• Frequency domain analysis 
• Sensitivity analysis• Diode, BJT, FET, MOS­
FET devices • Graphics display • Full reference & 
tutorial manuals with examples 
Z/SPICE professional vers . . . ......... $300 
Z/SPICE student vers ...... .. . .... . .. $79 
• EDUCATIONAL DISCOUNTS• ZTEC, box 
737, college place, wa 99324 (509)-529-7025 

Z/SPICE 254 

MODULAR PROBE FITS ALL SCOPES • Save 
up to fifty percent • Instant repair - no soldering 
• Satisfaction guaranteed • 250 Mhz !OX At­
tenuation • Model Ml 2X 10 ... $62 with read­
out ... $68. Free Accessories catalog. For im­
mediate service call : 800-368-5719 outside 
Ca lif. 800-643-8382 in Calif. Test Probes, Inc. 
La Jolla , California P.O. Box 2113 , La Jolla, CA 
92038. 

MODULAR PROBES 257 
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FREE DEMO DISK: SCHEMA is a complete, in­
tegrated schematic drawing software package 
for IBM™ 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
t ions. Call or write today for a free demo disk and 
brochure. OMATION, INC., 1701 N. Greenville 
Ave., Su ite 809, Richardson, TX 7508 1 (214) 
23 1-5167 

OMATION , INC. 252 

MODULAR HIGH CURRENT CONNECTOR 
SYSTEM Now build your own custom connector 
system "off-the-shelf" with Elcon Domino™. Ten 
dist inct modules provide AC, DC, Signal or 
Ground. Features include: • Current to 200 
amps. Low voltage drop. • UL recognized • Easy 
assembly without specia l tools • Minimum down 
time•• Low cost design kit available. Call (415) 
490-4200 or write: Elcon Products Interna­
tional Co. P.O. Box 1885, Fremont, CA 94538 
TWX 910-381-7026 

DOMINO™ MODULAR 
CONNECTOR SYSTEM 255 

BUS COUPLING TRANSFORMERS FOR 
CSMA/ CD LOCAL AREA NETWORKS. AIE 
Magnet ics' new series of pulse transformers is 
designed for bus coupling Manchester encoded 
data in the frequency range of 1 to 10 MHz to a 
78 ohm shielded twisted pair bus in conform­
ance to IEEE Standard 802 .3. They are suitable 
for both the data and control channels and with 
proper terminating impedances may couple ei ­
ther a twisted pair AUi or 50 ohm coaxial cable 
trunk. AIE Magnet ics, 701 Murfreesboro Road, 
Nashville, TN 37210, 615/ 244-9024. 

BUS COUPLING TRANSFORMERS 258 

POWER INDUCTORS AIE Magnetics offers you 
the most extensive line of power inductors in the 
industry, with a variety of package styles, induc­
tance ranges and current ranges to meet your 
specific requirements. And with our Dash-Bak 
service, you can receive sample quantities of 
straight-from-the-catalog items in 72 hours and 
components that require design modifications 
within 5 days. AIE Magnet ics, 701 Murfrees­
boro Road, Nashville , TN 37210, 615/ 244-
9024. 

POWER INDUCTORS 253 

ARE YOUR PRODUCTS RELIABLE? The 
RelCalc 2 Software Package predicts the reliabili­
ty of your system using the part stress procedure 
of MIL-HDBK-217D, and runs on the IBM PC 
and full compatibles. Say goodbye to tedious , 
time consuming, and error prone manual meth­
odsl RelCalc 2 is very easy to use, and features 
menu windows, library functions , global editing 
for what-if? trial s, 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 256 

CCSI CARD CAGES OFFER MOUNTING FLEX­
IBILITY Standard CCSI STD-BUS Card cages are 
available in 5, 10, 15 and 20 slot versions with 
mounting flexibility for rack, chassis or panel. All 
cages have motherboard installed and feature 
unique hold-down bar for proper module reten­
tion . Card guides facilitate module insertion and 
removal. Special kit permits mounting into 
NEMA enclosures. 20 slot rack mount cage and 
10 slot rack mounting powered cage also avail­
able. CONTEMPORARY CONTROL SYSTEMS, 
INC., 2733 Curtiss Street, Downers Grove, Illi­
nois 60515. (312) 963-7070. TLX: 314990. 
CARD CAGES 259 

To advertise call: Sheila O 'Neill , Sales Rep. (201) 393-6080 



quick ad1 New and current products for the electronic designer presented by their manufacturers . 

NEW STD BUS PRODUCT GUIDE-Featured 
is a series of enhanced Pro-Log plug-in compati­
ble replacement boards. The complete product 
line includes: • Processor Boards • ROM Based 
BASIC Development Language • A-D and D-A 
Boards • Industry Standard Modular Rack Inter­
face Boards • Memory Expansion • Video In­
terface • RS-232/ 422 Serial Communications 
• Card Mounted Power Supply • and Card Cages. 
For immediate action, call: (800) 824-3163 or 
(503) 485-8575. 

VERSALOGIC 260 

Data Acquisition 

NEW PERIPHERALS MONITOR AND CON­
TROL REAL-TIME EVENTS. MDL16: 16 (12 
bit) & 11 (8 bit) analog inputs, programmable 
setpoints, 32 digitial 1/ 0, RS233 & RS422/485, 
8 bit analog output. 16K onboard RAM ... 
$395 . Optional power supply, clock, onboard 
modem. MDL22 : 16 digital 1/ 0, realtime clock , 
RS232 & 20mA C.Loop ... $189. Options: 
power supply, CMOS RAM buffer/ board. The 
Automation Group, Inc. 848-0 Nandino Rd .. 
Lexington , KY 40511 606-252-6753 or 
606-254-6916. 

DATA ACQUISITION 263 

ADVERTISE IN THIS 
SPACE AND REACH OVER 

135,000 SPECIFIERS 
WORLDWIDE! 

QUICK ADS are cost-effective and enable you to 
test new products and promote your cata logs & 
literature! Each ad is assigned a reader service 
no. & for 20 weeks we send the advertiser all in­
quiries received. NO PRODUCTION CHARGES 
We typeset free of charge. Just send an 8 X 10 
glossy. B&W with approx. 52 words of copy to 
Carol Helton Quick Ad Sales Manager, Electronic 
Design, 10 Mulholland Dr., Hasbrouck Hts., N.J. 
07604. For rates & further information, call 
(201) 393-6080. 

LOW COST ADVERTISING 266 

65/ 9028 VIDEO TERMINAL BOARD emulates 
ANSI , Hl9, and ADM -3A • Uses IBM PC, paral· 
lei ASCII or serial ASCII keyboards • Supports 
soft keys and answer-back message • Provides 
smooth or jump scroll • RS-232C data and print· 
er ports • Baud rates to l 9 .2k • 80x25 hash 
free display with non-scrolling status row • Com· 
posite or separate video with 50/ 60Hz vertical 
sync. • Nonvolatile on-screen set -up • 5x6.5 
inch card • This is a video solution for only 
$99.95/ kit. $139.95/ A& T. Digital Research 
Computers, P.O. Box 381450 Duncanville, TX 
75138 (214) 225-2309. 
VIDEO TERMINAL BOARD 261 

UCE, INC. OFFERS FAST, RELIABLE SERVICE 
FOR CUSTOM LCDs. • Prototypes in 2 weeks 
• Complex displays • Bargraphs •Light Valves 
(diffusers & attenuators)• Modules• Multi col­
or • W.ide temp. range ( - 40C to BOC) 
•Fine patterns (to .0005" ). • U. S. manufac­
ture • Quantities from prototypes to 1000s • Call 
our applications engineers for more informa­
tion• UCE, Inc. 24 Fitch Street Norwalk, CT 
06855 (203) 838-7500 

CUSTOM LCDs 264 

TELEPHONE LINE INTERFACE ....... .. . 
Cermetek's DAA module, the CH 1812, allows 
you to implement a registerable phone line inter­
face right on your circuit card . All Cermetek DAA 
modules are compatible with today 's modern 
components currently available from semicon­
ductor manufacturers. Cermetek Microelec­
tronics, Inc. 1308 Borregas Avenue Sunnyvale, 
CA 94088-3565 408/ 752-5055 

TELEPHONE LINE INTERFACE 267 

To advertise call : Sheila O'Neill, Sales Rep. (201) 393-6080 

MAGNETIC COMPONENTS FOR SMPS Type 
94Z thru 99Z magnetic components for SMPS 
provide design flexibility and wide range of char­
acteristics in standard packages. Available are 
EMI common-mode suppression inductors, 
energy-storing power chokes and transformers: 
current-sense , base-drive, switching, and high­
speed trigger. Write for Bulletin 40500. 
Sprague Electric Co., P.O . Box 9102, 41 
Hampden Road , Mansfield, MA 02048-9102 

MAGNETIC COMPONENTS FOR SMPS 262 
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Electronic Circuit Analysis ECA 2.2 is a high 
performance analog circuit simulator, with AC , 
DC, Transient & Fourier analysis. It is a full non­
linear simulator, including nonlinear capacitors 
and inductors. Parts can vary with time or fre­
quency. It includes a worst-case analysis, Monte 
Carlo analysis, macro-models, complex y-para­
meters, transmission lines, & the ability to sweep 
components. It can analyze ci rcuits bigger than 
500 nodes. ECA-2.2 costs $450. EC-Ace, a sub­
set of ECA 2.2 costs only $95. Call for a free 
demo disk. Tatum Labs, 33 Main Street New­
town, CT 06470. 203-426-2184. 
ELECTRONIC CIRCUIT ANALYSIS 265 

REGISTERED INTEGRAL MODEM CH l 7L60 
Easily integrated into your printed circuit design . 
This CMOS 212A module is FCC part 68 reg­
istered. Its powerful command set can auto­
dial; auto-answer; detect dial , busy , ringback 
tones and run comprehensive diagnostic tests. 
Cermetek Microelectronics, Inc. 1308 Borre­
gas Ave. Sunnyvale, CA. 94088-3565 (408) 
752-5055 

REGISTERED INTEGRAL MODEM 268 
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quick ad1 New and current products for the electronic designer presented by their manufacturers . 

Remote terminal units are available with four 
different display types and two different key­
board styles. All terminal styles feature : 
• RS232, TIL, and 20mA communications 
• One mile range on 20mA communications 
• Xon/ Xoff Protocol • Normal and Networking 
modes • Networking mode allows up to 8 RTU 's 
to be connected on one pair of wires • 30 soft­
ware selectable features • Various case styles 
including waterproof Prices for uncased units 
start at $565.00 (U.S.) Beck Technology, Inc. 
1324 Wallace St. , Regina , Saskatchewan Cana ­
da S4N 3Z4 (306) 522-8448 
REMOTE TERMINAL 269 

OrCAD/ SDT IS THE MOST COMPLETE sche­
matic design tool available for your IBM PC. In ­
cludes everything you need to design , edit & 
print schemat ics . 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. , 
Hi llsboro. OR 97123 (503) 640-5007. 
SCHEMATIC DESIGN TOOL 272 

HSC-9128 Video Terminal Card The HSC-9128 
is a low cost al phanumeric 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. $1 29/ unit. $89/ 
100 quantity. Heritage Systems Corporation, 
PO Box 10588, Greensboro, NC 27404, (9 19) 
274-4818 

HSC-9128 VIDEO TERMINAL CAR D 275 
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1 switch mode power suppl .. 
capacitors startcool, stay cool 

Thermal performance, unique package, low 
ESR's ba lance your need for capacitance, con­
ductance and cost. Each family grouping guaran­
tees a selection tailored to your requirements . 
TEMP. RANGE• -55° to 125°C • 55° to 105°C 
• -40° to 85°C SANGAMO TYPE• 557 & 125 • 
300, 101, 557 , 057 • 066, 556 , 280, 500, DCM 
• For com plete details, free literature, write or 
call today . Sangamo Weston Inc., Components 
Division PO Box 128 • Pickens , SC 29671 • 
Phone (803) 878-6311 

POWER SUPPLY CAPACITOR 270 

6800/ 6809 Micro Modules. OEM 6800/ 6809 
MICROCOMPUTER MODULES for dedicated 
contro l and monitoring. Interfaces for sensors, 
transducers, analog signals, solenoids, relays, 
lamps, pumps, motors, keyboards, displays, 
IEEE-488, serial 1/ 0. floppy disks. Wintek Cor­
poration, 1801 South Street, Lafayette, IN 
47904-2993 (317) 742-8428. (800) 742-
6809 

MICROCOMPUTER MODULES 273 

The MONTEST-PC + handheld CRT tester will 
allow you to test & align an IBM PC color or mon­
ochrome monitor in ten minutes. It provides 4 
patterns : an 11 x 11 cross hatch, full uniform 
raster , a window & color bars . Scan formats of 
15 7Khz/ 240 lines & 184Khz/ 350 lines are 
generated . One 9 volt cell provides power . out­
put is via a 9-pin D connector_ Includes cont rols 
for R,G, B,I, power, pattern & scanning format. 
Network Technologies Inc, 19145 Elizabeth St . 
Aurora, OH 44202 (216) 543-1646. Call FREE 
at 800-RGB-TECH & order yours today . 

IBM PC MONITOR TESTER 276 

Ult ra-stable osci llator, the FTS lOOOA, fea­
tures aging of less than 1 X 10 10 / day. Fre­
quency deviation over temperature ( - 28"C to 
61 °C) is 5 X 10 10_ In 5 MHz units. phase noise 
is below - 110 dBc at 1 Hz and - 140 dBc at 1 
KHz. Measures 7.0" L X 3. l " W X 30" H l.9W 
continuous power. Available 1n Stratum 11 , milita ­
rized and space qualified versions. Delivery of 5 
or 10 MHz units is stock to 90 days. Contact 
Frequency and Time Systems, Inc., 34 Tozer 
Road , Beverly , MA 01915, (617) 927 -8220. 

ULTRA-STABLE OSCILLATOR 4-18 MHz 271 
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LIQUID CRYSTAL DISPLAYS for industrial and 
instrumental applications . Any custom prototype 
2 weeks with production runs 3 weeks . Our engi­
neering facility provides technical support to in­
terface LCDs into your products . World 's first 
portable LCD Moving Message Display , even 
readable in outdoor sunlight . Large-size 5 '< 7 
Dot Matrix good for sign boards . ALL-CRYSTAL 
DISPLAYS, 237 Lauzon Road , Windsor, Ont ., 
Canada N8S-3L7 . (519) 948-7225, telex 064-
77624 WNO. 

ALL CRYSTAL DISPLAYS 274 

BASIC-52-M Process Controller • Store and 
run user programs out of EPROM • Power on ex­
ecute with no terminal attached • Full imple­
mentation of BASIC • 8K/ 32K RAM • 8K/ 16K 
EPROM • Real Time Clock • Serial Console Port 
• Serial Printer Port • 48 Programmable 1/ 0 
Channels • Onboard EPROM Programmer 
• $449.00 (U S) • $549.00 (U .S.) for expand­
ed boards • Term ina tion boards and cables 
$75 .00 (U S.) each. Beck Technology, Inc. 
1324 Wallace St. , Regina . Saskatchewan Cana­
da S4N 3Z4 (306) 522-8448 

BASIC 52-M PROCESS CONTROLLER 277 

To advertise call : Sheila O 'Neill , Sales Rep. (201) 393-6080 



quick ad1 New and current products for the electronic designer presented by their manufacturers . 

SMART/16 MultibusT• COMMUNICATIONS 
PROCESSOR CARD 16 channels of RS-232C 
intelligent communications can relieve the main 
processor of communications tasks and expand 
the number of ports available in a master / slave 
system . An extra monitor channel allows dynam­
ic viewing of communications transactions on 
any selected channel. On-board Z80A processor, 
4K of dual-ported memory, up to 48K of on­
board memory, programmable timer and baud 
rate generators. For more information contact 
AMTELCO, 4800 Curtin Drive, McFarland, Wis­
consin 53558, (608) 838-4194. 800-356-9148. 
COMMUNICATIONS PROCESSOR CARD 278 

Electronic Design's 
Direct Action Cards 

Sell Directly to 
135,000 product 

specifiers worldwide! 

GENERATE IMMEDIATE RESPONSE! Electron­
ic Design 's Direct Action Cards are the quick­
est, most efficient vehicle for advertisers like you 
to introduce new products; test and explore new 
markets; distribute catalogs & literature to the 
ri8ht product specifiers. Six advertising opportun­
ities to promote your product-January, 
March, May, July, September and November. 
For further information on rates & closing dates, 
call Carol Helton at (201) 393-6079. 

POSTCARD MAILERS 281 

IBM® PC AT User's Reference Manual by Gil­
bert Held . This step-by-step guide includes 
everything you need to know about the IBM PC 
AT, including: setting up your AT, the Disk Oper­
ating System, IBM BASIC, advanced graphics, 
organ izing your fixed -disk directories ; under­
standing and using TopView. Send $29.95 plus 
$2.50 to cover postage & handling to Hayden 
Book Company, 10 Mulholland Dr., Hasbrouck 
Hts., NJ 07604. Reference number 6394 must 
be included on your check or money order. 

HAYDEN BOOK CO. 284 

CRYSTAL CONTROLLED PROGRAMMABLE 
PULSE GENERATOR Thumbwheel swi tch con­
trolled ACCURATELY CALIBRATED high and 
low periods easily dialed in on front panel OR 
down loaded from any computer 's RS-232 port . 
128 ETE instruments controllable from 1 port . 
pulse timing 250ns to 999. 75 minutes. duty 
cycles up to 239 BILLION to 1. PULSE GEN­
ERATOR $335, RS-232 INTERFACE $185 
CALL 1 (800) EASY-TST ELECTRONIC TEST 
EQUIPMENT INC 44-28 Old State Rd . New Mil ­
ford Ct. 06776 in Ct. (203) 354-4828 

PRECISION DIGITAL PULSE GENERATOR 279 

HIGH PERFORMANCE Z-80 SINGLE BOARD 
COMPUTERS Available 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-di rect ional parallel port or an 1/ 0 expansion 
bus. All models have 5W ' & 8" disk controller 
and Centron ics parallel printer port . SCSI port 
and RS-422 ports are also available . Private label 
systems ava ilable. DAVIDGE CORPORATION 
P.O. Box 1869E, Buellton , CA 93427 (805) 
688-9598. 

SINGLE BOARD Z-80 COMPUTER 
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NEW PRODUCTS, NEW IDEAS, NEW PRICES, 
NEW CATALOG! Baluns, Mod cables , con.nec­
tars, jacks and plates , data communicatior.s 
products all in new Data Set Cable catalog. More 
cable assemblies, bulk cable and parts . Fre­
quently used Switch boxes and cable like 
RS232C and PC printer interfaces at new low 
pr ices for standard lengths and pinnings. For 
your copy-Data Set Cable Co., 722 Danbury 
Road, Ridgefield, CT 06877-2781-(203) 
438-9684; Las Vegas-(702) 382-6777. 

CATALOG 285 

To advertise call: Sheila O'Neill, Sales Rep. (201) 393-6080 

Wi11Systems 
'II> Ill' 

CROSS REFERENCE/INTERCHANGEABILITY (;LIDE 

MOSTEK, Pro-Log, and INTERSIL STD BUS 
Plug Compatible Cards . .. WinSystems offers 
over 78 functional and nearest replacement STD 
and CMOS STD Bus boards including the MDX­
CPU2A, CPU2B, UMC2, SI02, PIO, DRAM and 
7304, 7507 , 7605, 7706, 7709, 7710, 7805, 
78C13, 7815, plus more. For a complete Cross 
Reference Guide call : WinSystems, Inc., PO Box 
121361, Arl ington, TX 76012; 817 / 214-7553 

STD BUS SECOND SOURCE BOARDS 280 

CROSS ASSEMBLER tor 

VAX VMS and PC/MS DOS 

New Low Prices 

Relocatable, Macro, Targeted to: RCA 1802/ 
1805 • Intel 8048/ 8041 , 8035/ 8021 , 8044/ 
8051 , 8085, 8096 • Hitachi HD64180, 6301 
• Zilog Z80, Z8, Super8 • National NSC800 
• Texas Inst 7000, 9900 • NEC 7500, 7800 
• Motorola 6800/ 6801 , 6805 , 6809, 68HC11 , 
68000/ 68010, 68020 • Rockwel l 6502/ 
65C02, 6501 ENERTEC, Inc. 215-362-0966, 
Box 1312, Lansdale, PA 18901 U.S. 

CROSS ASSEMBLERS 283 

1409 UNIVERSAL EPROM PROGRAMMER 
No personality modules required on line help and 
menu selection on board l 10/ 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 286 
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Transceliwer Neasuremen-C:s 

Rohde & Schwarz GmbH & Co. KG 
Postfach 80 14 69 
D-8000 Muenchen 80 
Federal Republic of Gennany 
Telex 523 703 (rus d) 
Tel . intemat. + (49 89) 41 29-0 CIRCLE 99 

CRT 
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from 

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

setting higher standards 
• 5 section , 30dB per octave roll-off 
• VSWR less than 1. 7 ( typ) 
• over 100 models, immediate delivery 

r;;:I Mini-Circuits 
A 01v1s1on of Sc1ent1f1 c Components Corporat1on 

• meets MIL-STD-202 
• rugged hermetically sealed package (0.4 x 0.8 x 0.4 in .) 
• BNC, Type N, SMA available 

LOW PASS Model *LP- 10.7 50 100 150 200 300 
Min. Pass Band (MHz) DC to 10.7 48 98 140 190 270 
Max. 20dB Stop Frequency (MHz) 19 70 147 210 290 410 
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 Stop Frequency (MHz) 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 C 105 REV. ORIG 

CIRCLE 132 



Now you can do 11 hours of Rad-Hard 
ASIC Standard Cell design in only 
30 minutes. And the price is right! 

Harris has the ASIC design software. 
New Harris HD/Mentor Graph­
ics Software lets designers of 
rad-hard ASICs accomplish a lot 

more on their Mentor Graphics workstation, in 
less time. Explore more design alternatives. 
Analyze them. Eliminate design compromises. 
Easily. Result: products and systems which 
work better because they're designed better. 

Free Harris HD/Mentor Graphics Software is 
your key to our High Density Rad-Hard CMOS 
Standard Cell Library: 100 proven SSI and MSI 
elements with 2.5-micron design, guaranteed 
to the radiation level you need. 

CIRCLE 44 

I 

128-Blt Prime Number Generator 6600 Gate Design/ Apollo DN 460 
Competitor's Harris' Improvement 

Gate-Level Models Behavioral Models Factor 
Full Library Size 
{Disk Space} 7 Mbytes 1 Mbyte 7.0Times 

Expand Time 954 sec. 312 sec. 3.0Times 
Expanded Schematic 6 Mbytes 1.2 Mbytes 5.0Times {Disk Space} 
Simulator 540 sec. 173 sec. 3.1 Times Initialization Time 
Simulator Run Time 18,500 sec. 645 sec. 28.6Times 6100 Vectors/1000 i;s 

Modification 5 hours, 19min. 17.7 Times Turnaround Time 33 min. 

Design support also available on Daisy™ and SDA workstations. 

Call 305-729-5727 for more information. Or 
write: Harris Semiconductor Custom Integrated 
Circuits Division, P.O. Box 883, MS 53-035, 
Melbourne, Florida 32902-0883. 

• •• 

"You've finished another 
rod-hard ASIC design? 
How do you do it so fast?" 

\ 


