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Measurement, 
Math, 
Memory 
and 
More. 

What instrument is no 
bigger than a lunchbox, takes 
measurements like four high­
performance multimeters, 
gathers data like a logger, and 
stores tens of thousands of 
readings? 

Only one instrument is like 
that-Wavetek's new Model 
52 Data Multimeter. 

It measures DC voltage 
and current, AC voltage (to 1 
MHz) and current, resistance, 
volt-amperes. dB, frequency, 
period, time interval and pulse 
width. And it accepts industry­
standard thermocouples-J, K, 
E and T. 

The data is shown in 
numeric and/or bar graph form 
on the large, high-resolution 
LCD. The display also helps 
with setup by providing com­
plete menus for every function. 

Four parallel, isolated A-D 
channels let the Model 52 do 
the work of four ordinary 
DMMs. Built-in computing 
functions calculate deltas, 
percentages. minimum/maxi­
mum readings and averages 
and detect alarm thresholds. 
You can even program your 
own math functions. 

Model 52 is also a data 
logger. Add optional multi­
plexers and you can gather up 
to 252 channels of analog data 
and store the readings in 
nearly a megabyte of RAM. 
Digital 1/0 options add up to 
32 bits of digital input and 
output as well as D/A capability 
for external control applications. 

Internal batteries protect 
your data and provide total 
portability. Leave it on a 
mountaintop and gather data 
for months, or put it in a plane 
and take readings on the fly. 

The Model 52 is easy to 
live with. You can transfer data 
to any computer's database at 
your convenience using the 
standard RS-232 or optional 
IEEE-488 interface. Unique 
Flex-Cal closed-box calibration 
saves your valuable time. 

© Copyright 1986 Wavetek Corporation 

Surface-mounted devices 
and a custom gate array make 
it possible to offer all these 
features in such a compact 
package-and at prices begin­
ning under $3,000*. Also avail­
able is the remote-only Model 
51 for an even lower price. 

For more information, call 
us at (619) 279-2200, or 
write Wavetek San Diego, Inc .. 
9045 Balboa Ave., P.O. Box 
85265, San Diego, CA 92138. 
TWX 910-335-2007. 
·u.s. Prices only. 
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·oap-.bilitJt 
Dales HVUT, HVX. 

Gain more a.bility to .discharge ~igh volt­
age or eaergy at temperatures above 
.200°9. Dal~'s HVW and HVX metc;il alloy 
resistors· combine economy with better 

· wattage-to-size ratio "than carbon comps 
and higher resistance values (up to 200 
Meg.) than wirewounds ." Widely used in 
office equipment; autom9tive and lighting 
applications. Special sealing technique 
allows HVW uncoated construction to op­
erate reliably in air, gasses or oil. Ratings 
from .05 to 2.6 watts (3.5-15KV) . Silicone 
coated HVX models have ratings to 5 
watts. Beith styles available in ± 5%, ± 10% 
and ± 20% tolerance. Contact Dale · 
Electronics, Inc. , P.O. Box 1179, 
Robbinsville, NC 26771 . 

d~~a'FJ~'~all: 704-479-6451 
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Dale's CPF. 

at · 
ratures. 

Dale CPF's break the t~mperature and 
power barrier for metal film resistors. They 
can replace power oxide styles and give · 
you tighter tolerances (down to .5% }, lower 
T.C. (± 100 PPM/°C) and excellent high 
frequency characteristics. Three flame­
proof models ( 1, 2, 4 watts) dissipate up to 
eight times the power of comparable RN 
sizes and operate at temperatures up to 
230°C (with appropriate derating). Call for 
samples ... and a very good· price. 
Contact: Dale Electronics, Inc., 
2300 Riverside Blvd. , Norfolk, NE 68701. 

d~~a'FJ~'~all: 402-371-0080 
CIRCLE 5 
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INSIDE LOOK 

MAP: Big payoffs ahead 

Unless you've been directly 
involved in designing pro­
grammable controllers or 
robotics systems or trans­
ducer interfaces, chances 
are that you've given little 
thought to industrial auto­
mation, outside of your own 
plant's efforts in that direc­
tion . The Manufacturing 
Automation Protocol, or 
MAP, will likely turn your 

thinking around. Why? First, the network protocol in­
tends to forge a backbone of communication between 
the "islands of automation" in today's manufacturing 
facilities . More significant, MAP will open up the fac­
tory floor to a vast array of electronic gear, equipment 
that runs the gamut from communication and data col­
lection to computer controls and even sensors. 

In the past, industrial users rarely saw any gain in 
solving only isolated parts of the automation problem. 
MAP now addresses the problem as a whole. Just about 
every major industrial company in the world-General 
Motors, Renault, Eastman Kodak, IBM, Siemens, Du­
pont, you name it-is endorsing the effort and indeed 
throwing its full support behind it. 

As end users, those companies are exerting tremen­
dous pressure on suppliers to deliver MAP-compatible 
equipment and to reel out hardware and software to im­
plement the plan. Customer pressure, especially from 
such corporate giants, makes a supplier sit up and take 
notice. 

Some manufacturers have already gained a foothold 
in the MAP market. Fortunately, the field is so wide 
open and the scope of the MAP standards sufficiently 
broad that virtually all electronics companies can take 
part, not just a specialized few. Quite simply, the field is 
ready to explode. 

No matter what your speciality is, you and your col­
leagues will no doubt have to come to terms with what 
MAP is all about. Our special report (p. 102) will give 
you a head start. It reports on the status of the standard, 
gives a wrap-up of today's relatively few hardware and 
software items, and addresses the testing matters that 
will ultimately ensure that one company's equipment or 
software works with another's. 
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117 8-BIT-SLICE ECL CHIP SET 

Industry Newsmakers 
49 Test instruments tackle fiber optics 

Offering full HP-18 programmability, four fiber-optic instruments 
emphasize accurate and stable measurements. 

5 7 Image IC detects edges in real time 
The first edge detector chip executes 225 million operations/ s 
to replace boards and systolic arrays in image a na lysis . 

65 Flashy 8·bit ADC samples at 25 MHz 
Nonlatching comparators permit a low-cost 8-bit flash converter 
to sample 12.5 MHz signals at their Nyquist rate of 25 MHz. 

Electronic Design Reports 
102 Factory communication: MAP promises to pull 

the pieces together 
With great fanfare, the Manufacturing Automation Protocol is 
garnering the support of corpora te giants worldwide, yet 
problems of conformance and interoperability loom. 

Design Entries 
117 Cover: When bit slices team up with ECL, 

32·bit computers rise to superpower status 
An 8-bit-slice processor chip set- the first bit slices in ECL­
forms the core building block for 32-bit computer systems. 

129 High.power hybrid op amp dissipates 
up to 500 W and guards against burnout 
Withstanding four times the heat of ea rlier hybrid circuits, 
a power op amp competes with high-current schemes. 



102 MAP PROGRESS 

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

181 CONDUCTIVE EPOXIES 

141 With Input bias current of 40 fA 1 an op amp IC 
makes low·level measurements 
With the help of dielectric isolation, a monolithic op amp precisely 
measures very small currents. 

151 Memory management chip for 68020 
translates addresses In less than a clock cycle 
For 68020-based systems that need virtual memory, a demand­
paged management chip offers an alternative to discrete parts. 

Design Applications 
167 Temperature measurements gain from 

advances In high.precision op amps 
Today's precision op amps approach "ideal " specifications. A 
temperature-monitoring circuit exploits their accuracy and range. 

Product Report 
181 Focus on conductive epoxies 

Stronger and cleaner than their predecessors, conductive epoxies 
take on solder and polyimides in surface mounting. 

Cover photograph by Steve Eisenberg 
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In The Next Issue 
• Graphics coprocessor chip delivers 

variable-depth pixels to small systems 

• ELECTRONIC DESIGN Report: Timing counts in 
testing high-speed VLSI ICs 

• Product Report : Focus on ZIF and LIF 
connectors 

New Products 
Computers le Peripherals 

193 32-bit color workstations drop al· 
most 50% in price without losing 
performance 

International 
200 VMEbus board for SCSI maintains 

20% to 30% faster data rates 

Analog 
207 6-GHz analog transistors team up 

with ECL on array 
209 16-bit sampling amplifier tucks into 

14pin DIP 

Power 
232 Kilowatt de amplifier runs at 92% 

efficiency 
234 Military de-de converter reaches 

10 W / in.3 at 60 W 

Computer Boards 
240 50·, 60-Hz frame grabber delivers 

high resolution 

199 Communications 
218 Dlgltal ICs 
224 Software 
244 Instruments 
248 Components 
252 Packaging Ir Production 
256 Product News 
261 AnnualRepons 
262 Appllcatlon Notes 
263 New Literature 
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DON'T MISS THESE ... 

41 American manufacturers 
have conceded 1-Mbit dy­

namic RAMs to the Far East, right? 
Wrong . IBM is making its own 

megabit RAMs at reasonable cost, 
says Paul Castrucci, manager of the 
company's chip fabrication facility . 
What's more, IBM is doing it with ex­
isting production equipment. 

4n Fiber-optic systems can be 
•Y tricky to test : When you're 

dealing with light, you have to worry 
about an instrument's accuracy 
and stability at high bandwidths. 

The black magic disappears with 
four new instruments from Hewlett­
Packard: an LED source, a power 
meter, an optical attenuator, and 
an optical switch. 

75 With lower-cost 32-bit mi­
croprocessors like the 68020 

and 32032 now at hand, new work­
stations are coming within reach of 
most engineering labs. 

Add the Unix operating system 
and networking, and the machines 
become powerful interactive tools 
that rival minis and mainframes. 

14A Trying to sense electro-
1 I meter-level currents? A 

monolithic op amp that draws only 
40 f A of bias current can help. 

The chip can work as a transim­
pedance amplifier in a CAT scanner, 
or it can step into pH probes, photo­
multipliers, and precision integrators. 

181 Surface mounting is shap­
ing up as the most critical 

application for the new breed of 
conductive epoxies. With formu­
lations that raise shear strength and 
reduce ionic contamination, the 
adhesives readily compete with 
both solder and polyimides. 
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3 KHz-800 MHz 
over 50 off-the-shelf models 
from $295 

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

Call or write for 64-page catalog or see our catalog in 
EEM, Gold Book or Microwaves Directory. 
·units are not OPL listed 
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0 Mini-Circuits 
A Div1s1on of Scientific Components Corporation 

P.O. Box 166 , Brooklyn , New York 11 235 (71 8) 934-4500 
Domestic and International Telexes: 6852844 or 620156 

CIRCLE 6 C71 Rev. Orig. 



National 
Semiconductor 
Corporation 



Advanced 
Peripheral 
Processing 
Solutions 

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

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

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

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

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

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

The DP8466 makes key operating features 
user programmable. So things like data for­
mats, error correction codes, and interface 
characteristics can be configured interactively 
for virtually any drive - using the same 
controller chip. Then too, the DP8466 and 
supporting parts work with National's Series 
32000® microprocessor and any other 8-, 
16- or 32-bit microprocessor. And they con­
form to all major drive interface standards. 

Wherever your system falls in the price/ 
performance spectrum, our mass storage 
family has you covered. With data rates rang­
ing all the way from 50 Kbps to 25 Mbps. With 
advanced VL.51 architecture that integrates 
more disk data path functions than has been 
possible before. And with exceptionally 
low controller power consumption, using 

CIRCLE 8 

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

Natlonal's Mass Storage Family 
DP8466 (NS 32966) Disk Data Controller 
DP8462 (NS 32962) 2.7 Data Synchronizer 
DP84638 (NS 329638) 2.7 Endec 
DP84648 (NS 3296481 Pulse Detector 
DP8465 (NS 32965) Data Separator 
DP8470 (NS 32970) Floppy Disk Data Separator 
DP8472 (NS 32972) Floppy Disk Controller Plus 

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

For full details, contact your local National 
office today. 

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

National 
Semiconductor 
Corporation 

Drives counesy of Control Data Corporation and Rodime. Inc. 
APPS is a trademark of National Semiconductor Corporation. 
Series 32000 is a registered trademark of National Semiconductor Corporation. 
© 1986 National Semiconductor Corporation 





ECL cell library 
runs on PC AT 

CAE tools and 
cells paired 
for ASIC uses 

Vector system 
achieves 18 MIPS 
for only $100,000 

Louder, clearer 
voices coming 
by speakerphone 

NEWSPULSE 

The race to put an ECL standard-cell library on an IBM PC A Tor look-alikes 
has been won by YTC Inc. (Bloomington, Minn.). The company's ECL bipolar 
library joins the myriad of CMOS libraries running on personal computers. 
Significantly , the library's process technology promises fully loaded gate delays 
of less than 400 ps, two to five times shorter than the best that CMOS can offer. 
The library contains cells ranging from simple gates to complex functions, such 
as a 4-bit-slice 2901 arithmetic element. Support software includes design rule 
checking to analyze captured schematics for fan-in or fan-out violations and I/O 
errors. To use the library, the host PC AT must also run CAE software from 
Computervision Corp . (Bedford, Mass .) and must be equipped with a plug-in 
graphics board and a grid-based mouse. 

The cell library of Harris Corp. 's Semiconductor Sector (Melbourne , Fla.) has 
been paired with the CAD software from SDA Systems Inc. (Santa Clara , Calif.) 
to give application-specific IC designers an end-to-end solution for standard­
cell design. Once limited to in-house designs, the primitives and 
macrofunctions-such as ROM, RAM , data-communication circuits- will be 
available to outsiders starting in the third quarter. They can thus be used with 
SDA's schematic capture , simulation, and placement and routing tools. 
Furthermore, the cell library and tools are machine-independent, since the 
software is written for the Unix operating system. With Harris ' undisclosed 
minority financial interest in SDA, the company is extending its commitment to 
the ASIC business and to CAD tools. 

Mixing scalar and vector processing tasks, a computer costing under 
$100,000--a fraction of the price of other minisupercomputers-is making its 
debut this week at the Computer Graphics ' 86 exposition in Anaheim, Calif. The 
''personal supercomputer,'' or psc, from Culler Scientific Systems Corp. (Santa 
Barbara, Calif.) processes up to 18 MIPS or 4 MFLOPS for such computationally 
intensive CAD/CAEjobs as Spice simulation, autorouting, and three-dimensional 
solids modeling. Built around custom gate arrays, it fits under a desk and serves 
up to five engineers. Within three years, company officials say , performance 
could increase fourfold while the price could drop 50%. 

A bipolar process raises voice quality of the next-generation speaker-phone IC 
from Motorola Inc. 's Analog Integrated Circuits Division (Phoenix). The 
chip's improved voice detection stems from four-point sensing through two on­
board transmitter-receiver comparators; present devices have one comparator. The 
ratio ofreceiver-to-transmitter gain increased to 52 dB from 42 dB, yielding louder 
voice levels and reducing acoustic feedback oscillation . The chip is expected later 
this year. 
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Monolithic GaAs 
amplifier runs 
at 6 to 18 GHz 

Logic analyzer 
sets its sights 
at 32-bit µPs 

10-bit CMOS 
DAC steps in 
with military 

Stretched mask 
illuminates CRT 

12 Electronic Design • May 15. 1986 

NEW5PlJL5E 

Though monolithic Gallium arsenide microwave amplifiers have performed 
before in the laboratory , commercial devices are just now arriving . Samples of 
a one-chip GaAs amplifier with a frequency band of 6 to 18 GHz will be available 
next month from Harris Microwave Semiconductor Inc. (Milpitas , Calif.) . The 
chip gives a minimum small-signal gain of 5 dB with a positive 1-dB gain slope 
over the frequency range. Harris solves topology problems encountered during 
routing of the signal and power lines by etching via holes completely through the 
substrate, easing connection from the chip's surface to the ground plane on the 
back of the chip. 

Packing a grand total of 115 channels and 400-MHz timing, the PM3570 logic 
analyzer stands ready to address the testing challenges posed by 32-bit 
microprocessors . Developed by Philips Test and Measuring Instruments Inc. 
(Mahwah, N .J .), the analyzer is clearly meant to compete with units from Hewlett­
Packard and Tektronix. In fact, it is one of a number of products that Philips is 
now aggressively aiming at the U.S. test and measurement market . The modular 
unit can handle as many as 83 state-analysis and 32 transitional-timing channels , 
as well as software performance analysis . In the basic arrangement , the 32 timing 
channels operate at I 00 MHz. Alternatively , the analyzer can be switched to 16 
timing channels at 200 MHz or 8 channels at 400 MHz. 

After six years of'' lobbying' ' military officials , Analog Devices Inc. (Norwood , 
Mass .) recently obtained Joint Army-Navy (JAN) qualification for a 10-bit 
CMOS digital-to-analog converter chip made in its Irish factory . The approval 
from the Defense Electronics Supply Center , the first such for an Analog Devices 
part , makes the company the sole source for JAN versions of the d-a converter. 
The consent opens the door to MIL-STD-38510 qualification forthe company's 
CMOS multipliers and switches as well. 

Holding a shadow mask under tension is the trick that Zenith Electronics Corp. 
(Glenview, Ill .) is counting on to brighten color CRT images . The flat-tension­
mask display, based on a 14-in. tube , boosts brightness by 80% and contrast by 
70% compared with existing models. It does so by stretching the shadow mask 
in the frame around the CRT. Dome discoloration caused by electron-gun heat 
puzzled CRT designers for years , but Japanese display designers recently began 
offering more expensive prestressing processes to preserve mask integrity 
(ELECTRONIC DESIGN, Jan . 23 , p. 137). When packaged with the new glare-free 
face and with dot pitches as small as 0.21 mm, the 14-in . tube , scheduled to be 
shipped next year, will boast the same resolution and appearance in a bright room 
that a 19-in . display sports in a dark room. 



The analY.,zer that's right at home 
with components 

also does well on the circuit. 

T he HP 4194A Analyzer is the intelligent answer for 
impedance as well as transmission measurements. With power­
ful analysis capabilities built right in, and a color CRT for 
brilliant graphic display of results, it's the perfect tool for 
boosting engineering and test productivity. 

Fast, accurate measurement of components. 
With a frequency range of 100 Hz to 40 MHz (impedance), 
basic accuracy of 0.17%, and sweep speed of 4.5 ms per 
point, the HP 4194A lets you quickly and accurately evaluate 
L,C,R, filters and resonators, as well as materials and semi­
conductor components. 

Useful on the circuit, too. 
T he HP 41 94A is equally useful for measurement of ampli­
tude, phase, and group delay to 100 MHz. So you can use 
it with amplifiers (audio and video), telecom transmission 
and oscillator circuits, as well as hybrid and modem ICs. 

Color ... functional as well as beautiful. 
The color CRT lets you discriminate among measure­
ments - and put related displays and data together - more 
quickly and easily. You can even display two color measure­
ments simultaneously. 

Equivalent circuit modeling .. . and more. 
You can use any of five circuit models in evaluating com­
ponents with the Equivalent Circuit Function. You can 
create and automate your own measurements without an 
external controller, using the Auto Sequence Program. 
Measure devices under actual operating conditions. Speed 
inspection of resonators, filters, and other devices with the 
GO/NO-GO capability. And, in a complete system, even run 
the HP 4194A by computer through HP-IB. 

Call us today! 
Start reducing device and circuit evaluation time today. 
The HP 4194A makes it easy for under $20,000*. For more 
information, call your local HP sales office. It's listed in the 
white pages of your telephone directory. Just ask for the 
electronic instruments department. •u.s. li st pr ice . 
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A few today. A few tomorrow 
Thousands today. Thousands tomorrow. 

The choice is yours. Because our new OTP plastic 
EPLDs give you both the production volumes and produc­
tion control so crucial to your business. 

Look how the whole process works. You design and 
develop your logic device with our EPLDs.Which means 
you can do in hours what used to take months. 

Then you mass-produce your design with our 
OTP parts. Saving countless weeks because you don't have 
to wait for custom parts. 

The result is the most cost-effective way to take 
a project from design through production. 

And a fool-proof way to eliminate inventory risk. 
You get only the quantities you need when you need them. 
Without having to commit to dedicated inventory. 
Or an inflexible delivery schedule. 

Plus, if you ever have a few of our blank OTP parts 
left on the shelf, you're not stuck. You can program them 
to become a new product. Or a successful older one. 
Or anything you like. Including the brainstorm that 
emerged after prototyping. It's like having a standard part 
you can customize at will. 

Now before you get the idea we're only selling 
quantity, let's talk quality. Our plastic logic devices are 
based on Intel's CHM OS EPROM manufacturing process. 
And credit where credit's due, it's a process that has paid 
off with the most reliable OTP plastic parts in the industry. 

So be assured. You can get the quantity you want. 
In gate counts from 300 to 2000. With reliability included. 
It really is quite a story. Call today for all the details. 
Because we can produce volumes on the subject. 

Call (408) 984-2800 

3525 Monroe Street 
Santa Clara, CA_95051 
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2-way90° 

splitters 

1.4 to 450 MHz 
from $1295 

(5-49) 

IN STOCK ... IMMEDIATE DELIVERY 

• over 50 models available 

• octave and narrow-band designs 

• quadrature performance 
tightly controlled 

• hermetically sealed 

• MIL-P-23971 performance* 

• one-year guarantee 
"Units are not OPL listed 

2-WAY 90° SPECIFICATIONS 

• isolation 22 dB typ. 

• avg . insertion loss 0.4 dB typ. 

• 90° phase deviation <2 deg. typ. 

• amplitude unbalance <1.2 dB typ. 

Freq . Range 
MODEL MHz 

PSCQ-2-1.5 1.4-1 .7 
PSCQ-2-3.4 3.0-3.8 
PSCQ-2-6.4 5.8 - 7.0 
PSCQ-2-7.5 7.0 - 8.0 
PSCQ-2-10.5 90 - 11 0 
PSCQ-2-13 12 - 14 
PSCQ-2-14 12 - 16 
PSCQ-2-21.4 20-23 
PSCQ-2-50 25-50 
PSCQ-2-70 40 - 70 
PSCQ-2-90 55 - 90 
PSCQ-2-120 80 - 120 
PSCQ-2-180 120 - 180 
PSCQ-2-250 150-250 
PSCQ-2-400 250-400 
PSCQ-2-450 350-450 

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

finding new ways 
setting higher standards 

Price 
$Ea. 

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

r;;:;:J Mini-Circuits 
A Div ision of Scientific Components Corporation 

P.O. Box 166, Brooklyn, New York 11 235 (718) 934-4500 
DomP.~tic and International Telexes: 6852844 or 620156 
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EDITORIAL 

Ohm meets Murphy 

Ohm: Murphy, how did you do your 
law? 

Murphy: It just hit me one day. I know 
that's what Newton said when he did his 
law of gravity, but it's the truth. 

Ohm: I know what you mean. Apple 
sch ma pple. Newton was a bum lawmaker. 
Look what Einstein did to him. There was 

a lawmaker. Photons, waves-the whole bit. 
Murphy: I've heard that Kirchhoff was overrated, too. 
Ohm: Kirchhoff? Not bad in thermo and optics, but 

definitely overrated in electricity. Current law? Any 
dummy could figure out that what goes in has to come out. 
But you know who never got the credit he deserved? 
Thevenin. Nice French fellow. But he was always looking 
at circuits. Sat there and stared all day. Then he started 
talking about "looking into" circuits and "looking back 
into the output"-weird stuff like that. Everybody 
thought he had gotten too close to the Van de Graaff. But 
wait, you still haven't told me about your law. 

Murphy: Oh, yes. One day, I'm sitting in the office. 
Nothing's going right. Suddenly it hit me: IF ANY­
THING CAN GO WRONG, IT MIGHT. 

Ohm: "Might?" "Might?" It's "will" isn't it? 
Murphy: You know, I like that even better. Much more 

definite. You old-timers really know how to do laws. 
Maybe we could work together some day. I've been think­
ing of doing some corollaries to my law for some special­
ized fields. You're one of the biggies in the electrical 
game. We could start there. 

Ohm: I never did any corollaries. Corollaries are for 
guys who didn't do their laws right the first time. 

Murphy: Your law works even when my law is in effect? 
Ohm: Would it be a law if it didn't? But it does depend 

on who's trying to use it. An engineer who's been around 
knows to look for your type of action- pain-in-the-rear 
things like capacitor leakage current, electrostatic charge 
damage, ground loops, solder bridges, and crosstalk. At 
least he should. I'll stick with my own law. 

~~uch with Kirchhoff? 

Stephen E. Scrupski 
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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" x 11" 
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 MJiz· 

UNIX is a trademarlc of .(l'&T Bell labo. 
VAX is a trademarlc of Digjul F.quij>ment Corporation. 

VRTX is a trademarlc of 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 58()<)0, Santa Clara, CA 95052-8()<)0 
Tel: ( 408) 733-2600 1WX: (910) 339-9550 

Prices stated in OEM quantities. 
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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 



e 

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 HP 2225A Think.Jet Printer. 
Offer subject to local conditions. 

tusA list price only. 
:l=In Colorado, call collect 590-3490. 

F//O"I HEWLETT 
a:~ PACKARD 

Ell5606A 
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Meet the new 1241-one more 
reason why Tek's versatile 
1200 Series offers you the best 
of the leading logic analyzers: 

1 The 1241's color interface 
quickly guides your eye to 

the most relevant information. 
Analysis is faster. Easier on the 
eyes. You are more accurate, 
more productive. For extra read­
ability, a vertical expansion fea­
ture doubles the height of the 
timing diagrams. 

2 Like all members of the 
1200 Series, the 1241 clearly 

shows what your hardware and 
software are doing at the same 
time. For integrating partitioned 
designs, only the 1200 Series' 
Dual Timebase feature accu­
rately depicts real-time interac­
tions between independently­
clocked modules. This lets you 
monitor relationships between 
two processors, or between 
hardware and software. Com­
bine Dual Timebase with per­
formance analysis on the 1241 
to analyze the entire system and 
software performance. Monitor, 

for example, the range of time 
spent by one processor waiting 
for a service request response 
from a second processor. The 
1241's histogram display and 10ns 
resolution make these measure­
ments clear and precise. 

3 For both hardware and 
software analysis, Tek 

offers unsurpassed triggering. 
Software problems are pin­
pointed by 14 levels of condi­
tional triggering combined with 
data and program flow qualifi­
cation. Triggering on the timing 
characteristics, as well as the 
state of the hardware activity, is 
made possible by counters, 
timers, and duration filters. 

4 Ease of use extends 
beyond the color screen. 

Four distinct levels of operation 
add features as your design 
challenges require. A unique 
touch-screen menu display lets 
you select over 50 high-level 
commands right off the screen. 
The big front panel knob pro­
vides flicker-free scrolling . 

5 Modular, expandable 
and versatile, Tek's 1200 

Series keeps costs low and 
compromises few. Support 

CIRCLE 15 FOR LITERATURE 
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for all major 
microprocessors 
includes three 
types of dis­
assembly. With 
14 combinations 
of 9- or 18-chan­
nel acquisition 
cards, you con­
figure the best 
data width (up to 
72 channels), 
memory depth 

(up to 2K) and sample rate (up 
to 100 MHz). Add ROM packs for 
data analysis; RAM packs for 
storage; COMM packs for RS-
232 and GPIB links to compu­
ters, plus printer interfacing; 
and master/slave capability 

---SC 
ro 

that links two systems via 
modem for teleservicing. 

The 1241 is the newest 
reason why Tek is the logic 
analyzer leader. For more 
information or a demo, call 
1-800-245-2036. In Oregon, call 
231-1220. Or contact your local 
Tek Sales Engineer. 

Tektron~ 
COMMITTED TO EXCELLENCE 



The world's most advanced 



CMOS macrocells have arrived. 

Introducing a state-of-the-art selection of 
standard cells, including a 32-bit slice µP. 

You can now design ASIC systems-on-a­
chip using a library of CMOS LSI standard cells. 
Included are the world 's first 16-bit and 32-bit 
bit-slice processor cells, EPROMs and peripher­
als. All manufactured using a 1.2 micron channel 
length CMOS process. 

The LSI cells were developed by WaferScale 
Integration Inc. (WSI) and will be alternate sourced 
by RCA WSI will also offer RCA's CMOS standard 
cell library. 

First 32-bit bit-slice processor cell. 
The 32-bit CMOS CPU cell replaces eleven 

discrete bipolar I Cs. It beats the performance of 
the 2901 C bit-sliced-based system by 20% and 
saves 97% of the power, yet it is software 
compatible. 

The 16-bit µP slice cell runs faster than 
bipolar speed, and replaces five off-the-shelf 
bipolar devices. Without rewriting microcode. 
Without adding glue parts. 

The 4-bit µP slice cell is functionally identical 
to the bipolar 2901 4-bit slice, yet runs 25% faster. 
You can replace the bipolar part directly for 
instant improvement in system performance and 
power consumption. 

Each µPis available as a cell in the library or 
as a standard IC. 

CMOS EPROMs. 
Another new LSI cell is a 1 K x 16 CMOS UV 

EPROM with 55ns access time. Providing on­
chip microcoding capability, this cell interfaces 
with 8-bit, 16-bit or 32-bit buses. An intelligent 
algorithm allows fast programming, achieved 
within 4 seconds. The EPROM cell uses only 
20 µA in the standby mode and only 15mA in 

~/CIFEr:/CCILE 
••:••••;•······~-·t•• 

the active mode. 
And it's also available as a 70ns SK x 8 

standard EPROM in 28-pin ceramic DIP or 24-pin 
bipolar PROM footprint ... at very competitive prices. 

Complete standard cell library. 
The WSI cell library has been combined with 

the RCA library of over 300 verified cells to give 
you a very broad choice of LSI , MSI and SSI 
standard cells. Our CAD tools are extremely 
advanced and user-friendly. Our software 
supports all of the major workstations: Daisy,™ 
Mentor,™ Valid,"' even the IBM PC. 

With our small geometry CMOS technology, 
you can reduce an entire PC board of capability 
onto a single ASIC chip. You benefit with smaller 
power supplies, lower system cost, smaller 
system-level boards and higher system 
reliability. 

Working through one of our design centers, 
you get fast, accurate service. Simulation and 
testability steps built into the design flow allow us 
to achieve almost 100% first time success. 

Data base scaling upgrades without 
redesign. 

Your design can take advantage of next gen­
eration I-micron CMOS geometries without 
redesign. So you' II sit back and watch your ASIC 
get faster all the time. 

High Rel, too. 
These standard cells are also characterized 

over the full military temperature range. 
Choose your source and call today. 
For more information, or to get started on your 

design, call your RCA or WSI sales office or 
design center today. 

ROii 
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Superior perfonnance now runs 
in the family. 

Introducing the 
8842A dlgltal multlmatar. 

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 capabllltlas for new 
appllcatlons. 

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. 

••• ,, 
Call toll-free 1-800-44-FLUKE 
(1-800-443-5853) Ask for extension 128. 

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% basic ohms accuracy (1 Yr.) 0.008% basic ohms accuracy (1 Yr.) 

Resolution lo 1µ.Vdc, 10µAdc, 1mn Resolulioo lo1001Vci:, 1µA ci:, 100µ!} 
One-year specificalions and warranty T\\ll-year specificalions and warranty 

8840A $760 8842A $995 

8840A-051EEE-488 lnlerface $150 8842A-05 IEEE-4881nlerface $150 

8840A-09 TRMS AC option $185 8842A-09 TRMS AC oplion $250 

IFLUKEI ====® 
IN THE u.s. AND ~S~o~~~iP~~~oii~~WW§i t,~~~ [~',\1,~J1oai~ ·p'8'1:;oifi;, ~9:t~i1nJ;g~n~Tli~'~.~~,:i,~~·1~~·~~~1s.~1xs1~4g1her (2061 347-6100. 

© Copyright 1985 John Fluke Mfg. Co .. Inc. Atl rights reser\le(j . Ad No. 2801-8842 
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NEWSFRONT 

Channelless gate arrays 
meet military specs 

comes with a wide range of CAE in­
terfaces, integrated peripherals, and 
packaging choices: 
• With the results of the gate layout 
and routing, an innovative simulator 
resimulates the design in standard 
cells. Correct first silicon is much 
more likely when the effects of the 
actual layout line lengths and load­
ings are simulated. 

BY RAY WEISS 

Boston- For designers of high­
reliability digital systems, the search 
may be over for fast logic chips with 
20,000 active gates yet needing only 
CMOS power levels. A channelless 
"sea of gates" approach in CMOS 
produces a chip with ECL speeds 
and reliability that meets military 
specifications. The device will make 
its debut at this week's Electro show 
by Hughes Aircraft Co.'s Semicon­
ductor Division (Newport Beach, 
Calif.). 

A standard-cell version , inter­
changeable with the gate arrays, is 
also available. Together they consti­
tute a one-two approach to imple­
menting application-specific ICs. A 
design can be developed using the 
channelless gate arrays for fast turn­
around and a low-cost prototype. 
Later , when the chip is ready for 
long-term production, it can be au­
tomatically transferred to a stan­
dard-cell implementation in a more 
efficient size. 

With 50% gate use, the 40,000 
gates in the Hughes U-series of 
channelless arrays can lead to de­
signs of up to 20,000 active gates 
(see the figure) . To underscore the 
possibilities, the company points out 
that the U-series of channelless gate 
arrays has been in beta testing for 
almost nine months , the standard 
cells for six: 

Typical of the tasks requiring the 
density and low power of the new 
parts, one undisclosed military con­
tractor is building a full MIL-STD­
I 750A instruction set computer 
with five gate-array chips for an 
embedded airborne processor. The 
chips will deliver over 2 MIPS of 
computing power. 

Logic developed with the U-series 
arrays approach ECL in speed with 
CMOS power dissipation : Two­
input gates have average delays of 
0 .4 ns. Clock rates exceeding 
125 MHz can be realized, while in­
dividual flip-flops can switch at 
240-MHz rates. The blazing speed 
teams with modest power dissipa­
tion, averaging 8 µW / gate/ MHz. 

LOTS OF CHOICES 

Unlike many products introduced 
by start-up companies, the U-series 

• The design library supplies special 
gates with standard TTL and three­
state outputs. 
• Packaging options include leadless 
chip carriers, pin-grid arrays, and 
flat packs. 
• A custom hybrid service from 
Hughes' Semiconductor Circuits 
Division (also in Newport Beach) 
offers a hierarchy of packages, in­
cluding on-chip hybrid design, 

The U-series CMOS arrays from Hughes Semiconductor contains 
the equivalent of up to 40,000 two-Input gates on a chip. The 
evaluation device has 32,000 gates. The Inset contains a typical 
eight-transistor cel l. 
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daughterboards, and fully custom 
boards that meet military specifica­
tions. 

The U-series is based on Hughes' 
HCMOS-II, a double-layer metal 
CMOS process. Its 2-µm geometry 
results in an effective channel length 
of 1.2 µm. The final metal layers 
have pitches of 7 and 9 µm. 

In the device's channelless struc­
ture, fixed gate patterns are laid out 
in a manner similar to that used in 
standard-cell placement and rout­
ing. In fact, the only difference be­
tween the U-series channelless gate 

arrays and standard cells is that the 
gate-array cells are fixed-gener­
ated by a macro library and made 
up of a basic eight-transistor, two­
gate cell. 

Standard cells have the same 
functionality as the hardware mac­
ros but are tailored to meet layout 
considerations. While circuits based 
on the standard cells are smaller and 
more efficient, they require more 
time to design and lay out. 

SOS VERSIONS, TOO 

Designer options do not just stop 
with layout, though. Gate-array or 
standard-cell designs that must be 
radiation-hardened can be devel-

Coprocessor IC spurs 
Multibus II applications 
BY TERRY COSTLOW 

Chicago-The semidormant Multi­
bus II specification will soon begin 
chasing the VMEbus in earnest. De­
signers are counting on the long­
a waited message-passing copro­
cessor (MPC) chip to relieve the 
connection and file-transfer prob­
lems encountered between multiple 
processors on the bus. 

The coprocessor chip, unveiled a 
few weeks back by Intel Corp.'s 
Multibus II Group (Hillsboro, Ore.) 
and codeveloper VLSI Technology 
Inc. 's Application-Specific Logic 
Products Division (Phoenix) , is 
whetting the appetite of board de­
signers. With samples scheduled for 
release this month, Multibus 
II- based systems and peripherals 
will no doubt begin to emerge later 
this year, some representing entirely 
new systems but others dusted-off 
earlier projects. "We used the Mul­
tibus I protocols for the basics of our 
system, then began waiting for the 
MPC," recalls Jerry Horn, presi­
dent of Rubicon Systems Inc. 
(Maitland, Fla.), a maker of cell 
controllers for factory automation. 
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"We couldn't proceed until we knew 
how message passing would be han­
dled." 

Now Horn's company can move 
on. The coprocessor , a 149-pin 
CMOS chip, handles all facets of in­
terprocessor communication for the 
32-bit bus, including arbitration, 
parity generation, and error mon­
itoring within the data packets gen­
erated by the chip. The Multibus 
II 's synchronous transfer rate of 
200 ns per 32-bit word, with a burst 
speed of 100 ns, offers large systems 
far faster data flows compared with 
the 16-bit Multibus I and its typical 
500 to 600 ns asynchronous rate for 
a single 16-bit word. 

RELIEF WITH MPC 

One such system, in development 
at military contractor Planning Re­
search Corp. (Omaha, Neb.), will 
contain 21 single-board computers, 
43 Mbytes of main memory, and 12 
Gbytes of optical and magnetic disk 
storage . The 35-MIPS system, 
which will translate the many com­
munication protocols used by the 

oped in the U-series and then trans­
ferred to more secure silicon-on­
sa pphire (SQS) processes. The 
support software can automatically 
generate the masks for SOS pro­
cessing. 

The design library consists of 
hardware macro sets for generating 
SSI and MSI logic blocks. Other 
macros tailor RAMs and ROMs. 
The software tool kit runs on popu­
lar workstations and under their 
operating systems, Hughes says. 

An evaluation array with 32,000 
gates is available, and it will show 
propagation delays, various fan­
outs , and interconnection wiring 
distances. D 

military, will lean heavily on Multi­
bus II's message-handling capabili­
ties, which are well suited to multi­
processor applications. 

"To do that much processing in 
one system, you need a good mech­
anism for moving data . We would 
not try to build a system like this 
without the message-passing co­
processor," rhapsodizes Steve Sid­
ner, project manager at Planning 
Research. "In the same amount of 
board space some systems use for 
16-bit interfaces, the chip packs 32 
bits, plus all memory-handling and 
message-passing circuitry." 

LIMITED OPTIONS BEFORE 

Until the announcement of the 
coprocessor, design options were 
limited. "There have been three al­
ternatives for Multibus II board de­
velopers," explains Bill Moren, mar­
keting engineer at Ciprico Inc . 
(Plymouth, Minn .), which makes 
disk-drive controllers. "One was to 
wait for Intel's silicon, the second 
was to take on the monumental task 
of developing your own silicon or a 
discrete alternative, and the third 
was to build a docket board using In­
tel specifications." 

Ciprico chose the latter route for 
a caching disk controller that it will 
introduce at the National Computer 



Conference next month. The con­
troller contains the 3-by-6-in. docket 
board and sustains a message trans­
fer rate of 3 Mbytes /s, with short 
bursts of slightly over 4 Mbytes/ s. 

However, using the docket board 
to pass messages only serves to get 
the controller out quickly, since the 
board has limited capabilities. "It's 
a compromise, but using the docket 
board gets the controller out quickly 
until the chip is here ," sums up 
Moren. 

When the MPC eventually re­
places the docket board, the control­
ler's sustained transfer rate will dou­
ble to 6 Mbytes/ s, and its burst rate 
will leap to IO Mbytes /s. The co­
processor will also wring out higher 
throughput , since it can handle 
32-bit transfers , the docket board 
only 16 bits. 

The delay in developing the chip 
has given the VMEbus a head start 
in 32-bit implementations, but the 
contest now has the earmarks of the 
race between the tortoise and the 
hare. Even in Europe, where the 
VMEbus is heavily favored, Multi­
bus II has fans . One U.S. marketing 
director for a peripherals company 
carried mostly VME material to 
Europe for a recent meeting with 
customers, only to send an urgent re­
quest to headquarters for a hefty 
supply of Multibus II data sheets. 

Typifying the enthusiasm over­
seas is Bull Systems (Les Claye, 
France) . It plans to use the Multibus 
II architecture for 68010- and 
68020-based workstation engines. 
Like its U.S. counterparts, however, 
its plans have awaited the MPC 
chip. 

NOT A PANACEA 

The coprocessor might seem to be 
a panacea, but at least one designer 
who is sold on Multibus II found the 
chip to lack an important feature­
direct memory access. Preferring 
not to be quoted by name, the de­
signer, manager of a high-per­
formance graphics project , notes 
that the chip could not support the 
shared-memory concept used in his 

INDUSTRY WATCH 

Falling MOSFET prices 
could shake up 
new system designs 

A dollar gap has existed for years between power 
MOS and tried-and-true bipolar transistors, but 
the situation is changing as prices of MOSFETs 
tumble. The trend is clear. MOSFETs with rat­
ings of 50 V and 12 A, housed in plastic pack­
ages, cost the same as bipolar parts-60¢ each. 

What's more, higher-power MOSFETs, with 
ratings of 60 V and 27 A, have slid more than 
50% over the past year, from $10 to $3 .50 in 

quantities of I 000. A bipolar device with similar specifications has 
remained relatively stable at about $1.50. 

Even MOSFETs of 500 V and above, which are still much cost­
lier than their bipolar counterparts, are beginning to feel the pres­
sure. A popular 500-V MOS device now goes for nearly $15 in 
I 000-piece orders; a year ago it cost about $40. On the other hand, 
bipolar units with equivalent performance have remained rela­
tively constant at about $4.35. 

One reason for the narrowing price gap is increasing com­
petition: About a dozen vendors are jockeying for market share. 
Technology advances also are driving down prices. Just as digital 
IC makers pack an ever-growing number of bits on a memory chip, 
power MOS designers are boosting the cell density per square inch 
of silicon and thus the device's current rating. A race is now under 
way to increase cell density even further. 

Earlier this year, Siliconix announced MOSFETs that squeeze 
in a record-breaking 1.6 million cells/in.2, a twofold improvement 
over previous parts (ELECTRONIC DESIGN, Jan. 9, p. 44). More re­
cently, RCA's Solid State Division has begun offering samples of a 
50-V MOSFET with 2 million cells/in. 2

• At less than 3¢ 
an ampere, a 50-V device rated at 12 A would sell for 36¢. . 

Designers of power supplies are taking advantage of the pnce 
changes, particularly for devices of 200 V and below. Consid~r 
what's happening at power-supply maker Stevens-Arnold, a di­
vision of Computer Products (Boston) . Art Parker, director of en­
gineering, recently told me, "The initial objective for us.ing 
MOSFETs was to increase frequency and decrease the physical 
size. However, there was always a cost penalty. But I've seen the 
price of some MOSFETs fall by a factor of three over the last few 
years." In addition, with .the cost penalty diminishing, Parker be­
lieves that most designers will switch over to MOSFETs. 

yYh-'t~ ~~ 
Martin Gold 
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system. This particular graphics 
product relies on large memory 
transfers, which an off-chip DMA 
controller, Intel's suggested design, 
would have to assume if the MPC 
were used. 

If enough manufacturers demand 

DMA power, help may be in store. 
NCR Corp.'s Engineering and 
Manufacturing Division (West Col­
umbia, S.C.) is now testing a proto­
type two-chip set that mimics the 
functions of the MPC and also tack­
les DMA communication and both 
sequential memory and input/out­
put transfers. 

The chip set , dubbed Dame for 

Cell development system 
leans on Lisp base 
BY MARTIN GOLD 

Rochester, N.Y.- Artificial intel­
ligence deserves much of the credit 
for a library development system 
that compiles cells and generates 
complete circuit layouts in eight 
hours . The Score system , which 
Gould AMI Semiconductors Inc. 
(Santa Clara, Calif.) plans to dem­
onstrate at the Custom IC Confer­
ence here this week, uses MIT's 
Lisp-based Design Procedure Lan­
guage to create cells with unique 
characteristics for application­
specific I Cs. 

Gould's program, which runs on a 
workstation from Symbolics Inc. 
(Concord, Mass.) , adopts Lisp's 
ability to mimic a human being's 
reasoning of spatial relationships 
and adds cell information to the 
DPL to produce space-efficient lay­
outs . Moreover, Score eliminates 
the need for designers to deal with 
several different languages through­
out the IC design process, since they 
can use the same English-like com­
mands to define relationships during 
the entire cycle. For example, points 
on the boundary of a cell are ac­
cessed by name- such as "top of the 
cell"-rather than by calculating 
coordinates. The system saves more 
than a week of development time. 

Already incorporated into the 
Gould library are 22 cell compilers 
representing a wide variety of prim­
itives-gates, flip-flops, I / O pads, 
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counters, and multiplexers. Mega­
cells such as ROMs, RAMs, and 
PLAs will soon be added to the li­
brary, and the company plans even­
tually to include analog cells for 
analog-to-digital and digital-to­
analog converters and for refer­
ences. 

Score does not prestore cell simu­
lation models or mask layouts, as 
most development systems do. In­
stead, it accepts a customer's speci­
fications-<:ell function and process 
along with physical and electrical 
considerations like height, loading, 
and propagation delays- to drive 
the cell compilation procedures. 

A bµilt-in algorithm auto­
matically analyzes the speed and 
load parameters, calculates the re­
quired transistor sizes , and deter­
mines the proper gate arrangement. 
The algorithm then takes the ga te 
information and combines it with 
the prescribed cell height to gener­
ate a finished layout and simulation 
model. 

BENT GATES 

Cell heights ca n vary between 
transistor rows, reducing silicon re­
quirements. Score surveys the cell 
types in the net list and adjusts over­
all cell heights according to the over­
all distribution pattern, rather than 
basing cell heights on the least or 
most complex unit. The system then 

data-address management element, 
consists of two 84-pin CMOS I Cs, 
each handling 16 data bits at once. 
The chip set handles all functions 
during long data transfers, freeing 
the host for other tasks. Designed at 
NCR's microelectronics facility in 
Fort Collins, Colo. , the I Cs are now 
slated for internal use, with external 
sale tentative. D 

bends or splits the cell transistor 's 
gates automatica lly to smooth the 
cell row and minimize chip size. 

The cell and gate layout can be 
changed in minutes simply by re­
running the appropriate compiler 
program, primarily because the sim­
ulation models and mask layouts are 
not prestored in a database library. 
Instead, the specifications for cell 
construction are provided as inputs. 
Thanks to the AI-based software, 
the cell compiler needs only the in­
puts to generate the cells. Further­
more, the system works indepen­
dently of the semiconductor process, 
so that designers can specify geome­
tries of 3 µm down to 1 µm or less. 

When constructing a new cell, the 
compiler produces geometrical 
mask data, a simulation model, a net 
list for verification, and placement 
and routing information, including 
pinouts and cell dimensions. From 
that data , it performs other oper­
ations automatically, such as design 
rule checking and resimulation. 

FAST DOCUMENTATION 

Score also produces data sheets 
immediately after cell generation, so 
that users no longer have to wait 
weeks for the design engineer to 
create and edit the documentation. 

AMI will use Score internally, of­
fering customers the option of build­
ing entirely new cells independently 
of any particular libra ry. "Score 
enables us to break the barrier be­
tween standard cell and custom 
development ," states an AMI of­
ficial.D 
Newsfront section continues on p. 30 
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Academic dream machine 
• arrives on scene 

BY RAY WEISS 

Westlake Village, Calif.- The face 
of academic computing is about to 
change. Ten years ago a desktop 
computer with 1 Mbyte of memory, 
a display with 1 million pixels, pro­
cessing speed of 1 MIPS, and a 
maximum $5000 price tag existed 
only in theory. Now the fabled 
"three-M" workstation has arrived, 
but the initial entry is a dark horse in 
a field that includes Apple, Hewlett­
Packard, IBM, and Next. Definicon 
Systems Inc. will be first to deliver 
the machine proposed in 1977 by the 
Inter-University Consortium for 
Educational Computing. 

Definicon stepped ahead of its 
larger competitors by taking a less 
complex, piecemeal approach. In­
stead of building a new workstation 
from the ground up, the company 
developed two low-cost boards to fit 
the slots of an IBM PC or compati­
ble computer. One card contains a 
68020-based coprocessor; the other 
is an advanced graphics expansion 
adapter. With 1 to 4 Mbytes of dy­
namic RAM having 120-ns access 
time, the processor card delivers 
performance of 2 to 4 MIPS. 

The graphics processor can be 
programmed for resolution of 
320 by 200 pixels to a full 1200 by 
960 pixels in color. Besides hitting 
the 1 million pixel mark, Definicon's 
system offers up to 64 colors, de­
pending on resolution. 

The graphics adapter exploits a 
new generation of CRTs that syn­
chronize different video signal 
rates. Thus, the system can support 
the low-level IBM color graphics 
adapter (320 by 200 pixels) or the 
deluxe version with 1280 by 980 pix­
els. Because high-resolution color 
monitors are available for $595, the 
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workstation price is less than $5000. 
Definicon 's boards are just the 

opening round of a large-scale bat­
tle. Though other vendors have de­
clared themselves in the competition 
and some workstations already meet 
or exceed "three-M" performance, 
none is less than $5000. 

MORE TO COME 

Apple Computer Inc. (Cupertino, 
Calif.) declared its intention in Jan­
uary to deliver such a machine. Iron­
ically, another contender, Next Inc. 
(Palo Alto, Calif.) is the new com­
pany of Apple founder Steven Jobs. 
Digital Equipment, IBM, and Sun 
are also busy with such projects. 

In case the competition gets 

introducing Andrew 
Pittsburgh-The optimal academic 
workstation takes a step closer to 
reality with the completion this 
year of Andrew, a workstation soft­
ware project named for Andrew 
Carnegie and Andrew Mellon. The 
Carnegie-Mellon package will en­
compass a network and a window­
ing system running under the Unix 
operating system. Accommodating 
over 10,000 nodes, the software al­
lows files to be shared and remotely 
executed across the network. 

With Andrew, a user can access 
files at any node and even "borrow" 
excess computing power from other 
processor nodes on the network. In 
the network, a node doubles as a 
stand-alone workstation and as a 

tough, Definicon has built in some 
flexibility - the boards contain 
space for additional memory and 
other features. The current boards 
can be upgraded to 8 Mbytes with 
standard cards or using halfboards 
to 12 Mbytes of RAM with full 
floating-point processing and virtual 
memory. 

As for universities, they are rais­
ing their sights as hardware prices 
drop and processing power climbs. 
Now they seek 2 to 4 Mbytes of 
memory and performance of at least 
2 MIPS . Indeed, academic goals 
may exceed the size of the pock­
etbook: A requirement for hard-disk 
storage makes it difficult for vendors 
to meet a $5000 price. 

At Carnegie-Mellon University 
(Pittsburgh), researchers are con­
sidering how to apply such work­
station power (see "Introducing An­
drew," below). In addition, IBM is 
contributing over $37 million to­
ward developing a sophisticated net­
work made up of high-performance 
workstations. D 
Newsfront section continues on p. 32 

file server supplying transparent 
file access to users. 

Furthermore, Andrew's hard­
ware independence is of interest be­
yond the ivy walls of academia. At 
Carnegie-Mellon, over 500 nodes 
are running with the software link­
ing a mix of IBM RTs, Sun work­
stations, and Digital Equipment 
MicroVAX Ils. 

Moreover, Andrew will have 
competition in the race to design 
the ultimate workstation software. 
Project Athena at the Massachu­
setts Institute of Technology, for 
example, includes X-windows, a 
windowing package for Digital 
Equipment's new high-perform­
ance graphics workstation, the 
VAXstation 11/GPX. 

- Ray Weiss 



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 LDS™ front and back 
end software. The same methodology. 
The same libraries, logic design, 
physical design, testing. Identical. 

LL7000 and LOS are trademarks of LSI 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 array experience. 
LSI Logic has over five. 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. 

CIRCLE 21 

Raytheon Company 
Semiconductor Division 
350 Ellis Street 
Mountain View. CA 94039-7016 
(415) 966-7716 

Access to the right technology 
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Extra input JFET sharpens 
video buffer's fidelity 
BY CURTIS PANASUK 

Sunnyvale, Calif.- For want of an 
accurate video buffer, you could lose 
a million-dollar tester. 

Suppose you are using a video 
buffer to provide a final boost of cur­
rent for your tester's output wave­
forms. Suddenly, you discover that 
a perfect square wave is getting 
10 mV of its negative extension 
shaved off. You figure something is 
wrong with the tester's generic 
LH0033 video buffer, but what? 

Bob Underwood knows. Under­
wood designed the first LH0033 
when he was at National Semicon­
ductor. Now at Maxim Integrated 
Products Inc., he recently dealt with 
the incorrect waveform by installing 
an extra J FET and battery equiv­
alent in the input stage of Maxim's 
buffer . He then rechri stened the 
buffer the Max460. 

Underwood warns others to check 
their tester's buffer. "It is a matter 
of caveat emptor, " he declares . 

"Any video buffer may exhibit the 
same distortion." 

One characteristic of the LH 003 3 
video buffer is its ability to boost 
100-MHz waveforms to output 
drive levels of 100 mA. But another 
trait knocks the waveform's shape 
out of kilter : As the input voltage 
swings from a high value downward, 
the tiny amount of current that 
trickles out of every video buffer's 
input rapidly increases (Fig. 1 ). 

STOPPING THE LEAKS 

Known as input bias current, the 
leak increases by an order of mag­
nitude for each 5-V decrease in in­
put voltage. This effect is caused by 
avalanche current produced as the 
gate-to-drain current becomes more 
reverse-biased. 

By the time the input voltage 
slides into the negative range, the 
input bias current has built up to 
10 nA, distorting the waveform even 

1. The trace at the top shows the distortion from a 
standard LH0033 video buffer and the corrected trace 
below. As the input voltage swings negative, a rush of 
input bias current transforms a triangle wave into a 
humpback wave. The voltage graticules are in 5-V in­
crements, while the timing is in 200-ns segments. 
Therefore, from the 10-V peak, the unprotected current 
only drops to - 15 V instead of to - 10 V. 
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Bypass Your Competition With 
Tt/CEPT Access Components To ISDN By Mitel 

Demand for Tl / CEPT 
communications facilities is 
opening unprecedented 
opportunities for your MUX, 
LAN, Data Switch, PBX or other 
communications product. 

Tl / CEPT Interfaces 
belonging to the Mitel ST-BUS m 

family of ISDN-compatible 
components can provide the 
competitive edge you need with: 

• The smallest size and lowest 
cost per function in the 
industry. 

• Redundant links at the same 
price as our competitors' 
single link interfaces. 

• DMI and CPI compatibility. 
• Software-controlled 

diagnostic and maintenance 
functions. 

• Drop and insert capabilities. 

• Signaling selection options 
for simultaneous voice, data 
and video transmission over 
a single Tl / CEPT link. 

The following devices offer 
a variety of functional and 
packaging choices that will 
minimize the cost, time and 
complexity of your design-in: 

• MT8974/75 -
Tl Interface ICs with 
extensive interface support 
functions. 

• MH89740/50 -
Tl Interface Module with 
Clock extraction and line 
equalization. 

• MH89756 -
Tl Interface Module with 
line coupling transformers, 
microprocessor control port, 
time slot switching, clock 
sources and PLL 
synchronization. 

• MH89780/785 -
CEPT family of 2.048 Mbit/s 
interface components that 
functionally are compatible 
with our Tl Interfaces. 

Don't let the opportunity 
bypass you - pick up the phone 
now and talk with us about 
worldwide Primary Rate Access. 

®MITEL® SEMICONDUC T O R 

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. UNITED KINGDOM -
Portskewett, Newport, Gwent, South Wales NP6 4YR. 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. 

CIRCLE 23 
TM, • - Trademark of Mltel Corporation 

© Copyright 1986 Mltel Corporation 



wideband 
spst,spdt 

switches 

10 to 2500 MHz 
only $2995 

(6-24) 

IN STOCK ... IMMEDIATE DELIVERY 

• rugged construction; 
pin-diode chips 
on thick-film substrate 

• only 5v control signal for 1 µ sec 
switching 

• 50 ohm matched in "open" state, 
SPSTonly 

• low insertion loss, <2 dB typ . 

• high isolation, >30 dB typ . 

• hermetically-sealed to meet 
MIL-STD-202 

• one-year guarantee 

SPECIFICATIONS FOR 
PSW-1111 (SPST)and PSW-1211 (SPOT) 

FREQUENCY RANGE 
INSERTION LOSS 

10-2000MHz 
2000-2500 MHz 

ISOLATION 
10-500MHz 

500-1000 MHz 
1000-2000 MHz 
2000-2500 MHz 

SWR 

10-2500MHz 

1.7dBmax. 
2.7 dB max. 

40dB min . 
30dB min. 
25dBmin. 
22dBmin. 

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 

f1nd1ng new ways 
setting higher standards 

r;;::I Mini-Circuits 
A Otvis1on of Scientific Components Corp oration 

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

CIRCLE 24 C 102·3 REV ORIG. 

NEWSFRONT 

before it reaches the next buffer 
stage. Naturally, at that point the 
input voltage significantly bucks the 
sensor current in the resistor, thus 
lowering the sensor voltage. 

In a few cases, the sensor resistor 
is small and the voltage drop is not 
great enough to interfere with the 
signal. However, since the majority 
of sensors and signals that feed buff­
ers come from high-impedance 
sources, the leak of the input bias 
current becomes significant. In ad­
dition to distortion , the current can 

I 

I 
I 

Sensor 

Sensor 
current 

L""_ _J 

Input 
bias current 

drive many types of sensors haywire. 
Underwood says his solution was 

simple, since the Maxim LH0033 
substrate has room for the extra 
JFET and battery source (Fig. 2). 
Together, they deliver a constant 
3-V difference between the gate and 
drain regardless of input voltage. 
This fixed gate-to-drain voltage of 
3 V ensures that no avalanche 
breakdown will occur at any input 
voltage. 

The Max460 comes with a price 
tag of $19 .80 in quantities of 100, 
about $3 more than Maxim's ver­
sion of the standard part, because of 
the extra components. D 

2. The MAX460 packs an extra JFET and "battery," which ensure that 
the voltage from gate to drain (trace the red arrow) remains at a 
constant 3 V regardless of the input voltage level. Thus input bias cur­
rent stays low for all input voltage values and the input voltage re­
mains unaffected. 

Standard tools launch 
Ada's civilian career 
BY MAX SCHINDLER 

Fort Lauderdale, Fla.- With about 
30 validated compilers available, 
Ada- the Department of Defense's 
programming language of choice­
has been flashing the "ready when 
you are" signal for several years . 
Yet, there have been few takers out­
side of the aerospace industry, be­
cause most potential users have been 
waiting for more efficient and af­
fordable tools to appear. 
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Their wait is over. 
Gould Inc.'s Computer Systems 

Division now offers Common Apse 
Interface Set (CAIS) to link com­
mercial tools to Apse- the Ada pro­
gramming support environment. 
The package contains the essential 
utilities for running Ada code, in­
cluding a compiler, linker, debug­
ger, and command line interpreter. 

Although CAIS was written for 



WORLD'§ FASTEST TTL 110 MEMORY AND PROCESSOR§ 

INTRODUCING PACE TECHNOLOGY™ 
PACE TECHNOLOGY is Performance Advanced CMOS Engi­
neered to use 0.8 micron effective channel lengths to create 
internal loaded gate delays of 500 picoseconds. That's atfan in= 
fan out=4 at 85°C. (Other manufacturers usµally quote a ring 
oscillator delay; if we did this, we could claim 200 picoseconds.) 
Flip flops toggle at over 250 MHz. PACE TECHNOLOGY in­
cludes two-level metal and epitaxial substrates; it exceeds all of 

2Dns 
64KSRAM 
---- (16Kx4) ----

the technical objectives of the DOD 
VHSIC Phase I Program. 

Have others told you they have 
0.8 micron technology? Ask them 
what their metal pitch is. (This is 
the design rule that separates the 
men from the boys in VLSI tech­
nology.) Ours is 2.75 microns. 

SUPERFAST VLSI PERFORMANCE 
Few products have challenged the capabilities of a new tech­

nology more than our family ofFull CMOS Super Fast 64K SRAMs 
with over 400,000 transistors. Our first 64K SRAM is a 16Kx4 
design with 20ns access time, at 70°C and 4.5 volts-worst case. 
And, our 40 MHz 16-bit processor, the PACE 1750A, has over 
200 ,000 transistors, a 
0.6µs integer multiply, and 
an on-chip floating point 
with a 1.1 µs 32-bit float­
ing point multiply. 

These are supported by 
ourfamilyofCMOSOctals 
for bus interfacing, which 
are faster than advanced 

411MHz 
16-bit processor 
------with a------

32-bit floating point 
---- on the same chip·- ---

Schottky TTL!! And now, forthefirsttimeever, you can get CMOS 
with this speed and bipolar driving capability to 64ma for buffers 
and transceivers. 

Our Sunnyvale plant has the world's only Class Two facility for 
Six-inch wafers. It is 100% dedicated to the manufacture of our 
products using PACE TECHNOLOGY, and we have 

Tom Longo, President 
Performance Semiconductor Corporation 
Sunnyvale, California 

" It has been my privilege over the past 
25 yea rs to be associated w ith the 
development of many exc iting circu it 
techno logies, in cluding TTL , sub­
nanosecond ECL, lsoplanart Bipolar 
Memories, and lsoplanar CM OS logic 
and memory. None of these technolo­
gies have been more exciting to me 
th an PACE TE CHNO LOGY, be in g 
introduced by our company in 1986 . 

" You will see that PACE TECHNO LOGY 
places Performance Semiconductor 
(a nd you) at the tip of the technology 
vector into the future ." 
For more in formation, including de­
tailed specifications, delivery and price, 
ca ll our marketing de partm ent at 
408-734-9000 or send in the coupon. 

already shipped the first parts for revenue in 1985. PERFORMANCE 
eACCTCCH NOCOG'"' ""'""'.'' "' ""'"""'=""''""'""~""""""'" · ~SEMICONOLICIVN CONPONATION t lsoplanar IS a trademark of Fairchild Sem1conductor Corporallon. 
© 1986 Performance Semiconductor Corporation 

NAME TITLE 

COMPANY 

ADDRESS 

CITY, STATE ZIP 

PHONE~~~~~~~~~~~~~~~~~~~ 

ED 5115/86 

PERFORMANCE SEMICONDUCTOR CORPORATION Telephone: 408-734-9000 
610 E. Weddell Drive, Sunnyvale, CA 94089 Telex : 6502 715784 

I am interested in : 
0 PACE Static RAMs 
D PACE 1750A Processor 
D PACE Bus Interface Octals 
My application is: 

D Military D Commercial Computer 
D Telecommunications D Industria l 
My need is: 
D Immed iate D 6 Months D Longer 



IBM-PC based 
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development tools! 
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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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Gould's 32-bit superminicomputer 
running under UTX/32- a variant 
of the Unix 4.2 operating system­
source code is available, for $500, to 
simplify adaptation to other ma­
chines. 

CAIS furnishes the interface be­
tween the Apse kernel, which sur­
rounds the hardware, and machine­
i ndepend en t development tools. 
Without the CAIS layer, devel­
opment tools would have to be 
adapted for each machine, much as 
Fortran tools must be. 

CAIS, which represents nearly 
10 man-years of effort, is the first 
such interface for Ada that abides 
by the hardware-independence re­
quirement laid down by the DOD's 
Ada Joint Program Office. Natu­
rally, Gould hopes its self-funded ef­
fort will prove popular or even be­
come a de facto standard. 

CAIS was more than just a pro­
gramming effort. Rather, it is pri­
marily an operational philosophy 
that took 50,000 lines of mostly Ada 
code (nearly 1.5 Mbyte) to imple­
ment in order to manage the often 
bulky Ada programs. 

Because of the megabyte-and-up 

size of Ada. programs typical for 
aerospace applications, precise and 
complete definitions of access re­
lationships must be included in any 
tool kit. The philosophy behind 
CAIS begins with the program's 
files and modules, both called CAIS 
nodes. Attributes such as status, pa­
rameters, and access rights for each 
node are included in the program. 
Together, they determine what kind 
of interactions are permissible (see 
the figure). 

Two types of relationships are 
defined in CAIS . Primary rela­
tionships essentially defined a hier­
archy such as the typical parent­
child arrangement. Secondary 
relationships may operate in the op­
posite direction or indicate external 
connections. 

Some relationships- especially 
primary ones- are implicit in the 
environment, but most must be ex­
plicitly predetermined by the user. 
For example, preparing a specific 
configuration with two users and 
two output devices (see the figure) 
may take I 0 minutes, but such is the 
price of file security. 

In addition, once established, the 
definitions need not be repeated. Se­
lecting primary and secondary links 
also presets default conditions. D 

System-level node 

c:::J = Process node 

D = File node 

c:::J = Structural node 

- = Primary relationship 

·command-line interpreter - = Secondary relationship 

A simple configuration of nodes with two potential users illustrates the 
difference between primary and secondary relationships. 

36 Electronic Design • May 15. 1986 



There's more here than just specs. TRW 
LSI, the leader in high-performance 
AID converters, gives you leading-edge 
technology, performance, reliability, 
value and field support. 
Whether your needs are for medical , 
seismic, radar, image processing, or 
general data conversion applications , 
TRW LSI's leading-edge technology 
provides A/ D converters for your spe­
cific digital signal processing function , 
word size and speed requirements . 

Resolutions from 4 to 9 bits provide flexi­
bility for any of your data conversion 
needs. Our AID converters will accu­
rately sample and convert high-frequency 
input signals without sample-and-hold 
circuitry. And most of our converters are 
available with evaluation boards which 
allow for quick and convenient operation 
of the device . 

Available in a variety of packages, 
our A I D converters provide significant 

cost advantages in their function and 
performance. And you 're always sup­
ported by our extensive network of in­
house and field application engineers, 
application notes and data sheets . We give 
you more than just a full line of products . 
TRW LSI gives you the most advanced 
and best supported A ID converters on 
the market today. 

Remember, you always get 
FULL SPEC PERFORMANCE 
from TRW LSI. 
Our AI D converters are available off the 
shelf from Arrow Electronics, Hall-Mark 
and Hamilton /Avnet. 

For your free copy of our VLSI DATA 
BOOK or for data sheets on any of our 
A I D converters , call or write our Litera­
ture Service Department: 

LSI Products Division, 
TRW Electronic Components Group, 
P. 0 . Box 2472, 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 
TRW Inc. 1985 - TRS·5100 

LSI Products Division 
TRW Electronic Components Group 



Tomorrow's PCB Design Today 
-Automatically! 

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

Our Technology Advances 
Your Technology 

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

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

An Integrated Solution 
For PCB Design 

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

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

Where The Only Constant is 
Change, You Need Calay 

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



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

Calay Puts It All Together 

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

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

With Calay You Can Win 
The Race 

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

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

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

CALAY SYSTEMS, INC. 
2698 White Road 
Irvine, CA 92714 
(714) 863-1700, Telex 6711321 
Outside California, Call Toll Free: 
(800) 854-0561 Ext 833 
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SYNCHRONY. 

SPD ,lGUE ~ Sprague Type 60Z. 61Z. and 62Z De lay Lines are available in a wide range of 
~ standard ratings for many timing and pulse-synchronization applications in electronic 

D17T ,l 'T LINES data processing and telephone switching equipment. Type 60Z 
~ Miniature Tapped, Lumped-Constant Delay Lines come in 8-pin 

S L 
'Y TIMING (5-tap) , 14- or 16-pin (10-tap) DlPs. Type 62Z 

IMP I L Miniature. Lumped-Constant Delay Lines are 
._._

1 
• supplied in 3-pin (no-tap), 7-pin (5-tap), and 14-pin 

(10-tap) SIPs. Type 61Z Active Digital Tapped Delay Lines are avai lable in 14- or 16-pin (5-tap) DIP compatible plastic 
packages. Standard total-delay times range from 1.0 to 500 nanoseconds. All units are compatible with DTL and/ or TTL 
logic. Sprague Electric Companv. a Penn Central unit. World Hdq trs., Lexington. MA. 'ff:•~ SPRnGUE 
Write for Catalog VS-114 to Technical Literature Service. Sprague Electric Company, ((\• i!>J H 
41 Hampden Road. P.O. Box 9102. Mansfield, MA 02048-9102. " .-.J:>'* THE MARK o• RELIABILITY 
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Paul P. Castrucci 

Paul Castrucci is manager 
of IBM Corp.'s chip fabri­
cation site in Essex Junc­
tion, Vt., where MOS mem­
ories and logic are pro­
duced. Employed at IBM 
for 30 years, Castrucci has 
held management posi­
tions in the company's 
component and system 
products divisions. He was 
named to his curent job in 
September 1984, and he 
has a bachelor's degree in 
physics from Union College 
In Schenectady, N.Y. 

VIEWPOINT 
EXCLUSIVE INTERVIEW 

U.S. can compete in 
1-Mbit DRAM arena 

Cost-competitive 1-Mbit dynamic 
RAMs can definitely be manufac­
tured in the U.S., contends IBM's 
Paul Castrucci. While most U.S. 
producers of memory circuits have 
abandoned the next generation of 
dynamic RAMs to Far East ven­
dors, IBM is producing megabit 
memories in volume. Initially, the 
company is using them as the main 
memory in its top-of-the-line 3090 
mainframe computers. 

To produce megabit chips with­
out delay, in high volume, and at 
reasonable cost, the company relies 
on existing fabrication equipment. 
IBM also calls on processing and 
design techniques- for example, 
redundancy-developed for its 
288-kbit RAMs. 

Stretching the lifetime of the 
fabrication line is critical to con­
trolling costs. "The equipment for 
producing semiconductors today is 
perishable," he notes. "It may only 
be good for three to four years." 

To turn out MOS devices with 
geometries of under 2 µm, IBM 
modified its Perkin-Elmer full-field 
projection aligners rather than us­
ing new step-on-wafer systems 
adopted by other companies. Engi­
neers from the two companies tin­
kered with the projection unit to 
handle the 1- and 1.5-µm geome­
tries in the megabit RAMs. The 
new devices are metal-gate 
NMOS. 

IBM will switch technology stra­
tegies for the next generation of 
memory chips, though. "We are 

Martin Gold 

now developing new technologies in 
parallel," Castrucci says. "We will 
have to switch to silicon-gate 
processing-now running on the 
same fab line as metal-gate-to 
push geometries down to 0. 7 µm." 

Redundancy, he adds, is the key 
to reducing the impact of defects, 
especially in the early phases of the 
chip's life cycle. The IBM megabit 
chip, configured as 256k by 4 bits, 
has four extra word lines. Redun­
dancy maintains high yields, be­
cause "defect control when build­
ing a perfect megabit chip is very 
difficult," he acknowledges. 
Smaller geometries exacerbate the 
difficulty: "A defect that did not 
hurt at 1.5-µm becomes a killer at 
1 µm." 

Indeed, the defect problem is so 
severe that several flawed megabit 
chips are used on some of the 3090's 
memory boards. The number of 
chips is doubled to 32 to fill a board 
with 2 Mbytes of memory. "The use 
of redundancy and partially good 
chips is very important in the front 
end of a program," Castrucci ex­
plains, "to increase the volume of 
devices we produce and especially 
to meet the schedule for the systems 
that incorporate these circuits." 

While IBM continues to practice 
cost-saving tactics, he points out, 
U.S. dynamic RAM vendors 
choose to forsake the business. The 
withdrawal worries him. "The tech­
nology that drives this industry is 
pushed by dynamic RAMs," he la­
ments. "I don't believe that a semi­
conductor producer can get ahead 
without dynamic RAMs."D 
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Thomas E. Vos 

Tom Vos has worked 20 
years for Hewlett-Packard 
Co., the last three as gen­
eral manager of the instru­
ments division in Colorado 
Springs, Colo. He has also 
held a variety of engineer­
ing and marketing posi­
tions In the company's San 
Diego division. He holds a 
BSEE from California Poly­
technic State University, 
San Luis Obispo. 

VIEWPOINT 

EXCLUSIVE INTERVIEW 

Digital scope interfaces 
can boost user productivity 

Anytime you want to start a heated 
debate among electronics engi­
neers, just broach the subject of hu­
man interfaces for digital oscillo­
scopes. Normally calm EEs offer 
impassioned, but differing opinions 
about whether digital scopes should 
have an analog feel, emphasize 
knobs over pushbuttons, or operate 
like logic analyzers. Tom Vos wants 
to tone down the rhetoric and focus 
on what he says is the real issue­
productivity. 

"As engineers, we need to take 
this debate to a much higher level," 
Vos urges. "The issues really boil 
down to whether you have random 
or sequential access to a scope's fea­
ture set and how that affects mea­
surement productivity." 

Vos explains that traditional 
analog scopes, with their multitude 
of knobs, off er random access to 
their features . Each control gives 
the user instant access to, say, trig­
gering or time-base functions. The 
actual measurement process, 
though, is sequential. 

"To measure rise time, for exam­
ple, you begin by setting up the trig­
gering," explains Vos. "Then the 
amplitude and time base are ad­
justed for an on-screen trace. Fi­
nally, the trace is aligned with the 
graticule markings to measure the 
waveform parameters." 

With digital scopes, however, the 
user typically accesses the various 
features through a series of nested 
menus. This arrangement means 
that users go through a sequential 

Bob Milne 

process to access many scope func­
tions. At first glance one would 
think the sequence wastes time, es­
pecially experienced users. 

Vos is quick to point out, how­
ever, that many of these functions 
automatically measure waveform 
parameters. "All a user has to do is 
select 'rise time' and the digital 
scope gives him the answer," he 
notes. "So if you 're interested in ob­
taining a measurement result, the 
bottom line is that digital scopes in­
crease your productivity. The 
whole controversy of analog vs digi­
tal control recedes into the back­
ground." 

Vos concedes that for certain 
types of troubleshooting, such as 
pinpointing circuit malfunctions, a 
mix of analog and digital controls is 
probably the best alternative be­
cause of the high degree of inter­
action necessary between the user 
and the scope. In those cases, he 
cautions, scope designers should 
avoid confusing the user. "For in­
stance, to change the high-fre­
quency reject on a trigger, do you 
send the user to an analog knob or 
to a softkey? " he asks. 

In fact, Vos says some digital 
scopes today have worsened the in­
terface problem by offering too 
many knobs coupled with a poor 
choice of analog and digital control 
functions. "Clearly, digital scope 
interfaces are improving, but I 
don't think we' re all the way there 
yet," he emphasizes . "I think it's 
safe to say, though, that future digi­
tal scopes will give engineers a few 
knobs to turn ." o 
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The IPC320 nonvolatile CMOS RAM disk board fealialls 
• Up to 320K bytes of battery backed-up CMOS static RAM. 
• A minimum of 4 years continuous data retention. 
• No moving parts to be affected by dust or vibration. 
• Extremely fast access time (typically 80 to 100 times faster 

than a hard disk.) 

• 00 to 700C operating temperature. 
• When configured In the disk emulation mode, the IPC320 

occupies no main memory. 

• Operates as alternate boot source. 
•DOS compatible firmware Included on-board. 

Multiport SMART communication board available 
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Other nonvolatile RAM boards available: 
MULTIBUS*- VME BUS-

• From 16K to 512K bytes • From 64K to 256K bytes 
• 24 bit addressing • 5 year continuous data retention 
• 5 year continuous data retention • Longword data transfers 
• 225ns acess time • 250ns access time 

Let Diversified Technology develoP- and/ or manufacture 
your custom board, whether it be RAM, CPU or oth~r. 
For more information, contact Jeff Little, Board Product 
Manager, at ( 601) 856-4121. 

oBus·-
• From 16K to 512K bytes 
• One month or 5 year continuous 

data retention 
• 247ns access time 

!!!! Diversified 
lill Technology 

An Ergon Co. 
P. 0 . Box 748, Ridgeland , MS 39158 
Telex 585326 

•1BM PC, XT and XT are trademarks of IBM, Inc. ; MULTIBUS is a trademark of Intel Corp.; QBUS Is a trademark of Digital Equipment Corp. 
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DATA GENERAL ASKS: 
OPERATING AT 

GIVE THEM TOTAL RESOURCE-SHARING WITH TEO~M 
THE FIRST COMPLETE INTEGRATED ENGINEERING ENVIRONMENT. 

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

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

and over 500 state-of-the-art pack­
aged applications with CECJ,9 our 
industry-leading office automation. 
It integrates engineering functions 
with full office automation. And our 
unique AOS/DVS™ distributed oper­
ating system lets your engineers tap 
all the power and responsiveness of 
your company's entire computing 
resources from each workstation. 

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. 

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



I 

I 

ARE YOUR ENGINEERS 
A HANDICAP? 
enhanced UNl)(TM operating environ­
ments throughout your organization. 

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

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

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

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

4., Data General 
a Generation ahead. 

© 1986 Dala General Corpora tio n, Westboro, MA. CEO is a registered trademark and TEO, 
AOSIDVS, DG/UX, MV/ UX. DS/7000 and MV/20000 are trademarks or Data General. UNIX is a trademark or Bell Laboratories. 
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Launch this dream. 
Double performance in one fast move 

with the low-cost, MC34080 JFET op amp family. 

Rise and shine, adjust your a ttitude, 
hold on to your hat. We have liftoff on 
an innova tive new standard in low-cost 
JFET op amps that will change the way 
you work, think and design. 

Because this practica l, no-compromise, 
8 MHz family doubles performance 
directly, immediately, on a pin-for-pin, 
socket-for-socket replacement basis over 
olde r, popular types. Without redesign, 
rework or rethink. 

With a unique, all-NPN output stage, 
the MC34080 series is not only twice 
as fast as PNP-output also-rans, it also 
provides a benchmark in output voltage 
swing. 

Start with a 25 VI µs ec slew rate. 
The compensa ted MC34084 quad 

slews 15 volts in less than 600 ns. 
More than twice as fast as the TL074, 

it typifies the kind of ga in band width 
product and slew rate you need fo r high­
speed applica tions . 

Tu ke active filters where most 
bandwidth-limited op amps fail miserably. 
Higher MC34080 family slew rate and 
bandwidth mea ns what you get in your 
final design is rea lly what you designed 
for--accuracy and effi ciency. Put it on 
a scope trace with any other JFET quad 
in its ca tegory and you' ll get comparative 
dynamics like this: 

BETTER SLEW RATES 

200 400 600 800 1000 1200 1400 

T1ME (ns) 

The decompensated MC34085 quad 
is four times faster than others. Two com­
plete famili es of compensated and 
decompensated JFET op amps are ava il­
able with the singles and duals offering 
the same 2-to-1 (for compensated) or 
4-to-1 (for decompensated) advantage 
in speed and bandwidth . 

What's more, they_ require only 2.5 
mA drain current per amplifier .. . a sig­
nifica nt, no-compromise spec since 
run-of-the-mill types with less than half 
the speed requ ire nearly equal current. 

More gain, no pain . 
In a comprehensive, open-loop Bode­

plot ana lysis, the MC34080 series 
demonstrates more than tw ice the ga in 
and bandwidth of competitive LF- and 
TL- types . 

GREATER BANDWIDTH 

3MHz 

FREQUENCY 

8MHz 16MHz 

This means your closed loop per­
fo rmance is closer to ideal. Plus, the all-

PN output gives you symmetrica l 
ga in and phase margins w hile sourc­
ing or sinking current into capacitive 
loads--a nightmare fo r others. 

Now, your system stabili ty is no lo_nger 
a function of the output voltage swing. 

Used in control systems, the MC34080 
fa mily fo llows, tracks and responds to 
higher-frequency signals quickly, 
accurately and honestly. 

Highest guaranteed output swing. 
This ad va nced fa mily provides mini­

mum gua ranteed peak-to-peak output 
swing into a 2 K load that's 33% greater 
than others at room temperature. 
Spec'd minimum Vout of the MC34084 is 
3.5 Yp-p more than that of the LF347 or 
TL074. 

The new-generation, all-NPN output 
stage also furnishes low open loop output 
impedance a t higher frequencies for 
improved system perfo rmance. Internal 
trimming cuts input offset voltage to 
within 0.5 mV maximum for the single 
and 1 mV for the dual. 

GUARANTEED OUTPUT VOLTAGE SWING 

+ 12.0VLn011.IN 

A vour = uv,.p 

One giant leap, one small price. 
Hundred-ups for these pace-setting, 

JFET op amps leave nothing to be desired: 
the MC34081P single is just 53!l; the 
MC34082P dual is 85it and the MC34084P 
quad is just $1.20. Two temperature ranges 
and four package styles are available. 

One-on-one design-in help. 
Anywhere in the U.S. or Canada , ca LI 

for an engineer-to-engineer update on the 
latest in Motorola op amp technology. 

1-800-521-6274 
Call toU-£ree weekdays, 8:00 to4:30 p.m. , 

M.S.T. IfthecaUcan' t l Ai....,, 
cover it, we' ll have v Vt::: re 
an applications engi-~~ur 
neercontactyou . And • • 
help you to market l n-1n 
faster. te m 
@MOTOROLA 

r::I T;-M:o:la-;e:c:d:t:r:d:C;1:.~~0;;~2:-;i:e::;z75;;- - -,I 
Please send me the latest Motorola information on the MC34080 I 

I including a competitive comparison. 262ED051586 

I I 
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I City State Zip I 
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DOC 
ABOUT SYNCHRO-CONVERSION • HIGH-SPEED, HIGH ACCURACY DIA & AID CONVERSION • DATA BUS DEVICES 

PUBLISHED BY ILC DATA DEVICE CORPORAT ION MAY 1986 

LOW COST PROGRAMMABLE 
MOTION CONTROL 

LOW COST PIN 
PROGRAMMABLE 
RESOLUTION 

8 BIT 
OR 

16 BIT 
µp 

RESOLVER TO DIGITAL CONVERTER 

10 · 12 · 14 OR 
16 BITS 

.,_ ___ ...,. HIGH QUALITY VELOCITY 

.,_ ___ ...,.BUILT IN TEST 

RESOLVER -------• LOSS OF SIGNAL 
.._ ______ ... ___ .;-----. MAJOR CARRY 

Versatility in motion control de­
sign can now be achieved with 
DDC's RDC-19200 converters. The 
RDC-19200 is a low cost resolver to 
digital converter with features in­
cluding pin programmable resolu­
tion of 10, 12, 14, or 16 bits, high 
quality velocity output (to .25% 
linearity), two programmable 
bandwidths and accuracy grades of 
8, 4, 3, 2 and I arc minutes. 

The RDC-19200 offers the de­
signer unique capabilities. A high 
tracking rate of 800 RPS, and the 
precise positioning of 16 bits are 
now provided by a single 40 pin 
TDIP hybrid. Where speed is essen­
tial, 10 bit resolution allows the 
highest tracking rate. Conversely, 
when exact positioning is required, 
16 bit resolution is easily selected . 

A high quality velocity output 
(VEL) is also provided by the RDC-
19200. VEL is a ground based 
Monobrid"is a regi stered tradmark of I LC Data Device Corp. 

CIRCLE 31 FOR SALES CONTACT 

voltage of 0 to ± lOVDC at the 
maximum tracking rate of each 
resolution. VEL is positive for an 
increasing angle. Should an appli­
cation require less than ± IOVDC 
at the highest tracking rate, VEL 
can be scaled down with an external 
resistor. 

The RDC-19200 incorporates a 
custom LSI chip in its circuitry, 
characteristic of DDC's well known 
Monobrid~ This results in fewer 
parts, thereby increasing reliability. 
Power consumption is just 450m W. 

All RDC-19200 converters offer 
Built-In-Test (BIT), Loss of Signal 
(LOS) outputs and a choice of 
either l l .8V or 2.0V input. The in­
ternal servo loop is a type II design 
which exhibits no lag up to the 
specified tracking rate. 

The converters are packaged in a 
compact 40 pin TDIP measuring 
I.I" x 2.0" x 0.23" and weigh 

LOW COST INDUSTRIAL 
POSITION ENCODER 

0.5 oz. Two operating temperature 
ranges are available: 0 °C to + 70 °C 
and - 30 °C to + 150 °C. 

The RDC-19200 converters cou­
pled with brushless resolvers, result 
in high reliability while lowering 
costs. Use of the VEL output, 
eliminating the tachometer, results 
in near term cost reduction. 
Because the converter I resolver 
combination is inherently rugged 
and reliable, long term repair and 
maintenance costs are minimized . 

The RDC-19200 Series are de­
signed for modern high perfor­
mance commercial and industrial 
control systems. Some typical ap­
plications are CNC machine tool­
ing, motor control, antenna posi­
tioning, robot axis and process con­
trol. Contact the DOC office 
nearest you to learn how the 
RDC-19200 can improve your de­
signs and lower your costs. D 
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ILC DATA DEVICE C ORPORATION 
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: 85Hl48826; FRAN~g;_(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 

"SEE US AT ELECTRO '86 BOOTHS #1527 & 1529." 



INDUSTRY NEWSMAKER 
ELECTRONIC DESIGN EXCLUSIVE 

Test instruments 
tackle fiber optics 
Offering full HP-IB programmability, 

four fiber-optic test instruments emphasize 
accurate and stable measurements. 

BOB MILNE 

Engineering is as much a science of 
repeatable measurements as it is of 
innovative design. Paraphrasing 
Lord Kelvin, unless you can mea­
sure something, you really know 
nothing about it. Nowhere is that 
more relevant than in systems that 
are pushing the limits of today's 
technology- fiber optics, for exam­
ple. 

Fiber-optic communication sys­
tems are shifting from short-wave­
length operation, at about 850 nm, 
to longer wavelengths of 1300 to 
1550 nm. That change, coupled with 
the growing use of single-mode 
rather than multimode fibers, calls 
for reliable instrumentation equip­
ment that can handle the broad 
bandwidths and deliver the high 
stability required for single-mode 
operations. 

struments from Hewlett-Packard­
a ll targeting 1300- and 1500-nm 
applications-make a timely en­
trance . The HP 8!54B 1300-nm 
LED source, the HP 8 l 52A optical 
average power meter, the HP 8 ! 58B 
optical attenuator, and the HP 
8 l 59A optical switch all can be pro­
grammed over the company's HP­
IB bus (Fig.!). 

Stressing accuracy and stability, 
the instruments offer a one-year cal­
ibration cycle. Moreover, their accu­
racy specifications can be traced to 
the NBS and to West Germany's 
Physikalisch-Technische Bun­
desanstalt (PTB) national standards 
laboratory. 

Leading off the group is the high­
performance 1300-nm LED source, 
which blends both short- and long­
term stability. Consider the short 
term: Within a I-hour time frame 
and an environmental temperature 
change of± 2°C, the unit 's output 
power varies less than 0.02 dB (and 
that includes the effects of the out­
put optical connector). 

Now for the long term. Over one 
year and an operating temperature 
range of 0° to 55 °C, the instrument 
exhibits a stability of better than 
0.3 dB. That predictable perform­
ance translates into shorter mea­
surement time and fewer pieces of 
test equipment, since power levels 
need not be monitored constantly. 

MEASURING POWER 

Whereas many power meters are 
optimized for a particular wave­
length, the HP 8 I 52A optical aver­
age power meter accepts plug-in op­
tical heads that feature individual 
calibration factors as a function of 
wavelength. A high-performance 
lens assembly transforms the input 
light into a parallel beam with a 
constant 3-mm spot. The germa-

The payoff of reliable measure­
ments can be big, not only for indi­
vidual manufacturers but for the in­
dustry as a whole. Testifying on the 
proposed budget for the National 
Bureau of Standards' fiscal year 
1987,John W. Lyons,director ofthe 
NBS engineering laboratory, told 
the House Subcommittee on Sci­
ence, Research, and Technology 
that better measurement technology 
will play an important role in the 
ability of the U.S. fiber-optic indus­
try to compete with countries such 
as Japan. 

1. Four fiber-optic test instruments from Hewlett-Packard combine sta­
bility and accuracy with full HP-18 programmability. In the top row are 
an optical attenuator (left) and an optical average power meter. At 
the bottom are the LED source (left) and the optical switch. 

Against this backdrop, fo ur in-
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Fiber-optic test instruments 

nium p-i-n diode detector in the 
head is thermoelectrically cooled to 
- 15 °C to achieve a noise floor well 
under - 70 dBm. 

Fitted with the HP 81521 B opti­
cal head, for example, the meter at­
tains a relative accuracy of ± 0.15 
dB over + 3 to - 50 dBm. What's 
more, it reaches that performance 
over 1000 to 1600 nm and 0° to 
40°C. If the ambient temperature is 
held to 25 °C ± 2°, as it would be in 
a typical lab, the relative accuracy 
improves to ± 0.05 dB. 

Before shipment, all optical heads 
are individually calibrated over the 
full wavelength range, and the sensi­
tivity factors are individually stored. 
A user simply enters the wavelength 
of interest, and the unit automatic­
ally takes into account the corre­
sponding correction value. 

The meter is sufficiently accurate 
to serve as a secondary standard in a 
metrology laboratory or as a refer­
ence unit for power measurements. 
At 1300 nm , the absolute cali­
bration accuracy is better than 5%, 
traceable to the PTB laboratory. 

The power meter seems to be 
tailor-made for evaluating wave-

Input 

Fiber 

Output 

length-division multiplexers. Given 
its two optical inputs, it can measure 
two independent power levels si­
multaneously- at the same or dif­
ferent wavelengths. The 4 1/2-digit 
display is backed up by status and 
error indicators, along with an ana­
log meter that determines optical 
coupling efficiency and helps select 
the best measurement range. 

Setup is a snap. A micropro­
cessor-driven menu uses only the 
minimum number of accessible 
measurement functions needed to 
properly control the instrument. To 
further simplify operation, pressing 
the AUTO key selects the measure­
ment range with the best signal-to­
noise ratio for a particular power 
level. When the optical signal falls 
below 10% or when it exceeds 90% 
of full scale, the next proper range is 
selected automatically. 

Optical power measurements can 
be displayed in linear notation (pico­
wa tts to milliwatts) or in loga­
rithmic notation (dBm) . Moreover, 
the output power may be shown as 
decibels relative to a user-set refer­
ence. 

Each time the meter is turned on 

Fixed fllter wheel 

Reflection 
prism 

Variable circular fllter 
Position 
encoder 

2. The HP 81588 optical attenuator uses no fiber-optic cables in its 
light path. Instead, it employs fixed and variable filters containing 
neutral-density metallic-coated optics. 
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or after it receives an appropriate 
HP-IB command, it tests itself for 
possible hardware failures . If it de­
tects one, it displays a self-diag­
nostic code that pinpoints the origin 
of the problem. The same hardware 
diagnostic information can also be 
passed over the HP-18 . 

OPTICAL A TTENUATOR 

Using an advanced optical system 
that incorporates no fibers , the HP 
8 l 58B attenuator works with any 
fiber core. It is calibrated at both 
1300 nm and I 550 nm before ship­
ment, proving suitable for both 
single-mode and multi mode fibers. 

Attenuation can be set over 0 to 
60 dB with a resolution of 0.1 dB 
and a repeatability of 0.04 dB. Ac­
curacy of that sort allows a user to 
program the unit directly for any re­
quired attenuation without resorting 
to a power meter to monitor the ac­
tual value. This eliminates error­
prone manual reconnections. 

To attenuate signals between the 
unit's two optical ports, a high-pre­
cision optical system collimates the 
light of the input fiber to an ex­
panded parallel beam and refocuses 
it onto the output fiber (Fig . 2) . A 
reflection prism, a five-step fixed 
filter, and a continuously variable 
circular filter all lie between the two 
lens systems. The five fixed filters 
supply attenuation in 10-dB steps 
over 1200 to 1650 nm. Augmenting 
them is a continuously variable cir­
cular filter with 0.01-dB resolution; 
it adjusts attenuation between the 
I 0-dB steps. 

The filters are coated with a me­
tallic material, the optical density of 
which is independent of wavelength. 
To prevent interference modulation 
and minimize insertion loss, all opti­
cal surfaces are coated with multi­
layer, broadband reflection coat­
ings. Moreover, the filters ' angle to 
the optical axis prevents back-re-

I 
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Fiber-optic test instruments 

11ection into the fibers . 
Two digita ll y cont roll ed motors 

and an optica l encoder keep both fi l­
ters aligned to the optical path. Re­
alignment typica lly takes less than 
50 ms. With fiber optics, any mis-

Price and availability 
The HP 8154 LED source is 
priced at $4900 and the HP 
8158B optical attenuator at 
$6100 . Prices for the HP 
8152A opt ica l average 
power meter and the HP 
81521B optical head are 
$2900 and $1750 , re · 
spectively . The HP B 159A 
op t ical sw itch goes for 
$4300. Delivery is within six 
to eight weeks. 

Hewlett-Packard Co ., 
1820 Embarcadero Rd., 
Palo Alto, CA CIRCLE 512 

SCHOTTKY 
WIRE 
PANELS 

• Four-Layer Multilayer 
Construction 

• 60% Higher Current Capacity 

a lignm ent between two fi bers in­
creases the coupl ing loss of the at­
tenuator. To counter that, the fiber 
ends must be exactly posi tioned in 
three planes. Therefore, the attenu­
ator 's connector ada pters a re pre­
cisely adjusted at the foca l point of 
the lens system wi th better t han 
0.2-µm repea tability. 

To maintain t he precision over 
the attenuator's operating li fe, each 
connector adapter uses a hard-metal 
bushing and a Diamond hard-metal 
connector, the HMS- I 0. The com­
bination ty pica lly keeps insert ion 
loss, incl ud ing both connectors, to 
3 dB for single-mode operation and 
to I dB for multimode. 

Containing 50/125-µm graded­
index fi bers, the HP 8159A optical 
swi tch feat ures a repeata bl e in­
sertion loss of better than 0.2 dB. It 

• 30% Higher Component Density­
Up to 480, 16 Pin Dips _ @ ., 

• Ten Times Greater Distributed Capacitance 
Between VCC Layer and Ground Layer 

•High Shielding-Minimum Ringing and Crosstalk 

@ v • @ 
48 (i)@ -
~~@G @@vl 

~o @ _ ©@ 
@ @@ v . c.@ 

accommodates all common wave­
lengths between 820 a nd 1300 nm. 
Moreover, its two inputs, A;n a nd 
B;n, and two outputs, A0 u1 and Boui. 
ca n be combined und er program 
control in the following three config­
urations: A;n to A0 ui. B;n to Boui. or 
A;n to Bout· 

Furthermore, because the switch 
ca n be used to eliminate man ua l 
reconnection of a device under test 
to a reference power meter, it can 
automate production-test measure­
ments. Switching at 20 Hz, it helps 
shorte n measurement times- an 
important consideration in any test­
ing situation manual or automatic. 
M oreover, beca use c rosstalk be­
tween the two channels is more than 
50 dB down, interference between 
channels does not infl uence the test 
results. D 

~1- - @ -

These patent pending, high speed, high The 0.1" pitch between 54 .:.(j) © c. ® @@ " .!. includes other panels, panel racks, cable 
current panels are a true state-of-the- components increases v.ti-© c assemblies, connectors and sockets. 
art advance in wire wrap system pack- packaging density, shortens @ Send this coupon today for further 
aging. On all four layers, copper fo il signal lines and reduces the need to information and our comprehensive 
lattice network interconnect through the backplane, free literature kit. 
surrounds thereby minimizing crosstalk, ringing r-- - - - - - - - -
every pin, and propagation delays. 
resulting in The four-layer construction has a com- I Name _ _______ _ 

a 60 percent ponent side VCC layer plus a second VCC I 
decrease in layer sandwiched between two closely I Title, _ __________ _ 

resistance as spaced ground layers. Available in five I 
compared with con- sizes, Schottkypanels arepart ofthetotal I Company ____ Tel. ____ _ 

ventional three-layer panels. Mupac re packaging family which also Address _ _________ _ 

10 Mupac Drive, B~~~~~~~~~~g~ ~ mu PR c ®I City _____ State _ _ Zip _ _ 
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THE T 0 TA L L 0 GI C 

THE LOGICAL 
SILITlll. 

CIRCLE 51 FOR MORE INFORMATION 

ANALYSIS SYSTEM 

It makes perfect sense. 
Think about it. 48 channels of state analysis, full analog 

capability, and powerful 200 MHz timing analysis where it 
counts-on all 16 timing channels. Time and event histo­
grams to monitor software performance. Dual floppy disk 
drives, special VO software, IEEE-488 controller and RS-232 
Master/Slave operation to enhance your development and 
trouble-shooting efficiency. A general purpose computer, with 
a CP/M operating system. The 800 gives you all this and 
more in one instrument. 

Easy to operate. 
In fact, you probably already know how to use it. All the 

functions and options are accessed and controlled through 
a familiar ASCII keyboard. And all of the 800 Series config­
urations are modular. That makes expansion easy and cost 
effective. 

The logical solution. 
Before you make any decisions about your next logic 

analyzer, you owe it to yourself to take a close look at the 
Nicolet 800 Series. Call us today at 608/273-5008. Or write 
Nicolet Test Instruments Group, P.O. Box 4228, 5225 Verona 
Road, Madison, WI 53711-0288. 

CP/M is a registered trademark of Digital Research Corporation. 

~ Nicolet 



Our FASTPLA devices 
help you get on board. 
FAST. 

lsoplanar-Z, FAST (Fairchild Advanced Schottky TTL) and FASTPLA (Fairchild Advanced Schottky TTL Programmable Logic Array) are 
trademarks and the FAST logo is a registered trademark of Fairchild Semiconductor Corporation. © 1986 Fairchild Semiconductor Corporation. 



Introducing FASTPLA™ 
-the newest addition to 
the high-perfonnance 
FAST™ family. 

By using FAST and 
FASTPLA parts together, 

you can expand your 
design horizons. Because 
they offer you the capabil­
ity to implement your own 
architecture in your office 
with easily available 
design-aid software pack­
ages. And each time you 
program a FASTPLA cir­
cuit, you create another 
FAST device. 

Now your designs 
can be quickly tried and 
evaluated, and you can 
make design changes by 
merely programming a 
n~~ IC. This design flexi­
bility encourages innova-

tion: While lowering your 
design costs. 
A FAST way to save on 
board space. 

When FAST and 
FASTPLA devices are 

combined in the same 
design, board space is 
optimized. Your circuit 
complexity, parts count, 
and inventory are all 
reduced. Tests are mini­
mized. And board failures 
become less likely. 

FASTPLA parts - fast 
and flexible. 

FASTPLA devices 
are the fastest TTL pro­
grammable logic arrays 
ever created, with a prop­
agation delay of just 15 
nanoseconds. FASTPLA 
ICs feature flexibility few 

other logic arrays can offer: 
Programmable output 

polarity, for active high or 
active low implementation. 

Power-up reset and 
three state for design 
simplicity. 

And complete test­
ability for higher reliability. 
Guaranteed to get you 
to the market on time. 

Using FAST and 
FASTPLA devices drasti­
cally cuts the time it takes 
to get your product on 
the market. From weeks 
or months to mere hours 
or days. 

And FASTPLA cir­
cuits guarantee greater 
reliability and lower 
system costs, thanks to 
Fairchild's exclusive 
Isoplanar-Z ™ technology 
(the vertical fuse and 
oxide-isolated process 
which gives you one of the 
highest programming 
yields in the industry). 

For more information 
on FAST or FASTPLA 
parts, contact your local 
sales office or your nearest 
authorized Fairchild distri­
butor. ;"-= 2 

5 'DI A ™ 
Or call =- - - - r&M 
The Fairchild Information 
Center at 1-800-554-4443. 

And learn how easy it 
really is to get on board. 

We're taking 
the high ground. 
FAIRCHILD 

A Schlumberger Company 

CIRCLE 36 
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ELECTRONIC DESIGN EXCLUSIVE 

Image IC detects 
edges in real time 

The first single-chip edge detector races 
through 225 million operations/ s to replace 

boards and systolic arrays in image analysis. 

BY MITCH BEEDIE 

Before any image-processing sys­
tem, including the human eye, can 
enhance or indeed make sense of 
what it sees, it must detect the im­
age's edges and determine their ori­
entation. Plessey's CMOS edge de­
tector chip, the PDSP16401, does 
those fundamental jobs and also de­
livers a 13-bit word that gives a mea­
sure of how sharp the edges are. The 
IC handles images at input data 
rates of 15 MHz and makes its mark 
as the first single-chip edge detector 
to process broadcast-quality images 
in real time. 

Working with three simultaneous 
streams of 10-bit pixels , the chip 
churns through a massive 450 
Mbits/ s and 225 million operations 
a second. That sort of performance 
traditionally belonged to boards 
packed with expensive ECL and 
TTL components or to large systolic 
array processors needing complex 
software. As part of its great attrac­
tion, Plessey's IC does all processing 
exclusively in hardware, so it needs 
no software. 

PIXEL PUZZLE 

tical, and two diagonal directions. 
Since a light-to-dark transition 

has the opposite sign of a dark-to­
light one, the four masks can detect 
an edge in any one of eight orien­
tations. The directions--defined as 
the vector normal to the edge, head­
ing from dark to light- are indi­
cated by a 3-bit output, coded from 
north (000) counterclockwise to 
northeast (I I I) . 

The brightness of each pixel is 

Input (row 1) 

Input (row 2) 

Input (row 3) 

"="Ground 
5 
·Control 

represented by a IO-bit value. Each 
mask assigns a weight factor to in­
dividual pixels and multiplies the 
I 0-bit value of each pixel by the fac­
tor . Weighting helps accentuate 
changes in brightness in the corre­
sponding direction (see the table, 
p. 58). 

The horizontal edge mask, for ex­
ample, multiplies the pixel values in 
the bottom row by - I, in the mid­
dle row by 0, and in the top row by 
+I. It then algebraically adds the 
nine numbers together. Thus, if 
there is no change in brightness 
across the nine-pixel block, the 
negative factors counterbalance the 
positive numbers, making the sum 
zero. If brightness changes signifi­
cantly across the block, the brighter 
pixels will outweigh the dimmer, 
and the sum will be a larger number, 
either positive or negative. Identical 
operations, using a different weight­
ing scheme, are simultaneously con­
ducted on the same nine pixels for 

10 

Threshold Threshold 
latch 

System 
Clock 

Edge 
direction 

Edge 
magnitude 

Threshold 
Exceeded 

When the edge detector IC exam­
ines a pixel , it also takes in the eight 
surrounding pixels, for a square 
block containing nine pixels. It com­
pares the block against four con­
volution masks, looking for the 
sharpest edge in the horizontal, ver-

The edge-detector chip uses four finite impulse response filters that 
act as convolution masks to accentuate any edges in the image be­
ing scanned. The comparison network selects the sharpest edge and 
indicates its direction and degree of sharpness. 
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Single-chip edge detector 

the other three directions. 
The resulting four sums, one for 

each direction, are compared in 
pairs- horizontal vs vertical and di­
agonal vs diagonal. Run in parallel, 
the comparisons take only 50 ns. 
The largest sum indicates the pres­
ence and direction of the edge. In 
this way the IC convolves incoming 
pixels (literally, rolls them together) 
into one value, which represents the 
central pixel in the incoming block. 

The convolution masks are imple­
mented by four finite-impulse­
response (FIR) filters (see the fig­
ure), the outputs of which give the 
degree of correlation between the 
image and that mask. The arrange­
ment effectively forms four high­
pass filters that pick out the high­
frequency changes caused by edges 
in one of four directions. 

The sharpest possible edge causes 
the masks to produce a signal that is 
at most four times the maximum 
10-bit input signal, adding 2 bits to 
the length of the I 0-bit word. Two's 
complement arithmetic in the filter 
contributes another sign bit, and one 
more bit comes from the 1.5 scaling 
factor in the horizontal and vertical 
masks. The total is now 14 bits. 

The outputs from the filters are 
compared, sorted, then retranslated 
into unipolar arithmetic to form a 
13-bit word. That output, represent­
ing the sharpness of the edge, finds a 
variety of uses, including following 
brightness trends in the image. It 
can be truncated, for example, to 8 
bits to match the word length of the 
subsequent image enhancement cir­
cuit. 

A WEIGHTING GAME 

The circuit's simple weighting co­
efficients allow the filters to use only 
shift, invert, and delay elements for 
multiplication and addition. For in­
stance, the input for row 2 need not 
be connected to the horizontal FIR 
filter, since the row coefficients for 
that filter all are zero. Multipliers, 
which consume chip area and are in­
herently slow, are not needed. 

In addition, the filters are set up 
in a pipelined fashion that saves 
gates over a full carry-look-ahead 
circuit. The pipeline results in a total 
latency of 20 cycles for the chip. The 
normal line stores of an image­
processing system afford the neces­
sary line delays. 

A 5 I 2-by-512-pixel image re-

Plxel weighting factors 
Scaling 

Orientation Mask factor 

1 1 1 
Horizontal 0 0 0 X 1.5 

- 1 - 1 - 1 

- 1 0 1 
Vertical - 1 0 1 X 1.5 

- 1 0 1 

Diagonal 2 1 0 
(bottom left 1 0 - 1 X 1 
to top right) 0 - 1 - 2 

Diagonal 0 - 1 - 2 
(top left to 1 0 - 1 X 1 
bottom right) 2 1 2 

Note: The scaling fac tor of 1.5 (which is easier to calculate than the ac tual 
figure of v'J-) for the horizontal and vertical masks correc ts for the greater 
weightings of the diagonal masks. 
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Price and availability 
Samples of the PDSP16401 
edge detector are now 
available , and the chip Is 
slated for full production in 
July. In a 68-pin leadless ce­
ramic chip carrier , it costs 
$365 in quantities of 100; in 
a pin-grid array package, it 
costs $342 in similar quan· 
tities. 

Plessey Semiconductors, 
3 Whatney , Irv ine , CA 
92718; (114) 951·5212. 

CIRCLE 513 
Plessey Semiconductors 

Ltd., Cheney Manor, Swin· 
don , Wi lts ., SN2 2QW, 
England; ( + 44) 793·36251; 
Telex: 449637. CIRCLE 514 

quires 2.5 million multiplication 
operations and 2 million additions 
for one frame- all done within the 
20-ms video frame. The pace corre­
sponds to the real-time rate of 225 
million operations/s. 

ON THE THRESHOLD 

A threshold detector produces an 
output when the I 0 MSBs of the 
edge magnitude output exceed a 
10-bit external threshold level. With 
the variable threshold, the image 
recognition and enhancement cir­
cuits following the edge detector 
work at much lower data rates than 
they would with high-speed video 
images. Therefore they can be con­
trolled by standard microprocessors 
like the 68000. 

The chip is designed with Ples­
sey's Megacell system and repre­
sents the first Megacell-based de­
vice available outside the company 
in production quantities. Put into 
silicon at the company's Caswell 
Research Laboratories, it accepts a 
5-V supply, dissipates less than I W 
at the full 15-MHz clock frequency, 
and works between 0 ° and 70°C.D 
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;;::::.:;;r:r,; vau think power, speed and sophistication are all vau 

need in an emulator, take a lesson tram a Formula One team'' 
The Formula That 
Determines Number One 

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

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

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

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

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

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

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

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

Z/\X 
Zax Corporation 

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

The Logic of a Logic-State 
Analyzer Interface 

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

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

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

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

SEE US AT ELECTRO '86, BOOTH #2603, 2605, 2702. 2704 CIRCLE 38 
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For four hours, 
you can quit living one step at a time. 
Every great idea was new 
once, even the waltz. But one 
step at a time is one step 
behind the latest technology. 
At INMOS, we've made the 
move to parallelism and we're 
bringing our act to you. 

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

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

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

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

Development tools for the 
T414 are available now to 
support programming both 
single and multiprocessor 
systems. Versions of the 
development system exist for 
use with IBM PC XT and AT 
machines, VAX/ VMS and 
Stride440. 

The Transputer family 
includes 32 and 16-bit 
Transputers, peripheral 
controllers, link adaptors, 
evaluation boards and 
development tools to support 
OCCAM, C, Fortran and Pascal. 

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

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

- --......... ....-.... " 

Transputer Seminar Schedule 

DATE LOCATION PHONE NUMB ER 

May5 *Vancouver (206) 453-8881 

May5 Chicago (312) 382-3001 
May6 *Seattle (206) 453-8881 

May 7 Minneapolis (612) 941-9790 

May 7 Portland (503) 620-1931 

May 9 Salt Lake City (801) 268-8440 

May9 St. Louis (314) 521-6683 

May12 Dallas (214) 234-8438 
May 12 San Jose ( 408) 988-6300 
May 13 *San Jose ( 408) 988-6300 

May l4 Austin (512) 346-9186 
May l4 + Los Angeles (818) 704-1655 
May l5 *Los Angeles (818) 704-1655 

May l 6 Houston (713) 531-4144 

May l6 Orange County (714) 261-2123 

May l9 Tulsa (918) 744-9964 
May l9 San Diego (619) 565-9444 

May2t Oklahoma City (918) 744-9964 

May 21 Albuquerque (505) 888-0800 

May23 Kansas City (913) 342-1211 

May23 Phoenix (602) 996-0635 

May27 Cher ry Hill, New Jersey (215) 322-7100 

May 28 Orlando (305) 660-9600 

May 28 + Baltimore (301) 544-4100 

May 29 *Baltimore (301) 544-4100 
May30 Fort Lauderdale (305) 660-9600 

May30 Washington, D.C. (301) 544-4100 

June2 Indianapolis (317) 844-5222 

June2 Huntsville (205) 883-9630 

June4 Cleveland (216) 831-9555 

June 4 AU an ta (205) 883-9630 

June 6 Detroi t (313) 478-8106 

June 6 Raleigh (919) 878-8600 

June9 Parsippany, New Jersey (201) 692-0200 

June9 Boston (617) 449-7400 

June 11 Smith Town, L ong Island (516) 351-8833 

June 11 Toronto (416) 665-7773 

June 13 Denver (303) 779-8060 

June 13 Montreal (514) 694-6110 

*Morning seminar only. 
+ Afternoon seminar only. 

tt·Drrumos· 

INMOS. Transputer,. and IMS are trademarks of the 
INMOS Group of Companies. 
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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 curve with our VIS! devices while we push them up 
the fanction integration curoe. 

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

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

WD1002A-WXJ 
4.95" x 3.85'' half 
slot IBM XT compat­
ible controller for up 
to two ST506 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 ST506/RLL 
Hard disk con­
trollers wtih on -chip 
ECC and analog 
data separator. 

WD3600CMOS 
streaming drive con­
troller wt'th Q!C-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 Chooseyourintmface. 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. 
To 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 DIGITAL. 

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

WV37C65 CMOS 
Floppy disk controller 
with on-chip digi-
tal data separator. 
NEC765A compatible. 

. ·-
· - -- . 

D 
. . 

WD1005-SCS SCSI 
interface controller 
for up to four FSDI 
drives with powerful 
56-bit ECC 

CORPORATION 

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

. ·~,r--:-·-r- .. ~....., -
l' ~ .. 

I - : 

- • - - lllllillJllll:t°I' ~,_ 

WD1003-WAH 100% 
PC AT compatible hard 
disk controller for up 
to two ST506 drives. 
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The fast succeed. The slow 
succumb.You can't change that, 
but you can change your system. 

It starts by adding a faster 
controller. 

Take our ACB-5585. It's the first 
full SCSI controller for ESMD drives. 
And with a data transfer rate of 
15 Mb/s, it's as fast as they come. 

The ACB-5585 also comes 
with features like 1:1 Interleave, 
0 1986 Adaptec, Inc MULTIBUS lS a registered trademark of ln1el Corp 

Multithreaded I/0 and, of course, 
it supports the SCSI Common 
Command Set. 

If ESDI is more your speed, there's 
our 10 Mb/s ACB-4520. It's the 
first noninterleaved SCSI to ESDI 
controller. Which makes it twice 
as fast as its closest competitor. 

To complete the set, we offer the 
fastest MULTIBUS" to SCSI host 
adapter: the AHA-1530. It works 
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with either controller. And any drive. 
You can put all of this speed to 

work for you just as soon as you get 
our brochure. 

For your copy, call 408/946-8600, 
ext.400. 

Or write Adaptec,580 Cotton­
wood Drive, Milpitas, CA 95035. 

The faster the better. 

adaptec 



INDUSTRY NEW5MAKER 
ELECTRONIC DESIGN EXCLUSIVE 

Flashy 8-bit ADC 
samples at 25 MHz 

Nonlatching comparators permit a low-cost 
8-bit flash converter to sample 12.5-MHz signals 

at their Nyquist rate of 25 MHz. 

BY FRANK GOODENOUGH 

Flash analog-to-digital converters 
are inherently faster than any other 
type, bar none. They confront their 
task and overpower it with a bank of 
comparators that match the input 
signal to a voltage along a reference 
voltage divider, instantly producing 
a digital representation of the sig­
nal's amplitude. Could anything be 
faster? A flash converter in which 
the comparators never saturate. 

257-reslstor 
reference Analog 

LJe!-J Vee (+ 5 V) 

A25e 
VAT 

R258 ~ R,/2 
c ... 

A 2ss 

c ••• 

v,. R2 .. 

• • • 

VRM 

r c. 

VRB0---1111---' 

To ensure that their digital output 
stands still long enough to be 
grabbed by a microprocessor or 
memory, virtually all flash con­
verters use comparators that are 
latched-that is, strobed by a clock 
pulse to a fixed state. Alternatively, 
an expensive hybrid sample-and­
hold amplifier would be required 
at the signal input. However, the 
latched comparators are limited in 

Grey 
Array of code 

differential lillillilill.i 
input latches 

Over range 

Gray 
eode­

to­
binary 
code 

converter 

Binary 

speed by the time needed to unlatch 
them and get their transistors out of 
saturation. 

Designers at Motorola Semicon­
ductor take a different course: By al­
lowing the comparators to run free, 
they get top speed from the transis­
tors in their 8-bit, 25-MHz con­
verter, the MC I 0319. Since the 
comparators neither latch nor sat­
urate, they continuously change 
state as they track the variations in 
the input signal. 

To avoid the now apparent de­
mand for a sampling amplifier on 
the chip's input, two sets of latches 
are incorporated in the chip: The 
first set, the comparator output 
latches, tracks the comparators' 
state until strobed by the clock when 
they latch. The second set, the data 
output latches, holds the digital out­
put still until the first set is latched. 
The digital word in the first set is 

Digital 
Vee (+ 5 V) 

ECL-to-TTL 
converter 

and output latches 

Ro - R1/2 Ro ~ 

comparators 
c,-c ... 

Analog 
Vee (- 3 to - 6 V) 

Clock 
(0- 25 MHz) 

lEneb~able1 
Three-state 

control 

1. Motorola's MC10319, an 8-blt, 25-MHz flash a-d converter, owes its speed and accuracy to an architec­
ture employing 256 free-running rather than strobed comparators. 
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INDUSTRY NEWSMAKER 

25-MHz flash ADC 

then transferred to the second set. 
The converter, a device built with 

a 3-GHz bipolar process, allows you 
to sample dc-to-12.5-MHz signals 
at the Nyquist rate of 25 MHz. (In­
put bandwidth is 50 MHz.) Priced 
at $19.97 in 1000 quantities (about 
one-third the going rate) , the con­
verter takes aim at instrumentation, 
television, and transient-capture 
systems with arrays of converters. 

At first glance, the I 0319 looks 
like nearly any other flash converter 
(Fig. I). The signal drives the input 
of all 256 comparators, while their 
other inputs receive the 256 taps on 
the reference ladder (R0-R256) . 

But that is where the similarity 
ends. The comparators are built as 
current-steering circuits, running at 
maximum transistor speeds . Like 
ECL, they remain in a pseudolinear 
state and never saturate. They drive 
the comparator output latches , 
themselves differential-input cir­
cuits that in turn drive a series of 
code converters. 

Unlike other flash converters, this 
one uses a Gray code to help min-

t, 

Clock 

v,. 

12 
Comparator 

outputs 
latched 

imize errors . This code has long 
been used in high-resolution optical 
shaft encoders and high -speed 
ripple-through a-d converters. It 
changes only one bit at each code 
transition. For example, in changing 
from decimal 127 to 128, binary 
code has to go from 0111 1111 to 
1000 0000, flipping all eight bits . 
The Gray code, however, goes from 
0 I 00 0000 to 1100 0000, changing 
only one bit. 

Gray code ensures that small er­
rors (a few least significant bits) at 
the comparator's output- errors 
caused by crosstalk, feedthrough, or 
"race" conditions in the timing­
will result in correspondingly small 
output errors, rather than the quar­
ter- or even half-scale errors that 
arise with binary code. 

The latches' output is converted 
from Gray code into binary and fi­
nally from ECL levels (most of the 
high-speed logic in the device is 
ECL) into a three-state TTL output. 

Besides their speed, these free­
running comparators offer another 
benefit. Input impedance remains 

le 

Data 
outputs 
latched 

le 

- Sample2 

Sample 2 

t. 

I· Valid data 
(20 ns minimum) 

2. The three-state outputs of the flash a-d converter receive a new 
data word at time ts, 20 ns after the clock starts to fall at time t2 . The 
data remains valid except for the 14 ns between times t4 and t5 , when 
the data word changes. 
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constant, while that of most flash 
converters appears as a rapidly 
changing capacitance-which can 
make them a problem to drive. 

The 10319's input, however, has 
the appearance of a fixed resistor 
and capacitor in parallel. 

Input resistance is specified in 
terms of an input current that varies 
between - I 00 and + 150 µA, de­
pending both on the polarity and on 
the value of the signal as it ranges 
from zero to full scale. Input capaci­
tance, which is partially related to 
junction capacitances, ranges be­
tween 35 and 55 pf, depending on 
the reference voltage. 

Driving this converter ' s input 
takes nothing more than an op amp 
or buffer capable of swinging a I - to 
2-V input signal into about 1-kn and 
50 pf. Some of the earlier convert­
ers required an amplifier with a few 
ohms' output impedance at 10 times 
the clock frequency, along with an 
input signal of at least 4 V. 

Like most flash converters, this 
chip's maximum input signal is the 
voltage across the reference ladder. 
In this case, the maximum is 2.1 V 
set by the permissible dissipation in 
the nominal 130 Q ( 104- to 156- Q) 

ladder network. However the high­
est voltage V RT can reach is 2.1 V, 
and the lowest (V Re) is - 2. 1 V. 
Highest accuracy demands signal 
and reference voltages of 1 to 2 V. 

Compared with the timing of 
most flash converters, with their mix 
of two-phase clocks, pipelines, and 
autozero periods, the I 03 l 9's timing 
is simple and direct (Fig. 2). 

The rising edge of the clock at 
times t 1 and t6 freezes the data word 
in the output latches. The clock 
starts to fall at time t3 , the interval 
t 2 -t3- the aperture delay-being 
a maximum of 4 ns. 

The state of the comparator out­
put latches represents the value of 
the analog input at that instant: 4 ns 



VTERM: THE FASTEST WAY 

AND BACK. 

VTERM ID ANDVTERM/4010: FOR VTlOO AND TEKTRONIX™ 
4010 EMULATION, AND THEN SOME. 

More and more people make the trip every day. Often several 
times. They're off to the VAX for a session or a file, then back to 
PC-DOS. 

That's why we wrote VTERM - the fastest, most advanced 
communications program for PC users who communicate with 

VAXes, and other minis or mainframes. 
~ Of course, VTERMstartswitheverythingyou'd 
- 'n!ktronix I expect from state-of-the-art terminal emulation 
· software. Like full keyboard emulation. Macros. 

Disk capture. Unlimited setup files . Printer support. True plug 
compatibility, so you can run any VTlOO or Tuktronix 4010 pro­
gram right from your PC keyboard. 

MAKE YOUR PC FLY. 

With VTERM, there's nothing to get in your way or slow 
you down. It's easy to use, yet packed with time-saving features. 
Llke backscrolling, which redisplays up to 80 scrolled-off 
screens. And horizontal scrolling, which emulates 132-column 
display. (Of course, VTERM provides true 132-column display 
with an optional video board.) 

KERMIT FILE TRANSFER AND MORE. 

VTERM delivers the most powerful file transfer system 
available with any general communications package. You 
get four error-correcting protocols including XMODEM and 
Kermit, the emerging micro-to-mainframe standard from 
Columbia University. 

And you also get VTRANS, a remarkably easy-to-use file 
transfer system that transmits any file under 
local or host control. It even comes with 

But then VTERM goes beyond everything else on the market. ready-to-run host software for UNIX and 
With a Hotkey that instantly toggles between host and DOS ses- three DEC operating systems - VMS, RSTS/E, 
sions while preserving your terminal screen and communica- and RSXll-M/M +. 
tions link. That means you can run host and local programs al- So why waste time? Call Coefficient 
most simultaneously. And because VTERM is written in assembly Systems Corp. to order your copy 

language, you get full throughput at 19,200 baudCoef ficient ofVTERM today. 

Coefficient Systems Corporation, 611 Broadway, New York, New York 10012, (212) 777-6707, Ext. 315 
© 1985, Coefficient Systems Corp. TM signifies manufacturer's trademark. 
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25-MHz flash ADC 

± 100 ps after t 2 . (Aperture uncer­
tainty stands at 100 ps.) The output 
latches are released 6 ns later, at 
time t4 (the end of the hold time, tH; 
within 14 ns, at t5, a new data word 
appears at outputs D0 through D7. 

During the following period, 
when the clock is low, the compar­
ator outputs are latched, while the 
data-output latches are released. 
When the clock goes high again at 
t6, the data outputs are latched and 
the comparator latches are freed to 
track the input. 

High and low clock times are a 
minimum of 5 and 15 ns, respec­
tively. While some flash converters 
and some other sampling devices 
have a minimum clock rate, this one 
has none. To summarize the timing: 
Any time the clock is high, fresh 
data is available at the output 4 ns 

Price and availability 
In a 24pln double-width ce­
ram i c DIP , the MC10319 
flash a-d converter goes for 
$19.95 each In 1000-plece 
quantities. For 10,000, the 
unit cost falls to $16 .50. 
Small quantities are avail· 
able from stock. 

Motorola Semiconductor 
Products Inc., 7402 South 
Price Rd., Tempe, AZ 85282; 
PR 340 Dennis Morgan (602) 
897·3872. CIRCLE 511 

after the clock starts to fall. 
That type of timing makes the 

converter especially suitable for ap­
plications that grab transient phe­
nomena . A number of the devices 
can be used together to take se­
quential samples of the same signal. 

The converter's typical ± 1/4 LSB 

integral nonlinearity over the com­
mercial temperature range (0° to 
70°C) and its overrange output (the 
256th comparator) lend it to a num­
ber of other jobs. 

However, at commercial temper­
atures the converter needs to be lin­
ear only to within ± 1/2 LSB. Thus, 
the extra 1/ 4 LSB of linearity means 
it can be used at a far wider temper­
ature range . In fact, Motorola is 
characterizing the device over the 
military temperature range. 

The overrange output permits a 
pair of converters to be stacked in se­
ries to get 9-bit resolution; the 1/4 
LSB linearity indicates 9-bit accu­
racy is also possible, maybe without 
trimming. 

Finally, the chip's low power, typ­
ically 600 mW, puts it in a class with 
hard-to-drive CMOS converters. 0 

More Run 
For The 
Mo11ey. 

High-efficiency brushless 
DC motors from Buehler. 

Avallablllt)' 
Prompt livery on 

production uantities. 
(Flexible design permits 
us to customize our brush­
tess motors to your perfor­
mance specs easily. And 
c ·ve1y.J 

more 
Call (919) 469-8522 

orw · : 
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New 3/4" Reflective Display Indicator 
visible at great distance in bright or dim light. 

• Large 3/4'' display uses reflective flag . 
• No bulbs to replace, magnetic operation . 
• Low power usage, pulse to "Set" or "Reset',' 

no power needed when latched in either 
position. 

• "Remembers" last "Set" or "Reset" signal, 
even with power outage or dip . 

For large display panels, fault warning systems, 
outdoor applications or other brightly lit areas, and 
where low power drain is required. 

Call or write today for complete information. 
Minelco Inc . Talley Industries 
135 South Main Street, 
Thomaston, CT 06787-0459 
Phone (203) 283-8261 
TWX 710-475-1091 

MIN ELCO !Talley-· 
INC. 

Industries 

CIRCLE 44 



PROGRAM 12 200 PROMS EVERY DAY. 
OR THE LAST DAY OF THE MONTH. 

A MONTH'S SUPPLY OF DEVICES 
PROGRAMMED JUST IN TIME. When 
shipment schedules put impossible 
demands on production capacity, our 
Series 1000 Parallel Programmers will 
easily deliver the throughput you need . 
In fact, compared with other conven­
tional programmers, the Series 1000 
allows you to program up to five times 
as many devices in the same amount 
of time . 

SIMPLE HIGH-SPEED OPERATION AND 
ZERO DOWNTIME BOOST 
PROGRAMMING THROUGHPUT. Select 
all programming functions by scrolling 
through menus shown on the pro­
grammer's two-line display. Quickly 
load and unload tubed devices using 
our specially designed Scooptool™. 
Then, with one clockwise motion of 
the start dial, close socket contacts 
and begin programming . 

Data I/ O's Zero Downtime Plan 
keeps your programmer up and run­
ning-from socket isolation, auto­
calibration and closed-box diagnostics, 
to user-installable updates and options . 

S1000 LABOR COST SAVINGS 
1mS/2X algo, 27256's, $20/labor hour 

~ ~ 00 00 ~ 
Parts Programmed/in thousands 

O other programmers 1220 parts/ hr.) • 51000 (660 parts/ hr.) 

APPROVED ALGORITHMS FOR 
MAXIMUM YIELDS AND MINIMUM 
WASTE. Every Series 1000 Program­
mer has manufacturer-approved 
algorithms for over 200 MOS and 
CMOS EPROMs, EEPROMs and 
microcontrollers. And user-installable 
updates keep your device coverage 
current. 

THREE MODELS FOR MAXIMUM 
FLEXIBILITY. The basic 1010 Duplicator 
copies up to 30 devices from a master 
device. The 1020 Dowriloader allows 
you to copy devices from RAM down­
loaded from a remote computer 
through a serial or parallel interface 
port. 

The 1030 Virtual Memory Program-

"'Virtual MemOfy Programmer and Scooptool are trademarks of Data 1/ 0 Corpora11on 
*IBM is a registered trademark of International Business Machines Corporation. 
DATA 1/ 0 Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. ~206) 881 ·6444 / Telex 15-2167 
FutureNet Corporation 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-5728 (818) 700-0691 / Te!ex 910-494-2681 
DATA 1/0 Europe World Trade Center, Strawinskylaan633, 1077 XX Amsterdam, The Netherlands (20) 622866/Telex 16616 DATIO NL 
DATA 1/ 0 Germany Bahnhofstrasse 3, D-6453 Se1gens1adt , Federal Republic of Germany (618213008/ Telex4184962 DATA 0 
DATA 1/ 0 Japan Ginza Orient Butld1ng, 6F, 8-19-13, G1nza Chuo-ku , Tokyo 104, Japan (OJ) 574-0211 / Telex 2522685 DATAIO J 
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mer™ uses the IBM® PC to provide 
unlimited set programming capability 
and sophisticated production 
statistics. 

All three models feature removeable 
device socket rails. This modular 
design allows you to accommodate 
new device packages, as well as 
expand the number of devices you can 
program simultaneously, from 10 to 30. 

YOUR SINGLE SOURCE FOR 
PRODUCTION PROGRAMMING. 
Data 1/ 0 is committed to supporting 
your production line . We offer a full 
range of production programmers, 
from the versatile 280 Set Programmer 
that bridges the needs of eng ineering 
and production, to the model OOH 
Production Logic Programmer. Each is 
backed by our full range of Customer 
Support Services. 

For high-volume programming , just 
in time or day after day, Data 1/ 0 can 
set a new throughput standard on 
your production floor. Our sales repre­
sentatives will show you how. Contact 
Data 1/ 0at 1·800-426-1045. 



For the Technical Professional: 

The story behind IBM's 
new 32-bit RISC PCs. 

These aren't your ordinary workstations. terminals such as the IBM 3161. 
For IBM RT Personal Computers-6150 and 6151 There is also a full-function IBM SQL/RT rela-

-are built around a revolutionary 32-bit, virtual tional data base management facility available. 
memory, RISC-based microprocessor. Developed 
and manufactured by IBM. Understands Many Languages 

The significance? Far faster throughput. Because The IBM RT PCs are highly literate. You'll be 
RISC (for Reduced Instruction Set Computer) archi- able to write and run applications in C, Fortran 77, 
tecture eliminates many of the unnecessary bells BASIC, PASCAL and Assembler. 
and whistles found in conventional chip design. And as for general-purpose applications, you'll 

What's more, an IBM RT PC can directly ad- be able to run UNIRAS4 (for engineering and busi-
dress up to four megabytes (Mb) of real memory, ness graphics), RS/P (for data analysis and graph-
over a trillion bytes of virtual memory and up to 210 ing functions), IMSL6 (a library of Fortran sub-
Mb of DASD, or disk storage. • .. --•• routines), lnterleaf's Workstation 

All of which makes IBM RT PC • Publishing Software; Solomon 
microprocessors particularly well 11· 1118 (for accounting), SAMNA+ q 

suited for the total application (for spreadsheet and word pro-
requirements of technical pro- ·· cessing) and Applix IA 10 (for 
fessionals working in engineering, integrated office functions). 
scientific, industrial and academic 
environments. PC Compatible 

CADAM~ and CIEDS 1 Software The IBM RT PCs can incorpo­
rate as an optional feature an Intel 

One of the key programs avail- 80286 coprocessor (in effect a PC 
able for the IBM RT PC-attached AT on-a-board) that runs concur-
to the IBM 5080 Graphics System rently with the 32-bit RISC proces-
-is Professional CADAM. And it's sor. That means the RT PCs can 
compatible with established host- The IBM RT PC 6150 Model 20 support many existing IBM PC ap-
based CADAM. Floor-standing unit plications and the interchange of 

There's also Computer-Integrated Electrical De- their related data. It also means the RT PC 1/0 bus 
sign Series (CIEDS), which allows for the schematic can accept standard PC cards. 
capture of integrated circuit designs. Contact your IBM marketing representative. Or 

And there is a growing list of applications avail- call I 800 IBM-2468, Ext. CZ/814, for participating 
able from software companies in the following Authorized Dealers, or for free literature. Soft-
fields: mechanical and electrical CAD/CAM, petro- ware companies interested in =~= =® 
leum production, artificial intelligence, software writing programs for the IBM RT : :_: :-_-: 
engineering, project management and graphics. PC should call 1203 783-7141. :::5::.:.::E~:: 

UNIX2 System V ,-------------------, 
I IBM " 5-15" I 

The primary operating system is derived from 
the UNIX System V-with some very important 
enhancements added by IBM. These enhancements 
make this operating system-Advanced Interactive 
Executive or AIX3-much easier to use, give it im­
proved performance and reliability, and also add a 
virtual storage capability. 

This operating system gives you multi-user and 
multi-tasking operations for up to eight concurrent 
local or remote users working on low-cost ASCII 

I ORM, Dept. CZ/814 I 
I 101 Paragon Drive, Montvale, NJ 07645 I 
I 0 Please send me information on the IBM RT PCs. I 
I D Please have an IBM marketing representative call me. I 
I Name Title I 
I Company I 
I Address I 
I c· s z· I I 1ty tate __ 1p I 

~hon~----------------~ 
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Slash development time 
Easy does it with 

your PC and our HPPC Instruments. 

Easy to set up - All HP PC Instruments 
are easily controlled with Hewlett· 
Packard's Vectra PC (below) or IBM PC, 
PC/XT or PC/AT over the HP PC 
Instruments Bus (PC.IB). Simply con· 
nect instruments and accessories and 
load the software; you're up and running 
in a few hours. 

Easy to debug - Soft front panels let 
you see the status of all instruments in 
the system at a glance. And you 
can switch easily between panels and 
your basic program for simple program 
debugging. 

Easy to use - Soft front panels (oscil­
loscope display shown below) let you 
enter much of your program with a 
mouse or touchscreen which means less 
data entry for you. And the system soft­
ware generates the major portion of 
your program at the touch of a key. Add 
your own touches to customize and 
you're done. Result: You can generate 
complete test programs in days instead 
of weeks. 

Easy to combine with HP-18 - For 
optimum price and performance, mix 
and match traditional HP-IB instruments, 
like the voltmeter below, with any of the 
PC modules. Add PC modules to tradi· 
tional instruments, and vice-versa. And 
control everything with the same BASIC 
program. 

Easy to afford - PC Instruments are in· 
expensive, so you can buy and use as 
many - or as few - as you need. 

Relay Multiplexer: $650 
Function Generator: $1500 
Dual Voltage DAC: $800 
Universal Counter: $900 
Relay Actuator: $650 
Digital 1/0: $650 
Digitizing Oscilloscope: $1500 
Digital Multimeter: $650 
Optional System Power Unit: $400 
HP-IB Interface: $400 

Prices are U.S.A. list prices only. 

Call 800-523-2121ext.961 for 
technical literature, and a new 
demonstration disc that simulates 
system operation. Or call your local 
HP sales office listed in the white 
pages of your telephone directory. 
Ask for the Electronic Instruments 
Department. 

HEWLETT 
PACKARD 
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Powerful Unix-based workstations 
take on minicomputers, mainframes 
Low-cost 32-hit microprocessors pair up with 
standard Unix operating systems to deliver 
heavy-duty processing to engineers' desktops. 

workstations in the engineering 
world is their ability to fit into a net­
work. Engineers and programmers 
rarely work alone; they need to 
gather information from others and 
to send their results off as well. Plac­
ing a full 32-bit processor onto an 
engineer's desk may ease the load on 
the organization's main processor, 
but it does not lessen the require­
ments for an integrated environ­
ment and a common data base. 

BY RAY WEISS 

Engineers a re about to be freed 
from the frustrations of queuing up 
for computationally intensive 
projects. No longer will tasks like 
simulation, large-scale compilation, 
and modeling be the domain of 
minicomputers and mainframes 
alone. Desktop workstations, based 
on the Unix operating system, have 
arrived for full-scale 32-bit pro­
cessing. Typically, they contain at 
least 2 Mbytes of memory as well as 
floating-point processors, virtual­
memory- mapping hardware, and 
peripherals . Moreover, many sta­
tions include special hardware and 
software to deliver high-resolution 
color images and three-dimensional 
graphics. 

Within the Unix environment, 
these new workstations put inter­
active computing into the hands of 
any engineer or programmer. Fur­
thermore, they provide first-class 
user interfaces that match those of 
far more expensive systems. And at 
the heart of these powerful Unix­
based workstations are 32-bit mi­
croprocessors like Motorola's 68020 
and National's 32032. 

Unix, primarily System V from 
AT&T Co. (Morristown, N.J .), is 
rapidly becoming the standard 
workstation operating system (see 
"The End of the Unix Wars," p. 76). 
Accordingly, a wide range of appli­
cation programs is emerging to run 
under it. Those programs, along 
with user-written software, are truly 

portable: They can run on any Unix­
based workstation with only minor 
modifications. 

Thus, users are freed from de­
pendence on a single workstation 
supplier, especially since some ma­
jor manufacturers, like Digital 
Equipment Corp. (Fig. 1 ), have en­
tered the fray. Users may buy work­
stations from various sources, aim­
ing their purchases at specific 
applications . Furthermore, they 
need not worry about a vendor leav­
ing the workstation arena or taking 
an unwanted product direction­
they can simply move their software 
to another workstation. 

Critical to the success of 32-bit 

Now, networking is becoming a 
reality for Unix-based workstations. 
Above the Ethernet and TCP/IP 
level, file system packages enable 
files to be accessed remotely and 
programs to be executed across a 
full network. The Network File Sys­
tem, developed by Sun Microsys­
tems Inc. for its Unix workstations, 
has been placed in the public do­
main and is on its way to becoming 
an industry standard. Engineers can 

1. Digital Equipment's VAXstation 11/GPX sports two processors. The 
main processor is a 32-bit workstation version of the successful VAX 
architecture, the MicroVAX II. The graphics processor is in the display 
where it speeds up graphic processing. 
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Unix-based workstations 

use the system to access files across 
the network through a so-called 
stateless server, which carries no 
internal states and therefore recov­
ers easily from system failures. 

AT &T's System V.3 will contain 
a network file package based on the 
Berkeley 4.2 BSD remote file sys­
tem. The package, which permits 
both file access and remote execu­
tion, is based on the International 
Standards Organization 's Open 
Systems Interconnection model. 
Another network system, the Free­
domnet, was developed by the Cen­
ter for Digital Systems Research 
(Research Triangle Park, N.C.) and 
released by Butler & Curless Asso­
ciates (Raleigh, N.C.). Built for a 
distributed Unix network, it permits 
remote program execution and de­
vice sharing. Moreover, it is trans­
parent to the user and automatically 
handles differences in file and hard­
ware formats. 

The workstation world is no 

longer the province of the smaller, 
more innovative manufacturer. 
Some of the major computer com­
panies, including Hewlett-Packard 
Co., IBM Corp., and DEC, have 
started to produce 32-bit Unix 
workstations. 

HP (Palo Alto, Calif.) was the 
first to make a commitment with its 
version of Unix, called HP-UX, and 
a subsequent series of workstations. 
The company's latest stations in­
clude the HP9000 Model 320, 
which is based on the 68020 micro­
processor, and the Model 550, 
which is built around a proprietary 
chip set. Both are directed toward 
engineering applications. HP is also 
fielding software packages for arti­
ficial intelligence development, 
including CAE and Lisp program­
ming. 

Both IBM and DEC have intro­
duced Unix-based workstations this 
year. IBM's series of RT personal 
computers is based on the com-

The end of the Unix wars 

pany's own 32-bit RISC architec­
ture (Fig . 2) . The 2-MIPS work­
stations run a variation of Unix , 
derived from the Berkeley 4.2 BSD, 
and are also compatible with Sys­
tem V. Although the machines are 
intended to serve as engineering 
workstations, many other applica­
tion packages have already been 
ported to it. 

DEC introduced a 32-bit graph­
ics workstation called the VAX­
station 11 / GPX (Fig. I again) . 
Based on the MicroVAX II, the sys­
tem includes a separate color graph­
ics processor and features an ad­
vanced windowing package. 
Labeled X-Windows, the package 
comes with DEC ' s version of 
Unix- Ultrix 32W. With this com­
bination, users can run remote 
graphic programs throughout a net­
work. 

DEC brought out the MicroVAX 
II workstation last year. The ma­
chine runs under versions of Ultrix, 

This year should mark the end of the Unix wars. The 
battle for supremacy is waning as the various Unix sup­
pliers move their implementations toward compliance 
with the Unix System V releases from AT&T, meeting 
the compatibility standards set forth by the System V 
interface document. Thus, they will provide an appli­
cation-portable base for Unix systems. Furthermore, by 
year's end their versions will have to pass the AT&T 
System V validation suite developed by Unisoft Inc. 
(Berkeley, Calif.), the 68000 Unix supplier. 

own extensions to take advantage of hardware features, 
special interfaces, and software tools. For example, 
Hewlett-Packard's version of System Y, the HP-UX 
(see the figure) , employs features from the Berkeley 4.2 
BSD and AT&T System Y. 

Though System V will undoubtedly become a system 
standard, it will not do so without change. AT & T has 
pledged to work with the Unix community to improve 
the system. Additionally, two standards committees are 
working on the problem: the IEEE PI003 and the Users 
Group Standards Committee. 

All the Unix systems, though, will not become one. In 
fact, many workstation suppliers are developing propri­
etary versions of Unix. Those systems will need their 
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When Performance Counts 

Expandable 55ns 
Dual Port CMOS Static RAMs 

New "MASTER/SLAVE" combo 
is the only way to expand 
width and eliminate "system 
deadlock" without incurring a 
speed penalty due to extra logic. 
We've led the market with the industry 
standard IDT7130 (1Kx8) and the 
IDT7132 (2Kx8) "MASTER" dual port 
RAMs. Used in multiprocessor systems, 
they provide fast, asynchronous, simul­
taneous access of a common memory 
from two totally independent data/ 
address ports. On chip arbitration logic 
resolves conflicts when the 
addresses match. 

Now we are introducing 
the IDT7140 (1Kx8) " SLAVE" 
and the IDT7142 (2Kx8) 
"SLAVE" dual port RAMs which 
permit width expansion to x 16, 
x32 or greater while maintaining 
a 55ns access time. All you do 
is add as many SLAVES as you 
need to one MASTER. 

A SLAVE eliminates catastrophic 
"system deadlock" in width expansion 
encountered when using dual port 
memories. Without a SLAVE you must 
use external logic for address arbitra­
tion to avoid deadlock-and that causes 
performance degradation. 

Industry's fastest. All four of these 
dual port static RAMs have access times 
of 55ns. 

Cascadable in depth. To 4K, BK, 
16K or more. 

Low-power and battery backup. 
Typically 325mW active and 1 mW 
standby, the low- power version permits 
battery backup at 200µW from a 2 volt 
battery. 

Availability. Commercial/ military 
product from stock in 48- pin DIPs 
or LCCs. 

May we be of assistance: Call or 
fill in the bingo for a copy of our 
Technical Note explaining (1) 
how and when to use dual port 
static RAMs (2) how to avoid 
"deadlock'.' 

Also ask for our Product 
Selector Guide on high - speed 
CEMOS™ MICROSLICE™ 
(bit- slice microprocessor 

products) , Subsystems, Memory 

Our Static RAM Family 
(available now) 

Size P/N 

16Ks 
16Kx1 IDT6167A 
4Kx4 IDT6168A 
4Kx4 IDT71681A* 
4Kx4 IDT71682A** 
2Kx8 IDT6116A 

64Ks 
64K x1 IDT7187 
16Kx4 IDT7188 
16Kx4 IDT7198*** 
16Kx4 IDT71981* 
16Kx4 IDT71982** 

Dual Port Static RAMs 
1Kx8 IDT7130 MASTER 
2Kx8 IDT7132 MASTER 
1Kx8 IDT7140 SLAVE 
2Kx8 IDT7142 SLAVE 

•Separate 1/0-outputs ON at write 
··Separ.ite 1/0-outputs 3-state at wr~e 

···Extra lll' and CS 

Worst Case 
Comm'I Speed 

25ns 
25ns 
25ns 
25ns 
35ns 

35ns 
35ns 
35ns 
35ns 
35ns 

55ns 
55ns 
55ns 
55ns 

Interface Logic, Digital Signal Leading the CMOS Future 
Processing Circuits (multipliers, G 
MACs, and FIFOs), and one of Jn+egra+ed 
the fastest broadest lines of .l' 11 .l' 

Static RAMs in the world. dt Device lechnology 
CEMOS and MICROSLICE are trademarks of 
Integrated Device Technology, Inc. Static RAM Division 
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3236 Scott Boulevard 
Santa Clara, CA 95054-3090 
(408) 727-6116 
TWX 910- 338-2070 
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Unix-based workstations 

as well as under the company's 
VMS operating system. The com­
pany also devised a package called 
VNX, a Unix-like development en­
vironment for the VMS operating 
system. 

MAINSTREAM 32-BIT WORKSTATIONS 

Sun Microsystems reduced the 
price of full 32-bit processing, which 
generally ran above $I 0,000 , to 
$7900 for a 68020-based work-

station that relies on another Sun 
system for disk services. The ser­
vices are not critical for the Sun 
3/50M because of its 4 Mbytes of 
demand paged memory. Another 
model, the 3/52M (Fig. 3), provides 
a stand-alone processor with a 
71-Mbyte hard disk and a 60-
Mbyte tape unit. Both the 3/50 and 
3/52M deliver high-quality, bit­
mapped graphics with a display of 
I 152 by 960 pixels. 

2. The first reduced-instruction-set computer targeted at the work­
station market, the IBM RT PC sports a proprietary version of Unix that 
has been tamed for the engineering and casual user. 

3. The Sun 3/52M is one of the least expensive, 32-bit stand-alone 
workstations. It also has a slightly slower, cheaper cousin, the 3/SOM 
(see directory on the next page), that sells for $7900 without a disk 
but with a 68020 processor and 4 Mbytes of memory. 
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While Unix is primarily a time­
sharing operating system, it can be 
used to drive data acquisition appli­
cations. The data demands can be 
met by extending the operating sys­
tem to provide timing functions, 
controlled priorities, and special 1/ 0 
mechanisms. For instance, the 5300 
and 5400 workstations developed by 
Masscomp deliver both full 32-bit 
processing and a sampling rate of I 
million samples per second (Fig. 4). 

Some 32-bit workstations are sold 
to OEMs for inclusion into system­
level products. For example, the new 
Domain Series 3000 stations from 
Apollo Corp. are incorporated in a 
number of dedicated engineering 
systems. Each workstation features 
a 68020 processor, 2 to 4 Mbytes of 
memory, a nd a I 024-by-800-pixel 
color display or a I 024-by-1280-
pixel monochrome display. The sta­
tions run under the Domain / IX 
operating system, which includes 
both System V and Berkeley 4.2 
BSD running on top of the Aegis 
kernel. 

High-end 32-bit workstations can 
deliver extremely effective graphics, 
including 2D a nd 3D transforma­
tions, scaling, and filling. By ap­
plying special hardware processors, 
such operations can be extremely 
fast. For instance, the Iris 3030 
workstation from Silicon Graphics 
can drive a 32-bit plane (I 024 by 
I 024) with 4096 simultaneous col­
ors. The station rips through 83,300 
floating-point operations per second 
to support the graphics. Another 
workstation aimed at heavy-duty 
graphics processing is the Edge- I 
(Fig. 5). The machine, from Edge 
Computers, is supported by special­
purpose VLSI chips. 

THE PC ENTERS THE ACT 

Engineers and programmers do 
not have to buy an expensive work­
station to start out in 32-bit pro-



NOW-A 68020 
DEVELOPMENT SYSTEM 

~~~~~~~W-~e~velop- FOR BOTH SOFTWARE ~~~~~~:1~~i~:r's 
ment System for the Motorola AND HARDlll ARE ideal environment-with all 
68020 and Intel 80286: it n K the features you'd expect 

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 11) 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 <> 1986 by Tektronix , Inc. All rights reserved. MIA604 

CIRCLE 33 FOR LITERATURE 
CIRCLE 34 FOR SALES CONTACT 

CASE: From concept to completion, 
Tek's tools take you all the way. 

COMIWTlEl lO EXCELLENCE 
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Directory of manufacturers of Unix-based workstations 
HardWare 

Clock Local Hardware floating-
rate memory Operating Hard disk Screen graphic point 

Company Workstation Processor (MHz) (Mbytes) system (Mbytes) resolution support support Clrcle 

Apollo Computer Inc. Domain 3000 2-4 Aegis 72 
330 Billerica Rd. 68020 16.6 Domain/IX 1024 by 1280 Yes Yes 451 
Chelmsford. MA 01824 

DN570/580 2-64 (System V or 
50-2670 

(617) 256-6600 Berkeley 4.2 BSD) 

Convergent Technol-
ogles Inc. Mighty Frame/ 

CTIX 
2700 N. First St. JWS 

68020 16.6 1-16 (System V with 50-2500 1280 by 1024 Yes Yes 452 
Son Jose. CA 95134 

"' 
enhancements) 

( 408) 435-3464 

Deflnlcon Systems Inc. Coprocessor 
21042 Vintage St. system for 

32032 10 1-2 ZAIAZ System V N.o. N.o . N.o. Yes 453 
Chatsworth, CA 91311 IBM PC, PC AT, 
(818) 341-5654 and PC XT 

Ultrix 32M (4.2 

Dlgltal Equipment Corp. V AXstation II - 2--9 BSD with System No 
MicroVAX V compatibility) 

200 Baker Ave. II 
33-213 1024 by 864 Yes 454 

Concord, MA 01742 
V AXstation II 

- Ultrix 32W (4.2 
(call local sales office) GPX 

3-9 BSD with System Yes 
V compatibility) 

Edge Computer Inc. 
Proprietary 

with GSX 
727 3 East Butherus Edge 1 680x0 25 

Up to (System V with 168 1280 by 1024 Yes Yes 455 
Scottsdale, AZ 85260 Model 500 64 
(602) 951-2020 

instruction enhancements) 
set 

Hewlett-Packard Co. 
9000 family Fort Colllns 68020 16.6 1-7.5 

System Division Model 320 HP-UX 

3404 E. Harmony Rd. 
(System V with 24-404 1024 by 768 Yes Yes 456 

Fort Collins, CO 80525 9000 family Proprietary 18 1-10 
enhancements) 

(call local sales office) Model 550 

Intergraph Environ V 
One Madison Industrial Pork 

lnterPro 32 
32032 and 

10 2-4 (System V with 39-127 884 by 1184 Yes Yes 457 
Huntsville, AL 35807 80186 
(205) 772-2000 

enhancements) 

IBM Corp. 
Engineering Systems AIX Products 

RT-6150/1 RISC 5.8 1-4 (System V with 40-210 1024 by 764 No Yes 458 472 Wheelers Farms Rd. 
Miiford, CT 06460 enhancements) 

(call local sales office) 

Masscomp 
5300 12.5 2-4 RTU 40 One Technology Park 

Westford. MA 01886 68020 (System V with 1152 by 910 No Yes 459 

(617) 692-6200 5400 16.6 2-10 enhancements) 71 

Opus Systems Inc. 
Coprocessor 

20863 Stevens Creek. 
Bldg, B-4 

system for 
32032 10 2-4 

Opus5 
N.a . N.a . N.a . Yes 460 

Cupertino, CA 95014 IBM PC, PC AT, (System V) 

(408) 446-2110 
and PC XT 

Slllcon Graphics Inc. 
2011 Stiertin Rd. 

Iris 3030 68020 16 2-4 
System V with 

170-240 1024 by 1024 Yes Mountain View, CA 94043 enhancements Yes 461 

(415) 960-1980 

Srltek Inc. Coprocessor 
6615 W. Snowville Rd. 
Cleveland, OH 44141 system for 68020 16 2-4 System V /68 N.a. N.a. N.a. Yes 462 

(216) 526-9433 
IBM PC AT 

Sun Microsystems Inc. ~SOM 12.5 4 SUN OS Optional 1152 No 
2510 Garcia Ave. 

3/52 M 68020 16.67 4 (4.2 BSD 71-142 by No Mountain View. CA 94043 with System V Yes 463 

(415) 960-1300 3/160M 16.67 2-16 compatibility 71-360 960 Yes 

Note: This Is a representative sampling of manufacturers and Is not meant fo be a definitive list. 
N.a. ~ not applicable 
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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 ~mied by To see the Tek 2467 
elusive glitches, pulses in action, or to order, 

and single-shot events. cootact your Tek Sales 
Our new 350 MHz Transient Engineer. Or call the Tek 
Intensifying Oscilloscope National Marketing Center, 
reveals invisible signals that 1-8004~2200. In Oregon, 
escape detection by any call collect, (503) 627-9000. 
other portable instrument. To rent a Tek 2467 for a 

· An approximate 100-fold trial evaluation, contact an 
increase in visual writing authorized Tektronix rental 
rate translates high-speed, company: 
single-shot phenomena and Continental Resources, Inc. 
low-repetition-rate signals (800) 323-2401 Nationwide 
into 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 35 
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4. While the Masscomp 5300 is a moderate-cost 32-b it workstation, it is 
also a base station for data acquisition. With hardware additions, it 
can handle up to 1 million samples per second. 

cessing. IBM PC personal comput­
ers and compatibles can be adapted 
to computationally intensive work 
that does not need an extensive 1/0 
subsystem. The conversion can be 
made by adding coprocessor-based 
subsystems, such as Unix-based 
32032 and 68020 coprocessor cards. 
The 32-bit boards carry both 
floating-point and virtual-memory 
control chips. For compilation, 
simulation, or memory-intensive 
processing they deliver the nec­
essary power at a reasonable cost­
$2500 and up . The coprocessor 
subsystems generally carry VAX­
class language compilers and other 
software tools . They work with vari­
ations of System V. Suppliers of the 
boards include Definicon Systems 
Inc., Opus Systems Inc., and Sritek 
lnc.D 

· I I Available 
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. 

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- lOOO'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/perfonnance value, 
the MS-1000 may be the BEST choice for YOUR 
design. For more infonnation contact: 

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 choice of many design engineers. 

1----4.7'" MICROSC'AN S\'STEMS, INC., 939 Industry Dr., 
Tukwila, WA 98188, (206) 575-3060. 
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Only one company is ready to ship 
DataAcquisition products for MicroVAX II. 

Data Translation is ready to ship today. scientific and industrial applications. 
Call now for delivery in five days or less. Hardware. Software. A full range of data acqui­

sition solutions for the new Micro VAX II for But, please, be quiet, others are sleeping. 

MicroVAX II Data Acquisition Boards and Software 
Product Model 

Characteristics Numbers Features 
DT2762 12-16 bit resolution, 50kHz, A/Os 

ADV11-C 10mV-10V inputs, up to 64 channels 
Polled or DT2766 4 12-bit D/As per board 
Interrupt AAV11-C Settlil_!g_time 3us~r DAG 
driven DT2781 AID and DIA boards - 12-16 bit 
Analog 1/0 DT2785 resolution A/Os, BDl/16SE, 10mV 

AXV11-C to 10V input, 212-bit D/As 
DT2752 12-16 bit resolution A/Os, 
DT2757 up to BDl/16SE, throughput up to 

Analog 1/0 with 250kHz, and_.Q!"QY!ammable gain 
Continuous DT3382 12-bit AID, up to 32Dl/64SE 
Performance OMA throughput up to 250kHz, m to n channel 

scans, and programmable gain 
DT2751 Two 12-bit D/As designed for waveform 

generation and point:Q!otting 

Digital 1/0 DT2768 Digital 1/0 board with 16 input and 
DRV11 16 ou!Jlut lines 

DT2769 KWV11-C equivalent. Real-time clock 

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 Tix 951 646 

Software 
Support 

MicroVMSLIB 

MicroVMSLIB 

MicroVMSLIB 

MicroVMSLIB 

MicroVMSLIB 

MicroVMSLIB 

MicroVMSLIB 

MicroVMSLIB 

Call (617) 481-3700 

See our 
new646pg. 
catalog/hand­
book or see us 
in Gold Book 
1986.0rcall 
for your 
personal 
copy today. 

European Headquarters: Data Translation, Ltd ., 13 The Business Centre, Molly Millars Lane, Wokingham Berks, RGll2QZ, England Tix 851849862 (#D) 
International Sales Offices: Australia (61) 2-6635289; Belgium (32) 2-7352135; Canada (416) 625-1907; Chile (2) 2-253689; China (408) 727-8222, (86) 87214017; Denmark (02) 187188; 
England (44) 0734-793838; Finland (358) 0-372-1 44; France (33) 146306839; Greece (30) 031-527039, (30) 13-614300; Hong Kong (852) 3-324563; India (91) 2-231040, Israel (972) 
3-324298; Italy (39) 2349751; Japan (81) 3-502-5550, (81) 3-348-8301, (81) 3-355-1111; Korea (82) 753-3101; Malaysia (60) 3-36299; Morocco (21) 9-30-6949; Netherlands (31) 70996360; 
New Zealand (61) 2-663-5289; Norway (47)(02) 559050; Peru (51)(14) 31-8060; Philippines 818-0103, 8 18-3073, 818-4230; Portugal (351) 1545313; Singapore.(65) 271-3163; South Africa (27) 
12469221; Spain (34) 14558112; Sweden (46) 87617820; Switzerland (41) 17231410 (41) 22360830; Taiwan (86) 2-721-7864, (86) 2-531 -2434; West Germany (49) 89809020. 

MicroVAX 11 isa registered trademark of Digital Equipment Corporation. Data Translation is a registered trademark of Data Translation , Inc. 
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The new age of the microchip is dawning with the advent 
of the Hitachi HM62256 256K SAAM, fabricated using the exclusive 
1.3-micron Hi-CMOS Ill process. 



HITACHI'S 256K SRAMS-WITH HIGHER DENSITIES, 
LOWER POWER DISSIPATION AND FASTER ACCESS TIMES 

THAN EVER BEFORE-ARE FLOATING ON THE HORIZON OF 
A BRAVE NEW MICROWORLD NOW 

Ushering in a new age of microcircuits, Hitachi's 
premier 1.3-micron Hi-CMOS Ill technology has 
led to the development of the industry's most 
advanced static RAM-the HM62256 256K SRAM. 

Fabrication Process Breakthrough 

With concentrated efforts on improving CMOS 
technology, Hitachi has surpassed its own world­
standard Hi-CMOS II techniques, unveiling the 
1.3-micron Hi-CMOS Ill process. Achieving the 
highest level of integration in the industry, this new 
process combines a unique polysilicon memory 
cell with a CMOS peripheral structure, and packs 
an astounding 1.6 million elements on a single 
chip! Through high-level integration of these 
disparate structures, the high-speed performance 
of NMOS processes is combined with the higher 
packing densities and lower power consumption 
inherent in CMOS processes for a total improve­
ment in all performance categories. 

Easy Interfacing with Current Board Designs 

For easier, more powerful designs, the HM62256 
32K x 8 static RAM offers complete compatibility 
with 64K static memories, allowing simple up­
grading of system performance and board density. 
Using a byte-wide data organization and TTL­
compatible 1/ 0 , the HM62256 can directly inter­
face with all microprocessors. With the same 
footprint as the 64K SRAMs, the HM62256 offers 
four times the memory capacity in the same 

board space-something to consider for your 
future designs. 

An Unbeatable Combination 

With the industry's fastest access time at 85 ns, 
and low power dissipation of 40 mW packaged in 
a standard 28-pin , 600-mil DIP, the HM62256 
256K SRAM offers an unbeatable combination that 
opens up a whole new world of design possibilities. 
Without requiring any clock signals or timing 
strobes of any type , the HM62256 is completely 
static , featuring perfectly balanced read and 
write cycles. 

Still More Design Options 

To give you even greater design freedom , Hitachi 
offers a lineup of 8 versions ranging in typical 
access times from 85 ns to 150 ns, which includes 
a group of special low power LP devices with an 
ultra-low power dissipation of less than 10 mW. 

All 8 versions feature a packaging alternative 
known as SOP (Small Outline Package) that 
enables single-side and double-side surface 
mounting , offering respective assembly densities 
2.5 times and 5 times greater than a DIP outline! 

Hitachi-our technology is going your direction. 

@HITACHI 
Hitachi America. Ltd ., Semiconductor & IC Sales & Service Div .. 2210 O'Toole Avenue. San Jose. CA 95131 . Tel 800-842-9000 (Exl 6809) Ask for lileralure number M037 
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Tests also show the GXT plating 
system is better than gold in solderability, 
porosity, bend ductility, and corrosion 
resistance. Yet GXT can reduce costs 
as much as 20%. 

Independent testing laboratories have proved that 
the Du Pont GXT plating system is superior 
to gold in wear resistance, solderability, porosity, 
environmental corrosion resistance and bend 
ductility. And is as good as gold in contact resist­
ance and wire-wrapping performance. 

Moreover, connectors protected by this remarka­
ble new coating system frequently cost considera­
bly less than comparable parts plated with gold. 
For example, savings of up to 20% are possible 
on pins plated with GXT. (Savings depend on the 
price of gold and upon the amount of gold being 
replaced.) 

GXT is a trademark of the Du Pont Company. 
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GXT assures minimum 
contact resistance after wear 
and exposure to H2S 
By 25,000 cycles, gold shows contact resist­
ance increases to 4,000 milliohms or higher. In 
contrast, GXT shows excellent electrical per­
formance even after 25,000 cycles. 

Berg Electronics is now 



In these tests, other gold substitutes didn't meas­
ure up to GXT, either. In porosity, solderability, 
intermetallic growth, bend ductility, internal stress, 
and manufacturing process stability, the GXT 
plating system clearly outperformed all other gold 
alternatives including other palladium-nickel and 
pure palladium coatings. 

In fact, in no test did any gold substitute­
or gold itself-outperform GXT. 

GXT plating, an exclusive Du Pont development, 
is now available on DuPont's 0.025" square pins, 
including BergStik'" headers, BergPost'" and 
Berg Pin'" terminals, and compliant press-fit pins. 
Some industry leaders already have switched 
from gold to GXT to help improve the reliability of 
their products. 

If you require high reliability connectors, you're sure 
to want complete test results. They're yours for the 

asking ... along with sample pins for your own 
tests/inspection. 

Get all the facts! Order this free GXT 
Convincer Kit. 
Review results from 
independent test 
laboratories. Proof positive 
that GXT palladium-nickel 
plating outwears, 
outperforms gold. To 
request kit .. 

Make the 
"Du Pont Connection" 

Call (800) 237-2374 
Or write The Du Pont Company, 
Du Pont Connector Systems, 
30 Hunter Lane, Camp Hill, PA 17011. 

DU PONT CONNECTOR SYSTEMS ~ CIRCLE 55 
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United Kingdom: Water Lane, Towcester, Northants. NN12 7JN. Telephone: (0327) 50312. Telex: 31628. 
France: BP 74. 7-9 rue Denis Papin, 78194 Trappes. Telephone: (3) 051.49.52. Telex: 694441. 

Germany: D-6090 Riisselsheim, BahnhofstrafSe 38. Telefon: (06142) 680 04. Telex: 1761 4293. CIRCLE 56 
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READER FEEDBACK 

An open letter 
to U.S. chip makers 

As a component engineer, I've seen 
U.S . manufacturers of I Cs make 
some costly mistakes in packaging. 
Over the last several yea rs the most 
common has been memories in 
DIPs that were unnecessarily long, 
too long to allow us to fit everything 
we needed to on the printed circuit 
board. Instead of a 0.045-in . max­
imum overhang from the center 
line of the end pins to the edge of 
the package (half-lead st yle), 
which would allow m a ximum 
packing of memory arrays, manu­
facturers used a longer package 
with a 0.050-in. overhang or great­
er . We found the short pa ckage 
memories we needed , though­
made in Japan. 

It looks like we' re ready to hand 
Japan another victory. Many, and 
especially the largest of the U.S. 
manufacturers , are refusing our 
requests ~Jr a new ·package with 
obvious benefits , while the Ja­
panese are responding positively. 

High-performance applications 
are often the proving ground for 
the latest I Cs, and periodically the 
latest packaging. Pin-grid a rrays 
and especially surface-mounted 
devices have been much discussed 
lately, but a new package is poised 
to steal many of the SMD's appli­
cations . The ZIP (Zigzag in-line 
package) is offering greater den­
sity and a cheaper, easier imple­
mentation than SMDs. 

When pcb area is at a premium, 
. and it usually is in high-perform­
ance applications, the area needed 
by each device is important. SMDs 
save considerable area compared 
with DIPs, but ZIPs sa ve even 
more. An added bonus for pcb de­
signers is the easy straight-line 

routing of ZIP memory arrays . 
High-performance systems are 

often manufactured in quantities 
that make the payoff of new manu­
facturing equipment long term . 
ZIPs use traditional soldering 
equipment and existing or mod­
ified SIP insertion equipment. 
SMDs, on the other hand, require 
new equipment for both oper­
ations. 

The only drawback for ZIPs ap­
pears to be the pin count , which 
will probably peak at 24 or 28 pins. 
This really isn't much of a limita­
tion , since high-performance 
DRAM , SRAM, PROM, PLD , 
and glue parts, consisting mostly of 
8-, 9- , or IO-bit-wide parts for bus 
applications, will fit easily. 

The ZIP is a definite winner in 
high-performance applica tions. 
U.S. manufacturers of ICs had 
better wake up to that fact before 
they lose another proving ground, 
and the revenue that goes with it. 

M. Tony Young 
Intergraph Corp. 
Huntsville, Alabama 

Star Wars 
satire 

I found Terry Costlow's Editor 's 
Beat in the Feb. 20 issue ("Funding 
Fuels Fantasies of Sta r Wars and 
Personal Computers," p. 33) to be 
ludicrous at best. The first thing I 
did was check if I was reading an 
April Fool's edition. I still am not 
sure if we are supposed to take this 
editorial seriously. 

Costlow claims that "Uncle Sam, 
in effect, created the personal com­
puter," and that by covert funding , 
the U .S . government supported 
small computer firms, which 
"created scores of jobs ." The pur-

(continued on p . 254) 
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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 memory • CMOS version 
optional • 4.77 mhz 

You can depend on Faraday to deliver 
100% PC BUS compatibility. 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 EMDAL. lllllllllllllllllEMADlt\Y 
11111

111111111111 

11111111111 

Faraday quality at 11;; the size. 
IBM is a registered trademark of International Business Machines 
Corporation. 
Micro PC is a trademark of Faraday Electronics. 
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The Avantgarde in Flexibility- Z 650 
The Multi Application Sputtering System 

The Z 650 is the sputtering system from start to finish - R & D, pilot line 
and production use. The Z 650 is the tool to use to develop your various 
device processes. The Z 650 has an in/out load lock chamber employing 
either the heating or etching feature with one or two process chambers. 
The Z 650 has separate chambers for reactive and non-reactive processes 
employing RF or DC bias, RF or DC magnetron or diode sputtering and 
substrate heating. 

The following features make the Z 650 indispensable: Four 3" or 6" tar­
gets or three 8" targets per process chamber. Beyond the state-of-the-art 
microprocessor, capable of storing over 20 programs, single button opera­
tion, and system and process diagnostics. From R & D to pi lot line use, the 
Z 650 can run a large variety of device related processes prior to full pro­
duction. The Z 650 is the system for simultaneous R & D and pilot line use. 
For production line processing the Z 650 is the system. The Z 650 can be 
configured for direct process transfer from R & D to dedicated production 
line use. 

Call your local LEYBOLD-HERAEUS TECHNOLOGIES offi ce to discuss 
your applications. 
CT: 203/7 41-2267, or CA: 408/ 436-2822 

Process Engineering Creativity CIRCLE 58 
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LEYBOLD-HERAEUS TECHNOLOGIES INC. 
120 Post Road · Enfield, CT 06082 
West Coast Office : 1876 Hartog Drive · San Jose, CA 9513 1 



UPCOMING MEETINGS 

Expotronica '86, Professional Elec­
tronics, Equipment and Components 
Show, May 13-17. Barcelona Fair, 
Barcelona, Spain. Barcelona Fair, Av. 
Reina M. Cristina, s/n. 08004 
Barcelona-Espana; (93) 223 31 
60-22399 00. 

1st Lasers in Manufacturing: Selec­
tion/Planning of Lasers Systems, Op­
portunity for Applications Growth and 
Latest Technology (S.P.O.T '86) Con­
ference & Exposition, May 19-22. 
Philadelphia Dunfey-City Line Hotel, 
Philadelphia, PA. S.P.O.T. '86 Con­
ference, Kathleen Warren, Society of 
Manufacturing Engineers, 1 SME 
Dr., P.O. Box 930, Dearborn, MI 
48121; (313) 271-1500, ext. 317. 

5th Beama International Electrical In­
sulation Conference, May 19-22. Met­
ropole Hotel, Brighton, England . 
Mike Cavanagh, Beama Ltd., 8 Lei­
cester St., London WC2H 7BN 
England; (01) 437-0678. 

SEMICON/West '86, May 19-22. 
San Mateo Fairgrounds and Bay 
Meadows Race Course, San Mateo, 
CA. SEMICON/West '86, Mathews 
& Clark Communications, 410 Cam­
bridge Ave., Palo Alto, CA 94306; 
(415) 327-3721. 

6th International Conference on Dis­
tributed Computing Systems, May 
19-23. Hyatt Regency Cambridge, 
Cambridge, MA. DCS-6, IEEE Com­
puter Society, 1730 Massachusetts 
Ave. N.W., Washington, D.C. 20036; 
(202) 371-0101. 

38th Annual National Aerospace and 
Electronics (NAECON '86) Confer­
ence & Exhibition, May 19-23. Day­
ton Convention Center, Dayton, OH. 
NAECON '86, William R. Baker, 
IEEE, 655 Ridgedale Rd., Dayton, 
OH 45406; (513) 255-6548. 

2nd International Computer Applica­
tions in Production and Engineering 
(CAPE '86) Conference & Exhibition, 
May 20-23. Bella Center, Co­
penhagen, Denmark. Peter Falster, 
Conference Chairman, CAPE '86, 
DIS Congress Service, 48 Linde Alie, 
DK-2720 Vanlose, Denmark; 45-1-71 
22 44. 

Techex '86 Americas, Technical De­
velopments Exposition, May 20-23. 
Expo Center, Orlando, FL. Anne E. 
Klenner, Dr. Dvorkovitz & Associ­
ates, P.O. Box 1748, Ormond Beach, 
FL 32075; (904) 677-7033. 

1986 International Symposium on 
Multiple-Valued Logic, May 26-28. 
Virginia Polytechnic Institute and 
State University, Blacksburg, VA. Dr. 
Joseph G. Tront, Symposium Chair­
man, ISMVL-86, Dept. of Electrical 
Engineering, Virginia Polytechnic In­
stitute, Blacksburg, VA 24061; (703) 
961-5067. 

AUTOMACH Australia '86, Auto­
mated Integrated Factory Focus Con­
ference & Exhibition, May 26-29. 
Hilton International Sydney and the 
Royal Hall of Industries on the RAS 
Showgrounds, Sydney, Australia. AU­
TO MACH Australia '86, Adolph 
Greco, A. Greco & Associates Ltd., In­
tegrated Project Management Serv­
ices, P.O. Box 68, Pennant Hills, 2120 
N.S.W., Australia; (02) 875-2377. 

1st Annual High Frequency Power 
Conversion Conference & Exhibition, 
May 28-30. The Cavalier Resort, Vir­
ginia Beach, VA. Sam Davis, Confer­
ence Director, c/o Intertec Communi­
cations, 2472 Eastman Ave., Bldg. 34, 
Ventura, CA 93003; (805) 658-0933 . 

40th Annual Frequency Control Sym­
posium, May 28-30. Marriott Hotel, 
Philadelphia, PA. Dr. J. Vig, U.S. 
Army Electronics Technology & De­
vices Lab, ATTN: SLCET-EQ, Fort 
Monmouth, NJ 07703; (201) 544-
1510. 

1986 VLSI Technology Symposium, 
May 28-30. Hotel Intercontinental, 
San Diego, CA. Moiz M. Beguwala, 
Program Chairman, Rockwell Inter­
national, MS 501-369, Semiconductor 
Products Division, 4311 Jamboree 
Rd ., P.O. Box C, Newport Beach, CA 
92660; (714) 833-4712. 

1986 International Summer Consumer 
Electronics Show, June 1-4. McCor­
mick Place, Chicago, IL. Allan Sch­
losser, Staff Vice President, Consumer 
Electronics Group, 2001 Eye St. 
N .W., Washington, D.C. 20006; (202) 
457-4919. 

(continued on p. 92) 
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TIL 50 Hz to 100 MHz 
CMOS 50 Hz to 50 MHz 

ECL 20 MHz to 280 MHz 
01+ 50°c ± 1x10- 1 

- 201 + 70°c ± 5x10 - 1 

-55/+B5°C ±1x10- s 
Aging 1x10 - s1year 

Output TIL, CMOS or ECL 
Frequency 400 Hz to 60 MHz 

Stability Same as logic TCXOs 
Size 

SINE OUTPUT (Low Noise) 
Frequency 

Noise Floor} 
(50 MHz) 

Stability 

1 MHz to 630 MHz 
Std : -145 dBc/Hz 
Opt: -160 dBc/ Hz 
Same as logic TCXOs 

Cal/The 
Application 

Engineering 
Hot Line Today! 

CIRCLE 59 



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. 

( i[ 

I-Bus 
SYSTEMS 

9235 Chesapeake Drive 
San Diego, CA 92123 

CIRCLE 60 

UPCOMING MEETINGS 

(continued from p. 91 ) 

Vision '86 Applied Machine Vision 
Conference & Exposition, June 2-5. 
Cobo Hall, Detroit, Ml. Machine Vi­
sion Assoc. of the Society of Manufac­
turing Engineers, 1 SME Dr., P.O. 
Box 930, Dearborn, MI 48121; {313) 
271-1500. 

Advanced Infrared Detectors and Sys­
tems Conference, June 3-5. London, 
England. Conference Services, Insti­
tution of Electrical Engineers, Savoy 
Place, London WC2R OBL, England; 
(+44) 12401871. 

Circuit Expo '86 West, June 3-5. Long 
Beach Convention Center, Long 
Beach, CA. Mary Burns Sheridan, 
Worldwide Convention Management 
Co., P.O. Box 159, Libertyville, IL 
60048; (312) 362-8711. 

6th International Conference on Robot 
Vision & Sensory Controls (Ro ViSeC-
6), June 3-5. Paris, France. IFS Con­
ferences Ltd., 35-39 High St., Kemp­
ston, Bedford MK42 ?BT England; 
( +44) 234 853605 . 

3rd International Conference on La­
sers in Manufacturing (LIM-3), June 
3-5. Paris, France. IFS Conferences 
Ltd., 35-39 High St. , Kempston, Bed­
ford MK42 7BT, England; ( +44) 234 
853605. 

3rd International VLSI Multilevel In­
terconnection (V-MIC) Conference, 
June 9-11. Santa Clara Marriott Ho­
tel, Santa Clara, CA. Dr. Thomas E. 
Wade, General Chairman, IEEE 
VLSI Mutlilevel Interconnection Con­
ference, College of Engineering, Uni­
versity of South Florida, Tampa, FL 
33620; (813) 974-3786. 

Conference on Lasers and Electro­
Optics (CLEO '86), June 9-13. Mo­
scone Convention Center, San Fran­
cisco, CA. CLEO '86, Optical 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. IQEC '86, Optical 
Society of America, 1816 Jefferson Pl. 
N.W., Washington, D.C. 20036; (202) 
223-0920. 
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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 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 (AFIPS), 1899 Preston White 
Dr., Reston, VA 22091; (800) NCC-
1986. 

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

7th Power Modulator Symposium, 
June 23-25. Hyatt Seattle, Seattle, 
WA. Leslie Gallo, Program Secretary, 
Palisades Institute for Research Serv­
ices Inc., 2011 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. 

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, B146, Metrology, Gai­
thersburg, MD 20899; (30 I) 
921-2715 . 

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, NY 10598. 



ChiP-·on-Board II /;..\V/J:( 
TechFile Series 

TECHNICAL INFORMATION FROM THE LEADER IN MLCs 

Avoiding stress in surface-mounting 
MLC chips 

The most critical factor in surface 
mounting multilayer ceramic chip 
capacitors, thermal shock, can be 
avoided by preheating the capacitors 
before they contact the solder. Figure 
1 indicates the ideal temperature pro­
file for wave soldering MLC chips. 

Temperature Guidelines 
As the chart shows, the ideal 

guideline for preheating is to raise 
the chip temperature at a rate of 
approximately 2°C per second to 
within 100°C of the solder bath. 
Although the preheat rate is impor­
tant, the more critical parameter is 
the differential between chip and 
solder temperatures when the two 
meet. The closer these two tempera­
tures, the less likely there will be 
thermal shock. 

Wave Soldering 
Figure 2 charts the internal tem­

perature of an MLC chip during a sin-

240"C 

>' 200"C 

20 

Fig. 

Preferred Wave Solder Profile 
for Ceramic Chip Capacitors 

40 60 BO 100 
Time, Sec. 
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gle-wave-soldering operation. The 
ceramic chip is mounted on the bot­
tom side of the board with an imbed­
ded thermocouple. Although the rate 
of increase in the capacitor tempera­
ture is 4.5°C/sec., no thermal shock 
is observed, since the capacitor is 
brought to within 50°C of its peak 
temperature in the solder wave. 

Fig . 2 Internal MLC Chip Temperature 
During Wave Soldering to PCB 
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Discussion 
Bottom-sided (solder-side) solder­

ing results in critical temperature dif­
ferentials between PC board and 
chip, as shown by comparing chip 
with board temperature using an 
additional thermocouple mounted on 
a copper runner on the top side of 
the board. Here peak board tempera­
ture was 118°C versus a chip tem­
perature of 173°C when coming into 
contact with a 260°C solder wave 
for 3 sec. 

AVX results show that the cooling 
cycle is as important as the preheat 
cycle. Gradual cooling not only 
avoids thermal shocking of the ca­
pacitor, but also allows relaxation 
of thermal stress in the solder and 
boards. 

For a technical paper discussing 
the critical aspects of surface mount­
ing ceramic chip capacitors, com­
plete and return the coupon below. 

r -- - -----~ 
I 11 Please send me the AVX Technical I 

Paper .. Chip Capacitors Relating 

I 
to Surface Mounting Technology.. I 

D Please send me literature I describing AVX MLCs. I 
I Name I 
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1 

Company 
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I c~ I 

State ZIP'------

1 Phone I 
I Send to: AVX Corporation, PO Box 867, I 

Myrtle Beach, S.C. 295n 
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Photo: This experimental circuit board from Texas Instruments shows the surface 
mounting technique. The board is not an available commercial product. AVX and AVX TechFile are trademarks of AVX Corporation © 1985 AVX Corporation 
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SEVENTH-GENERATION MULTI-CAGE ® CARD CAGES 

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

Structural materials 
beefed up 
for toughness. 

Less crosstalk on 
high-speed clock lines. 

Durable 
Corrosion-resistant 
Finish 

Card guides in 
fifth generation 
of rigidity 
improvement. 

Deeper grooves 
for better card 
grip, less flexing . 

Alternating guide 
colors for easier 
card insertion. 

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

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

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

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

And we've never stopped im­
proving it since. 

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

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

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

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

~ Recognized. 

Lip stiffens the 
backplane board. 

Big backplane 
ground plane for 
less ambiguity 
in TTL logic. 

Fully Terminated 

Heavy current 
carrying capacity. 

Configurations for 
iSBX™ and 
wire wrap cards. 

Mount on any axis. 

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

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

Electronic 
Solutions 

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

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

Multi-Cage is a trademark of Electronics Solutions 
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Factory COITllTlunication: 
MAP promises to pull 
the pieces together 
Communications, the key roadblock to 
large-scale automation of the factory 
floor, is falling 'to the onslaught of the 
Manufacturing Automation Protocol. A set 
of factory networking guidelines set forth 
by General Motors Corp. (Detroit, Mich.), 
MAP aims to let intelligent factory entities 
like robots, computers, machine tools , 
and programmable controllers commu­
nicate painlessly and with true plug-in 
compatibility - regardless of what com­
pany made which piece. MAP is GM's an­

swer to moving from fixed to flexi­
ble automation, a move necessary 
to keep it - and many other com­
panies - competitive. 

In fact, corporate giants world­
wide view MAP as a necessity. 
Some see themselves as users of 
MAP equipment, some as sup­
pliers, and many as both. No doubt 
the names have a familiar ring: 

Allen-Bradley, AT&T, Bethlehem Steel, 
Boeing, Chrysler, Digital Equipment, Dow 
Chemical, Dupont, Ford, General Electric, 
Hewlett-Packard, Honeywell, IBM, Intel, 
Kodak, Motorola, Olivetti, Philips, Renault, 
Siemens, Texas Instruments, 3M, West­
inghouse Electric, and Xerox. 

The momentum behind MAP reaches 
beyond the factory floor and into en­
gineering labs and management offices. 
In fact, MAP has spawned the Technical 
Office Protocol , or TOP, which Boeing 
Computer Services Co. (Seattle) devel­
oped to interconnect engineering work­
stations, computers, and peripherals. Nat­
urally, MAP and TOP backers are uniting 
to devise a common specification that 

Roger Allan 

will ensure compatibility between the en­
gineering office and the factory floor. 

The MAP specifications themselves are 
suited to both batch manufacturing and 
real-time continuous process control. In 
fact, many have already been accepted as 
standards, encouraging the development 
of chip, board, and box level interface 
electronics; in addition, more MAP gear is 
on the drawing boards. Yet the hustle and 
bustle also underscores some particularly 
needy areas, namely, network manage­
ment, interoperability, and conformance 
testing - critical issues now being ad­
dressed by MAP manufacturers, MAP 
users, and independent testing and stan­
dards organizations. Interoperability, the 
ability of two pieces of equipment to actu­
ally work together, is an issue of particular 
importance. There is sufficient room for 
interpretation within the various MAP stan­
dards that two pieces of gear can meet the 
standards and yet not work together. 

Given the pace of MAP standards devel­
opment and the inter­
national support back­
ing it, fully automated 
MAP plants could con­
c e i v ab I y come on 
stream within two or 
three years. In fact, GM 
is now debugging sev­
eral " fully MAP-ped" 
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plants in the U.S. and Canada, hoping to meet the 1988 
projected time frame for operations (see "Steering Fac­
tories into the Future," p. 106). 

The protocol draws largely on the International Stan­
dards Organization 's seven-layer Open System Inter­
connection reference model. But it a lso pulls standards 
from other groups, including the Institute of Electrical 
and Electronic Engineers, the American National Stan­
dards Institute, the Instrument Society of America, the 
Electronic Industries Association, the National Bureau of 
Standards, and the International Consultative Commit­
tee for Telegraphy and Telephony. 

At the lowest of the seven MAP lJtyers, the physical 
layer calls for broadband coaxial cable (Fig. 1) based on 
the 10-Mbit/s IEEE-802.4 token-passing bus standard 
(see the table, p. 11 2) . Broadband technology allows data, 

Other MAP 
networks 

Router 

Gateways 

Application A 

voice, and video signals to be transmitted simultaneously, 
and thanks to relatively high carrier frequencies of 300 to 
400 MHz, it is highly immune to noise-clearly a critical 
factor in the plant. As for token passing, its deterministic 
nature plays an important part in discrete and continuous 
process-control systems, where the uncertainties in re­
sponse time of other approaches cannot be tolerated . 
Moreover, the scheme also accepts message priorities. 

The broadband backbone ties into both MAP and non­
MAP networks through bridges, routers, or gateways 
(Fig . 2) . A bridge permits two I EEE-802 networks­
either identical or dissimilar- to communicate through 
the bottom two layers of the OS I model. Routers, which 
encompass the first three layers of the model, link several 
networks at a common point. Finally, gateways are the 
most complex of the three, as they provide the most com-

Application B 

Network 
monitor 
manager 

Numerical Test 
controller head 

Carrier-band segment 

MAP broadband 
backbone 

Router or bridge 

Gateway 
cell 

controller 

Directory 
server 

Proprietary 
network 

Technical Office Protocol (TOP) 
baseband network 

Personal 
computer 

Word 
processor 

CAO/ CAM 
workstation 

Programmable 
controllers 

1. A broadband coaxial-cable backbone will link diverse factory and nonfactory net­
works, Including proprietary and non-MAP systems, both inside and outside the plant. 
The Manufacturing Automation Protocol, or MAP, is based on the IEEE-802.4 token­
possing bus protocol at the first two layers. 
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munication functions . Moreover, they use all seven layers 
of the OSI model. 

MAP' s data-link layer includes the IEEE-802.2 
logical-link control sublayer and the IEEE-802.4 media­
access control sublayer- which are independent of one 
another. The former manages message frame transmis­
sions and detects and corrects errors, the latter arbitrates 
control of the cable through ownership of the token. Many 
experts feel that the combination of 802.2 and 802.4 sub­
layers lends itself to VLSI implementation, a heartening 
step toward low-cost node connections. 

The I EEE-802.2 protocol spells out connectionless 
class 1 service with a 48-bit address field. Thus two net­
works can exchange data without a formal data-link con­
nection. Unlike connection-oriented service, 802 .2 can 
stretch to internetwork communication and to routing be­
tween subnetworks. 

MIDDLE GROUND 

At the network layer, MAP specifies the OSI's con­
nectionless-oriented protocol for routing messages and ex­
changing information between networks. GM has added 
its own routing algorithm, which differs slightly from the 
one in the ISO reference model. The layer encompasses 
protocols supported by the IEEE and the NBS, as well as 
an X.25 protocol for communication with other networks. 

The transport layer deals with end-to-end data re­
liability through the ISO-compatible subset of the NBS 
class 4 transport protocol. Unlike the ISO class 4 protocol, 
the NBS version supports datagram service (the trans­
mission of individual data packets), so that data can be 
transferred without a specific point-to-point connection . 

User User 

7 

6 6 

5 5 

Following the transport layer is the session layer, which 
calls for the ISO OSI session kernel. This layer translates 
and synchronizes names and addresses. 

The functions in MAP layers 6 and 7- the presenta­
tion and application layers, respectively- are highly in­
terrelated; the protocols defined within each one's realm 
affects the other level. Right now, MAP carries no specifi­
cations for the presentation layer, which negotiates a syn­
tax for the application layer. The reason: No syntax ex­
plicit enough has been agreed on, though efforts continue. 

The application layer comprises several protocols: a 
subset of the ISO's common application service elements 
(CASE) protocol; directory services; file transfer, access, 
and management (FT AM); a subset of the reference OSI 
model 's manufacturing management format standard 
(MMFS) ; and GM network management protocols. 

The CASE protocol defines services that allow an ap­
plication to set up an association with a named remote 
peer application- that is, one neither subordinate to it nor 
above it- and to transfer information between applica­
tions. Within the bounds of this protocol fall the directory 
services, including a data base that MAP network nodes 
can use to locate other systems. 

The FT AM protocol allows users to move files in bulk 
and to perform simple management functions. File acces­
sing and more sophisticated file-management routines are 
now in development ; the latter include diagnostics and 
control of installations interconnecting several networks. 

The roughest road lies under the application layer's 
current MM FS protocol, which has no clear-cut, un­
ambiguous message syntax defined. As a result, manufac­
turers may produce MMFS-compatible equipment, but 

User User 

7 7 

6 6 6 6 

5 5 5 5 

4 4 Internetwork 4 4 4 4 

3 

2 

Segment A 
(IEEE-802.4 

carrier-band) 

3 

2 

Segment B 
(IEEE-802.4 broadband) 

(a) 

3 3 

2 

Network A Network B 

(b) 

3 3 3 3 3 

2 2 2 

Network C Network A 

(c) 

2. Three basic types of structures will hook other networks into the MAP backbone. Bridges tie similar and 
dissimilar IEEE-802 networks through the first two layers of the ISO OSI reference model (a). Routers require 
the first three layers to bring together several MAP and non-MAP networks at a common point (b). Gate­
ways encompass the seven layers, so that MAP, non-MAP, and proprietary networks can communicate (c). 
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their machines may be unable to communicate with other 
MMFS-compatible gear. FfAM can fill in some gaps, 
but it is too general and too complex; moreover, many 
plant-floor machines have no file system of their own. 

In the meantime, the GM Programmable Devices 
Working Group, a MAP task force, is attempting to clear 
up the MMFS ambiguity. Cooperating with Working 
Group 1393 of the Electronic Industries Association, it 
has produced a real-time protocol, designated EIA RS-
511, that will be debated and voted on later this year.GM 
expects most of layers 6 and 7 to reach draft international 
standard status by late this year. At that stage, no major 
changes can be made to their technical content. The pro­
tocols would then be eligible for international standard 

status. 
RS-511 satisfies the real-time demands of process- and 

cell-control networks. These system segments, which ad­
here to IEEE-802.4 standard and serve as subnetworks to 
the MAP broadband backbone, are known as MAP's en­
hanced performance architecture (EPA) options. The 
carrier-band subnets (single-frequency subnets) are ex­
pected to connect a large number of factory devices and 
will likely make up the majority of local networks on the 
plant floor . There they will direct, monitor, and maintain 

machines and controllers in islands of automation . 
Carrier-band subnets will be connected to the MAP 

backbone via three-layer routers, and can include 
MAP / EPA, as well as mini-MAP nodes (Fig. 3). Devices 
residing on a MAP/EPA node may communicate over 
the MAP backbone with other peer entities via the 
MAP/ EPA node using all seven MAP layers. Alterna­
tively, layers 3 through 6 may be skipped, for real-time 
responses . Mini-MAP nodes allow communication be­
tween entities residing in the control segment only, using 
the first two layers of MAP. 

Carrier-band protocols for the EPA subnets are mov­
ing closer to those of the Instrument Society of America's 
Proway. Like that network, they specify phase-coherent 
frequency-shift keyi ng for modulation and have similar 
transmitter and receiver specifications. Whereas Proway 
has a 1-Mbit/s data rate, the IEEE-802.4 carrier-band 
data rate is specified at 5 or 10 Mbits/s (ELECTRONIC 
DESIGN, Feb. 20, 1986, p. 31 ). 

For time-critical factory operations, carrier-band sub­
nets have several advantages, not the least of them being 
cost. Their simpler modems and interface circuits trans­
late into much lower node connection costs than for 
broadband networks. In addition, carrier-band networks 

Steering factories into the future 
Recognizing the large base of incompatible factory 
equipment, as well as the time that goes into developing 
software, hardware, and standards, General Motors has 
come up with a plan for gracefully implementing its 
Manufacturing Automation Protocol , or MAP. The 
strategy encompasses five steps: 
Step I: Incompatible computers talk to one another via 
an IBM minicomputer (completed in 1984) 
Step 2: Computers from different vendors tie into a 
distributed local network, with specially selected pro­
grammable controllers accessing a MAP network (com­
pleted in 1984) 
Step 3: Network functions are enhanced for MAP and 
TOP (Technical Office Protocol) through network man­
agement, directory services, internetworking, a trans­
port protocol, and a file transfer protocol (demonstrated 
at l 985's Autofact Convention) 
Step 4: The industry makes initial moves toward trans­
lating I EEE-802.4 layers I through 4 into hardware and 
layers 5 through 7 into software (some time in 1986); 
MAP carrier-band subnetwork standards are developed . 
Step 5: Full implementation scheduled for the MAP 
specifications, including plug-in compatibility for all 
equipment (target date, 1988) . 

To General Motors, bringing orderly communication 
to the factory floor is a prerequisite to automating its 
plants. Consider the Spring Hill , Ky. plant for manufac-

106 Electron ic Design • May 15. 1986 

turing the Saturn automobiles . With an MAP / TOP net­
work, the facility will turn out a projected 500,000 cars 
a year-double the output of existing GM plants. 

Going a step further GM anticipates that within a few 
years, customers will be able to order a Saturn car­
complete with all desired features-through a computer 
terminal at the car dealership. The order will be relayed 
to the plant, which customizes and ships the car to the 
customer within a week. Down the road GM sees cus­
tomers placing their orders directly through their home 
computer. 

The automotive giant has ambitious ideas for other 
divisions as well. Its G MT400 project, geared to rede­
signing and redeveloping the CK series of light-duty 
trucks, dictates a 40% increase in plant automation. 
Each of the five factory facilities involved will have I 000 
to 2000 intelligent devices on the floor- from pro­
grammable controller, cell controllers, and robots to new 
technologies yet to be named-all of which will fall 
under the overall control of IBM 4300 computers. The 
broadband MAP 2.1 backbone cable will be controlled 
by VAX 8600 computers serving as area managers. 

Another MAP project focuses on GM's Michigan­
Saginaw Steering plant, dubbed the Factory of the Fu­
ture. The plant, which manufactures front-wheel drive 
axles, will set aside some I 00,000 ft 2 for refurbishing as 
a totally MAP-ped plant. 



Look at all the FACTs 
that go into computers. 

When it comes to computer de­
signs, there's one fact you shouldn't 
overlook: Fairchild Advanced CMOS 
Technology. 

The highest performance CMOS 
logic family available, FACT is a com­
prehensive, rapidly growing product 
line. With a number of features ideal 
for computer applications from PCs 
to minicomputers . 

Features such as higher speed. 
FACT's high-speed propagation 
delays are better than 5ns for gate 
functions and typically don't change 
more than 2ns over the entire operat­
ing voltage range. 

Power consumption is just as 
impressive - typically 10 µ W per gate 
quiescent, the lowest in the field . In 
fact, FACT uses 2-3 orders of mag­
nitude less power than any competing 
technology. So your system reliability 
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and heat dissipation hardware can be 
significantly reduced. In some cases, 
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7-layer 
MAP 

L l Map backbone segment 
7 

3-layer router 

l Time-critical applications 

I 

LJ MAP/ EPA node 

Mini MAP node 

MAP layers 
3 through 6 

Layers Layers 
1 and 2 1 and 2 

l _l 
Carner-band control segment 

3. Through the protocol's enhanced performance 
architecture (EPA) options, a MAP carrier-band 
control subnetwork can meet real-time response 
needs. This can be done either through a MAP /EPA 
node, which delivers some application layer sup­
port while skipping layers 3 through 6, or through a 
mini-MAP node that uses only the first two layers. 
The mini-MAP node, though, restricts communica­
tion to the control segment only. 

Non- time-critical 
applications Time-critical 

..._E=t:::=::::::::::~~~==-=--=-'"f-'=f'-. applications 

RS -511 formatter 

CASE 

Session 

Transport 

Network 

Fixed-link ~::;:__:__ ___ _ 

service Logical-link control 
access points 

Media-access 
con trol 

Physical 

service 
access poin t 

4. MAP carrier-band subnetworks can communicate 
with the MAP backbone using link-access service 
points in one of three ways: by skipping layers 3 
through 7 (mini-MAP node); by linking parts of 
layer three to the application layer directly; or 
through a multiplexer. 
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need no head-end remodulator, which broadband net­
works need to translate frequencies between transmitted 
and received signals . Carrier-band networks also are 
more conductive to redundant cabling, which lifts their 
reliability above that of their broadband counterparts. 
Still they do have drawbacks: For instance, they are lim­
ited to one single-frequency channel (broadband systems, 
several) and are somewhat noisier. 

The EPA subnets will build on a collapsed architecture 
that uses only layers I and 2 of the ISO OSI model, plus 
parts of layers 3 and 7 (Fig. 4). Collapsing the reference 
model bypasses much of the software code that resides in 
the upper layers, thereby speeding up response time. 
Some experts estimate that a message packet could travel 
through the collapsed architecture in a snappy 0.5 ms, a 
far cry from the 40 ms estimated for a packet to travel 
through all seven OSI layers. 

A MATTER OF SILICON 

Amid all this spec talk, all eyes focus on the efforts of 
top semiconductor manufacturers to reel out VLSI inter­
faces, most at the chip or board level. Motorola Semicon­
ductor Products Inc. (Austin, Texas) was the first to pro­
duce a single-chip implementation of the IEEE-802.4 
media-access control sublayer. Its MC68824 token-bus 
controller chip, fabricated wtih a 2-µm HCMOS process, 
works with 1-, 5-, and 10-Mbit/s carrier-band and broad­
band networks at the first two MAP layers. Internal regis­
ters allow it to accept broadcast messages without micro­
processor intervention. Moreover, it handles the 
immediate-response (that is, the real-time-response) op­
tion of MA P's EPA and has four classes of message prior­
ity. Controlled by a local 68000 microprocessor, the de­
vice connects to the MAP coaxial cable through either a 
carrier-band or a broadband modem. 

Motorola has already placed the chip on a 68020-based 
VME interface board that satisfies all seven layers of 
MAP 2.1. The MVME372 module uses hardware to ful­
fill the first two layers and Motorola's MicroMap soft­
ware for the upper layers. The software can be down­
loaded into 640 kbytes of on-board dynamic RAM . 

For I 0-Mbit /s MAP broadband networks, a two­
board set from Motorola puts a broadband modem on one 
board and the token-bus controller chip on the other. The 
MVME370 module satisfies the first four layers of MAP 
2.1; here too, software can be put into on-board RAM. 

Accompanying these boards is a MAP developer's kit 
that includes a head-end remodulator and coaxial cable 
taps. Some time this year Motorola expects to introduce 
an interface controller IC, designed with a macrocell 
array and built for the 10-Mbit/ s MAP backbone. An-
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other IC expected this year, a bipolar carrier-band 
modem, works at 1 and 5 Mbits/ s. 

For top flexibility, designers can turn to the Token / Net 
interface chip set, the joint work of Concord Data Sys­
tems Corp. (Marlboro, Mass .) and Gould AMI Semicon­
ductors Inc. (Santa Clara, Calif.) . The three chips-one 
for data, one for DMA control , one for protocols- are 
fabricated with 2-µm design rules, an HCMOS standard 
cell, and custom arrays (which make up 30% to 40% of 
the design). They target carrier-band and broadband sys­
tems that move data at 1, 5, and 10 Mbits/ s. 

The data chip processes serial information flowing 
from or to a modem over coaxial cable. In addition, it 
frames messages, checks errors, converts data between 
serial and parallel formats, and synchronizes the modem 
to a system clock. The DMA chip, which connects the 
data chip to a microprocessor bus, manages the buffer 
data. Unlike other MAP interface chips, it can tie into 
both Intel and Motorola 8- and 16-bit microprocessors, 
and it can be upgraded for upcoming 32-bit devices. 

The protocol chip, the brains of the threesome, imple­
ments the media-access control sublayer and portions of 
the logical-link control sublayer. An immediate-response 
option can be called on to satisfy the MAP enhanced per­
formance architecture. 

Like Motorola 's token bus controller, the protocol chip 
contains registers that eliminate the need for micro­
processor intervention. All three token/ net interface de­
vices are linked through the proprietary I bus (Fig. 5). 

For now, Concord Data Systems uses the chip set in its 
MAPware carrier-band and broadband modems, board­
level subsystems for Multibus I setups. Together with 
supplied software, the boards handle all layers of MAP 

Protocol chip 

RAM 

Microprocessor 

Microprocessor 
bus 

5. Distributing MAP interface functions among three 
separate chips-one each for data, OMA, and 
protocols-gives designers greater flexibility than 
does a single-chip approach. The key to the chip 
set, developed by Concord Data Systems and 
Gould AMI, is the high-performance lbus, which 
consists of eight data lines, a control line, a 
common-clock line, and three bus request lines. 
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2.1. In the future, Gould AMI might supply the chips sep­
arately to the merchant market on a limited basis. 

Concord Data also makes box-level MAP items, in­
cluding two MAPserver front-end processors for carrier­
band and broadband networks . One of those processors 
also provides RS-232-C terminal connections. Finally, a 
terminal server connects asynchronous and synchronous 
terminals, personal computers, and RS-232-C devices to 
MAP networks. 

A MAP interface board from Inte l Corp. (Sa nta 
Clara) handles the first four layers of MAP 2.1 and is de­
signed to hook MAP systems into Multi bus systems. The 
iSX M 554 Commengine revolves around an 80186 micro­
processor, a token-passing bus handler, iSXM and Multi­
bus interface circuitry, and a broadband modem. MAP­
Net software for layers 5 through 7 can be downloaded 
into 256 kbytes of on-board RAM. The board ru ns Intel's 
iNA961 (release 2.0) transport- and network-layer soft­
ware. 

A PROPRIETARY DESIGN 

The 80186 microprocessor also forms the heart of the 
MAP / One interface board from Industrial Networking 
Inc. (Santa Clara) . On the board is a pair of proprietary 
CMOS gate-array chips , designed by Ind ustrial Net­
working and built by Toshiba Corp. (Tokyo), as well as 
512 kbytes of RAM . The hardware meets the first two 
layers of MAP 2.1, while software covers the upper five 
layers. Teamed with a VLSI-based broadband modem 
board, the board establishes an interface with 10-Mbit/ s 
MAP networks . Variations of the two-board set aim at 
general-purpose buses, the IBM PC bus, the V M Ebus, 
and the Multibus. To supplement the board set, Industrial 
Networking offers a head-end remodulator, a network 
monitor, and a network traffic analyzer . It is also working 
on a VLS I chip carrier-band modem. 

Two other firms working together on a MAP interface 
chip set are Western Digital Corp. (Newport Beach , 
Calif.) and Siemens AG (Munich, W . Germany) . At this 
time, no details are available. 

Two other manufacturers , Fa irchild Data Co r p. 
(Scottsdale, Ariz.) and the Communications Division of 
Allen-Bradley Co. (Ann Arbor, Mich.) lend their names 
to 10-Mbit / s broadband MAP modems. Fairch ild 's 
M8024 MAP-Link is compatible with the VMEbus, 
Multibus, Q-bus, and Unibus and satisfies only the IEEE-
802.4 physical layer. By this summer it will be priced ag­
gressively for OEMs at about $500-one of the least ex­
pensive broadband modems. Yet even that price cannot 
compare with the $25 to $50 tags on baseband modems, 
one more reason that carrier-band networks are gain ing 



Hughes' Connector Line: 
When You Care Enough 
to Spec the Very Best. 
These hi-rel, hi-density connectors serve the 
military everywhere-eloquent testimony to 
their versatility, reliability and exclusive features. 

• Highest contact density, with 110 contacts 
to the square inch. 

• Super-sealing, with seals on the contacts 
in some environmental types. 

• Positive polarization with our exclusive 
Polar-Hex center jackscrew coupling. 

• MIL-C-28840 and MIL-C-55302 versions 
that incorporate superior design features 
and qualify to spec limits. 

• And our MIL-C-28876 fiber optic con­
nector, the only multi-channel type to meet 
mil spec. 

For more information about our standard line, 
phone Bob Torres at 714-660-5829. In 
England, Hugh Mclnally at 932-47262. 

HUGHES 
AIRCRAFT COMPANY 

CONNECTING DEVICES DIVISION 
Industrial Electronics Group 
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ELECTRONIC DESIGN REPORTS 
The Manufacturing Automation Protocol 

favor in the MAP environment. 
Despite the proliferation of MAP hardware and soft­

ware, large challenges loom. For one thing, all this sophis­
ticated electronic equipment in a n automated pl ant 
means more complicated maintenance. Plant electricians, 
accustomed to servicing electromechanical and relatively 
simple equipment, will now face more formidable ma­
chines. The inclusion of self-diagnostic mechanisms can 
circumvent the problem, but not without network man­
agement tools, something sorely lacking for MAP. 

Servicing difficulties pale beside two more pressing 
problems: interoperability and conformance testing. Just 
because two pieces of equipment are compatible with the 
protocol does not guarantee their interoperabi lity, as all 
MAP specifications are subject to interpretation. In some 
demonstrations, so-called MAP-compatible pieces had to 
undergo much debugging before they went on stream. 
Testament to the confusion, makers of MAP modems 
can't even agree on what interoperability means. 

Still , there have been important steps toward inter­
operability. Earlier this year, Concord Data Systems and 
Motorola successfully demonstrated their carrier-band 
equipment over MAP's first two layers . Included in the 
test were Concord's Token/ Net interface modules and 
Token/ Scope network analyzer and Motorola 's token­
bus controller, carrier-band modem , and software 
(ELECTRONIC DESIGN, March 6, 1986, p. 12). But these 
tests were limited to the first two layers only. Moreover, 
they did not take place in a full y operational MAP net­
work or on a real-life factory floor . 

A noteworthy element in the quest for interoperability 
is the first and only MAP simulator-analyzer from Tek­
elec Inc. (Calabasas, Calif.). The portable benchtop unit 

allows simulat ion and preconformance testing of MAP 
layers 3 and 4. Software for layers 5 and 7 will be ava il­
able in the future. 

The Indust ri al Technology In stitute (Ann Arbor, 
Mich .), a nonprofit organization funded by the state of 
Michigan, knows all about interopera bility problems. 
Last September it began conducting conformance tests 
on MAP-compatible equipment. It reports that most of 
the eq uipment failed the initial testing, largely because of 
software problems. The institute has devised test software 
that evaluates possi ble fa ult conditions. MAP vendors 
now have the means to test their own products, with the 
institute interpreting the test results and releasing them to 
equipment users at the vendor's request. 

The organization also plans to develop hardware tests 
for lower-layer MAP products. Whereas software fa ults 
can be remedied once they are detected, hardware fa ults 
may prove too costly to fix unless the tests are run at the 
early design stages. ITI expects to implement tests for 
broadband modems this year, following definition by the 
IEEE 802.4J-I Committee. The National Bureau of 
Standards (Gaithersburg, Md.) is getting into the act too. 
It is developing a MAP test for IEEE-802.4 broadband 
modems that should be out by July. 

How often must a conformance test be run on a prod­
uct? After one engineering change or after several? With 
totally new equipment models? The ITI , the NBS, and 
other organizations are weighing the questions. But one 
thing is clear: Given the ambitious nature of MAP, the 
man-years of hardware and software efforts involved, and 
the leve l of complexity, many MAP backers agree with 
GM that conformance testing and assurance of inter­
operability should be compulsory.D 

Specifications for MAP 2.1 and TOP 1.0 
Manufacturing Technical 

Automation Office 
Layer Protocol Protocol 

Network management 
Directory services ISO OSI FTAM (file transfer. access. 7-Appllcatlon MMFS (manufacturing management format standard); migrating to EIA RS-511 

and management) ISO OSI kernel for CASE (common application service elements) 
ISO OSI FTAM (file transfer. access. and management) 

6-Presentallon Not specified Some as MAP 

5-Sesslon ISO OSI session kernel Some as MAP 

4-Transport ISO OSI-compatible subset of NBS class 4 transport Some OS MAP 

ISO OSI connectionless service (supported by IEEE and NBS) ISO OSI connectionless service 
3-Network CCITT X.25 (supported by IEEE and NBS) 

GM routing algorithms CCITT X.25 

IEEE-B02.2 logical link control with immediate-response option of ANSI's Prowoy 
2-Data link (connectionless class 1) Some as MAP 

IEEE-802.4 token-passing media-access control 

1-Physlcal IEEE-802.4 token-passing access to broadband medium IEEE-802.3 CSMA/ CD access 
IEEE-802.4 token-possin,g carrier-bond options to baseband medium 
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BECAUSE NO TWO ENGINEERS ARE EXACTLY ALIKE, 
DIALIGHT OFFERS THE LARGEST OPTOELECTRONICS VARIETY 

With everything electronic 
getting smaller, PC boards and 
front panels are getting more 
complicated and difficult to 
service. 

Fortunately, Dialight 
optoelectronics can help throw 
some light on the subject. And 
that's why using this technology 
is becoming the mark of a 
good design engineer. 
THE ABCs OF DE.SIGNING WITH LEDs. 

Suppose you want to 
backlight a front panel from an 
internal PC board. 

You could use value-added 
Dialight LEDs. They plug right 
into the board and hold the 
light steady at exactly the right 
distance from the panel. 

Or you can make troubleshooting a circuit board 
easy by designing in a Dialight LED that will indicate a 
faulty component. 

Dialight packages LEDs to make them easier to 
insert. With no need to bend, trim, and possibly break, 
delicate leads. 

Of course, you could buy individual LEDs for less. 
And have somebody bend, trim and insert them by 

hand. But think of what all that 
hand labor costs. Not to mention 
the cost of a service call if your 
light fails in the field . 

That's what made the 
value-added LED such a good 
idea when we came up with it 
almost 15 years ago. And why 
we still 100% test every single 
LED before we ship it. 
AN IDEA THAT'S 4 TIMES BRIGHTER. 

Today Dia light is still lighting 
the way. Our new Super Brights, 
for example, are 4 times brighter 
than ordinary LEDs. So they' re 
easier to see. Even in the high 
ambient light of a computer room. 
And if you're short on power, 
they operate on one-fourth the 
current. 

Call 718-497-7 600 or write 
Dia light Corporation, 203 Harrison 
Place, Brooklyn, NY 11237-1587 
and we'll send you copies of our 
catalogs. 

Keep them handy. They'll 
put hundreds of great ideas at 
your fingertips. 
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A North American Philips Company 

DIAL/GI-IT OPTOELECTRONICS 
~°'~~-

"SEE US AT ELECTRO '86 BOOTH #535-539." 
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Just last October, we 
introduced a 32-bit micro­
processor with absolutely 
blazing speed. Nearly twice 
the system-level perform­
ance of any other. 

And nowwe're shipping 
our MULTIBUS* I and 
MUITIBUS II 386 Design 
Starter Kits. 

So you can get your 

products to market with 
equally blazing speed. 

Whether you're devel­
oping high performance 
systems at the component 
or board level, these kits 
will give you a six-month 
head start. 

Both provide every­
thing you need. Including 
a processor board, a full 
32-bit memory board, and 
a software debug monitor 
to link to a host. 

Our MUITIBUS I 
Starter Kit features 
the iSBC* 386/ 20 
board. It makes 
upgrading from 
existing systems 
easy. Because it's 
fully compatible 

User 
Terminal 

with the most popular 
bus in the world: MUITI­
BUS I architecture. And its 
added speed and power 
deliver twice the perform­
ance of any previous 
MUITIBUS I processor 
board. Due, in large part, 
to the remarkable speed 
of the 80386. Plus the 
efficiency of a 32-bit local 
path to memory. And the 
turbo-charging of an on­
board math coprocessor. 

For an even greater 
leap in system perform­
ance, get going with our 
MUITIBUS II Starter Kit. Its 
iSBC 386/ 100 board also 
utilizes the compatibility 
features of the 80386. 

But coupled with the 
advanced multiprocessing 

Cl 1986 Intel Corporation 
•xENIX is a trademark of Microsoft Corp. 

capability of MULTIBUS 
II architecture, it gives 
you all the power of a 
mainframe. While main­
taining access to hundreds 
of standard off-the-shelf 
board level products. 

Both MUCTIBUS I and 
MULTIBUS II boards have 
up to 16 MB oflocal 
memory. Plus a large on­
board cache for zero 
wait-state memory-to­
processor transfer. 

Getting Started With the 386 
Multibus ! 

386/ 20 Starter Kit 
System286/310 or Multibus fl 

Running XENTX" 286 386/ 100 Design Kit 

Host System 

And both boards are 
supported by all the devel­
opment tools you need 
to get to market fast. 

Like an assembler, 
PL/M and C compilers, lots 
of utilities and the PSCOPE 
Monitor 386 debugger. 
All of which are available 
right now. 

So why not get started 
now? 

For more information, 
you can call toll-free (800) 
538-1876. Or write Intel 
Corporation, Lit. Dept. 
W275, 3065 Bowers Ave., 
Santa Clara, CA 95051. 

Do it now. And get a 
head start on your 
competition. 
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Typical HEXFET price declines since 1982 

CIRCLE 70 

Now that HEXFET II power MOSFETs have 
broken the bipolar price barrier, there 's no 
reason to choose the harder-to-drive , less 
reliable bipolar transistor for your application . 

Penny-for-penny HEXFETs guarantee you a 
more rugged device that switches faster, 
handles full rated current/voltage without 
second breakdown, and is easier to parallel. 

As a result your design is greatly simplified. 
So is production and testing . And because 
HEXFETs outperform bipolars, your system's 
rel iability is significantly improved. 

In short, you 'll find no technical advantage to 
bipolars when HEXFETs can do the job better 
at less cost. That's one more reason why 
they are today's quality choice in power MOS­
FETs. Call or write for complete data. 

Number1 
in power OSFET ! 

International 
IIC~RIRectifier 

WORLD HEADQUARTERS: 233 KAN SAS ST., El SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 9 10-348-6291, TELEX 472-0403 

EUROPEAN HEADQUARTERS: HURST GREEN, OXTEO, SURREY RHB 988, ENGLAND TELEPHONE (088 33) 321514231. TELEX 952 19 

Power MOSFETs • CMOS Power ICs • Commercial/Custom Power Packages • Schottkys 
Rectifiers · Thyristors (SCRs) • Diode Bridges• Molded Circuits •Assemblies 



DESIGN ENTRY 

ELECTRONIC DESIGN EXCLUSIVE 

When bit slices team up 
with ECL, 32-bit computers 
rise to superpower status 

An 8-bit-slice processor chip 
set-the first bit slices in 
ECL-forms the core building 
block for designing 32-bit 
computer systems that race 
through 50 MIPS or more. 

This is the first in a two-part series about a 
brand-new family of ECL bit-slice chips. The 
second article, to appear in a subsequent issue, 
will detail how to design an actual system 
using the chips. 

When it comes to speed in a CPU, nothing 
surpasses a bit-slice design , and when it 
comes to silicon, nothing beats emitter­
coupled logic. Now the two approaches have 
joined. A new family of 8-bit devices will 

Chris DeMonico and 
Frank Laczko 
Texas Instruments Inc. 
VLSI Logic Division 
P.O.. Box 225012 
MS 12 
Dallas. TX 75243 
(800) 232·3200 ext. 700 

give designers the tools to build the fastest 32-bit computers possible 
under existing technology- with instruction execution rates of 
50 MIPS or better. As impressive, the chips can dramatically up­
grade the performance of even the most powerful minicomputers . 

The new chip set revolves around an 8-bit-slice processor , es­
se nti ally a register-equipped ALU. Two versions of the chip, the 
TIE10H888GB and the TIEJ00888GB, arc fab ricated with lOKH 
and I OOK ECL, respectively; the last version, the TIET888GB, uses 
ECL internally and TTL for the 1/ 0 circuitry. All three models de­
liver 50-MIPS performance- for a 20-ns instruction cycle- and 
dissipate less than 5 W. Moreover, they run four times faster than 
STL devices in the same application. 

The ECL bit-slice processors spring from a n innovative bipolar 
semiconductor process called Impact. Already the process has 
spawned bit-slice chips in Schottky transistor logic (STL) that set 
new standards for speed a nd power consumption. The Impact pro­
cess enables STL circuitry to match conventional ECL gate delays 
but at a thirtieth the power. And when it is applied to ECL circuitry, 
Impact cuts gate del ay three to four times, yet power dissipation is 
that of conventional ECL. 

Designers gain a nother advan tage: Both families, Schottky and 
ECL, incorporate the same hardware functions and are fully com­
patible right down to their microcode instructions. In fact, a system 
development cycle might begin by designing the initial hardware 
with STL components, si nce they are more easily managed. That 
way designers can develop and debug microcode and root out logic 
problems before coming to grips with the more exacting demands of 
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Cover: First ECL bit-slice family 

ECL dev ices. Then they have two options for gaining 
speed: Either substitute the ECL-TTL components for 
the STL devices or wring out top performance by redoing 
the pc board for purely ECL components and design 
rules. 

In operation, the ECL processor naturally needs sup­
port, primarily from a microprogram sequencer (control­
ler) and a 16-bit expandable barrel shifter. With a 14-bit 
address width, the 890 microsequencer can address up to 
16 kbytes of control-store memory. In addition, it handles 
multiway branching, real-time interrupts, and nested­
loop operations. The 897 barrel shifter takes care of the 
extensive data-shifting operations found in graphics and 
artificial intelligence. Moreover, it speeds digital signal­
processing computations, since its internal bit-reversal 
circuitry offloads the ALU from the address generation 
tasks needed to compute fast Fourier transforms. Like the 
processor slice itself, the sequencer and shifter chips are 
available in I OKH, IOOK, and ECL-TTL versions (with 
similar, comparable part numbers). 

An ECL bit-slice computer requires yet a fourth ele­
ment, high-speed static RAM, both for the processor's 
register files and for control-store memory . The RAMs 
must run faster than 50 MHz (a 20-ns cycle time) to keep 
up with the processing speed of the ALU. Indeed, a family 
of high-speed ECL static RAMs sporting access times of 
5 and I 0 ns is in the works; they will be organized as l 6k 
by I and 4k by 4 bits. 

Besides the four main elements, a full 32-bit, high­
performance computer needs programmable logic devices 

Control Pipeline memory r--+1 register (EGL static (TIE-10173) RAM) 

I 
TIE10x890 

microprogram H Memory map 
sequencer and 

system boot 

t Branch 
Interrupt 

Priority 
decoder. Status 
lo ... Ln decoder 

(PLO) 

for priority-encoding, condition-code logic, and other cir­
cuitry (Fig. I). PLDs having propagation delays of 3 and 
5 ns will likewise spring from Impact Technology. With a 
complete family of ECL chips at their disposal, designers 
will no longer be labeling hardware as the limiting factor 
in computer performance. In fact, the chips hold out the 
possibility of desktop computers with extremely fast in­
struction execution and data processing. 

Consider how ECL 888 devices could improve the in­
struction rate of several well-known high-performance 
minicomputers (Fig. 2), using the Cray- I super-main­
frame as a reference. By switching to the ECL family, 
three superminis could move into the Cray- I class. Even 
workhorses like Digital Equipment's VAX- I I /780 could 
run substantially faster with the ECL chips. 

TWO-WAY HARDWARE 

As noted, the different versions of the ECL 888 bit­
slice devices accommodate various system performance 
requirements and cost goals. The performance level of the 
ECL-TTL devices, for example, is slightly lower than that 
of the purely ECL models, but designers have the con­
venience of simple interfacing with TTL circuits at the 
system level. 

The ECL-TTL devices operate from the standard 5-Y 
supply, whereas the purely ECL chips operate from a 
-5.3-V supply, as in standard ECL systems. Users ac­
customed to designing with the well-known ECL IOKH 
and I OOK series of logic can treat the appropriate purely 
ECL versions as if they were members of those families. 

Data A Data B 
110 1/0 

I l 
t l l l. 

TIE10x897 Register 
TIE10x888GB 16-bit file 

8-bit RALU barrel shifter (EGL static 
(4) (4) RAM) 

t 1 J 
I 

System 
interface 

32.L 

~~ 
Address 

/ Data 

1. The key processing elements of a high-speed 32-bit computer based on the ECL 888 
bit-slice family are the microsequencer, four 8-bit-slice registered ALUs, four 16-bit barrel 
shifters, and a register file built with high-speed ECL static RAMs. For the fastest oper­
ation, 50 MIPS or higher, support components such as the control memory, status de­
coder, and pipeline register must also be built with ECL technology. 

118 Electro nic Design • Moy 15. 1986 



Whether ECL a lone or ECL-TTL , no device­
processor, microsequencer, or barrel shifter--consumes 
more than 5 W. Moreover, a ll three versions offer the 
sa me drive capability, 8 mA on the A and B data buses 
and 24 mA on the Y data bus. All three buses are bidirec­
tional; each can serve as an input or output, depending on 
the particular processing situation. 

To make pc board layout particularly efficient, the de­
vices a re packaged in pin-grid a rrays. The standard 
84-lead package has the same dimensions as the 68-lead 
grid array used for the STL fa mily. The greater number 
of leads in the ECL version provides extra power-supply 
and ground leads, giving designers the flexibility to lay out 
pc boards according to the design rules of ECL technol­
ogy. Despite the difference in pin count, sockets laid out 
for the ECL chips also accept the STL types. 

Since the pin-grid array is designed to dissipate heat 
efficiently, neither heat sinking nor exotic cooling 
schemes are needed. Conventional fans suffice in any ap­
plication. 

OPTIMIZING SYSTEM THROUGHPUT 

As mentioned earlier, both the ECL 888 processor and 
the 890 microsequencer are designed with a three-bus, 
flow-through architecture (Fig. 3) . The architecture sig­
nifican tl y raises throughput over existing bit-slice proces­
sors because the processor can read an address, perform 
an ALU operation, and shift and write- all in the space 
of a single clock cycle. 

Operands flow into the processor-actually a register­
eq ui pped ALU , or RA LU- eit her from an interna l 
I 6-by-8-bit register file or directly though the processor's 
two bidirectional I /0 ports. Hence the register file can be 
expanded without limit, a valuable feature in digital sig­
nal processing (DS P) and Al applications. 

ECL control-store memories with access times of 5 ns 
can be used in the control path so that it matches the data 
path 's speed. However, a more cost-effective alternative 
uses the 890 microsequencer to provide very fast , bal­
anced cycle times with the registered ALU . Because of its 
next- address generation time of I 0 ns, the micro­
sequencer effectively creates extra time in the timing cy­
cle for slower memory devices; in the process it lowers the 
cost of the control-store RAMs without compromising 
performance. 

Suppose that a 10-ns control-store memory has been 
added to a purely ECL system with a pipelined architec­
ture (Fig. 4) . The 890's ·next-address generation time is 
I 0 ns, and the ECL processor cycles in 13 ns. While the 
processing portion of the sys tem- pipeline, data path, 
and status-decoding blocks- manipulates data in 20 ns 

Price and availability 
All the ECL bit-slice parts mentioned here will be 
available through distributors in the second half. 
The price structure has not yet been set. 
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(2 + 13 + 5 ns) , the microsequencer and control store gen­
erate the next address, also in 20 ns (I 0 + I 0 ns). 

With the pipelined architecture, the data manipulation 
and next-add ress generation cycles fully overlap, and 
since the time for each is identical , they are balanced. 
Thus, what first appears to be a 40-ns cycle time is in real­
ity a 20-ns cycle. 

Mixing ECL and STL components within the same ar­
chitecture may also prove to be advantageous. Such an 
approach reduces the expense of control-store RAMs, the 
major cost factor in high-speed designs. With TTL proc­
essors (and with the STL family), this alternative would 
traditionally be implemented through double pipelining: 

· In addition to the customary pipeline register in the data 
path, a second is inserted in the address generation path. 
Double pipelining allows a designer to split the cycle time 
of the cont rol portion of the system and thus use slower 
static RAMs. In effect, the address-generation pipeline 
register fo lds the control section into two parallel paths. 

Nevertheless, the tactic is far from optimum, because 
the two-cycle delay between the ALU and control paths 
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ECL 888 
Implementation 

2. Many high performance minicomputers could run 
faster and cover broader application bases if they 
were upgraded to the ECL 8-bit-slice family. Top-of­
the-line superminis approach and even exceed the 
performance level of a Cray-1 supercomputer when 
built with 888 bit-slice processors. 
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heightens microcode complexity. For example, if the sys­
tem executes a branch operation or services an interrupt, 
both pipeline reg isters must first be cleared, or flushed ; 
the additional time lowers system throughput. 

Rather than designing around the difficulties of a 
double-level pipeline, the ECL-TTL microsequencer can 
be used with relatively slow (35 ns) CMOS control-store 
RAMs and still deliver a balanced cycle time with the 
STL ALU path . System cost falls, since 35-ns static 
RAMs not only are readi ly available but are less ex­
pensive than 5- and I 0-ns types. Moreover, the combina­
tion of an ECL-TTL microsequencer and STL ALU 
yields a powerful 49-ns instruction cycle time as a result of 
the microsequencer maintaining a 14-ns address-genera­
tion time. 

As computers push into advanced application areas, 

changes in high-performance system architectures repre­
sent a natural evolutionary step. Yesterday's minicom­
puters are today's superminis, and personal computers are 
transformed daily into engineering workstations through 
advances in the chip-making art. As machines grow in ca­
pability, they are able to tackle a more demanding class of 
applications. 

THE APPLICATION SPECTRUM 

DS P for spectral analysis and digital filtering is one 
such class. Here the parameter of primary importance is 
the rate at which the computer system can sample, or pro­
cess, signals. Clearly if a computer employs digital devices 
that operate four times faster than at present, its sampling 
rate might conceivably climb by the same amount. De­
signers can then analyze significantly higher frequency 

signals, extending the applica­
tion spectrum for DSP. 

l-----,,L4--~-..0C,-Co 
A more subtle benefit ac­

crues from the high-perfor­
mance ECL family, namely, 
trade-offs between precision 
and bandwidth . In spectral 
analysis, for example, a de­
signer can now obtain better 
resolution in analyzing signals 
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band as earlier or move up to a 
higher band . 

Computer graphics systems 
emerge as another beneficiary 
of the ECL devices. With bit­
ma pped techniques domi­
nating virtually all graphics 
processing, the double-barrel 
challenge of accessing the bit 
map while refreshing the 
screen overwhelms conven-5107 

0107 

lr lo 

OEY 

Y1-Yo 

SELY 
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ALU 
shifter 

r----+-----lf----+--+---++--.a SIOo 

MO 
shifter 

MO 
register 

Divide/ 
BCD flip-flop 

Vcc1 

Vcc2 

GND 

3. The processor, in reality an 8-bit-slice registered ALU, is the centerpiece of 
the bit-slice family. Its three-bus, flow-through architecture promises fast and 
accurate computations. The ALU and its support devices-barrel shifter and 
register file-execute an instruction in about 13 ns. 
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tional semiconductor logic . 
The ECL chips, with their 
vastly higher speeds, repre­
sent a first step in increasing 
system speed without making 
architectural alterations. 

On the other hand, simply 
forcing a conventional proces-
sor system to run faster with 
higher-performance semicon­
ductors proves insufficient for 
some new applications. lm­
provemen ts in processor a r-



RCD Resistors ... 

No.2 
and gaining! 

RCD Components has quietly become one of the top two 
favorite resistor manufacturers in the nation, according 
to a recent Electronic Buyers' News Survey entitled 
" 1985 Top 100 Components Suppliers" (survey sent to 
over 50,000 subscribers of EBN). Having been voted No. 

3 in the same survey last year, RCD is pleased to see 
that our commitment to 'QBD' (Quality By Design) con­
tinues to improve our market position. With probably 
the largest dedication to R&D in the industry, it's no won­
der RCD enjoys such an enviable reputation . 

Precision to ±0.005% 
RCD offers a wide variety of Professional­
grade wirewound and film res istors to 
±0.005% and 1.0 ppm/°C. 

Power to 300 Watt 
Power wirewound resistors are available sili­
cone coated, ceramic encased, or aluminum 
housed. Values 0.01 n to 100 K are available 
from stock. 

Surface Mount! 
RCD is at the forefront of SMD technology, and 
offers thick and thin-film chips, networks, 
jumpers, power chips, and inductors. "1206" 
chips are available from stock on 8 mm tape. 

Networks 
A complete line of SIP and DIP networks, in 
standard, custom, and hybrid configurations. 
Low profile SI P's from stock. 

Carbon, Metal Film, Metal-Oxide 
for Cost Economy 
Sizes Ye W to 10 W (including new mini­
Y4 W) are available from stock in bulk or 
tape/reel. Values 0.1 fl to 22 M. 

Special Products Division 
Ultra-high values to 1014 fl , ultra-low to 
.0002 fl, jumpers, high voltage, high surge, 
high frequency resistors, fuse resistors, tem­
perature sensors, hybrids and coil assemblies. 

And if you're ever in a bind, don't forget our 300 million 
piece inventory on a full range of resistor and inductor 
products. Or our exclusive "SWIFT""' delivery pro­
gram, which guarantees 1-week delivery of non-stock 
resistors (up to 1000 pieces, tolerances to +0.01 % ). 

IDCllD 
The Quiet Resistor Company 

RCD Components, Inc. , 520 E. Industrial Park Dr., Manchester, NH 03101 Tel : (603) 669-0054 Tix: 943512 FAX: (603) 669-5455 
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CY 525 3rd generation 

STEPPER MOTORCONTROLLER 
most intelligent control ler offers 
linear ramping, I 0,000 steps/sec, 

unlimited stepping, change 

CY5 12 
compatib le, 
40 pin, +5 volt 
ITL, 8 bit l / 0 interface , 
to u co mputer. $195 ea ($80/ 100) 
Prototyping board available. 

rate on the fly, read 
position on the 

fly, and 
much 

Cybernetic Micro System~ '" 
P.O . Box 3000, San Gregorio, CA 94074 
(415) 726-3000 Telex: 17 1-1 35 attn: Cybernetic 

CIRCLE 72 

MINI-PBX SIMULATOR 
To Save Your Telephone Lines! 

Use our MINI-PBX SIMULA TORs instead of regular telephone lines or PBX 
for testing or demonstrating your telecommun1cation equipment. Because 

our low-cost instruments simulates telephone lines, you no longer pay high 

monthly telephone bills or invest in your PBX line increase. Our MINI-PBX 

SIMULATORS not only simulate PBX, but also simulate the worst 
telephone lmes via a satellite! Some of our features mclude: 

• Simulates 2 to 8 lines PBX • Line Impairment and Satellite 
• Accepts pulse or DTMF d1al1ng Delay Options 
• Tones and Ring Signal • 20 HZ Ring Signal Option 
• Low Cost • Portable (ideal for your next show) 

[Micro Seven. inc. 

P.O. Box 5597 
Beaverton , OR 
97006 
(503) 629-5935 
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DESIGN ENTRY 

Cover: First ECL bit-slice family 

10 ns 

Control 
store 

(16k static 
RAMs) 

TIE10x890 
10 ns micro-

sequencer 

2 ns 

Pipeline 
register 

5 ns 

Status 
decoder 

13 ns 

Data path 
ITIE10x888G 

and TIE10x897) 

4. The fastest computer systems might use the p ipe­
lined, purely ECL design shown. However, ECL 888 
bit-slice devices can be mixed with STL or TTL logic 
to trade performance for cost. 

chitecture may be necessary to guarantee flexibility and 
throughput. One method is to employ pipelining in sys­
tems that process information in an iterative sequence; to 
execute random algorithms, however, the flow-through 
approach works better than pipelining. But in some com­
plex processing applications, the computer must be flex­
ible enough to switch between the two approaches-from 
pipelining to flow-through on the fly . Another approach 
- used in array processors- is parallelism in the form 
of a single-instruction, multiple- data stream (SIMD) 
architecture. 

The new family can operate in either a pipelined or a 
parallel mode by designating that the processor portion 
perform in a specific manner. In an array processor, for 
example, both parallel and pipelined architectures can be 
implemented, each with its own set of hardware. This ap­
proach translates into far simpler programming and 
faster operation than possible with a single hardware unit 
that works in both modes under software control.D 

Chris DeMonico is strategic marketing manager for 
Tl's processor slice products. He holds a BSEE from 
the University of Dayton and received an MBA from 
Southern Methodist University. 

Frank Laczko is manager of system engineering for 
the Tl VLSI Logic Division. He received a Bachelor of 
Science in physics from Sir George Williams Univer­
sity in Montreal. 

How valuable? 
Highly 
Moderately 
Slightly 
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The worlds fastest fully SCSI coinpatible 
VMEbus interface board has just arrived. 
And not a moment too soon. 
You can stop waiting now. Forever. 

Thanks to Plessey Microsystems' new VMEbus/ ANSI X3T9.2 
SCSI compatible PME SCSI-I interface board, you can get 
asynchronous data transfer rates up to a blindingly fast 
1.5 Mbyte/second over the SCSI bus ... on as many as 
8 concurrent tasks . . . with full 32 bit DMA VMEbus transfers 
on every task! 

Which makes it just about perfect for any application where 
your real-time disk l/O activity is intensive ... but your 
VMEbus loading can 't be. 

Impressed? Just you wait-this gets even better. 

maximize throughput and minimize latency and VMEbus 
loading. An SCSI initiator for protocol handling. Full support 
for SCSI disconnect//reselect and linked l/O commands. Even 
software-selectable task prioritization. 

And best of all, every feature will work with almost any 
SCSI-compatible mass storage device now on the market. 

Why Wait Around? 
Superfast SCSI is here NOW. Call our toll -free VMEbus hotline 
at 1-800-368-2738 (in NY, call 1-914-735-4661), or fill in and 
mail the coupon below, and we 'll rush you details on how the 
PME SCSI-I can help boost your system throughput and 
cut VMEbus loading, too. We 'll even pass along some fast 

32 Bit Intelligence with Memory facts on our full range of VMEbus products, including 
and Features to Match development systems , processors, memory, controllers , 
On board you'll find a fast 68008 processor to manage local system hardware and software. 

resources , like DMA and SCSI control devices. 8 Kbyte of 8 PLESS EV 
EPROM with SCSI firmware. And a handy 2 Kbyte of DPR • .A ...... ... 
scratch-pad memory. .V" ........... , 

There's a DMA controller to control data transfers between ®MICROSYSTEMS 
the SCSI interface and VMEbus memory. A FIFO buffer to Plessey and the Plessey symbol are registered 

trademarks of The Plessey Company pie. 

One Blue Hill Plaza 
Pearl River, NY 10965-8541 
(800) 368-2738 , (914) 735-4661 

22931 Triton Way, Suite 231 
Laguna Hills, CA 92653-1237 
(714) 855-4947 
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Now there 's a UNIX™ workstation that lets each graphics window tap the 
power of the network. Digital's VAXstation 11/GPx ;r~' with its innovative X Window 
System<T offers multiple , transparent windowing to any ULTRIXTM 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 11rM CPU and GPX 

VAXstation 11/GPX: 
The first UNIX 
workstation to put the 
power of a mainframe 
in every window. 

graphics coprocessor can concentrate on what they do best: delivering exceptional 
graphics at tremendous speeds. 

VAXstation 11/GPX lets you utilize your existing UNIX applications through 
ULTRIX, Digital's UNIX operating system. ULTRIX is a true Berkeley 4.2 BSD 
implementation and compatible with AT &T's System v rM 

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 Ave ., West I I • 
Concord, MA 01742. Or call your local sales office. 

©Digital Equipment Corporatio n 1986. D igita l, the D igit<1. l logo, DECnet, MicroVAX 11, ULTRI X, VAX, VAXstat ion 11 /G PX and VMS are trademarks of Digital Equipmeni Corporation. 
System V and UNIX are trademarks of AT&T Bell Laborato ries, Inc.© Massachusens l n'it itute of Techno logy. 
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THE 68000 SERIES: 
SIGNETICS TAKES FIRST PLACE 

IN PERIPHERAL DESIGN. 

Nobody has designed as many peripherals 
for the 68000 microprocessor as Signetics. 
Nobody. 

We've made 15 so far. More than Hitachi, 
Mostek and Rockwell combined. 

More, even, than Motorola. 
just goes to show that a solid 
~tation as a maker of stan­
dard products doesn't neces­
sarily mean you can't dazzle 
'em with innovation from 
time to time. 

So give us a chance to 
dazzle you. Call us toll-free 
or send us the coupon. 

Signetics. Surprisingly, 
the leader. 



68000 Peripherals Conceived and Designed by Signetics 

PART!! DESCRIPTIONS 
Samples 
Available 

68154 IGOR Interrupt Requestor NOW 
68155 IVHAN Interrupt Vectorizor and Handler NOW 
68172 BUSCON VMEbus Master/ Slave Controller NOW 
68175 BUS MAS VMEbus Master NOW 
68430 DMAI Direct Memory Access Interface NOW 
68454 IMDC Intelligent Multiple Disk Controller NOW 
68459 DPLL Disk Phase Locked Loop NOW 
68562 DUSCC Dual Universal Serial Communications Controller NOW 
68652 MPCC Multi-Protocol Communications Controller NOW 
68653 PGC Polynomial Generator Checker NOW 
68661 EPCI Enhanced Programmable Communications 

Interface NOW 
68681 DUA RT Dual Universal Asynchronous Receiver/ 

Transmitter NOW 
68905 BMAC Basic Memory Access Controller/16 bits NOW 
68906 BMAC Basic Memory Access Controller/ 32 bits NOW 

68920 MAC 32 bit Memory Access Controller. Late 1985 

I Yes, pleas;-:ush me more info rmation on the Signetics 68000 family - 1 
I of peripherals. I 
I Name ________________________ _ 

I Position ________________________ _ 

I I Company _________________ _ ____ _ 

I Address ______________________ _ 

I City ___________ State _____ Zip ____ _ 

I Phone ____________________ _ ___ _ 

I Send coupon to: Signetics Corporation, 81 1 E. Arques Avenue, MS/27 
LP~B~3409,Sunnyval e,CA 94088-3409 _____ ED 511 5 ss J 

VLSI trom Sign_~[~ 
800-227-1817 Ext. 914C 



Assembled to your spec, 
even if you need a 
new connector design. 

Amphenol® RF/Microwave 
cable assemblies meet 
your specifications, your 
budget, your timetable. 
Amphenol Products can provide you with complete cable 
assemblies using any coax, twinax, or triax, semi-rigid or 
flexible cable currently being manufactured. 

And because we manufacture over 3,000 different high 
quality RF connectors, we can provide quick turnaround and 
competitive prices, too. 

Choose from a wide range of high performance options, 
including phase matching to ±3 degrees at 18 GHz, frequency 
range to 26.5 GHz, low insertion loss, low VSWR, and 
standard impedance of 50, 75, or 95 ohms. 

If we can't meet your most exacting specifi­
cations with an existing connector, our in­
house design and production talent can 
provide you with one that does. 
We can confirm the performance of your 

complete assembly with a test on our Hewlett 
Packard 851 O and 84098 network analyzer 

systems. Then keep each assembly on spec 
through our use of up-to-date precision equipment 

and our strict adherence to MIL-1-45208. 
Learn more about Amphenol Products' capabilities 
which can meet your RF/Microwave cable assembly 
needs-from LANS-type assemblies in popular RG 

cable sizes to high performance semi-rigid assemblies 
based on your precise blueprints. 
Call or write today for our RF/Microwave Cable 

Assembly brochure and easy-to-use quote request form. 

Call 1-800-323-7299 
In Canada, (416) 291-4401 

Amphenol Products world headquarters: 
Lisle, IL 60532 

-;ALLIED Amphenol 
~ Products 
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DESIGN ENTRY 

ELECTRONIC DESIGN EXCLUSIVE 

High-power hybrid op amp 
dissipates up to 500 W 
and guards against burnout 

Withstanding four times the heat 
of all previous hybrid circuits, 

Convenience, versatility, reliability, and ac­
curacy attract designers to IC power op 
amps. But some tasks, particularly in mo­
tion control and robotics, demand higher 
current than today's monolithic or even hy­
brid op amps can deliver . Consider that 
right now, hybrid ICs can dissipate up to 
125 Wand drive loads of 250 W; mono­
lithics can handle only a tenth that. To meet 
higher peak power requirements, op amps 

a power op amp competes with 
bridge and parallel IC networks, 
power transistors, amplifiers, 
and other high-current schemes. 

Granger Scofield 
Apex Mlcrotechnology Corp. 
2895 W. Rudasill Rd. 
Tucson, AZ 85741 
(602) 742·8600 

must be connected in parallel or bridge networks, or use external 
booster transistors or a power amplifier must be added. But those 
choices can increase a design's complexity, cost, size, and weight 
while cutting into reliability and linearity. 

A new hybrid IC lifts the power limits. Owing in part to a specially 
developed package, the PA03 dissipates up to 500 W, four times that 
of the largest op amp now available. That rating means that the hy­
brid can drive 500-W linear motors, 1000-W passive resistive loads, 
and 2000-W loads in the switching mode. Furthermore, the op amp 
drives up to 30 A and operates from supplies of± 75 V (ELECTRONIC 
DESIGN, Dec. 12, 1985, p. 164). 

Besides having a high continuous power rating, the hybrid's ther­
mal protection circuits enable it to operate anywhere within a 
2400-W, 1-ms safe operating area. If an overload occurs, the circuits 
shut down the amplifier. Thus, the single amplifier is not only more 
economical than four separate ones in parallel, but it is also safer 
under abnormal conditions. In addition, by including its own cur­
rent-limiting resistors, the circuit eliminates the bulky and ex­
pensive external current-limiting devices normally required for 
competitive power op amps. 

The output stage, a common-collector complementary config­
uration (Fig. 1), can swing to within 4 V of the supply rail at 12 A and 
to within 6 Vat 30 A. Furthermore, with a shutdown control, de­
signers can protect sensitive loads or conserve power during battery 
operation. By dismissing external power transistors, the amplifier 
also casts off any emitter-follower oscillations. What's more, in class 
AB operation, it achieves low crossover distortion- a benefit of the 
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High-power op amp 

thermal tracking of a one-package device . 
The laser-trimmed FET input stage exhibits 

10-µV j°C drift , 0 .5 -mV offset, and low thermal tail 
(the effect of heat flow on input offset voltage). Since a n 
external ba lance control further improves those param­
eters, the hybrid can connect directly to devices such as 
a photodiode. It a lso can work in programmable power 
supplies with 12-bit resolution , as wel l as in integrators 
with long time periods. 

PACKAGED FOR POWER 

To help it accommodate high currents, the hybrid is 
housed in a copper DI P. Pins are 0.060 in. wide a nd 
spaced 0.200 in. apart to simplify layout on a standard 
0.100-in . grid. Conventionally , power op amps occupy a 
T0-3 container with 0.040-in. pins on 0.170-in . centers. 

In general, the op amp will find its way into single­
ended circuits that must deliver as much as 1000 W to a 
resistive load and 2000 W peak to a bridge-motor servo 
system. Specifically, the hybrid will operate in linea r 

+v 

Balance 

Balance 

- Input 

- Shutdown 
+ Input 

- v 

and magnetic deflection circuits, and programmable 
power supplies . 

The amplifier 's high power dissipation suits it to lin­
ear control, especially in robots, lasers, a nd other high­
speed jobs. The op amp is also desirable in motor con­
trols that stop or reverse dynamically. High efficiency, 
switching motor controls can take advantage of the am­
plifier's high slew rate to modulate pulse width at fre­
quencies up to 50 kHz. 

The hybrid's slew rate a nd voltage rating equip it for 
high-power deflection circuits with fast write and re­
trace speeds. In power supplies, the amplifier's overload 
features improve its chances of surviving a short circuit. 
In addition , phased-a rray trans mitters and high­
powered transducers, ak in to those in sonar, can exploit 
the amplifier 's accurate phase response a nd its linearity 
in class AB operation . 

The PA03 functions most efficiently at the minimum 
power-s uppl y vo ltage needed to produce the required 
output. For example, a ±45-V, 12-A output requires 

Output 

1. The PA03 power op amp's common-collector output stage dissipates up to 500 W of power while 
remaining within 6 V of the power supply at 30 A. Moreover, low crossover distortion marks the hybrid 
because it operates in class AB. The op amp also features shutdown control and a laser-trimmed FET 
input stage with drift, for the A version, of only 10-µV / °C and 0.5-mV offset. 
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the power supply to reach ± 50 V, which accounts for a 
5-V supply-to-output differential. The power op amp 
works wtih symmetrical dual supplies of up to ± 75 V or 
single voltage supplies of 150 V or less rail to rail. The 
supply voltage must exceed input voltages by at least 
10 v. 

SHOWING HEAT THE DOOR 

Because the op amp must dissipate high levels of 
power, its thermal path plays an especially critical role. 
A heat sink rated at 1 °C/W may effectively remove up 
to 50 W, but of course cannot handle 500 W. As a result, 
the higher power dictates a heat sink rated at 0.1 °C/W 
-a large heat-radiating surface cooled by forced air or 
even water. (Fortunately, insufficient cooling causes 
the hybrid to shut down rather than destroy itself.) 

In a de circuit, the internal power dissipation, P, is: 

P =(Vs-Vo) Io+ (IVsl+l-Vsl) IQ 

where Io and IQ are the output and quiescent currents 
and V Q and Vs are the output and supply voltages, re­
spectively. In calculating internal dissipation, Vs must 
represent the value at the supply that is the source or 
sink of the corresponding current. In addition, the de­
signer must determine whether the worst-case condi­
tion is a short circuit to ground or to the power supply. 

When the op amp drives a reactive load, power dissi­
pation becomes a function of the phase difference be­
tween the output voltage and current. For the same 
values of voltage and current, the actual dissipation 
may be several times higher than for a resistive load. In 
this case, P = P1 - P0 , where P1 is the power drawn from 
the supply and P0 is the power delivered to the load. 
Thus, in purely reactive loads, all the power drawn from 
a supply is dissipated in the op amp. 

CALCULATING THE OPERATING LIMITS 

As determined through standard methods, the op 
amp's absolute maximum power-dissipation rating is 
500 W, assuming a case temperature, Tc,of25°C and a 
maximum junction temperature, T 1 , of 150°C. Given 
the power dissipation and the maximum ambient tem­
perature, TA, the op amp's case and output transistor­
junction temperature, T 1 , can be found. Specifically, 
Tc=TA + P0Hs, and T1 =Tc+ P01c, where 0Hs is the 
thermal resistance between the heat sink and the ambient 
air, and 0 1c is the internal thermal resistance between the 
junction and the case. 

To find the required thermal resistance of the heat 
sink, first calculate internal power dissipation P. Then, 
given the maximum recommended junction tempera-

Price and availability 
The PA03 power op amp is available now and 
sells for $190 each in quantities of 100. For appli· 
cations requiring up to 10 pA of input bias cur· 
rent, the PA03A sells for $247, also in quantities 
of 100. CIRCLE 502 

ture, determine the junction's increase above the ambi­
ent temperature, denoted as T 1 -TA. The heat sink 
should have a thermal resistance of no greater than 
{)HS= [(TJ - TA)/P]-{)JC· 

For example, a circuit that dissipates 300 Wat a 
30°C ambient temperature requires a heat sink 
whose thermal resistance is no more than 8Hs = 
[(150-30)/300]-0.3 = 0.1°C/W. 

SIMPLE TO SHUT DOWN 

When the op amp's output needs to be turned off, at 
least 3.5 Vis applied between its shutdown pins. When 
TTL circuits activate the pins, the plus shutdown pin 
should connect to the + 5 V of the logic supply voltage 
and the minus shutdown pin driven by the TTL logic 
gate (Fig. 2). In addition, a resistor pulls up the TTL 
gate to at least 3.5 V to ensure normal operation when 
the op amp's output stage is active. 

CMOS logic can activate the shutdown mechanism as 
well, since only 100 µA is needed. Either pin can be 
switched, but a high logic level exceeding 5 V requires a 
resistive ladder to limit the voltage differential to 5 V be­
tween the pins. 

To nullify the input voltage offset with the op amp's 
balance control, a 100- to 200-Q potentiometer fits be-

+sv ,- PAo31 

1k 1k 

0 = operate 
1 = shut down 

- - - _J 

2. Either TTL or CMOS logic circuits operate the 
op amp's shutdown mechanism. For TTL, the plus 
pin connects to the 5-V logic supply, and a gate 
activates the minus pin. A pull-up resistor (high­
lighted) also is recommended. On the other 
hand, a CMOS gate can drive either shutdown 
Input pin, since 100 µA is sufficient and no pull­
up resistor is needed. 
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tween the IC's balance pins . The potentiometer's wiper 
arm, which connects to the positive supply voltage, should 
be separate from the main current-carrying path to pre­
vent any ripple from coupling into the balance circuit. If 
balance control is not needed, both pins link to the positive 
supply, again by a separate connection. 

All high-current op amps can succumb to unwanted 
current feedback from electromagnetic radiation and 
voltage drops in wiring. The high current and speed rat­
ings of the PA03 emphasize those effects. To prevent 
feedback, all supply and output leads must be fabricated 
from 12-gauge or thicker conductors. (The op amp's cur­
rent capacity exceeds that of most residential wiring 
branch circuits.) In addition, external bypass capacitors 
prevent feedback through the power supplies. One capaci­
tor, a 0.47-µF ceramic or low-impedance foil type, should 
parallel a low-frequency bypass capacitor of 10 µF for 
every ampere of peak output current- up to 300 µF. Both 
should be mounted no more than 1.5 in. from the ampli­
fier 's supply pins. 

The op amp can go to work in a simple programmable 
power supply (Fig. 3) . The supply tests de-de power mod­
ules, which draw up to 15 A at 28 Y. For 0.5 seconds each, 

Reset 

Clear 

16k 

- 10 v 
+ 15 v 

+ 6V - 15 v 

0.019R 

Analog output 
(0 .333 V/ A, 5 V = 15 A) 

0.05 

+v 
3R 

3R 

0.999R 

0.001R 

a low-voltage of 18.5 V and high-voltage of 32 V are ap­
plied; the normal 28-V test is performed as well. The mod­
ule outputs must achieve accuracy to within 0.5% and be 
able to survive momentary short circuits to ground. 

The programmable supply requires little calibration, 
because the power op amp changes the output current of a 
highly accurate d-a converter into a voltage. A circuit 
built around a differential amplifier (OP07) and four ter­
minal shunt resistors senses the current drawn by the dc­
dc module, the device under test (OUT). The circuit 
drives a comparator with a voltage equaling 0.333 V /A. 
If the OUT current exceeds 18 A, a CMOS latch shuts 
down the power op amp, and a pulse to the latch resets the 
circuit when the malfunction clears. 

STRONG SENSOR 

When the d-a converter's output is set to 2 mA, a 16-Q 
feedback resistor yields the 32-Y fu ll-scale output to drive 
the OUT. At the same time, a 0.05-Q current-sensing 
resistor develops 0.75 V when the supply's output current 
reaches 15 A. The relatively low 0.75-Y full-scale voltage 
keeps the sensi ng resistor from dissipating excessively 
high power. Nevertheless, the resistor must be mounted 

DUT 

on a heat sink: At 15 A it produces 11.25 
W, and at the supply's cur rent limit of 
42 A, it throws off 88 W. 

The programmable supply requires pos­
itive and negative power sources. For the 
positive source to generate the correct out­
put voltage, the sense resistor 's 0.75-Y 
drop must be included in the power op 
amp's supply-to-output differential. Since 
the op amp's specifications indicate a 7-V 
drop at 30 A and a 5-Y drop at 12 A, a 
maximum drop of 6 V can be assumed at 
15 A. Choosi ng an output of 39 V leaves a 
5.25-Y ma rgin. The overa ll approach, 
though conservative, is justified given the 
IR drop at high current and the lack of re­
mote sensing circuits. The I 0-V negative 
supply satisfies the power op amp ' s 
common-mode voltage specification. 

A HANDLE ON POWER DISSIPATION 

3. A high-power op amp goes to work in a test system as a 
simple programmable power supply. In this case, the supply 
tests de-de modules by applying 18.5, 28, and 32 V at 15 A 
across them and the test system checks their output voltage 
for accuracy. Under normal conditions, the op amp must dis­
sipate up to 306 W peak. A short c ircuit in the test fixture 
pushes the power in the op amp to over 1.5 kW. 

Determining the op amp's maximum 
power dissipation depends on an exam­
ination of fo ur differe nt power levels. 
Three of the levels apply the different out­
put voltages to the DUT when it draws its 
15-A maximum normal operating cur­
rent. The fo urth case covers abnormal 
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situations that may arise from faulty timing or defective 
test units. 

Calculating the power levels for the three normal volt­
age ranges shows the 18.5-V output to be the worst case. 
An output of 18.5 V added to 0.75 V across the sense re­
sistor leaves 19.75 V across the power op amp's output 
stage. At 15 A, the internal power dissipation is 306 W , 
including a quiescent 9.8 W . Therefore, the junction-to­
case temperature rises 92°C. Jn the other two normal 
testing levels, the power at 28 V is 163.6 W, and at the 
32-V output level, the op amp dissipates the least power: 
103.6 w. 

The actual heat sink values must take into account the 
general test plan or test sequence timing (Fig. 4). Since 
the three high-power tests last only 0.5 seconds apiece, ex­
amining thermal time constants and average power can 
reduce the heat sink requirements . During the 4.5 seconds 
of the test, the current is I A and the power is 20.8 W. In 
addition, removing and inserting the DUT takes at least 
4 seconds, when only 9.8 W of quiescent power is dissi­
pated. Thus, the average power dissipated is 41 .93 W. 

Assuming a heat sink time constant of I 0 seconds, the 
highest power peak of 306 W for 0.5 seconds amounts to 
5% of the time constant. That power, in turn, increases the 
temperature only 4.9% compared with dissipating 306 W 
continuously. The result equates to a 15-W spike. Thus, 
the peak short-term equivalent power is 57.2 W. 

For a peak junction temperature of 150°C and a max­
imum of 38°C for ambient air, the heat sink can rise 

ov 
OA 

9.8W 

Remove end insert OUT 

I 
Time 
(seconds) 

Average 
power (W) 

4.0 

3.92 

18 °C. Then, to dissipate the peak short-term equivalent 
power of 57.2 W , the heat sink rating must be 0.35 °C/W. 
An HS06 heat sink with a 0.6 °C/W rating in free air does 
the job if air is forced past it at 500 ft/min. 

The final power calculation covers faulty test timing or 
a defective DUT. Prolonged operation at the 306-W level, 
however, will not destroy the power op amp because its 
thermal shutoff limits the temperature rise. The worst 
case actually occurs from a short circuit in the test socket. 
When that happens, the power op amp limits the current 
to 42 A, the sense-resistor voltage rises to 2.1 V, and 
36.9 V develops across the amplifier. The resulting volt­
age and current levels, although producing 1.55 kW, are 
well within the a mplifier 's 2.4-kW, I-ms secondary 
breakdown line on its safe operating-area curve. There­
fore, the thermal shutoff circuit's fast response protects 
the amplifier. 

Granger Scofield, vice president of marketing for 
Apex, previously worked as a senior application engi­
neer assisting customers and giving seminars on power 
op amps. He has also designed products for Apex, as 
well as for Burr-Brown's test equipment and product 
development groups. 
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4. The test cycle sets the op amp's average power, which in turn determines the 
thermal resistance of the op amp's heat sink. Of the three supply-voltage tests, 
the low voltage demands the most dissipation from the op amp, a total of 306 W. 
Because each of the voltage tests lasts only 0.5 seconds, however, the power av­
erages about 41.93 W. 
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"I thought a DSO that did all 
that would cost a fortune ... 11 

"lsn 't that 
the new 

B&K-PRECISION 
2520 digital 

storage 
oscilloscope?" 

"Right, Jim . .. It's quite a 
performer, with dua l-channel 
real -time and digital operations, 
2 megasample per second 
sampling and 1024 x 8 bit per 
channel storage. It's even got an 
analog output for a plotter." 

"Those specs sound pretty good, 
Bob, but why a DSO? Won't 
your analog scope do the job?" 

"This DSO really opens new 
doors . . . For instance ... 

Let's say I need 
to look at a 
non-repetitive 
waveform . . . " 

"Like our mechanical stress tests?" 

"Exactly .. . or a one-shot pulse, 
or even a power line glitch .. . 
Looking at those on a regular 
scope is darn near impossible, 
even with a camera . On the 2520, 
I can pretrigger at 0%, 25 %, 75 %, 
or 100%. When the event pops, 
it's frozen on the screen. I can 
also compare 
test resu Its 
from one 
event to 
the next." 

"/see, Bob. Freeze one 
event on one channel, 

look at the new events 
on the second channel, 

and zoom in for a 
closer look. What 

other jobs will it 
simplify?" 

"Here are just a few of the ideas 
from our B&K-PRECISION 
distributor: Shock testing 
without trigger data loss; 
Bounce testing on switches 
and breakers; capturing a 
PCM tone burst; and 
flammability tests using 

two thermocouples . .. 
Our bio lab can even use it for 
nerve response tests .. . Best of 
all the B&K-PRECISION 2520 
costs just $1895." 

"$1895? I thought a DSO that 
did all that would cost a 
fortune. Where do I get mine?" 

You can get your own 2520 
from your local B&K-PRECISION 
distributor. For complete details 
and a free list of DSO applications 
contact: 

~DYNASCAN 
~CORPORATION 

6460 West Cortland Street, Chicago, Illinois 60635 
312/889-9087 
lnlernationol Soles, 6460 W. Cortland St. , Chicago, IL 60635 
Canadian Soles. Atlas Electronics. Ontario 
South ond Central American Soles. Empire Exporters. Plainview. NY 11803 
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C&C 
Computers and Communications 

NEC introduces 1.5µ standard cells: 
the wo1/d's fastest densest AS/Cs. 

Our 1.5 micron CMOS standard cells 
open new horizons of freedom and 
efficiency in design. Featuring l.4ns 
gate delays, they're the fastest , 
densest ASICs available anywhere. 

COMPATIBILITY COMES FIRST. 
Designing with NEC standard cells 
is a snap. Because they're fully com­
patible with our gate arrays. They 
use the same macro library of 130 
blocks. And the same CAD software. 
So you can use the same design 
process with your own keyboard. 

TWO EASY STEPS. 
Our gate arrays and standard cells 
help you design a new system in two 
easy steps. Start with gate arrays for 
fast turnaround and flexibility. Opti­
mize your design. Test your market. 
Then make the simple switch to 
standard cells.You get proven perform­
ance plus computerized conversion. 

NEC standard cells give you exact 
bit-lengths in both ROM and static 
RAM. Plus a choice of I/O buffers 
and other functions. Our sophisticated 
compaction technique offers you 
much smaller chips. With faster 
turnaround and lower cost. 

If you're ready for big design 
possibilities, step into the small world 
of 1.5 micron CMOS standard cells. 

For further information, please contact: 

•USA NEC Electronics Inc. 
Tel:415-960-6000. TWX:910-379-6985 

• Europe NEC Electronics (Germany) GmbH 
Tel:02ll-650302. Telex:8589960 NED. 
NEC Electronics (France) S.A. 
Tel:l-3946-9617. Telex:699499 NEC EF. 
NEC Electronics Italiana S.R.L. 
Tel:02-6709108. Telex:3153SS NEC EIT I. 
NEC Electronics (UK) Limited 
Tel:0698-732-221. Telex:77756S NECUK G. 

• Asia NEC Hong Kong Limited 
Tel:0-242-824. Telex:S4561 HK NEC HX. 
Taipei Branch: Tel:02-S22-4192. 
Telex:22372 HK NEC TP. 
NEC Singapore Pte. Ltd. 
Tel:481988l. Telex:39726 NECSIN RS. 

NEC 





INTFrG?/\?H 

is Intergraph focusing 
on Electronics Dffilgn 

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. Tu 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 link to board 
manufacturing devices; automate mechanical 
design, analysis and manufacturing; create wiring 
harnesses; 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 ED0515-6 
One Madison Industrial Park 
Huntsville, Alabama 35807-4201 
1-800/826-3515 CIRCLE 79 



Speed and spirit. The unity 
gain EL2003 , 2004, and 
2005. Blazing buffers. 
Tested and guaranteed 
minimum slew rates of 
600, 2000, IOOOV/µ s 
respectively. Available 
now from Elantec-your 
spirited supplier of high performance an og Cs. 
Driving speed up and cost down. The EL2003 100 MHz 
video line driver boosts the output of high speed op amps 
and video DACs. Our proprietary dielectric isolation process 
makes it the lowest cost high-speed monolithic device for 
driving 500 or 750 video lines . And built-in short circuit 
protection makes it the safest. 
Blazing speed. The EL2004 350 MHz FET input buffer/ 
line driver. The fastest device to buffer inputs for applica­
tions that require high current drive (up to 250 mA) and 
high frequency response . Its 1.7 ns rise time also makes it 
an ideal pin driver for ATE. 
Ultra-high input impedance. The EL2005 140 MHz FET 
input buffer's cascode configuration maintains constant input 
characteristics over the full ±IOV input range. Its 1000 GO 

Slantec 
HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 

input impedance is ideal for test instrumenta-
tion and high speed sample and hold applications . 

The spirit of '86. Elantec is revolutionizing the 
standards for high-rel and high quality. Our blazing buffers 
are available for the full military temperature range, -55° C 
to + 125°C, with screening and quality conformance testing 
per MIL-STD-883 Revision C. And our facilities are among 
the very few that are MIL-STD-1772 certified. 

To keep you in the best of spirits we offer the industry 's 
only two-for-one guarantee. Contact Elantec, Inc . , 1996 
Tarob Court, Milpitas, CA 95035 , (800) 821-7429. In 
California call (408) 945-1323 . 
Catch the spirit. Write us on your company letterhead 
about your EL2003/2004/2005 application . We'll send you 
a free sample. 

Distributed by GBL Goold Electronics - Gerber Electronics -
Hammond Electronics - Intercept Electronics - Nu Horizons 
Electronics - Schuster Electronics - U.S . Hybrid Supply -
Wyle Laboratories - Zeus Components . 
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DESIGN ENTRY 

ELECTRONIC DESIGN EXCLUSIVE 

With input bias current 
of 40 fA, op amp IC makes 
low-level measurements 

In the past, only complex, 
costly hybrids could measure 
very small currents. Now, 

Circuits that measure low currents precisely 
demand special op amps, ones that pull less 
than 1 pA of input bias current. However, 
low bias levels and low input noise have al­
ways required hybrid multichip amplifiers, 
which are costly a nd complex. As a result, 
the cumulative cost of the amplifiers be­
comes prohibitive in tasks that use many of 
them . A computer-aided tomography 
(CAT) scanner, for example, needs one am­

with the help of dielectric 
isolation, a monolithic op amp 
pert or ms the task precisely. 

Roy Kaller 
Burr·Brown Corp. 
International Airport Industrial Park 
P.O . Box 11400 
Tucson, AZ 85734 
(602) 746-1111 

plifier for each of its hundreds of measurement channels. 
Breaking the barrier to low input bias in one-chip op amps is the 

OPA 128. Its nominal 40-fA bias current (75 fA maximum) prom­
ises a solution to many design problems. In addition, the op amp's 
maximum offset voltage is 500 µV and its drift no more than 
5 µ, V j°C. The open-loop gain is 128 dB and noise specifications are 
equally impressive for the electrometer op amp: 92 nV /(Hz)1 at 
10 Hz and 27 nV /( Hz)1 a t l kHz (ELECTRONIC DESIG N, Jan . 23, 
p. 44, and March 6, p. 157). 

On top of its low cost, the chip can tolerate high temperatures, 
making it desirable to designers of industrial and military systems. 
Even at 125 °C, the input bias current is less than I 00 pA, better than 
any other monolithic amplifier with FET inputs . The chip's im­
pressive figures result , in part, from the use of dielectric rather than 
junction isolation . While dielectric isolation remains stable at high 
temperatures, junction isolation degrades, producing high input bias 
currents a nd possible circuit latch up. 

Dielectric isolation also gives the chip radiation hardness . The 
amplifier maintains its integrity in high neutron and gamma fields , 
although input-voltage noise and bias current may increase. 

In contrast, junction-isolation devices fail dramatically, often by 
latching their outputs to a power rail. When neutron or gamma radi­
ation strikes a pn junction, not oniy are silicon atoms physically dis­
placed in the lattice, many chemical changes occur that degrade the 
isolation. Damage can be severe enough to destroy the isolation al­
together. 

To achieve the monolithic device's low bias, offset, and noise, its 
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Top gate Ion Implant 

Source Gate 

n epitaxial layer 

Si02 

Polysilicon 

1. The chip owes its superior specifications partly to 
DIFET process technology, which uses dielectric iso­
lation. A silcon dioxide layer, which insulates each 
ion-implanted JFET, completely eliminates reverse 
bias isolation leakage current. The layer also helps 
the chip to withstand high temperatures and radia­
tion. 

1,. -
pn or p-i-n D, 
photodiode 

(a) 

(b) 

1,. -
Co 

2. The OPA128 op amp's ultralow input bias current 
enables it to act as a voltage-to-current convert­
er-a common configuration in CAT scanners, for 
example. The op amp is driven directly by a pn or 
p-i-n photodiode (a). The equivalent circuit of the 
diode plays a key role in calculating the voltage-to­
current conversion factor (b). 

142 Electronlc Design· May 15, 1986 

designer, aided by a custom version of Spice, applied 
DIFET technology and extensive on-chip guarding . 
The process completely eliminates the reverse-bias 
isolation leakage current that flows in junction-isolated 
I Cs (see" Detailing the Process Technology", opposite) . 
The process constructs a very high performance ion­
implanted JFET in a dielectrically isolated device tub 
(Fig. I). Surrounded by an insulating layer of silicon di­
oxide, the tub prevents electrical interaction with 
neighboring devices or the wafer substrate. In addition, 
the geometry of the FETs strikes an optimal balance 
that reduces input bias without adversely increasing 
noise. (As an FET's size is reduced, its transconduc­
tance decreases and stage noise increases.) 

ON GUARD 

Guarding is crucial. Even a path resistance as high as 
10 14 n will divert 75 fA if 7.5 V appears across it. Con­
sequently, a low-impedance point in the amplifier drives 
the guard lines and tracks the common-mode input volt­
age, minimizing leakage current (and, therefore, bias 
current), as well as reducing the chip's input capaci­
tance. In add ition, the chip's guarding scheme stops 
parasitic leakage paths on top of and just below the pas­
sivation glass by separating sensitive FET gate runs 
from their neighbors. 

Other circuit design measures also focus on reducing 
input bias current. One technique defeats the effect of 
impact ionization . The ionization in the FET channel 
can significantly increase bias current as the drain-to­
source voltage (Vos) or drain current increase. To 
counter that effect, an FET cascode configuration 
formed by two transistors clamps the Vos of the input 
transistors to a low and constant value. Thus, common­
mode voltages at the input transistors neither change 
Vos nor increase the bias current. Instead, the voltages 
drop across the cascode transistors . Each input FET 
draws only 54 µA of drain current, which is supplied by 
a zero-dri ft source. 

PULLING IN POWER 

Keeping the chip's power consumption low was an­
other important design goal. Reduced internal power 
dissipation helps cap bias current, which about doubles 
for every I 0°C rise in temperature. To keep down power 
dissipation, the design budget called for a quiescent cur­
rent drain of only 900 µ.A , or 27 mW. The designer not 
only met that goal, but also achieved a 3-V / µ.s slew rate 
and a I-MHz bandwidth. The low power consumption 
also benefits portable, battery-powered designs, as well 
as instruments that use many amplifiers. 



Finally, careful layout of devices on the chip min­
imizes offset voltage and drift. With the help of CAD 
tools, active devices that critically affect drift are cross­
coupled on the chip's thermal center line. In addition, a 
correction algorithm is used to laser trim any offset 
voltage and drift at the wafer level. 

A precision op amp such as the OPA128 can connect 
directly to the output of a current-generating analytical 
sensor . For example, it can perform as a transim­
pedance amplifier -a voltage-to-current converter for 
a pn or a p-i-n photodiode (Fig. 2a). In that config­
uration , the converter's accuracy depends on an input 
bias current that is nearly zero. 

In a CAT scanner, X rays passing through a patient's 
body strike a scintillation crystal, which in turn emits 
light that is detected by the photodiode. The overall 
converter's de transfer function is estimated by: 

where Yout is the output voltage; lpc , the photodiode 
current; A, the open-loop gain; RF, the feedback resis­
tance; and R 0 , the diode resistance (Fig. 2b ). 

Detailing the 
processing technology 

The development of the OPA 128, with its ultralow input 
bias current, requires an FET process whose perfor­
mance matches or exceeds that of discrete FETs in hy­
brid circuits. At the same time, the chip must mesh with 
bipolar technology. Research and experimentation 
combined with statistical analyses reveal the need for 
several critical steps to the standard process. 

First, the silicon wafers have very low intrinsic oxy­
gen, reducing the possibility of defects that could in­
crease gate current and noise. Next, the passivation 
layer includes silicon nitride (SbN4 ), which blocks ionic 
transport. In addition , annealing corrects damage 
caused by ion implantation, and special cleaning tech­
niques remove any traces of heavy metal contamination. 

Though an electrometer op amp could employ junc­
tion isolation, the FETs would have to be so small that 
their noise performance would render them useless for 
most tasks. Their small size would also make it impos­
sible to cross-couple the input FETs, an important tech­
nique for minimizing offset and offset drift. However, 
enlarging the FETs for cross-coupling would increase 
the gate current. 

The amplifier's low input bias and high-frequency re­
sponse also suit it for ion-selective electrodes, such as 
pH probes; photo and electron multipliers; Faraday 
cups, which collect electrons in scanning electron mi­
croscopes; low-droop, sample-and-hold circuits; and 
precision integrators. 

SERVING AS A SOURCE 

Though the op amp most commonly measures very 
low current levels, it can also serve as a source for pre­
cision low-level current. As a secondary or tertiary cur­
rent standard, it can supply l 0 pA to ± 3% accuracy 
and be trimmed to 0%. One design uses a precision 
bandgap reference circuit, an LM 113-1 reference di­
ode, in a feedback loop (Fig. 3) . The diode sets the volt­
age in the loop to 1.22 V ± l %. That voltage, plus the 
amplifier's offset, appears across R2, a 12.2 X l 0 10-n, 
l % resistor. 

The amplifier's input bias current introduces a max­
imum error of 75 fA, which is less than l % of the 10-pA 
output. The equivalent output impedance of the current 
source is the parallel combination : 

R = R1R2 R2 
out Rbandgap 11 CMRR 

and is dominated by the amplifier's common-mode re­
jection ratio (CMRR) and R2. Setting R 2 to 12.0 X 
10 10 and trimming the output current by sensing the 
bandgap voltage with a precision attenuator produces 
less than ± 1 % error . 

The op amp also goes to work as an electrometer in­
strumentation amplifier, which precisely measures dif­
ferential voltages. The input bias current of an ordinary 
instrumentation amplifier would introduce an error in 
high-impedance sources. In characterizing a gallium 
arsenide semiconductor process , for example, the de­
signer must probe samples by measuring bulk resistivity 
and Hall mobility to determine the concentration and 
mobility of carriers . In both measurements, the elec­
trometer instrumentation amplifier requires less inject­
ed current for a given accuracy . [t measures precise 
differential voltages, where the input bias current of a 
typical instrumentation amplifier might adversely 
change the measured value. Among other benefits, the 
smaller current reduces IR drops from probe resis­
tances to almost zero. 

Determining the bulk resistivity takes a common 
four-point probe technique, and solving the expression: 

hVR7r 
p =---rm;-
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where p is the resistivity of the sample, his the thickness 
of the sample, V R the measured voltage, and I is the 
current injected into the sample. 

The mobility is determined from: 

hVH 
µH = IBp 

where V H is the Hall voltage generated across the sam­
ple and B is the magnetic field strength. 

DESIGN WITH CARE 

Whatever the application, a poorly designed board and 
fa ulty interconnections can cause troublesome low-level 
current and voltage errors. An error current of only a few 
nanoamperes exceeds the signal levels of many op-amp 
tasks. 

Specifically, errors can result from piezoelectric, tribo­
electric, and space-charge phenomena. Piezoelectric cur­
rents arise when insulating materials come under stress. 
Triboelectric currents, which occur when two dissimilar 
materials rub together, might flow when a coaxial cable 
bends. Space-charge currents are generated when an in­
sulator changes in size. For a given set of dimensions, an 
insulator with capacitance C and voltage V across it has a 

+ 15 R,, 
v 5. lk 

Guard drive 

BNC 

1.22 v ± 1% 
(LM113-1) 

R,, 
12.2 x 10 10 ± 1% 

3. An unusual task for the op amp is in a precision 
low-level current reference. Paired with an LM113-1 
reference diode, the amplifier supplies 10 pA to an 
accuracy of ± 3%. The output voltage is pressed 
across a 12.2 X 1010-n resistor. Moreover, using a 
12.0 X 1010-n resistor and trimming the output cur­
rent can produce accuracies better than ± 1%. 
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Price and availability 
The OPA128 monolithic op amp comes in four 
grades. Three are specified for the commercial 
temperature range: The LM, at ± 75 fA of input 
bias current, sells for $20; the KM, at ± 150 fA , 
tor $15.50; and the JM, at ± 300 fA, for $10.95. 
The SM version, specified for military tempera­
tures, draws ± 150 fA of input bias current and 
sells tor $38.50. Prices are for quantities of 100, 
and all grades are available off the shelf. 

CIRCLE 504 

value for its stored charge of Q = CV. In a measurement 
circuit, any change in that charge constitutes an error cur­
rent. 

Current leakage paths can also create measurement 
errors. Leakage paths result from solder flux, photoresist, 
or even fingerprints . The same contaminants can react 
electrochemically to generate current and voltage noise, 
making low-level measurements impossible. As a pre­
ventive measure, the op amp's input pins must be care­
fully insulated. They should also be guarded on both sides 
of the pc board by a low impedance source that tracks the 
input voltage. 

An even better approach is to solder the critical pins to 
Teflon or to sapphire standoffs, rather than directly to the 
printed circuit. In addition, the standoffs should be kept 
clean and free of contact with substances that would de­
grade performance. 

Cleaning the connections with electronic- or IC-grade 
solvents maintains measurement integrity over time. 
Equally important is the manner in which the parts are 
dried. Best results are achieved at high temperature in an 
atmosphere of electronic-grade nitrogen or argon treated 
by a desiccant. Circuit insulating materials should also be 
chosen for their resistance to moisture. Teflon and sap­
phire absorb very little moisture compared with ceramic 
and glass epoxy materials.D 

Roy Kaller is an analog design engineer and a former 
member of Burr-Brown's analog product engineering 
staff He is currently a member of the precision op 
amp design group. He joined the company in 1983, 
after receiving a BSEE from the University of Ari­
zona. 
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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 84 

information about AT&r's full line 
of wire and cable products for 
premise distribution and peripheral 
connections. © 1985 AT&T Technologies, Inc. 

AT&T 
The right choice. 



Simpler, speedier 
shielded connectors­
more new ways to put 
the clamp on EMI. 
Peace and quiet, 
from AMP. 
Strong medicine for EMI/ESD protection on a budget. 
AMP offers next-generation shielding solutions right 
now, lightweight, good-looking , and cost-effective . 

Tired of bulky, bolted-down notions of shielding? 
We offer versions of our discrete-wire and ribbon­
cable connectors with simple snap-together shields . 

They assemble in seconds, with far fewer parts 
to inventory. 

Can good looks and savings come together? 
We've got connectors with metal shielding on the 
inside, and-special note-connectors with metallized 
plastic shells : very light, very inexpensive , very 
practical. And still very attractive. 

And we also offer shielded connectors for post­
molding-a remarkably reasonable solution to your 
shielding problems if you're currently customizing 
your connectors . 

After all, AMP has been making connectors 
simpler and easier to apply for a long time . It only 
stands to reason we'd have some ideas for EMC as well . 



• A complete selection 
of pin/socket or 
post/receptacle styles 

• Cable-to-cable or 
cable-to-board 

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

• AMP supplies the shield , 
you post mold to your 
application requirements 

AMP, AMPMODU, and AMP·LATCH are trademarks of AMP Incorporated. 
AIVI P Interconnecting ideas 
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Youtl think someone 
would finally connect the IBM PC 

to the rest of the world. 

Someone has. 
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That Someone is Excelan. 

And we offer solutions that allow 
your IBM PCs, ATs, XTs , and com­
patibles to connect to an Ethernet 
network. Our high-speed intelli­
gent controllers running TCP/IP 
let your PCs talk not only to each 
other, but also to VAXes, Micro­
VAX Ils , PDPs, NCR Towers, Suns, 
UNIX supermicros, and more. 

That means your PCs aren't 
restricted to the PC world any 
more. Whether they're running 
DOS (2 .X or 3.X) or XENIX (3 .0 or 
5.0), your PCs can now communi­
cate with minis and mainframes 

-I 

,. --i 11 
11 I 
I - , 

' ,.. 
~·~· 

running UNIX, VMS , RSX, XENIX, 
and other operating systems. No 
one else offers such diverse con­
nectivity for your PCs . 

Excelan's IBM-compatible 
NETBIOS lets your PCs run any 
NETBIOS application, including 
the IBM PC Network Program. 
And when you run our NETBIOS 
in conjunction with our TCP/IP 
software, you 'll open a whole new 
world of PC network applications. 

We based our solutions on 
all the right standards, too -
Ethernet IEEE 802 .3, Depart­
ment of Defense TCP/IP, and IBM 
NETBIOS . That provides you 
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with reliable, flexible , and ex­
pandable alternatives . And that 
makes an Excelan solution the 
end of dead ends. 

Excelan solutions include 
everything you need - intelligent 
controller boards, TCP/IP and 
network utilities software, trans­
ceivers, and repeaters. Call us at 
408-434-2271. We'll tell you all 
about our complete networking 
solutions. 

2180 Fortune Drive San Jose , CA 95131 
(408) 434-2271 TELEX 176610 

IBM PC, AT, XT and N ETBIOS are trademarks of Internat ional Business M:.i.chines Corpor;nion. NCR Tower is :;i tr:.idemark o f NCR. Sun Is a 1r.tdemark of Sun Microsystems, Inc. VAX , MicroVAX I I , PDP, VMS :.md RSX are 
m1.demarksof Digital Equipment Corpor:nion. UNIX is a trademark of AT&T Bell Laboratories . XEN IX is a trademark o f Microsoft Corpor:nion. Copyrigh1 © Excel:.m , Inc., 198 5. All Rights Reserved. 



SWITCHING POWER SUPPLIES -
The world 's smallest , 1 to 5 outputs 
over a range of 25 to 200W. Features 
include UL, CSA, and VOE approval, 
input line filters, selectable inputs, and 
high efficiency operation . 

DC-DC CONVERTERS - A full line of 
encapsulated and open board power 
converters featuring 1 to 60 W , single , 
dual or triple outputs, high input / output 
isolation, 2 : 1 input voltage range, high 
efficiency, and remote on / off. 

Product and performance, Power 
General delivers the total solution to your 
power requirements . Products that fit 
your needs. 

For complete technical data contact 
your nearest POWER GENERAL 
sales office or call our Instant Litera­
ture Line: 

617-828-6216 Ext 32 2 
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DESIGN ENTRY 

ELECTRONIC DESIGN EXCLUSIVE 

Memory management chip for 
68020 translates addresses 
in less than a clock cycle 

For 68020-based systems that 
need virtual memory, a 
demand-paged management 
chip offers a fast and flexible 
solution, and an alternative 

Designers who must couple a virtual mem­
ory to the 32-bit 68020 microprocessor now 
have a single-chip solution . The MC6885 l 
paged-memory management unit (PMMU) 
not only embodies the necessary manage­
ment hardware in a single IC, its features 
promise to satisfy demanding system re­
quirements . 

to discrete components. The PMMU translates an address and 

Michael W. Cruess 
Motorola Inc . 
6501 William Cannon Dr. W 
Austin, TX 78735 
(512) 440·2232 

function code-the logical address- issued 
by a microprocessor into a corresponding physical address in main 
memory . Within a system, it offers speed as its premier advantage. 
It's transla tion cache churns out a physical address from a logical 
one in just 45 ns- a delay below one clock cycle at 16-MHz. Future 
systems running at 20 MHz will require only one wait state to make 
the same translation . 

Other features of the PMMU make it easy to drop the chip into a 
system. In addition to an eight-level memory protection scheme, for 
example, its flexible architecture accommodates varied virtual 
memory designs. Many of the PMMU's traits can be configured by 
software, and its internal instruction set facilitates connections to 
the 68020's coprocessor interface. 

A set of translation tables (residing in main memory) describe the 
memory map for a task being executed. A field in the logical address 
indexes different levels of the tree-structured tables. Although five 
levels of tables are possible (Fig. I a), fewer levels can be established 
(Fig. 1 b). 

Except for the last table in a branch, which is also called a page de­
scriptor or leaf table, a field in each table entry specifies the physical 
address of the next table. In a leaf table, that field contains the phys­
ical address of the next page instead. 

The translation tables also contain informat ion for managing the 
chip's address translation cache (A TC) and any data caches, as well 
as for setting protection levels and recording accesses to the tables 
themselves . In addition, table descriptors (tables that point to other 
tables) maintain a "used" bit. That bit helps the operating system 
tell which areas of the logical space are in use without scanning all 
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page-table entries. Page descriptors contain "used" and 
"modified" bit fields, indicating accesses and changes to a 
particular page. Finally, protection information is reflect­
ed by cache inhibit and lock bits, and by write protect, 
supervisor only, and read/write access-level fields . 

A straightforward sequence of events follows a cache 
miss. In such an event, the PMMU signals the current bus 
master to terminate and retry the bus cycle. In a 68020 
system, the chip specifically asserts the Bus Error 
(BERR) and Halt signals. At the same time, the PMMU 
enters bus arbitration by setting its Bus Request signal. 
(By taking the bus-arbitration route, the chip avoids the 
need for external buffers on its control signals. When the 
CPU relinquishes control, it puts its bus lines into a high­
im pedance state.) The PMMU then takes over the 
physical bus to find the information it needs from main 
memory. 

ADDRESS TRANSLATION CACHE 

When the information is found, the chip either enters 
the translation into the A TC or indicates an error. An er­
ror occurs if the translation data is not immediately avail­
able (i .e. , the page sought is on disk, not in main memory) 
or if the task requesting the page does not have the correct 
access level. In any case, the microprocessor takes control 
and retries the suspended bus cycle. On that attempt, the 
address will be translated or, if the error prevails , the 
PMMU asserts BERR to start the CPU on an error-

handling route. 
Since the 64-entry A TC translates logic addresses to 

physical ones in only 45 ns, the process adds less than one 
clock cycle of delay at 16-MHz operation. Moreover, bus 
cycles for the 68020 microprocessor can be kept to three 
clock periods, while still checking access levels. 

The A TC, which automatically loads from the tables in 
main memory , contains the 64 most recently used 
logical-to-physical translations. Since most programs use 
memory locations in relative proximity, the ATC can fre­
quently supply the necessary translation information, and 
avoids time-consuming searches of the tables on every mi­
croprocessor bus cycle. 

The ATC can also automatically maintain simul­
taneous entries for eight user tasks, one supervisory task, 
and 8 DMA devices. As a result, multiprocessor systems 
need not swap A TC entries before starting each new task. 
At the same time, only a single entry is needed for objects 
like operating systems, which are accessed system wide. 
Moreover, setting a single bit will lock any entry into the 
ATC. 

Another aspect of the chip facilitiates multiprocessing 
by recognizing instructions that use interlocking bus cy­
cles. In fact, the PMMU itself executes interlocked bus 
cycles to allow multiple PMMUs to share the translation 
tables. Specifically, the cycles are executed when the chip 
updates the modified-bit field in the tables. Moreover, the 
chip avoids a potiential problem by reporting protection 

Function Initial A field 1 B field C field I D field Page J Logical 
code shift offset address 

J J J :J ( 1 Function code 
translation 

table 
From 
root Translation 
ointer Table table A 

L-.i descriptor 
p 

Translation 

'"- Table table B 
descriptor 

Translation 

L.-+ Table tableC 
descriptor 

Translation 

'---1 Table table O 
descriptor 

~ Page 
~ descriptor 

l 31 1 0 

Physical address [ I (•) 
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errors on the read portion of an interlocking instruction. 
Otherwise the instruction might partially modify a data 
structure, but then be aborted because it attempted an il­
legal access. 

MULTILEVEL PROTECTION 

The PM MU has several ways to protect code and data. 
The most basic of these protects either entire segments. or 
individual pages of memory from being overwritten. Al­
ternatively, it can put code into the supervisory address 
space. Both methods are invoked by setting bits in the 
translation tables; the bits, in turn, control the A TC. 

The PMMU also features a hierarchical protection 
scheme, which divides the user address space into two, 
four, or eight distinct levels. The access level of a given 
task, as specified in the PMMU's Current Access Level 
(CAL) register, must meet or exceed the level of a page 
that the task wants. The address translation tables hold 
the access level required to read from or write to a page. 

SHARING SPACE 

Prior to the capabilities offered by the PMMU, many 
operating system functions could only occupy the super­
visory address space to make its tables and peripheral­
device registers unavailable to user code. 

The hierarchical protection mechanism allows an oper­
ating system to share the same address space as the user 
tasks and, therefore, use all addressing modes to access 

[ A field I B field l Page offset J } Loglca·I 
address 

1 1 
From Table A 
root 

pointer 

Table Table B 
descriptor 

1...-+ Page I'---descriptor 

31 l 0 

Physical { ] (b) address 

1. In converting logical addresses to physical ones, 
the MC68851 paged memory management unit re­
lies on translation tables stored in main memory. 
Separate fields in the logical address reference as 
many as five tables (a), but having fewer tables 
speeds the translation process (b). 

the tasks without cumbersome interface subroutines. 
The PM MU's access mechanism protects the oper­

ating system, including its restricted tables and device 
registers, at a high-privilege access level, while applica­
tion code runs at a lower level. Rather than hold the oper­
ating system, the microprocessor's supervisory memory 
space can be reserved for the small amount of code that 
executes the most privi leged instructions and for the front 
ends of exception handlers. 

The upper bits of a logical address determine its privi­
lege level. If access checking is enabled, a user task's ad­
dress is issued only if its upper bits are equal to or greater 
than a value stored in the CAL register. Otherwise, the 
termination of the bus cycle will prohibit the task from ac­
cessing the higher-level address . 

If the check against the CAL register passes, the ad­
dress is compared with the contents of the A TC. If an ex­
act match is found, the chip translates the address. Other­
wise the chip searches the translation tables. When the 
correct description is found, and if the read and write ac­
cess levels permit, the address translation is written to the 
ATC. 

Because the translation tables store access-level infor­
mation, protection is available at any level of the tables. 
Individual pages or entire segments can be protected, let­
ting routines that store portions of memory have different 
degrees of access. 

Transfers between access levels require the 68020's call 
and return (CALLM and RTM) instructions. Those in­
structions rely on module descriptors, which are set up by 
the operating system. Those data structures describe such 
details of a call as the contents of the CAL register, pro­
gram -counter, and stack pointer, as well as indicate 
arguments that should be copied to the stack. No other 
intervention by the operating software is required. Alter­
natively, the hierarchical access-level scheme can be 
disabled and the CALLM instructions interpreted in 
another way. 

MADE TO BE CHANGED 

The chip's ability to be reconfigured sets it apart from 
other memory management units. For example, software 
can change the structure of the translation table to tune 
the chip to a specific system. As a result, different mem­
bers of a product family--or even the same system over 
time--can be changed to make the most of improvements 
in the disk drives, software, and the size of main memory. 

In addition, the chip accommodates date caches con­
nected to the logical or physical buses, and checks access 
levels in either case. The chip allows software to manage 
external cache devices- containing instructions and 
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data-through its Cache Status register in the same way 
that it manages multiple user tasks. Thus a separate 
cache can be maintained for as many as eight tasks. In 
addition, information that must not be stored in a cache, 
like data from a memory-mapped I/ O device, is kept out 
when the chip asserts a Cache Load Inhibit signal. Setting 
the Cache Inhibit bit in a translation-table entry causes 
that signal to become active. 

Individual cache entries can be sha red by several sepa­
rate tasks. Sharing saves time that would otherwise be 
spent loading translation descriptors for frequently used 
code, like language run-time libraries. It also frees de­
scriptors in the cache for other uses. The chip shares cache 
data automatically in response to the shared globally 

CPU, OMA, and Supervisory root pointers (1 each) 

Cache status register 

Status register 

Current access level register 

I 
Validate access level register 

I 
Stack change control register 

I 
Access control register 

Breakpoint-acknowledge data registers (8) 

Breakpoint-acknowledge control registers (8) 

2. The programmer's model of the memory man­
agement chip reflects its translation and protection 
features. One of three root pointers pick a set of ta­
bles, and a translation control register spells out the 
details of the translation process. Other registers im­
plement the chip's hierarchical access mechanism 
and reflect the operational status. 
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(SG) bit of translation-table entries. The SG bit indicates 
that a page appears at the same logical address in all tasks 
and that its descriptor need only appear once in the A TC. 

Software also controls page size, and the size and num­
ber of the translation trees. With no extra hardware, an 
operating system can set the page size from 512 kbytes to 
32 kbytes, in increments that are powers of two. 

Standard bus request protocols and cycles establish 
communication between the PMMU and other devices on 
the coprocessor interface. As a result, the PMMU and 
any user-designed coprocessors that access it can be in­
stalled readily . Designers can use the microprocessor's 
function code signals since coprocessors using direct 
memory access ca n share the CPU's address space or 
have their own. I /0 devices that use DMA can also be ac­
commodated, because the PMMU allows DMA oper­
ations directly over the logical bus . In effect, the same 
translation tables accessed by the CPU are available for 
DMA. 

DMA devices can also appear on the logical or physical 
sides. The PMMU contains a physical bus arbiter, as well 
as logical-bus arbitration signals that allow daisy chain 
connections. 

A NEW SET OF INSTRUCTIONS 

The 68000-family coprocessor interface controls the 
PMMU's registers and functions . The chip has its own set 
of instructions, carried over the interface, that augment 
those of the CPU. The software makes no distinction be­
tween CPU and PMMU instructions and, consequently, 
can be easily transported to future chips that integrate the 
CPU and PMMU. 

The PMMU chip's instructions .load registers from and 
store them to main memory, test access rights, perform 
conditional operations based on test results, and exercise 
various control functions . For example, the PMOYE in­
struction moves data to and from the PMMU's registers, 
and takes advantage of all the CPU's addressing modes . 
PY ALID compares the access-level bits of an incoming 
logical address with those of the valid-access level (Y AL) 
register. If the address bits are less, PY ALID initiates a 
trap operation accompanied by an access-level violation 
vector. 

The PTEST instruction interrogates the PMMU con­
cerning a logical address . Specifically, it searches the 
A TC and translation tables for an entry that corresponds 
to a particular address and function code. The results of 
the search are placed in the status register and can be 
tested by various conditional branch and set instructions. 
Optionally, the PTEST instruction can return the address 
of the page descriptor . A companion instruction , 



The advantages of choosing Hyundai 
Hyundai Semiconductor proudly announces our full line of 
top quality CMOS memories offered at significantly compet­
itive prices. Compare our volume pricing and discover that 
Hyundai gives you the most for your money-in Dynamic 
RAMs. Static RAMs. and Programmable RAMs. In addition. our 
1986 lineup will introduce a family of microprocessor and 
peripheral products-all produced in advanced. high perform­
ance CMOS technology. 

Hyundai is dedicated to satisfying the needs of those design­
ers who require the best CMOS devices for the best 
prices. You'll find that Hyundai not only gives you the very 
latest in technology, but our multi-million piece production 
capo city assures product reliability and delivery at substantial 
cost savings . 

HYUNDBI 
SEMICONDUCTOR 
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PLOAD, takes an address and function code, searches the 
translation table, and loads the A TC with an entry to 
translate the address. PLOAD can speed up a DMA 
operation by preloading the A TC before starting the 
memory transfer. 

The PFLUSH instruction and its variations clear the 
A TC of either all entries, entries with a specified function 
code, or those limited to a specified function code and log­
ical address. Those instructions can rid the cache of entire 
data areas or of particular pages that no longer exist in 
main memory. One variation, PFLUSHR, eliminates the 
entries associated with one of the three root pointers. 

PSA VE stores the contents of any registers that reflect 
the current task's state, as well as the internal state of the 
PMMU that deals with coprocessor and module call oper­
ations. Conversely, the PRESTORE instruction restores 
the information saved by PSA VE. Together, they allow 
the context of the PMMU to be switched by two instruc­
tions, should an error otherwise hangup the PMMU. 

REGISTERING CONTROL 

Registers within the PMMU control its translation and 
protection features (Fig. 2). Three root pointers (CPU , 
supervisory, and DMA mode root pointer registers, or the 
CRP, DRP, and SRP, respectively) identify the trans­
lation trees currently being used. The CRP points to trees 
accessed by the CPU when it operates in the user and su­
pervisory modes; alternatively, the SRP can be applied to 
the supervisory mode operations, leaving the CRP dedi-

Price and ava ilability 
The 12.SMHz MC68851 demand·paged mem· 
orv·management unit sells for $325 each in 
quantities of 100 to 499 units. It is presently In the 
preproduction stage of development. 

CIRCLE 503 

cated to user code. The DRP is reserved for logical DMA 
devices. 

A translation control register sets the specific details of 
how logical address fields will index the translation tables 
and set the page size. It also invokes the SRP and allows 
an optional table lookup capability by function code. A 
status register returns information in response to a 
PTEST instruction, and a cache-status register stores the 
information that allows the A TC to handle eight different 
tasks. 

O ther registers include the access, stack-change, 
current-access, and validate-access control registers 
which play a role in module call and return, and access 
checking operations. Finally, two sets of registers- the 
breakpoint-acknowledge data and control registers­
control the chip's breakpoint function. 

An example of a system that employs the PMMU has 
demand paged virtual memory with 2-kbyte pages, dy­
namically allocated page tables, and shares its address 
space between the user task and operating system (Fig. 
3). The overall memory structure gives a translation table 
with a three-level structure. Starting at the least signifi-

Bus control J Logic 1 
Logical bus L J 

MC68020 arbit ration ...... 
microprocessor 

1----1 
Memory 

Funct ion code ....-

~ Physical bus 
arbitration 

MC68851 
paged memory 

Physical Chip ..... management 
select unit address ...... "- Disk ,.-

Logical controller 

l "I .. r .. 
address 

"I ,. 
MC68881 ~ 

floating point 
coprocessor .. ~ l..a. Serial 

Address (Ao-A1) _.J 
J 

,.-~ 1/ 0 

"'L 
Latch 

Data bus .. ,. _.. 

3. A 68020 microprocessor-based system takes advantage of the PMMU chip, which sits 
between the logical and physical address buses. Both the memory management chip 
and a floating-point processor connect easily to the microprocessor's coprocessor 
Interface. The PMMU's bus arbitration logic lets It serve other masters. 
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New! 
~ Symmetrical Shielding Strips (S3) 

provide bi-directional engagement 
at severe shear angles! 
These new symmetrical slotted shielding strips of 
beryllium copper permit continuous spring con­
tact throughout their length, providing the perfect 
answer for a variety of shielding requirements. 

Three models are available: basic, rivet-mount and 
double-faced adhesive-mount designs. The basic 
design consists of low-compression, adhesive­
mounted strips . A generous radius profile 
provides for the greatest incident engagement an­
gle with the lowest force. As with all Sticky Fin­
gers® shielding strips, the self-adhesive tape 
makes mounting easy and secure. 

The rivet-mount design incorporates the addition 
of an integral track, pierced for mounting with 
nylon push rivets. This configuration allows bi­
directional engagement, and is specially designed 
for slide applications , PC board connections , etc. 

The third design also incorporates an integral 
track-mount design, but employs a double-faced 
adhesive tape instead of push rivets . This provides 
for fast, easy field replacement in military applica­
tions , especially where high frequencies do not 
permit the use of mounting holes . 

For complete information, including exact specifi­
cations, dimensional drawings , etc ., on these and 
other Instrument Specialties shielding strips , use 
this publication's Reader Service Card. Or write to 
us directly at Dept. ED-27 . 

• 1 INSTRUMENT SPECIALTIES COMPANY, INC. 
~ P.O. Box A • Delaware Water Gap, PA. 18327 

Phone: 717-424-8510 • TWX: 510-671-4526 

Specialists in beryllium copper since 1938 

CIRCLE 85 

Strips with integral 
mounting track* and 
nylon push rivets, 
for sliding drawer 
applications. 

L'>'3~~~!:!!!~ Strips with integral 
mounting track* and 
self-adhesive strip for 
fast field replacement. 

.___ ................. ______ •patent pending 
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cant bit of the logical address, eleven bits-the PS field­
are used as an offset into a 2-kbyte page. The next field , C, 
indexes the lowest level in the translation table (Fig. 4). 

Short format descriptors reduce the overhead. Since 
512 short format page descriptors fit in a 2-kbyte page, 
the C field is 9 bits wide. Together, the 11-bit page offset 
and the 9-bit table index represent a 1-Mbyte unit of the 
logical address space. Although not specified in the re­
quirements, I Mbyte makes a convenient segment size, so 
the next field, B, serves as a segment table index. (The 
hardware does not actually interpret segments, but the 
term is used here for convenience.) 

Long descriptors contain information that specify seg­
ments. Since 256 long format descriptors fit into a 2-kbyte 
page, the next field in the address is 8 bits wide. The re-

Root pointer 

Operating 
system 
space 

"A" Table 

maining 4 bits of the logical address serve as an index to a 
table of long format descriptors. 

User programs begin at logical address 0. The lower 
half of the address space is dedicated to the user task; the 
upper half is reserved for the operating system (Fig. 5). 
Each task sees a similar map, with its code and data in the 
lower half of the map and the operating system in the up­
per half. Conversely, the operating system sees its code 
and data in the upper half of the address map, and the 
current user task in the lower half. Write- and supervisor­
protection bits in the translation tables keep the user task 
from accessing protected areas in the operating system. 

The separation of the operating system and user tasks is 
accomplished by creating a translation table for each 
task. The top level, A, contains 16 entries, 8 of which ap-

·e· Table ·c· Table 

. 
: 

1/0 page table 

Shared library 
page table 

Operating system 
page tables 

Truncated table 
for physical memory 

User stack page 
table 

User data page 
table 

User code page 
table 

4. The microprocessor's logical address follows a path through three levels of 
tables (A, B, and C) which ultimately points to a 2-kbyte page in main memory. 
From that point, the actual physical address is specified by the least significant 
11 bits of the logical address, which serve as an offset into the page. 
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Most suppliers 
' sell their power dis­
cretes. SGS is willing 
to give them away 
to prove a point: 

We're not just one of 
the biggest suppliers of 

power devices , we're the friendliest. 
We mean business. Just send us your card 

and a note explaining how your company 
uses power discretes. If you qualify, we'll 
send you a free $100-value 9-drawer Power 
Pak case containing 60 of the industry's 
most popular power discretes. 

Better hurry! We've got thousands of 
Power Paks, but they'll go fast. 

Pre-qual programs, indepth tech notes , 
nationwide distributors and Reps, free 
power discretes -- SGS is backing engineers 
with everything it takes to make your job 
easier. That's why we're known as The 
Friendly Power. 

Tllll 

di Power 
The frien y SB •••• 

• ® 

SGS SEMICONDUCTOR CORPORATION 
1000 Eas t Bell Road, Phoenix, AZ. 85022 (602) 867-6100 
Attention: M.S. 

__ Send me your Free Power Pak Sample Case, plus 
technical info. I have enclosed my business card 
and a note explaining how I use power devices. 

__ Have a Friendly Power Rep call. 

Title ________ Phone _____ _ 

Company---------------

Address---------------

City State Zip __ _ 
._ !,D.;, ~~~ 2,!!~:,xfl!!'~ ",; ~~~f:;>~ !,h!! !!s~e-d_;i: -__________ -• 
The Friendly Power is a trademark of SGS Semiconductor Corp. 
© 1985 SGS Semiconductor Corp. 



DESIGN ENTRY 

Demand-paged memory-management chip 

ply to the user task. Three separate page descriptor (leaf) 
tables are allocated to the code, data, and stack of the user 
task. Using the limit field of the long format descriptors in 
the B-level table keeps the C-level tables to less than 512 
entries. Similarly, using the limit field of the long descrip­
tors in the A-level tables keeps the B-level tables small. 

The rest of the tables serve the operating system. Only 
one set of the tables is required throughout the system, 
and they are shared by all the tasks. When the A-level ta­
ble for a new task is created, the upper eight entries are set 
to point to the existing system tables. Assuming the sys­
tem has less than 228 bytes of physical memory, a single 
descriptor in the A table is all that is needed to map phys­
ical address into logical ones . The lone descriptor is 
marked as a page descriptor. 

Operating system code and data, shared libraries, and 
the l/ O page are mapped in the same fashion as the user 
code and data. As with the user task, the tables could be 
deleted and the operating system run through the physical 
memory descriptor. As mentioned, the mapping of phys­
ical memory is done using only one descriptor . It is 
marked as a page descriptor even though it is not in a page 

1/ 0 

$EOOOOOOO 
Run-time 
libraries 

$COOOOOOO 
Operating system 

virtual image 
$AOOOOOOO 

Physical 
memory 

$80000000 

User 
program 

and 
data 

$0 

5. The chip's access protection mechanism lets 
the operating system and task software share 
the user memory space. User programs start at 
address O and execute in the first half of the 
memory. The second half is reserved for the 
operating system and shared run-time libraries. 
Translation-table bits keep the user code out. 

LAMBDA FOUR-CHANNEL PUSH-PULL DRIVERS FOR HIGHER CURRENT 



table. The PMMU hardware uses that form of descriptor 
to map large areas of logic address space into a contiguous 
physical memory. 

Task switching is done by loading the address of the A­
level table for the new task into the CRP register. The 
PMMU hardware flushes the ATC as needed. In fact, 
whenever a task is destroyed, the operating system need 
only execute a flush instruction to remove any inactive 
A TC entries. 

Some common operating system functions become 
very easy when the memory is shared. Fetching and set­
ting a byte in the user address space of the current task is 
the same as reading or writing any byte. A byte in phys­
ical memory is addressed as the physical memory address 
ORed with the hex value 80000000. 

Many operating systems prefer to test the legality of an 
access before trying it to avoid causing a fault. A typical 
test of this kind consists of a two-instruction sequence of 
PTEST (operating on the address in question) , followed 
by PBIS, or branch on the state of the invalid bit in status 
register PSR. 

Copying a block of data from the current task to a tar-

APPLICATIONS. 

get task is also easy, especially if Jess than half of the su­
pervisory address space is otherwise used. The appropri­
ate segment table from the target task is installed in an 
unused area of the supervisory address map and the trans­
formation is made from the target task address to one in 
the supervisory map. Data can then be moved directly 
from the current task to the target task, without inter­
mediate buffering or switching of address maps.D 

Michael W. Cruess is a project manager at Motorola 's 
microprocessor products group, where he headed the 
system design team for the MC68851 paged-memory 
management unit. He is currently involved in defining 
system software and new products . Cruess has a 
BSEEfrom Rice University in Houston and an MSEE 
from the University of Texas at Austin. 

How valuable? 
Highly 
Moderately 
Slightly 

Circle 

550 
551 
552 

Lambda's new LAS 8071P four-channel driver is de­
signed to simplify your power output. The dual in-line 
package eliminates over 30 components and 
provides current up to 2 Amps peak per 

• Internal clamp diodes 
• Over temperature protection 

• 125°C maximum junction 
temperature 

Lambda's expertise in 
power circuit design ensures 

that you can rely upon the new 
LAS 8071 P to drive DC motors 
and stepper motors directly, as 

well as relays, solenoids and 
lamps. In addition, the four­

channel driver provides direct 
drive for high current switching 
transistors when higher power 

applications are required . 

channel. The result is simpler design 
for higher current applications. 

The LAS 8071 P 
output driver is designed 
for four-channel 
output circuits or in 
a dual "H" bridge 
configuration. The 
driver accepts TTL 
logic levels and 
features: 
• 1 Amp per channel 
continuous current 
rating 
• 70 kHz operation 
• Noise immune logic input 
• Two enable inputs 

To order power output drivers and 
other quality Lambda parts, call toll free 

(800) 255-9606. 

A LAMBDA 
al SEMICONDUCTORS 

WE DESIGN SOLUTIONS 
Lambda Semiconductors, a Division of ce. Instruments Inc., 121 International Drive, Corpus Christi, Texas 78410 512-289-0403 
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THE 68454: 
THE FIRST TRULY INTELLIGENT 

DISK CONTROLLER. 



What places the new 68454 from Signetics above other 
disk controllers? 

A higher IQ. 
The 68454 represents some new ideas in disk control 

technology. Built-in data base management hardware, 
for instance. It gives you complete control of up to four 
disks-in any mix of rigid and floppy; and it stores disk 

parameters in a way that speeds and simplifies 
switching between disk types. Of course, it also 

comes with all the other features 

you'd expect in a well-engineered disk controller. On-chip 
DMA controller and FIFO. Retry/error correction man­
agement. It even lets you connect an accessory PLL chip, 
the 68459, specially designed to link up with the 68454. 
To give data integrity an extra boost. 

Want to know more? just mail us the coupon. We1l 
help you get acquainted with the latest product from the 
company who's developed more 68000 peripherals than 
anyone else. 

The 68454, new from Signetics. 
The thinking man's disk controller. 

r----------------, 
I Yes, I'd like more information about the 68454 !MDC. I 
I NAME I 
I POSITION I 
I COMPANY I 
I ADDRESS I 
I CITY STATE ZIP I 

PHONE 

I Send coupon to: Signetics Corporation I 
I 811 E. Arques Avenue, M/ S 27 I 

P.O. Box 3409 
I Sunnyvale, CA 94088-3409 ED 5115/86 s 8 I 
~----------------~ 

VLSI trom Sig~~ 
(800) 227-1817 Ext. 945C 



The evidence is in, and it's incontrovertible. 
When it comes to light, Anritsu runs 
second to the sun. 
True, Anritsu's little laser diodes are power­
ful enough to raise more than a few eye­
brows. 
And Anritsu optical attenuators can cut 
almost any light source down to size. 
And Anritsu optical power meters can take 
anything a normal fiber optic system can 
dish out. 
But none of them can hold a candle to 
the sun, with its 900x1023-or-so calories 
every second and 10-billion-year MTBF 

Still, if you take a closer look, you'll see 
a bright side to this story. 
For instance, let's talk technology: does 
the sun have anything like Anritsu's laser­
accurate outside diameter measuring sys­
tem for optical fiber production? 
In sophistication, Anritsu also has a clear 
edge. With optical time domain reflecto­
meters and optical spectrum analyzers 
that give a clear, accurate picture of an 
entire fiber optics network 
And in terms of visibility, the Anritsu name 
has become almost an industry standard. 
Thanks to a dazzling range of measuring 



instruments and light sources for all facets 
of fiber optic communications. 
What about versatility? Simply no competi­
tion: Anritsu has more than 11,000 prod­
ucts and systems, and these extend to 
areas far beyond light. To rugged radio 
and telecommunications equipment. To 
public telephones, computers and data 
processing equipment. To measuring in­
struments for communications. The list 
goes on and on. 
The sun is still safely #1 for now. 
But we're on the move. c1RcLE 40 

llnritsu 
WE'l\E OH THE MOVE. WOl\LDWIDE. 

ANRITSU CORPORATION 
10-27, Minamiazabu 5-chome, Minato-ku, Tokyo 106, Japan. 
Phone : Tokyo 03-446-1111 , Telex: 0-242-2353 ANRITU J 

As of October 1, 1985, Anritsu Electric Co., Ltd. 
became Anritsu Corporation. 



Buy an HP logic analyzer 
or digitizing oscilloscope. 

Get an HP ThinkJet Printer FREE: 
HP announces a great package deal. 

Order an HP 1630/ 31 logic analyzer or any 
HP 54000 series oscilloscope before June 30, 
1986, and you'll receive an HP 2225A ThinkJet 
Printer and an HP-IB interface cable at no 
charge. It's a $495t value absolutely free~ So 
if you've been waiting to buy a new HP logic 
analyzer or digitizing oscilloscope, now is 
the time! 

Instant hardcopy! 
Team up an HP ThinkJet with your HP logic 
analyzer or digitizing oscilloscope and you've got 
a fast route to high quality printed output. Use 

the combination to document test results and 
instrument setups, with print resolution as great 
as your scope or logic analyzer's display. And do 
it all at the push of a single front panel button. 
What a timesaver! 

Call HP today: 1-800-835-5577. 
Don't wait. This offer wraps up June 30, 1986. 
Call between 8:30 am and 5:00 pm MDT for 
more information on the free HP ThinkJet offer. 
In Colorado, call 590-3490 collect. Or contact 
your local HP sales office listed in the telephone 
directory white pages. Ask for the electronic 
instruments department. 
•Promotional discount equals the value of the HP 2225A ThinkJet Printer. 
Offer subject to local conditions. 

tUSA list price only. 

F/j0- HEWLETT 
.:al PACKARD 

CIRCLE aa 
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DESIGN APPLICATIONS 

ELECTRONIC DESIGN EXCLUSIVE 

Temperature measurements 
gain from advances 
in high-precision op amps 

As open-loop gain climbs and 
nonlinearity falls, precision 

Designing a precision op-amp circuit dic­
tates a tight rein on every error source. Most 
potential sources , among them finite gain 
and gain nonlinearity, are not immediately 
obvious, and the imprecision they introduce 
will often eat up a system's error budget. 
Though errors cannot be corrected very eas­
ily, simply being aware that error sources 
exist can help designers fend off, if not com­
pletely eliminate, potential troubles pots. 

op amps approach 'ideal' 
specifications. A temperature. 
monitoring circuit exploits 
their accuracy and range. 

James Wong 
Precision Monolilhics Inc. 
1500 Space Park Dr. 
P.O. Box 58020 
Santa Clara, CA 95052·8020 
(408) 727·9222 

A temperature-measuring system illustrates one application in 
which the precision of an op amp can be a major issue. A typical cir­
cuit might be found in a semiconductor wafer-processing furnace 
(Fig. I) , where temperatures must be tightly controlled within 
±I 0 C. Since process set points vary, the system must be equipped to 
monitor temperatures accurately and over a broad range. 

As in most applications, the accuracy of the op amp depends on 
many things, including offset voltage, noise, nonlinearity, common­
mode rejection , and external resistor value. Some factors are more 
critical than others, but all contribute some degree of error to the cir­
cuit. For example, if an op amp with an open-loop gain of 500,000 re­
sides in a circuit with a closed-loop gain of I 000, analysis shows that 
the circuit exhibits a 0.2% gain error. The open-loop gain can vary as 
much as I 00% from device to device and also vary considerably with 
temperature. No simple and reliab le way exists to compensate for 
the error because an op amp's open-loop gain cannot be controlled 
tightly . 

If a designer were reading the gain value from an op amp's data 
sheet, he might get the impression that the gain is constant over the 
output range of - I 0 V to + I 0 V. In fact, constant gain is far from 
the true performance for many amplifiers , since the specification is 
usual ly a value derived from a two-point measurement. Actually, 
gain fluctuates significantly with temperature and with output volt­
age and load. 

For example, the incremental gain of the industry-standard OP-07 
with a 2-kQ load varies as much as 50% from the typical value quoted 
on a data sheet. The open-loop gain is the inverse of the slope of the 
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DESIGN APPLICATIONS 

Measuring temperature with precision op amps 

curve, and ideally, the gain curve should be a straight line 
through the origin. However, thermal feedback in the 
chip yields a nonlinear curve that reflects both the gain 
drift and the drift induced by input offset voltage. 

Within an op amp, open-loop gain is determined by the 
transconductance and the complex load resistance (in­
cluding a beta-reflected resistance of the output stage) 
seen by the gain-stage transistor. Both parameters change 
significantly over temperature; hence, so does the open­
loop gain. The slope of every point on the gain curve 
changes constantly throughout the output voltage range. 

Since the accuracy of the circuit is a function of open­
loop gain, overall linearity also suffers if the amplifier be­
haves nonlinearly. The linearity error of a high-gain stage 
used in a 12-bit measurement system can be analyzed 
quantitatively. Reconsider the example of an amplifier 
having a gain of 500,000 and exhibiting a 0.2% error in a 
closed-loop circuit of gain I 000. A I 0% change in gain re­
sults in an overall gain error of0.18% or a nonlinearity fig­
ure of 0.02%. Taking the example to a gain-change ex­
treme of 50%, the circuit experiences an overall gain error 
of0.133%, or nonlinearity of 0.067o/o----0nly about 10 bits 
linear. A full-scale adjustment potentiometer can elimi­
nate the overall gain error only at one point. As soon as the 
open-loop gain of the amplifier changes, linearity error 
reappears . 

AVOID THE TRAP 

Designers should not be trapped into assuming that a 
precision op amp has sufficient gain to behave like an 
ideal op amp, especially in highly demanding designs. A 
review of the classic feedback control mechanism, which 
is analogous to an op amp in a closed-loop circuit, reveals 
the problem (Fig. 2). At the negative summing junction, 
the signal is merely the product of the output and of the 
feedback factor, F. Consequently, the signal at the ampli­
fier's input is the original input less the product. The dif­
ference is subsequently multiplied by the gain, A, of the 

1. In a semiconductor wafer­
processing furnace, the tem­
perature must be controlled 
extremely accurately, usu­
ally to within 1°C. That accu­
racy can be obtained only if 
an op amp retains its pre­
cision within tight limits. With 
Its extraordinarily high open­
loop gain and very low in­
put offset voltage, an op 
amp like the OP-77 helps the 
control system meet that 
temperature tolerance. 
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Furnace chamber 

S type 
thermocouple 

Heater 

amplifier, yielding an expression: 

Output = A(input - F X output) 

Rearranging and dividing the numerator and denomi­
nator by A produces: 

Output_ 
Input - *+ F 

As gain increases toward infinity: 

Output=_!_ 
Input F 

The final expression implies that the transfer function of 
the closed-loop system is purely a function of the feedback 
factor. 

In practice, however, op amps are far from perfect. If 
an industry-standard precision op amp like the OP-07, 
which has a typical voltage gain of 500,000, appears in a 
closed-loop circuit with a gain of I, feedback factor F will 
be unity, making the net transfer function 0.999998. That 
value translates into a very tolerable error of 2 ppm. How­
ever, if the desired closed-loop gain is I 000, F will equal 
0.00 I and the closed-loop transfer function is 998 . The 
equivalent 0.2% net gain error exceeds the total error bud­
get allowed in most cases. The higher the closed-loop gain, 
the more sensitive the circuit to open-loop gain. 

To deliver the high performance required in such appli­
cations as the temperature-measuring system, the high­
gain OP- 77 has been developed (see "A Perfect Fit," 
p. 171 ). Its de performance improves the most critical 
part of the system- the front end of the thermocouple 
amplifier along with its necessary signal-conditioning cir­
cuitry (Fig. 3) . The thermocouple's extremely low-level 
signal demands more than mere gain from the amplifier, 
even though in this case the OP-77's gain is a minimum of 
5 million . The low offset (below25 µ.V), low drift 
(0.3 µ. V j°C), and low noise (less than 0.6 µ. V pk-pk) of 
the device play equally important roles. 

Display 

ADC 

DAC 

Display 
driver 

System Manual 
digital set point 

controller 
(digital 

linearization) 



With the exception of the cold-junction compensation 
circuit, the front end requires no ela borate error cor­
rection circuits . The amplifier's high degree of accuracy 
simplifies the design, which suits three popular types of 
thermocouples: the J and K types for temperatures up to 
about 700°C and the S type for up to l 500°C. 

Because the Seebeck coefficient of the S-type thermo­
couple is a mere 10.3 µ V j°C, the component presents the 
accompanying circuit with a very difficult signal ampli­
fication requirement. The design focuses on this particu­
larly usefu l application. 

Piecewise linearization techniques can compensate for 
the continuously nonlinear nature of thermocouples. One 
very simple and easily implemented method uses a power 
series polynomial: 

T = ao+a1X +a2X2+a3X3+····+anX" 

where T is the temperature, X is the thermoelectric volt­
age, a is the polynomia l coefficient unique to each type of 
thermocouple, a nd n is the maximum order of the polyno­
mial. The higher n goes, the more accurately the power se­
ries can be estimated. 

Computers or microprocessors can implement the algo­
rithm far more efficiently than can ana log linearization 
circuits. Consequently, the design does not attempt to lin­
earize the thermocouple. 

DESIGN CONCERNS 

In completing the circuit, designers must carefully con­
sider severa l detai ls . For example, any thermoelectric 
voltage generated at the measuri ng junction can a lso be 
generated at any other junction of two dissimilar materi­
als. The most critical of these contacts lie in the gain path. 
Fortunately, parasitic junctions of this type usually come 
in opposing pairs, creating a self-canceling effect if the op­
posing junctions are at the same temperature. Therefore, 
the layout itself must not give rise to a large temperature 
gradient across the circuit. 

In addition, resistors R1 and R2 and sensing diode 0 1 

form a compensation circuit that cancels the error gener­
a ted by the terminating junctions. The circuit makes use 
of the highly predictable - 2.1 -m V j°C temperature 
coefficient of a semiconductor pn junction. The resistor 
divider effect of R 1 and R2 generates - 10.3 µVat V c for 
every degree Celsius the temperature of 0 1 rises. That 
temperature coefficient is equal, but opposite, to the error 
voltage generated by the terminating junctions. The com­
pensation network works well, provided the body of 0 1 is 
in thermal proximity to the point at which the two junc­
tions join with copper wires. Thus the cold-j unction error 
can be canceled over a reasonable range of change in am-

Input + Output 

(F X output) 
Feedback 
factor, F 

2. In a standard feedback circuit, the signal at the 
negative summing junction represents the output 
times the feedback factor, F. For an amplifier with a 
very high open-loop gain, the transfer function of 
the circuit, output/Input = 1/F, makes the transfer 
function depend only on the feedback. 

Ro. 

+ 
1.07M, 

10.000 v 0.05% 

2.2 µF 

R,, R1, 
47k 392k, 

r---------- , 1% + 15V 
I o, 110 µF 0.1 µF I 

€-+ I A,, 
I 20.5k, Re. 
I 1% Ra. 50, 
I 1.0k, 1% 

- I Copper 0.05% 
TypeS 

I Rs. 
I Ve 100 (zero 

+ , 
Copper adjustment) 

I Isothermal 
I cold-junctions R, , R.. 
I 100, 50, 

I 1% 1% 

I Isothermal 

I 
block 

I Cold-junction Analog 
I compensation 
L----------- ground - 15 v 

Thermocouple Seebeck 
type coelllclent R1 R2 R1 R9 

K 39.2 µV/°C 11011 5 .76 kll 102 kll 269 kll 

J 50.2 µV/°C 10011 4.02 kll 80.6 kll 200 kll 

s 10.3 µV /°C 10011 20.5 kll 392 kll 1.07 Mil 

3. The OP-77 does its job in the critical part of the 
temperature-measuring system. To amplify the ther­
mocouple's low voltage output and still maintain 
stability, the amplifier uses its extraordinarily high 
gain of 5 million and its low 0.3-µ\4' °C drift. 
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lllfROOUelND ... 
DOLDS'fJUl PRKISIONPWBS 

YOUR ELECTRONIC LINK TO THE FUTURE 
Goldstar Electric has been continuing 

Lucky-Goldstar's pattern for high sophisticac 
tion in advanced technology with the pro­
duction of components and telecommunication 
equipment since 1970. Since then, company 
sales increased 200-fold, indicating world­
wide trust in Goldstar Electric quality and 
reliability. 

Goldstar Electric; long lmown as a specialist 
in carrier communication equipment, has 
applied the same recognized excellence in 
the production of printed wiring boards 

used in industrial and consumer electronic 
products. 

Goldstar PWBs were given UL approval 
in 1979 and are made according to AT&T 
specifications. Goldstar Electric uses the 
latest CAD/CAM equipment to produce all 
types of PWBs: single-sided, double ·sided 
through-hole, flexible, and even the latest 
multi-layer types. 

For PWBs that incorporate zero defect, 
value, and reliability, choose Goldstar PWBs. 
The price is more than right. 

For information on distributorships, contact 
Goldstar Electric today. 

~ GoklStar Elactrlc Co .. Ltcl. 
Head Office: The Teachers Pension Fund Bldg. 27-2 Yeoeuido-Dong, Youngdunpo-Ku, 
Seoul 150, Korea Phone: (02) 784-9539 (Dir)/(02) 783-9311 Ext: 293, 215 
Cable: GOLDWAVE Seoul Tele.><: GSWAVE K28295 FAX: (02) 784-3549 

-----------------------------------il::!LUCKY·GOLDSTAR •Sunnyvale 1130 East Arques Avenue, Sunnyvale, California 94086, U.SA Tel. : 408-737-8575/9 Tlx . 176835 LKYGS SUVL Fax 408-737-0186 
•New York 2nd Floor. 1050 Wall Street West , Lyndhurst , New Jersey 07071 . U.S.A. Tel. : (201) 460-8010 Tix .. 219108 LGI UR Fax. 201 -935-5686, 201 -460-0725 
•Los Angeles 13013 East 166th Street, Cerritos. Calif 90701 , U.SA Tel. . (213) 404-2626/9 Tix.: 910-583-5719 LGI LA •Tokyo H1gash1-Kan 16th Floor. Akasaka 
Twin Tower. 17-22. 2·Chome, Akasaka, Minato-Ku, Tokyo, Japan Tel. . (03) 582·9121/7 Tix.: 2422711 LGIJPN J Fax .. 3·584-6852 
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DESIGN APPLICATIONS 

Measuring temperature with op amps 

bient teltlperature. 
Potentiometer Rs compensates for the composite offset 

voltage, which is created by both the cold-junction com­
pensation circuit and the amplifier's inherent input offset. 
The measuring junction generates the remaining net ther­
moelectric voltage in the circuit. The gain factor amplifies 
the signal so that the amplifier develops a I 0.0-V full­
scale voltage for 1000°C. At a Seebeck Goefficient of 
I 0.3 µ. V j°C, a type-S thermocouple genetates I 0.3 rh V 
of thermoelectric voltage at I 000°C. Therefore the gain 
of the circuit is 10 V / 10.3 mV, or 970.9. Scaling like that 
allows temperature either to be converted into digital 
form using standard analog·to-digital converters or to be 
read directly off a 41/2- or 51/2-digit precision digital volt­
meter. 

Resistor Rs is purposely chosen to be I kfl, a value that 
reduces the amplifier's input noise current and the ther­
mal noise of the resistors. The value of R9 is derived by 
multiplying the gain, 970.9, by the sum of Rs and the par­
allel resistance of R1 and R2• The value calculated for R9 

is 1.0675 Mfl; thus a standard resistance of 1.07 Mn can 
be used. Alternatively, if more accurate gain is required, a 
I 00-kfl potentiometer can be pl aced in series with a 
1.02-Mfl fixed resistor and both inserted in the feedback 
path as a fine-gain adjustment. 

Circuit grounding, another important consideration, is 
frequently overlooked. Since every I 0 µ V of signal repre­
sents I °C, noise in the ground circuit can swamp the sig-

A perfect fit 
The new OP-77 is tailor-made to fit many applica­
tions, from strain-gauge bridge amplifiers to resis­
tance temperature detectors. Like thermocoupl es, 
those transducers produce low- level signa ls that de­
mand outsta nding performa nce from a n op a mp. Be­
cause the OP-77's opera ting current runs less than 
2 mA, the device blends nicely into 4-to-20-mA 
current-loop applications . 

In CMOS d-a converters requiring a resolution of 
better than 12 bits, offset voltage is a significant error 
source. For converters built with an R-2R ladder, it 
degrades the differential linearity of the converter's 
output . With a worst-case initial offset voltage of 
25 µ V, the op amp contributes an error of less tha n 
0.2 LSB for a 16-bit system, a n error that usually can 
be nulled if necessa ry. More problematic is the offset 
voltage drift over tempera ture tha t plagues many op 
amps. The OP-77 drift confines the worst-case error to 
55 µ V over a I 00°C change in ambient temperature. 
At I 0 V full scale, that drift produces an error of less 
tha n 0.0 I LSB for a 12-bit system, 0.05 LSB for a 
14-bit system, and 0.20 LSB for a 16-bit system . 
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-;;;- SP~EDIPDWER CIDMPARISON Lxxx240 BUJER -!::. 
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AVERAGE POWER per device/OUTPUTS 3-STATE (m W) 

llffA TAKEN FROM PUBLISHED MANUFACTURERS ' LllfRATURE. 

Only one family of interface functions gives 
you ALS speed , CMOS power, and TIL drive: 
VTC 's V54/7 4 "A·C·T' ' family. 

Remember: the A is for ALS speed ... Sns 
typical propagation delay, sub-ns internal gate 
delays , and operating frequencies to 75MHz. 

The C is for cool CMOS power . . . SOµW 
typical quiescent power, with no power 
crossover with bipolar even at 75MHz, and 
power dissipation only 1 OmW/MHz. 

And the Tis for TTL drive . . . 48mA constant 
current drive , rugged enough to drive 50-ohm 
lines. 

The A·C·T family of third-generation logic 
functions features an advanced double-level­
metal CMOS technology, with controlled 
edge rates and improved noise margins. 

All parts are fully characterized , with guaran­
teed minimums and maximums over tempera­
ture , power supply range , and SOpF and 300pF 
loading . 

VTC Incorporated 
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THE DESIGNER'S NOTEBOOK 

Piezoelectric alarms offer 
unique design advantages 
Piezoelectric transducers utilized as 
alarms and other types of audio output 
devices offer unique design advantages 
not available in other types of trans­
ducers such as speakers and electro­
mechanical buzzers. 
Mechanical: Piezoelectric transducers 
provide extremely high audio outputs in 
very little space with minimum sizes 
being W' in diameter with wafer thin­
ness. Mounting is extremely easy, nor­
mally only requiring simple plastic or 
metal clips to hold the discs in place. 
Audio output can be easily increased 
thru the use of a resonant molded, plas­
tic cavity without increasing electrical 
power input requirements. Constructed 
as a single lightweight monolithic unit, 
piezoelectric transcfucers are virtually 

immune to shock, vibration, moisture 
and temperature extremes. 
Electrical: Piezoelectric transducers are 
extremely efficient and require very little 
electrical power to provide high audio 
outputs-particularly important in bat­
tery operated devices. l'hey generate 
no EMl/RFI as do electromechanical 
devices, thus eliminating any need for 
filtering devices. Frequency response 
can be selected to peak at specific fre­
quencies as required by alarm applica­
tions or can be designed to provide high 
harmonic and overtone response as re­
quired for "chime" types of applications. 
Response can also be designed to be 
relatively flat Oller standard speech ffe­
quencies as required by teleph:>r1e and 
communications applications. These 
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devices can also be used as input 
transducers, converting audio energy to 
electrical energy, in microphone-type 
applications. 
Piezoelectric transducers are probably 
one of the most flexible electronic com­
ponents in use today with applications 
encompassing all types of electronic 
systems for consumer and industrial 
applications. Find out more about these 
unique devices. Write to Murata Erie 
North America, Inc., 2200 Lake Park 
Driw, Smyrna. Georgia 30080 or call 
404-433-7878. 



DESIGN APPLICATIONS 

Measuring temperature with op amps 

nal. A single-point analog "star" ground should be used 
throughout the circuit layout and should also be the refer­
ence ground for the digital converter or the voltmeter. 
Any digital signal ground reference should be terminated 
only at the power-supply ground return. 

SOURCES OF ERROR 

Thanks to the op amp's high open-loop gain and gain 
stability, the thermocouple itself contributes the only lin­
earity error. With the OP-07, the finite gain of the op amp 
might cause an additional error of about 0.2%. In con­
trast, the high open- loop gain of the OP- 77 contributes 
less than 0.02% measurement error, or 0.2°C. 

The layout of the amplifier's input stage warrants spe­
cia l attention, as it affects virtually all de parameters. For 
instance, the zener-zapping resistors in each differential 
leg of the input stage must be carefully matched and sym­
metrically laid out. Doing so yields several distinct 
benefits. First, it produces an exceptionally low initial in­
put offset voltage of 25 µ, V, but even more important, it 
makes the offset voltage drift come in at less th a n 
0.1 µ, V j° C typically. Second, the setup raises common­
mode rejection and power-supply rejection to about 
120 dB. A common-mode rejection of 120 dB translates 
into an error of only ± 10 µ, V over a full-scale common­
mode ra nge of ± 10 Y. 

Finally, the circuit should keep input noise level equal 
to if not better than the industry-standard OP-07 while 
reducing the operating supply current. A dilemma arises, 
of course: Cutting the input-stage operating current re­
duces input current noise level but causes the voltage 
noise to rise unacceptably. Trimming the input-stage bias 
current brings noise to an acceptably low level while re­
ducing the subsequent stage currents. The resulting am­
plifier has the characteristic low noise of the OP-07 but 
operates at half the current of its predecessor. D 

At Precision Monolithics James Wong acts as an ap­
plication engineering manager. working on data acqui­
sition and control systems. Previously he cofounded 
Finell Systems. a motion control systems company, 
and held positions with National Semiconductor , 
Singer Business Machines, and Tex as Instruments . He 
holds a BSEE and an MBA f rom San Jose State and 
Santa Clara University, respectively. 

How valuable? 
Highly 
Moderately 
Slightly 

Circle 

547 
548 
549 
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IS NOW! 
But. best of all , the A·C·T family of state-of­

the-art interfaces is available right now. Here are 
twenty parts you can order today: 
V7 4ACT 240 ... 3-state octal buffer 
V7 4ACT 241 ... 3-state octal buffer 
V74ACT244 .. . 3-state octal buffer 
V7 4ACT 245 ... 3-state octal bus transceiver 
V74ACT373 ... 3-state octal 0-type trans latch 
V7 4ACT374 .. . 3-state octal D-type edge trig FF 
V7 4ACT 465 ... 3-state octal buffer 
V74ACT 466 .. . 3-state octal buffer 
V74ACT 467. .. 3-state octal buffer 
V7 4ACT 468 ... 3-state octal buffer 
V7 4ACT 533 ... 3-state octal D-type trans latch 
V7 4ACT 534 ... 3-state octal D-type edge trig FF 
V7 4ACT 620 .. . 3-state octal bus transceiver 
V74ACT623 ... 3-state octal bus transceiver 
V74ACT640 ... 3-state octal bus transceiver 
V74ACT643 .. . 3-state octal bus transceiver 
V7 4ACT 861 ... 3-state 10-bit bus transceiver 
V74ACT862 .. . 3-state 10-bit bus transceiver 
V74ACT863 .. . 3-state 9-bit bus transceiver 
V74ACT864 .. . 3-state 9-bit bus transceiver 
VTC Incorporated 
2401 East 86th Street 
Bloomington , MN 55420 
(612) 851 -5200 
Telex 857113 
CALL NOW TO ORDER! 
VTC Authorized Distributors 
AL Pioneer/Huntsville . . . . . . . . . . . 205 837-9300 
AZ. Insight/Tempe . . . . . . . . . . . . . . . . . . . 602 829-1800 
CA Ment Electronics/San Jose . . . . . . . . . . 408 434-0800 

Image Electronics/Tustin . . . . . . . . . . . 714 259-0906 
Image Electronics/Agoura Hills ....... 818 707-0911 
lnsighVSan Diego . . . . . ......... 619 587-0471 

CT Pioneer/Connecticut . . .. 203 853-1515 
DC Pioneer/Washington 301 921-0660 
FL Pioneer/Orlando . . . . 305 834-9090 

Pioneer/Fl. Lauderdale . . . . . . . 305 428-8877 
GA Pioneer/Georgia . . . . ... 404 448-1711 
IL Pioneer/Chicago . . . ..... 312 437-9680 
IN Pioneer/Indiana . . . . . . . ..... 317 849-7300 
MA Pioneer/Massachusetts . . .... 617 861-9200 
Ml Pioneer/Eastern Michigan . . . . . 313 525-1800 

Pioneer/Western Michigan ..... 616 698-1800 
MN Pioneer/Twin Cities ..... 612 935-5444 
NJ Pioneer/New Jersey . . .... 201 575-3510 

NY ~ig~~~~~~~~:srr~~n. • . ... ......• · · · · rn ~~~:m6 
Pioneer/Woodbury . . . ... 516 921-8700 

NC Pioneer/Carolina . . . . . ............ 704 527-8188 
OH Pioneer/Cleveland . . . . . . . 216 587-3600 

Pioneer/Dayton . . . . . . . . 513 236-9900 
PA Pioneer/Delaware Valley 215 674-4000 

Pioneer/Pittsburgh . . . . . . . . 412 782-2300 
TX Pioneer/Austin . . . . . . . . . .. 512 835-4000 

Pioneer/Dallas . . 214 386-7300 
Pioneer/Houston . . . 713 988-5555 

VTC Incorporated 
On the Silicon Frontier .r~. CIRCLE 91 



Sometimes 
you need more 

than just 
a hotline. 

Advanced products require advanced service 
and support Unfortunately, they don't always go 
hand in hand. 

Unless, of course, you go with Monolithic 
Memories. 

First, we have some of the brightest Field 
Application Engineers this side of M.I.T. They 
know our PAL~ PROM and advanced logic I Cs 
inside and out 

What's more, they all have four to eight years 
of system design experience. And it shows. 

Our F AEs will show you how to use our circuits 
and software to your best advantage. Troubleshoot 
your design problems. Even help you debug 



your test programs. 
They're backed by strong factory support 

From applications engineering and customer 
service. To a manufacturing group that hits over 
98% of its committed first ship dates. 

And we work closely with our distributors to 
help them work for you, too. With prototypes when 
you need them. Complete PAL and PROM pro­
gramming services. Plus volume inventory levels. 

So if your present supplier's idea of service 
and support is a hotline and a datasheet, consider 
the alternative. 

Monolithic Memories. 
Where we're all pulling for you. 

Now, it's your turn to drop us a line. Tell us in 
a sentence or two what service and support mean 
to you. And we11 send you a free full-size poster of 
the photo below. 

Monolithic Memories, 2175 Mission College 
Blvd., Santa Clara, CA 95054. Attn: Literature 
Dept, MS 09-14. 

PAL is a regis tered trademark of Monolithic Memori es. Inc. 
© 1986, Monolithic Memories. Inc. 
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Only Mentor Graphics 
puts PCB layout 

where it belongs. 



Until now, printed circuit board layout 
was an isolated process: done on a 
special-purpose workstation at the "back 
end" of the design effort. But Mentor 
Graphics saw it a different way. Since PCB 
layout brings together all the elements 
created by "front end" CAE tools, it 
should be integrated with those tools. 

So, PCB layout is now an integral part of 
the powerful Mentor Graphics IDEA 
Series™ of Engineering Workstations. 

At last, PCB layout resides in a CAE 
network that also includes hierarchical 
schematic capture, as well as logic and 

analog simulation . All linked in an 
environment that permits fast, simple data 
sharing for greater productivity. 

As for the tools themselves, a very fast 
and efficient routing system optimizes 
board usage and minimizes manufacturing 
overhead. Now you can do both 
automatic and interactive fine line routing 
on even the most complex multi-layer 
boards. A double-sided placement editor 
presents a complete view of components 
on either side of the board under design. 

And you have the ability to work with 
almost any type of component package to 
optimize your design to meet current 
market requirements. 

Also, our PACKAGE tool bridges, at long 
last, the gap between EE and PCB 
designers. Any electronic design is 
automatically translated into proper 
component packaging. 

And when you're ready to go to 
manufacturing, we provide Gerber output, 
drill output and master drawing output. 
You can preview, right on the CRT, the final 
artwork, exactly as it will appear when 
completed . No waiting . No surprises. 

Finally, we've put PCB layout in an open 
system. With an open database and 
ASCII files, you've got a clear path to 
other systems, such as automated 
manufacturing, quality control and MRP. 

It's all part of a vision unique to Mentor 
Graphics, the leader in design automation . 
Let us show you where this vision can take you . 

Call us toll-free for an overview brochure 
and the number of your nearest sales 
office . 

Phone 1-800-547-7390 
(or in Oregon call 284-7357) . 

GMm1or 
rat'• 1ICS™ 
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To order. call K1erulft Eleclfonics 1·800·367·7767 or Lanice Semiconductor Corp , 15400 N .W. Greenbrier Pkwy .. Beaverton. OR 97006. Phone (503) 62t.5299, TeleK: 2n338 LSC UR, FAX· (503)645-7921 I) 1986 latt1ee Semiconductor PAL 
and PALASM , CUPL. and ABEL are registered trademarks ol Monolilt'lic Memories, Inc ., Assisted TechnologylP-CAO Systems, and Data LIO Corp respectrvely. GAL, Latch-Lock and Gen81'1C Array Logic are lrademarks ol Lat11ee Semiconduc1or 
Corp LATTICE Sales Ottices Laguna Hills, CA, (714) 855-3002, San Jose. CA , (.408)371-6931. Norcross, GA, {404) 448-5850, Burlington, MA, (617) 273-4545, Hanover, MD, (301) 796-4413, Bloomington, MN, (612) 8Jl.a248, W&St Caldwell , NJ , 
(201) 882·1900. Irving, TX , (214) 252-4041. London, 011-44-344-482-888. FAX 011-44-344-465-210. TeleK &47096, Paris, (33) 1 69077802, TeleFAX 33 14 2885503 



INTRODUCING GENERIC ARRAY LOGIC 
Still PLDing along? Meet GALs! The 20-pin GAL 16V8 and 24-pin 
GAL20V8 ... your 100% pro~rammable logic solution , made possi­
ble by Lattice's ultrafast E CMOS™ technology. 100% bipolar­
compatible (truly, with 24mA output drive) - both offer a ~d of 
17ns typical , 25ns worst-case over temperature. With 100 Vo pro­
gramming yields ... and 100% + architectures. Generic means they 
take any architecture - odd, even, or even unknown. 100% pro­
grammable and reprogrammable - anytime, everytime - instantly. 
With outputs that you define to be active-high, active-low, synch­
ronous, asynchronous - on any pin , at any time. 

A PROTOTYPER'S DREAM 
Prototyping new systems? Save yourself the nightmare of trashing 
50 or 100 PAL® devices per board design (or running back and 
forth from your UV lamp). GAL devices are 100% instantly repro­
grammable to any pattern , any device architecture, any output 
polarity - registered or nonregistered - anytime, everytime, 
instantly. GAL - a prototyping dream - in low-power E2CMOS, 
from Lattice. 

YOUR NAME IN SILICON 
Tired of taping PLDs to your wall? Production control out of con­
trol? Now you can store your name, or your division 's name, in 
every part . Only Lattice GAL devices give you 64 bits - 8 alpha­
numeric characters - of electronic signature to help you keep 
track of your designs, socket locations, pattern IDs, rev. numbers, 
girlfriends' phone numbers, and more. 

QUARTER YOUR POWER WITH E2CMOS 
GALs, the fastest CMOS PLDs, won't burn up your boards, power 
supplies (or fingers) . Plug in our GAL devices and you've instantly cut 
power consumption - without sacrificing performance. Quarter­
power GALs run cool at typically 30 mA. And lower power trans­
lates to cooler-running, more reliable systems. 

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

ZERO DEFECTS-100% YIELD- GUARANTEED 
98% programming yield? Forget it. E2CMOS technology guaran­
tees a quality level in parts per million, not parts per hundred . 
Move up to a standard that only 100% tested E2CMOS GAL 
devices - cycled through every worst-case pattern at our factory 
- can provide. Not 98%. Not 99.9%. Stop wondering what your 
programming yield will be. Lattice guarantees you 100%. Period. 

DOCK-TO-STOCK, JUST-IN-TIME 
Believe your eyes. Only multiple-taste~ E2qMos. GAL devices 
give you 100% guaranteed programming yield without incoming 
QA. Tired of writing cumbersome test vectors - for every device 
type, for every different pattern? Buy one device type , not a whole 

E 2 CIVIOS™ 
•ANYTHING•EVERYTIME•INSTANTLY• 

catalog of parts. Then take your GAL devices straight to the 
manufacturing floor . Incoming QA? Just count the pins! GAL 
devices are the first programmable logic devices to take the 
hassle out of production control and inventory management. 

LATCH-LOCKED™ CMOS - A NEW STANDARD 
Hot-socket your GAL devices, again and again. You 've moved up 
to a new standard in CMOS reliability with Latch-Lock - a pro­
prietary new technology (patent pending) that makes GALs im­
possible to latch up under any conditions! Only Lattice guarantees 
100% latch-up proof E2CMOS - the high-speed CMOS technol­
ogy of the future . 

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

LATTICE 
SEMICONDUCTOR CORP CIRCLE 94 
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Why settle for "will fits" ? 
We'll custom-build components 
that match your specs exactly. 

/ 

•..

• > · i~"~ transformers 
· .. __ ,le the name 

is Basler. 
The only thing 

you need to know 
about transformers 

is the name Basler. 

We're geared up to design and produce 
custom transformers for any application 
you can name from SVA to 1500KVA­
any type, and in any quantity. 

Which is the kind of capability you 'd 
expect from the world's largest manu­
facturer of specialty transformers. 

Our five state-of-the-art plants and 1,200 
skilled employees can produce them 
with zero defects to match your 
production schedules. 

Give us the specs you need. Our 
engineering staff will come back fast 
with a sample and a price quote. Call us 
to get it started. Just remember the 
name-Basler. 

Custom PCB 
assemblies 
and power 
supplies­
on time with 
zero defects. 
Tell us 
yourspecs­
we'll design and 
build the power 
supplies, assemblies or controllers 
you need-fast, accurate and at 
surprisingly low cost. 

Our experienced engineering staff 
uses advanced CAD/CAM equip­
ment to design your projects. Our 
state-of-the-art plants produce 
them with zero defects. 

We'l I fabricate a prototype quickly 
and accurately for your test and 
approval. Then deliver to fit your 
schedule-when and where you 
need them. 

You can count on Basler to help 
you turn out a superior product, 
as we al ready do for many 
famous firms. 

Save time and money. Call us today. 

The state of the art in custom components. 

§ .Basler Electric 
Box 269, Route 143, High land IL62249 

Call us at 618-654-2341 
TWX us at 510-100-3841 
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Find our more 
about how we can 

help you. Ask for our 
free Design Ideas 

portfolio today. 



PRODUCT REPORT 

ON CONDUCTIVE EPOXIES 
Conductive epoxies have long been used to 
attach chips to substrates in standard 
DIPs and hybrid ICs. Now they are find­
ing their niche in the emerging world of 
surface mounting. Here their relatively 
low curing temperatures (compared with 
the melting point of solders) can reduce 
the stress placed on extremely sensitive de­
vices. Coincidentally, epoxies are under­
going such key improvements as greater 
shear strength and lower levels of ionic 
contamination. 

Even though the formulations of ep­
oxies for different applications vary radi­
cally, they show similar benefits over sol­
ders and polyimides, the alternative 
attachment materials . The low tempera­
ture needed for their curing gives epoxies 
an edge over solders, and the shorter cur­
ing time, an edge over polyimides. And for 
hybrids, epoxies eliminate a costly and 
time-consuming step, since solders require 
metallization of the ceramic substrate. 
The bonding strength of epoxies, superior 
to that of solders, is roughly equivalent to 
polyimide adhesives, which cost far more. 

Epoxies achieve their combination of 
bonding strength and good electrical con­
ductivity through the addition of silver 
particles. These particles, typically mak­
ing up at least half an epoxy's volume, 
align themselves to form enough con­
ductivity paths to ensure good contact 
(Fig. I) . 

Some researchers have ·explored the use 
of copper or other low-cost materials in­
stead of silver, but their results have large­
ly proved unsatisfactory. One problem is 

Te rry Costlow 

that oxides and other films form on the 
flakes of metal , reducing conductivity. 
Thus only metals with high corrosion 
resistance, such as silver or gold, can be 
used. Of course, after the price of silver fell 
from its highs of the late 1970s, there was 
little economic reason to use other metals. 
(Because of its cost, gold is used only when 
an extremely high degree of reliability is 
called for.) 

The drop in silver prices has also en-

Stronger and cleaner than their pre­
decessors, conductive epoxies compete 
with solder and polymides to carve out 
a niche in surface mounting. 

couraged many DIP manufacturers to use 
conductive epoxies even where non­
conductive adhesives would do, simply to 
avoid the cost and inconvenience of 
switching from one kind to the other 
during the manufacturing process. In the 
past, conductive epoxies had often been 
employed in chips requiring back-face 
conductivity, as well as the normal wire­
bond attachments linking the pads on the 
face of the IC to the lead frame. During 
the 70s, when the price of silver soared, 
many users turned to nonconductive 
epoxies for chips tha t needed no back­
face conductivity. 

Improvements in polyimides, which 
have far fewer of the impurities that can 
cause failures than do epoxies, are pressing 
epoxy makers to improve the performance 
of their materia ls too. A recently devel-
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Focus on conductive epoxies 

Current path 
oped military specification, MIL-A-
87172, sets new criteria for epoxies 
destined for hybrids in military use. 
The specification, which sets guide­
lines for outgassing (emission of cor­
rosive vapors), thermal expansion, 
pot life, resistivity, and many other 
parameters, is also making its ap­
pearance in some industrial require-

e. ments. 
8 The standard demands for ionic 
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contamination and shear strength 
are commanding the most attention 
from epoxy makers . Developed by 
the Rome (N.Y.) Air Development 
Center, the specification aims at 
limiting ionic contamination, which 
leads to corrosion that can weaken 
or even destroy the bonds. Polyimide 
adhesives are cleaner and do not 
emit corrosive vapors, so epoxy 
makers have had to respond swiftly 
to hold on to their market position. 

1. Metal flakes suspended in epoxies render them conductive. But be­
cause these metals tend to oxidize and otherwise film over, they lose 
their conductivity. As a result, silver and other highly corrosion­
resistant metals must be used- despite their cost. 

2. Such companies as Ablestik are improving their adhesives' vis­
cosity so that automated equipment can deposit small spots of ep­
oxy on substrates at very high speeds. The adhesive flows quickly and 
leaves no "stringing" as the deposition head moves on. 
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FAST RESPONSE 

Such companies as Amicon and 
Ablestik, the two largest in the con­
ductive epoxy industry, have been 
quick to come up with adhesives 
meeting the new standard. Like 
most makers, these two offer special 
formulas to meet their customers ' 
demands . 

M IL-A-87172 calls for no more 
than 300 ppm in total of ch loride, so­
dium, and potassium, the ionic im­
purities that cause the most prob­
lems. While epoxies of the previous 
generation sometimes met that level 
- some specially monitored and se­
lected batches even having no more 
than I 00 ppm of these impurities 
- it was not uncommon to find im­
purities up to 400 ppm. But many 
epoxies that have been released over 
the past six months have impurity 
levels consistently as low as 20 ppm 
from batch to batch . Credit for that 
high degree of purity goes to ad­
hesive resins that are specially for­
mulated and processed to eliminate 



salts and other impurities. 
While most problems posed by 

the new standard have been easily 
overcome, shear strength- the force 
needed to break the adhesive bond 
and remove the die from the sub­
strate- has proved one of the more 
difficult parameters to upgrade. Al­
though epoxies generally meet the 
MIL-A-87172 adhesion demands at 
room temperature, some do not yet 
meet the required standard at 
150°C. 

The specification requires epoxies 
to withstand a stress of 6.0 mega­
newtons/m2. Epoxy Technology, 
which developed the first conductive 
epoxy 20 years ago, has already ex­
ceeded the specification . While 
other epoxies go to only 2 MN/m2 

before letting go, its H35-l 75M can 
withstand 7.2 MN/m2. The mate­
rial will hold fast under a pressure of 
more than 4500 lb/in.2 at 200°C . 

While attempting to meet MIL­
A-87 l 72's purity standards, epoxy 
makers have also concerned them­
selves with the demands, in military 
and industrial markets, of smaller 
dice and fast production equipment. 
Both these aspects of a manufactur­
ing process call for an epoxy that can 
be deposited in small spots onto sub­
strates without causing "stringing" 
as the equipment's insertion head 
moves from point to point (Fig. 2) . 

GO WITH THE FLOW 

To enhance the epoxy's flow, 
makers have added solvents that not 
only cut down its viscosity but, by 
evaporating quickly around the edge 
of an application, actually reduce 
the flow, or bleeding, that takes 
place before curing. The new make­
up halts undesired flow, leaving 
more adhesive for the bond and re­
ducing the chance of short circuits 
between tightly spaced inter­
connections. 

This benefit did not come without 

drawbacks at first. Solvents lead to 
outgassing. Though the emissions 
cause no damage during the curing 
process, if they continue after a 
package has been sealed, they can 
damage or destroy interconnections. 
But this problem, too, was overcome 
as soon as it was spotted during tests 
for certification under the new mil­
itary specification. Recently intro­
duced epoxies use either nongassing 

solvents or none at all. 
Cutting out the solvents also cuts 

the number of voids left after the sol­
vent bubbles out of the adhesive 
(Fig. 3, left) . Epoxy Technology's 
H20E has no solvents and so pre­
sents a smooth surface (Fig. 3, 
right). Curing time is not greatly 
altered- it hardens in 5 minutes at 
l 50°C, standard parameters for 
many high-end epoxies . Amicon 

Directory of conductive epoxy makers 
Conductive Viscosity meets 
epoxies for Under 100-ppm automation 

Company surface mounting Ionic purity demands Circle 

Ablestlk Laboratories, 
National Starch and 
Chemical Corp. 

* * 464 833 W. 182 St. 
Gardena, CA 90248 
(213) 532-9341 

Acme Chemicals and 
Insulation Co. 

P.O. Box 1404 

* 465 New Haven, CT 06505 
(203) 562-2171 

Al Technology Inc. 
P.O. Box 3081 

* * 466 Princeton, NJ 08540 
(609) 799-5550 

Amlcon Corp. 
25 Hartwell Ave. 

* * * 467 
Lexington, MA 02173 
(617) 861 -9600 

Bacon Industries Inc. 
192 Pleasant St. 

* 468 
Watertown, MA 02172 
(617) 926-2550 

Chomerlcs Inc. 
77 Dragon Ct. 

* * 469 
Woburn, MA 01888 
(617) 935-4850 

Dynaloy Inc . 
7 Great Meadow La. 

* * * 470 
Hanover, NJ 07936 
(201) 887-9270 

Emerson a 
Cuming Inc. 

869 Washington St. * * * 471 
Canton. MA 02021 
(617) 828-3300 
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Focus on conductive epoxies 

uses solvents that cause only small 
voids. Its epoxy thus provides ade­
quate bonding strength and actually 
generates less stress when bonding a 
large die, since the voids absorb 
some thermal compression and 
therefore act as a sort of built-in 
shock absorber. 

Also among new products from 
Amicon, as well as other makers, are 

the so-called B-stage epoxies, which 
can be attached to a die when it 
comes off the production line. The 
epoxy is then cured to a B stage, in 
which state it is not tacky to the 
touch but will nevertheless reflow 
when the part is applied to a heated 
substrate. The epoxy is then cured in 
the normal way (at about l 50°C for 
the Amicon products) to form a 

Directory of conductive epoxy makers (cont.) 
Conductive Viscosity meets 
epoxies for Under 100-ppm automation 

Campany surface mounting Ionic purity demands Circle 

Epoxy 
Technology Inc. 

14 Fortune Dr. * * 472 
Billerica. MA 01821 
(617) 667-3805 

Formulated Resins Inc. 
P.O. Box 508 

* * * 473 
Greenville. RI 02828 
(401) 949-2060 

Hy sol 
15051 E. Don Julian Rd. 

* * 474 
Industry. CA 91749 
(818) 968-6511 

Micro-Circuits 
Co. Inc. 

Box 518. RR1 * 475 
New Buffalo. Ml 49117 
(616) 469-2727 

Tecknlt 
129 Dermody St. 

* 476 
Cranford. NJ 07016 
(201) 272-5500 

Thermoset Plastics Inc. 
5101 E. 65 St. 

* * 477 
Indianapolis. IN 46220 
(317) 259-4161 

Tra-Con Inc. 
55 North St. 
Medford. MA 02155 * 478 
(617) 391-5550 

Transene Co. Inc. 
Rte. 1 

* * 479 
Rowley. MA 01969 
(617) 948-2501 

Note: This is a representative sampling of manufacturers; it is not meant to be a definitive list. 
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solid bond. These epoxies can re­
main in their B stage for months 
without losing the ability to set per­
manently when heat is applied. 

ON THE SURFACE 

Nonconductive epoxy is no 
stranger to surface mounting, but 
only recently has conductive epoxy 
started to make inroads in this 
emerging technology. Noncon­
ductive epoxies have been in use for 
years, holding components on the pc 
board as it moves through the pro­
duction line. They then evaporate 
when the board goes through the 
soldering process. 

Conductive epoxies, however, 
make the electrical bond between 
the device and the traces on the 
board. Though little likelihood ex­
ists that a circuit board would be 
processed entirely with conductive 
epoxies, the adhesives are well 
suited to components that cannot 
withstand the extreme heat of 
surface-mounting soldering. 

AFTER THE SOLDER 

For these supersensitive devices, 
conductive epoxies can be placed on 
the board after it has gone through 
the solder cycle and the parts have 
been mounted and cured at under 
150°C-a far less strenuous cycle 
than infrared or other solder-reflow 
processes. Although most estimates 
give such special epoxies less than 
l 0% of the total surface-mounting 
market, that segment is enough to 
attract such companies as Transene 
and Amicon. The task of revising 
the adhesive for use on circuit 
boards instead of on DIP or hybrid 
substrates presents few problems; 
even so, few epoxy manufacturers at 
present plan to develop such adhe­
sives. The key change involves opti­
mizing the material for bonding to 
glass-epoxy boards instead of to ce­
ramic or other kinds of substrates 



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 10 to 15ns 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 Transputer T414. 

The IMS2800 from INMOS. Experience 
the speed for yourself. 

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

Part Number Function .l_Maxl .l_MaxJ. .l_MinJ. 

IMS2800-60* Static 32ns 60ns 121ns 

IMS2800-80 Column 43ns 80ns 146ns 

IMS2800-10 Decode 53ns lOOns 176ns 

Column CAS 
Access Access Page Mode 
Time Time Cycle Time 

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

IMS2801-60* 32ns llns 35ns 

IMS2801-80 Enhanced 43ns 13ns 46ns 

IMS2801-10 
Page Mode 

53ns 16ns 56ns 

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

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

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

INMOS, Transputer, . and IMS are 
trademarks of the INMOS Group 
or Companies. 
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Focus on conductive epoxies 

used in DIPs and hybrids. 
Flexible circuit boards are also 

likely candidates for conductive ad­
hesives, since the epoxies can be for­
mulated to flex . Acme Chemicals' 

3026 adhesive can, in applications 
up to 1/ 3 2 in. thick , be bent over a 
1/ 16 in. circular bar without crack­
ing, and even when flexed, it can 
withstand up to 1400 lb/ in. 2

. 

Yet another small niche applica­
tion is in emi / rfi shielding. Tecknit, 
among others, aims its silver-filled 
epoxies at sealing gaskets and joints 
in shielding packages. For instance, 
a waveguide attached to a flanged 
section might be sealed with con­
ductive epoxy to p'revent signals 
from leaking out through what 
would otherwise be an unshielded 
junction. 

3. Voids typically occur when solvents bubble out during curing (left). 
To avoid the problem, Epoxy Technology eliminates solvents from its 
epoxy, which thus affords a smoother bonding surface (right). 

Although this might appear a 
less demanding application, high­
quality epoxies must be used for 
these bonds as well , since the con­
nection must perform well over time 
and pass Federal Communications 
Commission tests . Tecknit' s two­
component material maintains its 
strength at temperatures ranging 
from - 80 ° to +300 ° F . S"hear 
strength is 100 lb/ in .2.D 

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

Lost time is the biggest risk in gate arrays. Now, we 
guarantee you'll know in one day-in silicon-if your 
design works. Because prototypes are the only way to 
know if your whole system works. 

No worry about circuit changes, either. Revised proto­
types are discounted and get the same one day 
turnaround. 

You'll design with industry standard 2µ and 3µ 

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

For details, call 408-773-8484 and ask for Earl Watts. 
Or write him at: Laserpath, 160 Sobrante Way, 
Sunnyvale, CA 94086. 

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

LASERPATH 
ONE DAY GATE ARRAYS · ~ 



InDSPand 
high performance 
arithmetic circuits, 

Logic Devices 
is broadening the 
CMOS spectrum. 

MULTIPLIERS 

Part No. Type Max. Multiply Time (ns) 

LM U08/8U 8 x 8 signed & unsigned 50 

LM U557/558 8 x 8 mixed 60 

LM UI2 12 x 12 65 

LMU13 12 x 12 microprogrammable 65 

LM U16 16x 16 80 

LMU17 16 x 16 microprogrammable 80 

LMUl8 16 x 16 32-bit output 80 

MULTIPLIER-ACCUMULATORS 

Part No. Type Max. Multi-Accum T ime (ns) 

LMAI009 12 x 12 65 

LMAIOlO 16 x 16 90 

LMAI043 16 x 16 90 

PIPELINE REGISTERS 

Part No. Type Max. Access Time (ns) 

L29C520/52 1 4 x8bit 22 

LPR520/2 1 4 x 16 bit 22 

MULTIPORT REGISTER FILES 

Part No. T ype Max. Access Time (ns) 

LRF07 3 independent port, 8 x 8 35 

LRF08 5 independent port, 8 x 8 35 

ARITHMETIC LOGIC UNITS 

Part No. Type Min. Cycle Time (ns) 

L429COI 16-bit slice 90 

L4C381 16-bit adder/subtractor 34 

SPECIAL-FUNCTION CIRCUITS 

Part No. Type Performance 

LSH32 32·bit barrel shifter 35 ns prop. delay 

LIOC23 64·bit digital correlator 35 MHz data rate 

Power(mW) 

40 

70 

100 

100 

125 

125 

150 

Power(mW) 

100 

100 

100 

Power(mW) 

50 

50 

Power(mW) 

40 

60 

Power(mW) 

150 

75 

Power(mW) 

60 

125 

Equivalent 

MPY8HJ, MPY8UHJ 

25S557/8 

MPYl2HJ 

-

MPYl6HJ; AM29516 

AM29517 

-

Equivalent 

TDCI009 

TDCIOIO 

TDC1043 

Equivalent 

AM29520/521 

two AM29520/52 l 

Equivalent 

-

-

Equivalent 

Quad 290 l or 290 ID 

Quad 54/74S381 

Equivalent 

-

T DC 1023J 

No matter where your product falls in the high­
performance end of the design spectrum, Logic Devices has 
you covered. For digital signal processing, graphics, image 
processing, real-time and high-speed computing, our family 
of high performance CMOS building blocks works together 
smoothly. Its clean architectures give you the kind of elegant 
solutions you need. Especially where throughput, physical 
size and cost are the critical issues. 

For openers, start with our full line of multipliers and 
multiplier-accumulators, in a range of precisions and archi­
tectures. Then add 16-bit ALUs and bit-slice processors, and 
special-function devices like barrel shifters and correlators. 
Plus there are FIR filter building blocks and several pipeline 
registers to choose from. Even multi-port scratch pad regis­
ter files with up to five independent ports. All using fast, 
low-power CMOS technology-with fully TTL-compatible 
I/O, of course. 

So if you're looking for higher-performance plug 
compatibles for your bipolar multipliers, MACs and DSP 
components, check with Logic Devices first. We've got 
advanced architectures and price/performance advantages 
that can give your designs a decided competitive edge. 
For full details, call us today toll free at (800) 851-0767; 
in California, (800) 233-2518. Or write: 628 East Evelyn 
Avenue, Sunnyvale, CA 94086; Telex 172387. 

- - ---- ~~-~ - - -- --- -- - -- --- -----~~-~ -----DEVICES INCORPORATED 
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A new force in power semiconductors. 

There's a new name in power semiconductors. 
POWEREX, Inc. 
It's a joining of forces that overnight has created a new leader in the power semi­

conductor industry. 
PO\tv'EREX is a joint venture corporation of Westinghouse, General Electric, and Mitsubishi 

Electric America. It combines their experience ... their people ... their facilities . .. their traditions of 
quality and reliability. 

And, of course, their products ... a broad, growing line of power semiconductors, 
including rectifiers, thyristors, bipolar power transistors, triacs, isolated power modules, and assemblies. 

PO\tv'EREX brings a commitment to the industry to set new standards of excellence in 
products and service. Look for new energy in product development and application support. New 



products with higher switching speeds and improved efficiency. Faster responses to your delivery 
requirements through better inventory utilization and manufac1uring processes. 

POWEREX is a powerful synergy of people, technologies, and resources ... a new force 
in power semiconductors. 

For full information, write POWEREX, Inc., Hillis Street Youngwood, PA 15697. Or call 
POWEREX headquarters at (412) 925-7272. 

CIRCLE 99 

Joint Venture Corporation of Westinghouse, General E/ectrlc, and Mitsubishi. 





Finally, a single-chip controller 
that makes SCSI a standard worth standardizing on. 

A REAL SOLUTION REAL COMPATIBILI1Y 
Introducing the WD33C93, our remark- The \VD33C92/3 is completely SCSI/ANSI 
able new SCSI controller that's a genuine X3T9.2 compatible. So you can standard-

Hard optical Tupe single-chip solution ize on it as either SCSI initiator or target, 
Disk Disk Drive for designers of SCSI and be sure of total compatibility with any 

bus systems. SCSI implementation on the market today 
Now, whether including other SCSI devices, control-

Printer/ D' . . Host you' re designing lers and host adaptors. ;t92 
Plotter 1gmzer Adaptor hard disk systems, REAL ECONOMY \00% ~0"~\D~\\)LE 

Make the WD33C92/3 control- · t 1 tt ' cc1 0 11.-,u:nl 
!er the hackho11e of1 1our SCSI prm ers or p 0 ers, We ve got a proven s ,..Jl. 

•
1J·stem. optical or tape drives, history of putting com-
digitizers, even host adaptors - or adding plex standards into silicon, then driving 
a SCSI bus in a host system - SCSI has those devices down the experience curve 
never been more practical or easier to as fast as the market demands. 
design in. As complex as the WD33C92/3 is, it's 

REAL ESTATE SAVINGS a down-to-earth implementation that 
We've taken a board full of devices and makes SCSI that much more attractive. 
shrunk them into a single-chip solution. Matter of fact, you can just about afford 
The WD33C93 has on-chip high current to design a WD33C92/3 into 
drivers, and supports both synchronous every system you build, as an 
and asynchronous transfers. Or choose extra competitive feature. 

the WD33C92 if you prefer to REALLY HERE. 
add your own differential Count on Western Digital to 
drivers. support your SCSI system 

Either way, four MB per g:;~'!esD~~~~a- requirements at both host and 
second transfer rates, combi- doun cost as we peripheral ends of the cable. 

drive up Junc-
nati On commands that min- tionatity The WD33C92/3 is here 
imize host intervention, today, ready to sample, with 
and a Translate Address high volume production 
command that switches right around the 

from logical to physical address corner. For details, 
make our SCSI controller the highest contact the Western Digital 
performance, space-saving single-chip sales office in your area. 
solution you've been WESTERN DIGITAi. 
1 ki -C CORPORATION 
00 ng 10r. 2445 McCabe Way, Irvine, CA 92714 

Western U.S. (714) 851-1221 Eastern U.S. (612) 835-1003 

CIRCLE 87 

Includes all neces­
smy SCSI logic in a 
CMOS+ 5V 44 pin 
chip carrier or 4 0 
pin DIP 



You 're looking at the avalanche withstand 
capability of a HEXFET - something few 
designers know and appreciate about the 
inherent ruggedness of IR's power MOSFET. 

Fact is, we put every HEXFET we make through 
its own avalanche test before shipment. 
It's just another little secret why HEXFETs 
survive where others fail. 

NUMBER 1 IN 
POWER MOSFETs! 

CIRCLE 101 

And with that extra margin of safety, HEXFETs 
add more value to your system. What's more, 
we're the only major power MOSFET 
manufacturer to specify avalanche capability 
in writing. And because we test every device, 
we can guarantee it. 

It 's one more reason why HEXFETs are today's 
qual ity choice. Call or write us for data. 

International 
I r~~R I Rectifier 
WORLD HEADQUARTERS: 233 KANSAS ST.. EL SEGUNDO. CA 90245. 
US A (213) 772-2000 TWX 910-348·6291. TELEX 472-0403 

EUROPEAN HEADQUARTERS: HURST GREEN. OXTED. SURREY RHB 988, 

ENGLAND TELEPHONE (088 33) 3215 4231 TELEX 95219 



COMPUTERS & PERIPHERALS 

ELECTRONIC DESIGN EXCLUSIVE 

NEW PRODUCTS 

32-bit color workstations 
drop almost 50°/o in price 
without losing performance 

Thirty- two bit workstations with 
color graphics traditionally cost over 
$10,000. A beefed-up version of the 
Commodore Amiga microcomputer 
cuts that price almost in half, yet 
still delivers full 32-bit processing 
and floating-point functions . Devel­
oped by Computer Systems Associ­
ates, the Turbo Amiga is outfitted 
with a plug-in board carrying a 
68020, a 68881 floating-point co­
processor, and an extra 512 kbytes 
of high-speed RAM. The card drops 
into the socket usually filled by the 
standard 68000. A 20-Mbyte hard 
disk is optional. 

These additions complement the 
Amiga's multitasking operating sys­
tem, AmigaDOS, and take advan­
tage of the existing software base. 
All of the 68000 software runs on 
the 68020, which contains a superset 
of the 68000's instruction set. How­
ever, the 68020 brings performance 
advantages to the Amiga, like full 
32-bit addressing and processing 
and a 256-word instruction cache. 

Performance is further upgraded 
because the 68020 is running at 
14 . l MHz, as compared to th.e 
7. I MHz of the Amiga 68000. The 
enhanced microcomputer uses 
120-ns high-speed static RAM to 
match the higher processor speed. 
Further, the card's PAL-based in­
terface handles the differences in 
the processor bus cycles. Since the 

Ray Weiss 

68020 can execute the 68000's code, 
it can interface with the Amiga 's 
memory. Also, the 32-bit processor 
has dynamic bus sizing, enabling it 
to access the Amiga 16-bit bus. 

Overall performance of the Turbo 
Amiga is at least an order of mag­
nitude greater than that of a PC AT 
for computationally intensive pro­
cessing. The Turbo speedups and 
the full 32-bit processor help. Addi­
tionally, the Amiga 's special VLSI 
coprocessors relieve the CPU of 
graphics and peripheral control. 

Some of the software running on 
the Amiga already supports the 
floating-point processor, including 
an optimizing macroassembler , a 
Fortran 77 compiler, and a C com­
piler. More speed is gained by con­
figuring portions of the operating 
system to use the coprocessor 
board's high-speed memory space. 

In addition , CSA is developing an 

expansion box to hold up to eight 
extra cards. A card version of the 
68020 processor a nd memory set 
will also be built. It will reside in the 
expansion box with a cable connec­
tion to the 68000 socket. 

A Turbo Amiga, with a 68020, a 
68881 floating-point processor, 1 
Mbyte of memory, a color monitor, 
and an 800-kbyte floppy costs 
$5,500. An optional 20-Mbyte hard 
disk costs $1500. The expansion box 
will be priced at $495. The Turbo 
Amiga has been placed on the GSA 
purchasing schedule, which means 
that government or government­
related projects can directly pur­
chase the workstation without com­
petitive bidding. 

Computer Systems Associates 
Inc., 7564 Trade St ., San Diego, 
CA 92121 ; Patricia Chouinard, 
(7 14)566-3911 . 
CIRCLE 313 
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T E SWITCH IS ON TO EECO 
LLY SEALED SWITCHES 

ONLY EECO OFFERS 
THE WHOLE PCB FAMILY ~f'\) 

S mall wonder they're causing a splash. EECO 
binary coded switches for PC boards come to 

you fully sealed-top and bottom-so you can 
mount them right along with your other compo­
nents, then solder and clean your entire board 
with complete confidence. No more expensive 
post-process installation. 

MICRO-DIP® EECO's submlnlature rotary DIP 
switch measures an incredible .190 inch high and 
.380 inch square maximum-an ideal data entry 
device for address encoding or logic line bussing. 
STRIPSWITCH® Designed for easy use, EECO's 
low proflle PCB-mounted rotary thumbwheel 
allows you to set or change binary code positions 
easily with your thumb or through a molded-in 
screwdriver slot. 
MINl·DIP® Here 's the perfect solution for severe 
industrial or environmental app/ications-EECO's 
rocker actuated DIP switch with its plastic pro­
cess or exclusive permanent seal. 

Only EECO offers you such a wide choice of 
ealed PCB switches. Let us steer you toward the 

model that best meets your needs. Or work with 

ff 

yo~ o:;: de&gns. custom-railor~ t~ 
applications. 
Llfetlme Warranty. We 're so sure our PCB family 
will withstand the big plunge, we warranty these 
switches to be free from defects in both material 
and workmanship for life. And, with engineering 
and production facilities in the United States and 
the United Kingdom , you can be sure of on-the­
spot technical assistance. Distribution is world­
wide, making EECO as near as a local phone call . 

Phone or write for our new 32-page PCB Switch 
Catalog and the location of the EECO contact 
nearest you. 

EECO Incorporated, 1601 E. Chestnut A venue 
P.O. Box 659, Santa Ana, CA 92702-0659. 
Phone: (714) 835-6000, TWX 910-595-1550 
Telex 67-8420 

EECO Limited, Trafalgar Way, Bar Hill, 
Cambridge CB3 8SQ, England 
Phone: Crafts Hill (0954) 80257, Telex 817303 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

Backup drive boasts reliability 

A simpler, more reliable design dis­
tinguishes the I480 high-perform­
ance cartridge tape drive from its 
more established counterpart, the 
IBM 3480. Indeed, the 1480 is the 
first plug-compatible unit to match 
the defacto standard of the 3480 for 
0.5-in . magnetic tape drives. The 
recording format and tape cartridge 
are also compatible with those em­
ployed by IBM . 

In all, the 1480 contains 15 % 
fewer mechanical parts than the 
3480. Its mean time between fai l­
ures (MTBF) is greater than 10,000 
hours and mean time to repair 
(MTTR) is less than 0.5 hours. Un­
like its predecessor, the unit has sep-

Thermal printer 
produces 64 shades 

Combining economy a nd ease of 
use, the TP-115 thermal video 
printer provides high-quality hard 
copy from both interlaced and non­
interlaced monochrome monitors . 
It prints a minimum of 32 shades of 
gray with standard paper a nd up to 
64 shades with synthetic paper. 
The cost per copy is far lower than 
instant film or dry silver processes. 
A 6.5-by-8.5-in . print is produced 
in 40 seconds. 

Test & Measurem ent Systems 
inc., 349 Cobalt Way, Suite 301, 
Sunnyvale, CA 940 8 6; (408 ) 
720-8877. $5350; 30days. 
CIRCLE 314 
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arate power and air supplies for each 
of its two drive mechanisms . Con­
sequently, the failure of one pump 
only disables a single drive . In con­
trast , the 3480 has one air pump 
and power system for both mech­
anisms. 

Although the frame of the I480 
matches the size of the 3480, the ac­
t u a I drive mech a nism is 75 % 
smaller. In fact, it a ll but fits the 
form factor of an 8-in. floppy disk 
drive, being slightly longer. In addi­
tion, the new unit features a display 
that is about 25% larger than that on 
the 3480. Further, the unit has a 
keypad that lets a user take the drive 
offline to isolate and repair prob-

• Output swings from + 35 to 
- 35V or + 70 to - 70V 

• Up to 5 amps 
• Constant E, I operation 
• .03% line and load regulation 

!ems without interrupting the rest of 
the system. 

With fewer parts and comparable 
reliability, the 1480 lets OEM and 
plug compatible manufacturers 
maintain the usual 15% to 20% price 
advantage over their major com­
petitor. Evaluation units will be 
available in July, to be followed by 
volume production . Once produc­
tion begins, the 1480 will cost from 
a bout $26,000 to $28,000 in single 
unit quantities . Delivery time is ex­
pected to be 12 weeks. 

Aspen Peripherals Corp., 1860 
Lefthand Cir . , Longmont, CO 
80501; (303) 678-0808. 
CIRCLE 312 

• Programmable DC power 
amplifier. 

• DC - 30KHz; < 0.3% 
distortion 

• POW Series available from stock 

(800J 421-5334 C3 KIK. #2 in lab supplies 
Subsidiary ol Kikusui Eleclrorilca Corp 17819 S. Figueroa St .. Gardena, CA 90248 

(213) 515-6432 
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It's easy to switch eight DC to 
500Mhz inputs to any of eight 
outputs with our Model 4108 
wide-band coaxial relay matrix 
shown at the left. This miniatur­
ized matrix is completely self­
contained, requiring only TTL 
control signals and DC power. 
For larger systems, our Model 
4076 can switch 64 signal 
sources to any of eight outputs 
under IEEE-488 control with a 
bandwidth of DC-300Mhz by 
packaging up to eight 4108 
modules in a compact cabinet. 
These miniaturized extremely 
wide-band matrices are perfect 

111111••••• . . . 

for Automatic Test Equipment 
(ATE) where fast rise time, wide 
bandwidth data from the unit 
under test must be connected 
to any array of test equipment, 
or in telecommunications where 
wideband data rates must be 
connected between modems, 
transceivers or satellite uplink/ 
downlink terminals. 

•M~!!I! 
5177 NORTH DOUGLAS FIR ROAD 
CALABASAS, CALIFORNIA 91302 
(818) 992-6776 • TWX 910-494-4975 

CIRCLE 104 

Experience-We Have It 
No matter what kind of high fre­
quency switching system you're 
buying, it pays to deal with a 
company who really understands 
the business. Matrix does. Wfive 
been designing state-of-the-art 
reed relay and semiconductor 
switching matrices for over 17 
years-to the toughest electri­
cal and packaging specs imagi­
nable. Our customers include 
government agencies, defense 
contractors, the TV industry, 
ATE and telecommunications 
companies and more. So deal 
with the leader and be sure. 



COMPUTERS & PERIPHERALS 

Terminals provide 
text and graphics 

Two color graphic terminals, the 
MX6000 and MX8000, offer users 
a choice of either 640-by-480- or 
1024-by-780-pixel resolution, re­
spectively, on their 19-in. screens. 
Both are software-compatible with 
Tektronix 4107, 4010, and 4014 ter­
minals in the graphics mode, as well 
as with DEC VT220 and VTl 00 
systems in the alphanumeric mode. 
Other features include a 132-
column text mode, 256,000 color 
palette, horizontal and vertical pan, 
and hardware zoom. 

Pericom Inc., 51 Digital Dr. , 
Novato, CA 94947; (415 ) 382-
8800. $6995 (MX6000) and $8995 
(MS8000). 
CIRCLE 315 

Data-transfer unit 
links to IBM PC 

The Easi-Disk 5 1/4-in. floppy-disk 
drive system provides a means of 
transferring data between an IBM 
PC and a noncompatible computer. 
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NEW PRODUCTS 

Suitable for such applications as 
field data acquisition, the portable 
unit formats data from the RS-232-
C port of a noncompatible system 
into PC-compatible disk format. It 
has a storage capacity of 360 kbytes. 

Analog & Digital Peripherals 
Inc ., 815 Diana Dr ., Troy, OH 
4537 3; (5 13) 339-2241. $1095. 
CIRCLE 316 

Page scanner snares 
written information 

A compact page scanner auto­
matically transfers information 
from paper into an 1 BM PC or 
compatible personal computer. 
The PC Scan unit comes with Text 
Pac, a character-recognition soft-

• Plus and minus 0-20V @ 
1 amp 

• 0-6V@ 3 amps 
• Tracking outputs can be 

offset 

ware package that allows users to 
quickly enter text into popular 
word-processing programs. The 
system is 4 by 11 .5 by 16 in. and 
can fit under a small di sk drive , 
printer, or terminal. The unit auto­
matically scans one sheet at a time. 
Pages placed right-side up emerge 
face down to maintain the correct 
sequence for multi page documents. 
An automatic video threshold fea­
ture adjusts the scanning contrast 
to accommodate varying paper col­
ors . The scanner accepts paper 
weights from 16 to 30 lbs and sizes 
from 6 by 6 in. to 81/2 by 14 in. 

DEST Corp. 1201 Cadillac Ct. , 
Milpitas , CA 95035; (408 ) 
946-7100. $1995 (PC Scan); $595 
(Text Pac); 30 days . 
CIRCLE 317 

• High resolution, 10 turn 
control 

• Constant E, I operation 
• PWC Series available from 

stock 

(800J 421-5334 '3 KIK' #2 in lab supplies 
Subsidiary ol Klku1ui Electronics Corp. 17819 S. Figueroa St., Gardena, CA 90248 

(213) 515-6432 

CIRCLE 105 



COMPUTERS & PERIPHERALS 

Fledgling PC 
is portable 

The newest member of the I BM 
family of personal computers, the 
portable PC Convertible offers a 
host of functions for less than $2000. 
Based on an 80C88 microprocessor, 
the computer has 256 kbytes of 
internal memory and dual 3 1/2-in. 
disk drives, each with a capacity of 
720 kbytes. Data is displayed on an 

NEW PRODUCTS 

80-column-by-25- line detachable 
LCD, which may be replaced with a 
monochrome monitor for desktop 
use. Also included a re a ba ttery 
pack and an ac adapter, which can 
run the system while simulta neously 
recharging the battery pack. 

IBM Corp., Entry Systems Di­
vision, P . O. B ox 1328, B oca 
Raton, FL 33432; (305) 982-3474. 
$ 1995. 
CIRCLE 318 

Graphic subsystem 
works with PC 

Designed for the IBM fa mily of per­
so n a l computers, the Viking l 
graphic subsystem enables users to 
run both high-resolution 1280-by-
960-pixel graphics a nd 128-char-

LOW COST TERMINALS 

The TransTerm® family of data terminals has the following common features : 
• .5x7 Dot Matrix A/N LCD Display (upper and lower case) •Membrane Keyboard 
with audible key-click and embossed overlay • Standard RS-232 Serial ASCII Com­
munications • Keyboard accessed setup features • Eight Baud Rates• Program­
mable function keys • Powered by Wall Plug-in Transformer (12 Vac) or external 
DC between 8: 16 Volts • Low Pow.er Consumption (less than 7.5 Watts) • Optional 
Networking with RS422 1/0 • Optional Bar Code Wand input (Code 39) • Optional 
display backlight (5 & 6) 

TMN5Ti!iVD. l TMN5Ti!iVD. 5 
Two line 80 character display Two line 24 character display 
48 line buffer memory Unit price $249 . 
QWERTY KBD w/edit functions 
NiCd battery powered w/charger 
Optional Printer/Plotter 

TMN5Ti!iVD. b 

NEW! -

acter-by-60-row text. The system 
comprises a 19-in. monochrome 
monitor and controller card that re­
sides in a single expansion slot in the 
computer. Based on the Hitachi 
HD63484 advanced CRT control­
ler, the Viking l provides high-speed 
data exchange with the PC bus. 

Moniterm Co rp ., 5740 Green 
Ci rcl e Dr., Minnetonka , MN 
55343; (6 12) 935-;4151 . $2195. 
CIRCLE 319 

TeleP-hone 
CouP-ling __ ----41 

Transfonners 
VERY LOW 
PROFILE 

ONLY 112" MAX. HT. 
HANDLES 90 mA 
DC LOOP CURRENTS I 

Complies with FCC Part 68 
For 300/ 1200/2400 BPS Modems 
Molded-In PC Pins 

Optional 300 baud modem/coupler 
Unit price $499 . 

TMN5Ti!iVD. L. 

Two line 40 character display 
Unit price $299 . 

TMN5Ti!iVD. ? 
ATTRACTIVE QUANTITY PRICING 

Immediate Delivery from Distributors 

Eight line 40 character display 
50 line buffer memory 
6 x 4 Numeric/function keypad 
Unit price $7 49 . 

Battery Powered 
56K Buffer memory 
Programmable prompting 
Clock/calendar time stamping 
Unit price $399 . 

LClillPUTi!'1ti17'l5~. INC. 
302 N. Winchester• Olathe , KS 66062 • (913) 829-0600 •TELEX 705337 

CIRCLE 106 

Request Engineering Application 
Bulletin F232 on Letterhead 

CIRCLE 107 



COMMUNICATIONS 

Multiplexer handles 
up to 128 lines 

A distributed multiplexer system 
connects up to 128 users to Micro­
VAX II, VAX , and PDP-I I com­
puters via a single composite link. 
Each Muxmaster desktop cluster 
controller can be configured for 8 or 
16 users. Controllers are then con­
nected to the Muxmaster host inter­
face board, which supports up to 
128 lines, via a twisted-pair cable. 
This single cable can extend up to 
2000 ft from the host and permits 
communication at speeds of I 
Mbit/s and terminal data rates to 
38.4 kbaud. 

Able Computer, 3080 Airway 
Ave ., Costa Mesa, CA 92626; 
(714) 979-7030. $3000 for the first 
16-/ine cluster system. 
CIRCLE 320 

Device links 
RS-232, RS-485 

An interface converter allows RS-
232-C computers to access a local 
area network based on the RS-
485 interface standard. The Model 
66 transfers data at rates of up to 
38,400 bits/s over a single twisted­
pair wire. Transmission and recep­
tion of data to and from the network 
is programmable using DIP 
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switches and the RS-232 control sig­
nals RTS (Request to Send) and 
CTS (Clear to Send). The unit is 
supplied with a wall-mounted trans­
former and 8 ft line cord. 

Te/eby te Technology Inc ., 270 
E. Pulaski Rd., Green/awn, NY 
11740; (800) 835-3298 or (516) 
423-3232. $91 (JOO units); stock. 
CIRCLE 321 

Laser modulator has 
7-MHz bandwidth 

A light modulator driver, desig­
nated the 0 E M-40-V -7, com bin es 
the features of an acousto-optic 
modulator cell and its associated rf 
drive electronics into a single com­
pact package. The unit is 2.7 by 2 by 
I in. and is designed primarily for 

• Alternate Time Base 
• Simultaneous Trigger View 
• 2 ns/div, Max Sweep 

compact laser systems where space 
is limited. It has a modulation band­
width of 7 MHz and can be used to 
modulate 400-to- 700-nm lasers 
with light power densities of up to 
5000 W /cm2 continuous wave. 

Andersen laboratories Inc ., 
1280 Blue Hills Ave., Bloomfield, 
CT06002; (203) 242-0761 . 
CIRCLE 322 

• Multimode Display 
• P-P Auto Trigger 
• Nationwide Sales and Service 

(800J 421-5334 f3 KIK" #3 in scope sales 

Subsidiary ol Klku.ul a.ctronlcs Corp. 

CIRCLE 108 

17819 S. Figueroa St., Gardena, CA 90248 
(213) 515-6432 
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ELECTRONIC DESIGN EXCLUSIVE 

VMEbus board for SCSI 
maintains 20°10 to 30°10 faster 
data transfer rates 
Processing commands at the same 
time that it transfers data between 
VMEbus hosts and an SCSI inter­
face, a processor board sustains data 
throughput rates that are some 20% 
to 30% higher than those of other in­
telligent SCSI boards. Plessey ' s 
PME SCSI- I is a double-height 
Eurocard that deals with up to 16 
concurrent tasks and connects to 
Winchester, floppy, and optical 
disks, as well as to streaming-tape 
drives. 

The board accepts 32-bit data 
and addresses. It is controlled by a 
68008 processor with 8 kbytes of 
EPROM for programs and an addi­
tional 2 kbytes of scratchpad mem­
ory. The 68008 manages the board's 
68430 DMA controller, an NCR 
5380 SCSI interface chip, and a 
2-kbyte 32-bit-wide FIFO that 
holds data traveling between the 
VMEbus and SCSI interface. In 
parallel with the Fl FO is a 128-byte 
dual-port RAM that holds com­
mands from processors on the 
VMEbus for up to 16 I/ O tasks. 

A local bus allows the board's 
processor to get the SCSI chip ready 
for the next data transfer at the 
same time that the current data is 
being shipped out. That means that 
the board maintains a transfer rate 
of 1.5 Mbytes / s- the maximum 
that the SCSI interface will allow . 
Other cards can only reach this rate 

Mitch Beedie 
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briefly; as soon as their on-board 
memory is exhausted , they must 
take time out to set up the next data 
transfer. 

To transmit information across 
Plessey's board, a host simply places 
a command parameter block (CPB) 
in the VMEbus' global memory and 
notifies the processor board . The 
CPB includes the standard SCSI 
command block, the base address 
and length of the data block to be 
transferred , and the address mod­
ifier code. The parameter block also 
contains one of seven optional inter­
rupt levels and is transferred to the 
processor board ' s RAM by the 
DMA controller. 

The same controller serves an­
other purpose, reading the data into 
the FIFO and transferring it across 
to the SCSI IC and then on to the 
mass storage device. When the com-

mand is completed, status and SCSI 
sense information are returned to 
the CPB in the board's RAM, and 
the board either generates a soft­
ware-selectable VMEbus interrupt 
or is polled by the host. 

The board consumes roughly 5 A 
from its 5-V supply. It costs $1660, 
and full production is expected by 
June. A lower-cost version, with a 
16-bit-wide FIFO, is also planned 
for later in the year. Unix and Ver­
sados drivers are available. 

P/essey Microsystems , One 
Blue Hill Plaza, Pearl River, NY 
10965; (914) 735-4661; Twx: (710) 
541-1512. 
CIRCLE 306 

Plessey Microsy stems, Wood 
Burcote Way, Towcester, North­
ants. NN/2 7JN, Eng/and;(+44) 
327 50312. 
CIRCLE 307 



THE DJ FLOPPY DISK DRIVE ANALYZER 

THE TOUGHEST 
TEST DRIVE A 

_______ DISK DRIVE 
CAii TAKE. 

Finally, a disk drive analyzer anyone can use. The new 
Disk jockey Floppy Disk Analyzer illustrates a wide range of 
test results through easy-to-understand, real-time graphics. 

Simple enough for novices. 
With only three front panel controls to worry about, 

even relatively untrained operators can run a host of delicate 
tests: radial head alignment, index pulse timing, rotation 
speed, and many more. All graphically displayed. All easily set 
up and quickly implemented. 

Versatile enough for demanding engineers. 
Though easy-to-use and understand, the Disk jockey is also 

hi gh ly sophisticated. With the convenient plug-in EEPROM 
cartridge feature, you can program test sequences and specifi­
cations. Engineering displays show amplitudes, timing, lobe 
ratios , and reacl/write errors. And with the unique window 
margin analysis, you can receive invaluable insight into a 
drive's long term reliability. Finally, punch out a hard copy 
reference and store your drive parameters and test specifica­
tions in memo1y for fast retrieval. Anytime you need them. 

Get the whole picture today. 
The tough, innovative new Disk jockey from Nicolet. Your 

picture-perfect so lution to complex disk drive testing and 
adjustment. For more information , write Nico let Oscilloscope 
Division, 5225 Verona Rd. , Madison , WI 537 11. Or call 
6081273-5008. 

~ Nicolet 
FOR MORE INFORMATION CIRCLE 109 
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Microcontrol ler cuts design time 

An 8051-based microcontroller 
comes preprogrammed for use as a 
general-purpose terminal controller. 
The first device of its kind, Ml W's 
MIW-F-x5 l incorporates subrou­
tines for managing a printer, a dis­
play, serial 1/0, and a keyboard . 
The chip can cut design time by a 
factor of five over conventional mi­
crocontrollers: A user merely adds 
his parameters in EPROM or RAM 
to customize the device to an appli­
cation. The controller is suited to 
instrumentation and laboratory 
equipment, as well as to any setup 
that does not justify generating a 
complete, customized program. 

The user programs the chip with 

the standard 8051 instruction set; 
other software routines are held in 
4 kbytes of internal ROM. A table 
holds the default initialization val­
ues that are given to the keyboard, 
display, and other peripherals. The 
table can be modified by placing it 
in user-added RAM . Temporary 
values (for example the current 
screen line and column number) are 
held in registers. A series of flags 
show the internal state of the con­
troller. 

The IC controls a variety of dis­
plays, including CR Ts (showing a 
maximum of sixteen 40-character 
lines), as well as LEDs and LCDs 
and works with 128-key keyboards. 

Serial communications (which can 
be 8 or 9 bits) are passed through 
two Fl FO buffers . An internal 
printer controller drives a printer 
with a 7- or 8-dot head, which 
writes in both directions and 
creates up to 255 columns per line. 
The chip also carries an internal 
7-by-5 character generator. 

In quantities of 1000 or more, the 
device costs FF.198. An evaluation 
kit costs FF.1500. The controller 
comes in HMOS (MIW-F-H5Fl) 
and CH MOS (MIW-F-C51) . 

MIW SA, 34 rue du General 
Brunet, 7 5019 Paris, France; 
(+33) 142009975. 
CIRCLE 308 

ITI PROCESSES IMAGES FAS 
In machine vision image processing systems, 1fase used to 

mean 1/30 of a second - one video frame time. But there1s a 
new name for fast image processing: Series 150. 

Faster than Real T ime. 
Designed for VMEbus computers the unique area­

of-inrerest capabilities of the Series i50 modules let you 
process image subregions at 10 MHz. That means 
you can define an area of interest within the image, 

and process it many times in one RS-170 video frame . 

The Series 150 also gives you 512x512 spatial res­
olution, plus three separate areas of frame memory 
on a single board: one 16 bits deep and two 8 bits 
deep . You can perform full-frame 4x4 convolutions 
in real time - the equivalent of 340 MOPS. And its 
open architecture lets you cascade memory and 
processing modules into a pipeline of any length, 
so you can build the ideal image processing engine 
for your needs . 
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Analyzer sports 115 state channels 

Software switching gives Philips ' 
PM 3570 logic analyzer a total of 
115 state channels- a number sur­
passed only by instruments costing 
twice as much. The instrument fea­
tures 83 state analysis channels and 
32 timing analysis channels. The 
latter 100-M Hz channels can be 
reconfigured as state channels. Fur­
ther, the number of channels can be 
traded off against speed, allowing 
the instrument to catch glitches 
right down to 5 ns (using 8 channels 
at 400 MHz) . 

The analyzer works with 16- and 
32-bit processors . Its so-called 
Combi mode allows the state and 
timing sections to trigger each other, 
and a time-correlated mode enables 

the timing analyzer to run synchro­
nously with the state section, simul­
taneously displaying state and tim­
ing data . Also, transitioral timing 
stores changing data; thus the in­
strument can catch glitches that ar­
rive seconds apart. 

The analyzer accepts a maximum 
input of ± 50 V and has a minimum 
sensitivity of 250 mY. The data in­
put has a 12-ns setup time, and a 
0-ns hold time . To simplify the 
user's task, settings and data from 
the last working session are stored in 
nonvolatile memory. 

Another version of the logic ana­
lyzer, the PM 3565, is geared to 
8-bit microprocessor systems. This 
version features up to 59 state chan-

nels, sixteen of which can serve as 
50-MHz timing channels. The tim­
ing channels also can be configured 
as four 300-MHz channels . The 
8-bit instrument can be upgraded 
into the PM 3570 . Performance 
analysis comes as standard on both 
models. Prices start at roughly Htl. 
25,000. 

Philips Test and Measurement 
Department Inc .. 85 M cKee Dr .. 
Mahwah , NJ 07430; (201 ) 529-
3800. 
CIRCLE 309 

Philips!&£, P.O. Box 523, 
5600 AM Eindhoven, The Nether­
lands; ( + 31 ) 40 7 57005; Telex: 
5157 3. 
CIRCLE 310 

TER THAN YOU CAN BLINK. 
IBM™ PC AT DeveloRment System. 

Our packaged Series 151 subsystem uses the 
150 modules and a proprietary IBM PC AT­
to-VMEbus interface. OEM's get a powerful 
development environment; VAR\ system 
integrators, and end users, a high perform­
ance workstation to support alI kinds of 
image processing applications. 

Both the Series 150 and 151 come with 
complete software subroutine libraries. 

Both employ advanced gate array technology that we 
developed. And both defiver the performance that's 
made IT! the world leader in image processing modules 
and subsystems. 

Whether your machine vision system is designed to 
assemble autos or inspect printed circuit boards, we can 

-----;:~ help make it faster. And you' ll look better in everyone's 

eyes . SEE IT WITH ITI. 
Imaging Technology lncorporau:d, 600 Wesr Cummings Park 

Woburn , MA 01801 1.800.532.3500 (617.938.8444 in MA) Telex 948263 

CIRCLE 110 FOR SERIES 150 
CIRCLE 111 FOR SERIES 151 

IMAGN 
IMAGING 
IMAGING 
IMAGING 
IMAGING 
Technology Inc. 



Modular DA system 
has 16,000 inputs 

A transient recording and data ac­
quisition system provides up to 
16,000 analog or digit a l input 
channels. The BE256-400 links to 
an IBM PC or HP-200-series com­
puter a nd has channels with 8-, 
12-, and 16-bit reso lution . Each 
channel has maximum sampling 
frequencies between 20 kHz and 
I MHz and a memory size between 
8 and 64 kbytes . There is an IEEE-
488 link; optional are a 16-bit par­
allel (TTL-level) port , and a 9.6 
kbits / s RS-232 interface. Soft­
ware for the computers allows both 
the waveform and mathematical 
functions to be shown graphically. 
A variety of triggering options suit 
transient recording . The system 
comes rack-mounted or stands 
alone. A 4-channel system costs be­
tween £4000and£12,000, de­
pending on configuration. 

Thorn EM! Datatech Ltd., Spur 
Rd. , Feltham, Mddx. TW/4 OTD, 
England; (+ 44 ) 1-890 1477; 
Telex: 23995. 
CIRCLE 323 

Resistors have 
15-n pull forces 

A family of tough surface-mount­
ed 1206-size chip resistors trebles 
the conventional pull-force from 5 
to 15. The DC2 thick-film resistors 
are rated at 0.2 W at 40 °C, der­
ating linearly to 0 Wat 125 °C. The 
devices come in a variety of stan­
dard resistance ranges: E 12, E24, 
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and E48, covering values from 1 Q 
to 10 MQ a nd with tolerances of 
± 10%, 5%, 2% and I% (depending 
on the range). The resistors work 
between - 55 ° and 125 °C; the 
resistance element is protected be­
neath a thick glass coating. 

Steatite Group, Hagley House, 
Hagley Rd ., Birmingham B/6 
8QW, England; (+ 44 ) 21-454 
6961. 
CIRCLE 324 

System heeds 
500 voice orders 

A voice-recognition system for the 
IBM PC or AT accepts complete 
sentences and does not need long 
pauses between words or com­
mands . The system recognizes 
some 500 commands; it consists of 
an IBM card, menu-driven soft­
ware, and a microphone . Com­
bined with a voice response system, 
it allows an operator to work the 
computer remotely, neither need­
ing to touch the keyboard nor look 
at the screen. The voice recognition 
processing is done using the PC's 
microprocessor in a time-share ar­
chitecture. The microprocessor 
converts the recognized words into 
keystrokes, as if they were entered 
through the keyboard. To train the 
system to a particular voice, the 
user speaks words and commands 
and enters the corresponding series 
of keystrokes . Each series may 
represent 10 or more keystrokes . 

The system costs between $1000 
and $3000, depending largely on 
the application software that is 
needed . 

Comsys International BV. , Win­
thontlaan 4, 3526 KV Utrecht, The 
Netherlands; ( + 31) 30-89 19 81; 
Telex: 70461. 
C IRCLE 325 

Development system 
runs under P-DOS 

A multiuser YMEbusdevelopment 
system uses the P-DOS real-time 
operating sys tem with a flexible 
real-time kernel. Besides software 
development , the miniFORCE 2 
system suits real-time process con­
trol , signal processing, and factory 
automation. The system has a 
processor board with a 68000 pro­
cessor running at IO, 12.5,or 16.7 
MHz and has between two and 
seven multi-protocol RS-232 lines 
with speeds of up to 19 .2 kbits /s. 
Main memory stretches from 512 
kbytes to 2 Mbytes. A Winchester 
provides 25 or 51 Mbytes and a 
5.25-in. floppy disk provides 1 
Mbyte. The card cages have up to 
six free slots . Depending on the 
configuration, prices range from 
DM 25,000 to DM 30,000. 

Force Computers Inc., 727 Uni­
versity Ave., Los Gatos CA 95030; 
(408) 354-3410; Telex: 172465. 
CIRCLE 326 

Force Computers GmbH, Daim­
lerstrasse 9, D-8012 Ottobrunn, 
West Germany; ( +49) 89 600910; 
Telex: 524 190 FORC-D. 
C IRCLE 327 



2.5-V reference 
works at 60 µA 

Working with currents right down 
to 60 µA, a voltage-reference !C's 
nominal 2.5-V output is accurate 
to within ± 2%. The internally 
compensated REF25Z requires a 
single resistor for operation from a 
de supply . The temperature coeffi­
cient is typically 35 ppm j°C for 
temperatures between 0 ° and 
70°C. The device comes in a T0-
92 plastic or T0-18 metal can. The 
low operating current suits the IC 
for battery-operated equipment. 

Ferranti Electronics Ltd . , 
Fields New Rd., Chadderton, Old­
ham, lanes. Ol9 BNP, England; 
( +44) 61624 0515. 
CIRCLE 328 

CCD camera works 
at up to 20 MHz 

' .·.······ ··.~ J 

Resolutions of 512, I 024 and 2048 
elements per line can be achieved 
with a range of line-scan CCD cam­
eras. The Ca- I camera is compati­
ble with the Fairchild CCD 1000 se­
ries and suits process control and 
robotics systems. Ba lanced differen­
tial clock and scan signals allow in­
d i vid ua l ly screened twisted pair 
cores to be used at distances of up to 
150 m. Internal regulators and fil­
ters provide noise immunity for the 
bias-voltage inputs, while separate 
force and sense lines allow the sup­
ply voltages and ground potentials to 
be controlled at the end of long ca­
bles. Two TDM analog video out­
puts, together with the supply, tim-

INTERNATIONAL 

ing, and control signals are available 
from a 25-way Canon ' D' connector. 
The camera operates from + 5 and 
+ 15-V de supplies . Together with a 
Series-800 processor , a 24-line 
80-column display, and a miniature 
printer , the camera forms a com­
plete computer imaging system for 
under £3 ,000. 

T.A . Designs ltd., Station Rd., 
Industrial Estate, Maiden New­
ton, Dorset DT2 OAE, England; 
(+44)300-20719, 
CIRCLE 329 

110 card handles 
a-d conversions 

A multifunction IBM PC card of­
fers twelve, 12-bit analog-input and 
24 digital 1/ 0 channels. The three 
8-bit digital 1/ 0 ports are program­
mable as either inputs or outputs, 
with one of them generating strobe 
and handshaking. The 12 analog-to­
digital channels work between 0 and 
5 V and can all be driven simul ta­
neously . A clock and calendar can 
count tenths of seconds and also 
track leap years; the battery-backed 
clock can generate interrupts, thus 
performing real-time control. Indus­
trial signals can be interfaced and 
buffered by using a patch area on 
the card. A 37-way "D" interface 
socket is standard. 

Xcalibur Computers Ltd., 
Spencer House, 3 Spencer Parade, 
Northampton NN l 5AB, Eng­
land; (+ 44) 604-21051 /4; Telex: 
31612. 
CIRCLE 330 

8-bit ADC has 
flexible interfacing 

An 8-bit analog-to-digital converter 
reads and puts out data in either 
serial or parallel form for easy inter­
facing to 8-bit buses. The U 3009 M 
successive-approximation converter 
has a typical clock frequency of I 00 
kHz. It has a 4-channel input multi­
plexer, sample-and-hold circuits, 
and an 8-bit output register . The 
converter accepts analog voltages up 
to 5 V, and gives outputs with one of 
three accuracies: ± 0.4%, ± 0.8%, 
and ± 1.6%. The differential linear­
ity is ± 0.2%, and the integral lin­
earity is below 0.3%. The IC comes 
in a 28-pin plastic DIP. 

Telefunken Electronic GmbH, 
Obere Kanalstr. 24. D-8500 Nurn­
berg 80, West Germany; ( +49) 
7131882230. 
CIRCLE 33 1 

FEY probe covers 
100 kHz to 1.25 GHz 

The 2388 FET active probe elimi­
nates the voltage dividers that nor­
ma lly clip onto spectrum analyzers 
to vary attenuation. The probe 
works between frequencies of 
I 00 kHz and 1.25 GHz and incor­
porates a rotating barrel attenu­
ator with a micrometer-type scale 
that can vary attenuation level s 
over 40 dB. In addition to spectrum 
analyzers, the probe connects to rf 
test equipment such as modulation 
and frequency meters and radio 
test sets . The unit 's power can be 
supplied from the front panel of the 
host instrument or from an op­
tional power supply. 

Marconi Instrument s ltd., 
longacres, St . Albans, Herts . Al4 
OJN, England; ( +44) 727 59292; 
Telex: 297221. 
CIRCLE 332 
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Solutions you can touch 

CIRCLE 112 

er 
When Foxboro, Taylor Instrument, 

Honeywell , and Abbott Laboratories had 
special requirements for their instrumen­
tation products, they came to Carroll Touch 
for a solution. 

Carroll Touch offers a line of low-cost 
infrared touch systems that makes user 
interaction easier, faster, and more 
accurate than ever. Providing exceptional 
functionality, these rugged and reliable 
add-in units are highly suitable for a variety 
of environments, from factory floors to 
sterile laboratories. 

Join the growing number of companies 
that have discovered the advantages of 
Carroll Touch 's Smart-Frame"' line and 
special custom units. You 'll see why 
Carroll Touch is the company with the 
solutions you can touch. 

Carroll Touch 
a subs1d1ary ol AMP Incorporated 

In Touch with Technology 

PO. Box 1309 
Round Rock, TX 78680 
512/244-3500, Telex 881906 
Smart-Frame and Carroll Touch are 
trademarks of Carroll Touch, Inc. 
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6-GHz analog transistors 
team up with ECL on array 

A blisteringly fast bipolar array, 
about equally divided between 
6-G Hz analog transistors and ECL 
components, simplifies the design, 
boosts the speed, and cuts the size 
of wide-bandwidth, mixed analog­
digital systems. QuickChip 4, built 
by Tektronix, is an extension of the 
arrays originally developed to build 
most of the circuitry for the com­
pany's 1-G Hz real-time oscillo­
scopes (ELECTRONIC DESIGN, June 
13, 1985, p. 86 and p. 180). 

The analog (upper) portion of the 
array contains 30 cells arranged in 
the tile configuration that now dom­
inates among bipolar analog arrays. 
The digital (lower) portion of the 
device is an ECL gate array with 
300 equivalent gates. 

Each of the tiles located in the up­
per section of the chip are identical 
both to one another and to the cell 's 
used on the earlier arrays. The latter 
means that they can use the same 
macrocircuits employed in earlier 
designs. Each cell contains nine npn­
type transistors. The npn devices 

Frank Goodenough 

combine an f1 of 6 GHz with a cur­
rent gain of 50 . Moreover, their 
breakdown voltage, BV c80, is over 
15 V, and collector-to-substrate 
breakdown is even higher: At 32 V it 
is as much as twice that of transis­
tors found on most high-speed ICs. 
And to top it off, the transistors can 
handle 30 mA. Thus they can easily 
build amplifiers with a bandwidth 
of de to 1 GHz that are capable of 
putting at least 10 V across a 500-Q 
resistor. 

The pnp transistors have an f1 of 
50 MHz and a beta of 50, nicely 
complementing their npn counter­
parts . The upper half of the array 
also contains zener diodes and ion­
implanted resistors, ratio-matched 
to within 0.05%. 

The ECL gate array contains 
smaller but equally fast npn transis­
tors. Propagation delays through the 
gates run about 350 ns and 0-type 
flip-flops built with the array toggle 
at 500 MHz. The speed of both sec­
tions is enhanced by the use of gold 
rather than aluminum, dual metal 
interconnects. 

Turnaround time for the IC, once 
a design is approved by a customer, 
is as short as three weeks. Prototype 
wafers, or packaged parts, are 
priced at $26,000, plus a nonrecur­
ring engineering charge of $25,000 
to $30 ,000, including simulation 
software. 

Tektronix Integrated Circuits 
Operation, Marketing De­
partment, P.O. Box 500, Delivery 
Station 59-420, Beaverton, OR 
97077; (503) 627-2515. 
CIRCLE 302 

Electronlc Design • May 15. 1986 207 

"'- synchro­
~ to-digital/ 
$ converter 

295:~. 
*(100 + quantity) 

The 168H500 two­
speed, 16-bit, 
single-module, 
converter series 
with up to 20-
second accuracy. 

Control Sciences, Incorporated 
9509 Vassar Avenue 
Chatsworth, CA 91311 
(818) 709-5510 
Telex: 4970496 (CSI) 
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NEW PRODUCTS 
ANALOG 

ELECTRONIC DESIGN EXCLUSIVE 

16-bit sampling amplifier 
tucks into 14-pin DIP 

For the first time, a small hybrid 
sample-and-hold amplifier is accu­
rate to 16 bits. In fact, Hybrid Sys­
tems' HS97 l 6 packs a number of 
firsts into a 14-pin ceramic DIP. 
The most impressive is its compen­
sation for errors caused by the di­
electric absorption of its internal 
NPO ceramic capacitor. For a I 0-µs 
sampling time, the maximum error 
caused by dielectric absorption is 
just 0.00075%, or a maximum of 
150 µ V for a 20-V change in signal 
(1/2 LSB at 16 bits). The signifi­
cance of that error level becomes ap­
parent when it is realized that the 
best capacitors- bulky, expensive 
Teflon units- exhibit dielectric­
absorption errors as great as 0.01 % 
for I 0-µs sampling times. 

And the device is just as quick 
as it is accurate, grabbing a 20-V 

Frank Goodenough 

signal to an accuracy of within 
± 0.0008% in a maximum of I 0 µs 
(over temperature). Further, if the 
user only needs 14-bit accuracy, ac­
quisition time is cut in half. 

Droop rate, even with the hybrid's 
chip capacitor, is a maximum of 
0.05 µV /µsat 25°C. At 125°C, it is 
only 10 µ V / µs, permitting a mili­
tary-grade device to operate with 
16-bit accuracy at 125 °C. 

When the amplifier is sampling 
or tracking, the noise in the band be­
tween de and I MHz is just 20 µ V 
rms. In hold, feedthrough rejection 
is a minimum of 96 dB for a 20-V 
pk-pk signal at 20 kHz, and it only 
drops 6 dB at 200 kHz. 

Aperture uncertainty is typically 
just I 00 ps, better than many 12-bit 
sample-and-hold devices. The un­
certainty allows 16-bit accurate 
snagging of signals slewing at 
I V / µs. The small-signal bandwidth 
when tracking is 1 MHz minimum, 
and the slew rate and its attendant 
full-power bandwidth are typically 
I 0 V /µsand 200 kHz, respectively. 

The commercial and military de­
vices need only 500 mW maximum 
from a ± 15-V power supply. In 
quantities of I 00, the unit price of 
the commercial and military 
HS97 I 6 are $79 and $150, respec­
tively. Small quantities are available 
from stock. 

Hybrid Systems Corp .. 22 Lin­
nell Cir., Billerica, MA 01821; 
Dennis Buchenholz, (617) 667-
8700. 
CIRCLE 305 
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CSl's new MUX-8 
features: 
• 8 channels per card 
• 12 bit resolution 
• 3-state outputs 
• 100 microseconds 

conversion per 
channel 

Control Sciences, Incorporated 
9509 Vassar Avenue 
Chatsworth, CA 91311 
(818) 709-5510 
Telex: 4970496 (CSI) 

CIRCLE 115 



ANALOG 

D-a converter has 
16-bit monotonicity 

(MSS) 
BITS 1 2 3 4 5 6 7 I BITS 9 10 

The HS937 I, a current-output mul­
tiplying digital-to-analog converter, 
offers monotonicity to 16 bits over 
the commercial and military tem­
perature ranges . What 's more, it 
does so while dissipating only 
45 mW when driven with CMOS 
input levels . Integral nonlinearity is 
± 0.003% maximum over tempera­
ture, while differential nonlinearity 
is ± 0.0015 %. The converter has 
dual 8-bit input registers for direct 
interface with 8- or 16-bit bus struc­
tures. It comes in a 28-pin double 
DIP. 

Hybrid Systems Corp ., 22 Lin­
nell Cr . , Billerica , MA 01821; 
(61 7) 667-8700. $65 (commercial) 
and $150 (military) in lots of /00 . 
CIRCLE 333 

NEW PRODUCTS 

References have 
Kelvin connections 

The use of Kelvin connections on 
both the output a nd ground give 
two I 0-V reference sources ex­
cellent load and line regulation , in­
dependent of the line impedance 
between the voltage reference out­
put and ground. Ea ch part has a 
maximum line regulation of 
50 µV /V, load regulation of better 
than 10 µV / mA , and a typical 
noise specification of 12 µV pk-pk 
over the 0 .1-to- I 0-Hz bandwidth . 
Long-term stability is typically 
50 ppm/1000 hours. The MAX67 I 
has a guaranteed maximum output 
voltage drift of 1 ppm j°C with an 
initial output accuracy of I mV . 
The MAX670 guarantees 3 
ppm j°C with 2.5 m V initial accu­
racy. 

Maxim Int egrat ed Produ cts, 

TAKE THE 
OFIED 

510 N. Pastoria Ave. , Sunnyvale, 
CA 94086; (408) 7 37-7600. From 
$33 .84 (MAX670 ) and $39 .80 
(MAX67 I ) in lots of JOO. 
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Read-write IC 
handles 6 channels 

Designed primarily for 31/2- and 
5 1/4-in. Winchester disk drives, the 
µLI 17 read-write preamplifier cir­
cuit directly connects to the ferrite 
disk-drive heads of the drive and 
supports up to six separate read­
write channels . Functionally 
equivalent to Silicon System s' 
SSI I 17 , the device provides the 
necessary analog circuitry to select 
a particular head and also func­
tions as a low-noise differential 
amplifier in the read mode or as a 
write-current switch in the write 
mode. The chip is available in a va­
riety of optional packages, includ­
ing a 24-pin slim-outline config­
uration . 

Micro linear Corp., 2092 Con­
course Dr., San Jose, CA 95131 ; 
(408 ) 262-5200 . $5.65 (1000 
units). 
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our 
BLY. 

JD/ takes the work and waste out of board assem­
bly. With packaged LED solutions that save you 
more time and money- -right off the shelf. Or. we'll 

give you customizing help. W orking w ith engineers 
is our specialty. Write for our 
data book. or call direct. 

,,._ Industrial Devices, Inc , Edgewater, NJ 07020 
-.., Telephone (201)224-4700 

CIRCLE 116 
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Don't buy any 
l/D Madul 

until yau 
evaluate 
Grayhill! 

CIRCLE 117 

You'll find outstanding specs, performance, pricing 
and availability in these new 1/0 Modules ... from 
Grayhill or your local Grayhill distributor, in all stan­
dard configurations. All are compatible with 5, 15 
or 24V logic circuits. 

AC output 120V or 240V 
DC output 3V to 60V 
AC input 120V or 240V 
DC input 3V to 32V 

black case 
red case 
yellow case 
white case 

Prove it to yourself ... ask us for free literature 
with complete product specifications and prices. 

561 Hillgrove Avenue, P.O. Box 10373 
I e 11 LaGrange, Illinois 60525-0373 USA 

l/lhlll Phone:(312)354-1040 TLX : 6871375 
r#-1! TWX: 910-683-1850 FAX : (312) 354-2820 



ELECi\TROL 
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 
ANALOG 

Video DACs are 
TTL-compatible 

Two hybrid d-a converters operate 
from a single 5-V power supply and 
feature TTL-compatibility for use 
in raster-scan graphics systems. 
The HDG-0407 and HDG-0807 
feature update rates of 50 MHz 
and maximum settling times of 12 
and 18 ns, respectively. The parts 
differ in gray-scale resolution. The 
HDG-0407 accepts 4 bits of digital 
input, while the HDG-0807 ac­
cepts 8 bits. Those inputs yield 16 
and 256 levels of gray and a non­
linearity of 3.2% and 0.2% of gray 
scale , respectively. The devices 
have an analog output impedance 
of 75 Q and a full-scale output cur­
rent of 17 mA. 

Analog Devices Inc., Computer 
Labs Division, 7910 Triad Center 
Dr., Greensboro, NC 27409; (919) 
668-9511. In lots of JOO , prices 
start at $35 (0407) and $43 (0807); 
small quantities are from stock to 
four weeks. 
C IRCLE 336 

Attenuator handles 
age tasks 

A voltage-controlled attenuator uses 
a supermatched gain cell structure 
(consisting of 144 interdigitated 
transistors) to reduce noise and dis­
tortion. The monolithic bipolar de­
vice has a maximum attenuation of 
more than I 00 dB from de to 200 
kHz and a distortion spec of 0.1 % up 
to 20 kHz and 7.75 V rms. Control 
feedthrough is less than 5 mV. Des­
ignated the MTA 1537A, it comes 
in a 14-pin DIP. 

VCA Associates, 7131 Owens­
mout h St., Suite B-87, Canoga 
Park, CA 91303; (8 18) 704-9202. 
$4 .50 ( 1000 units). 
CIRCLE 337 
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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 @ 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 @ 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 load ing 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 part number encoded) 

LM 2 3 1 2 Y 2 

~e~~:~*-T T 11 
Output Vl (table 1) -

Output V2 _(~ta_ble_l-'-) ______ _, I 
Output VJ (table 1) . 
Output V4 _itable 1) 

Input Voltage (115 or 230VAC) --------~ 

OPTIONS Dual input voltage: use 115-230. 
OVP for auxiliary output : add letter Y after 
auxiliary output voltage code. 

*Last Digit = number of outputs. 

Table 1 

0 = 2VDC 4 = 18VDC 
1 = 5VDC 5 = 24VDC 
2 = 12VDC 6 = 28VDC 
3 = 15VDC 8 = 48VDC 

Options for 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 115/230V Input 

OVP (not available for outputs rated at 1 .5A) 
1 auxiliary output 
2 auxiliary outputs 
3 auxiliary outputs 

* For multiple unit pricing, contact factory. 

QUANTITY!* 

$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 
92-130VACor 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 70m\/, which­
ever is greater. 

INTERACTION (CROSS REGULATION) 
0.1% maximum. 

PARO (RIPPLE & NOISE) 
1 %p-p or 50mV, whichever is higher. 

EFFICIENCY 
Up to 80%; 70% typ ical . 

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 5Nµsec . No overshoot or undershoot 
during AC turn-on or turn-off. 

RESPONSE TIME 
200µsec to within 1 % after a 25% load change 
at5Nµsec . 

TEMPERATURE COEFFICIENT 
± 0.02%1°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. 

Case Size 
1 
2 
3 
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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 rat ing of 10A or greater. 
Compensates for up to 250mV of total lead 
cable loss . All outputs are internally sensed if 
the sense leads a re 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 auxiliarv 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 l.M orders to make sure 
that we make 2 day shipment." 

Nine major product lines. 

Standard models 10 to 1500 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 



With leadless rectifiers, 
you're only as good as 

what's behind you. 

SMD Avallablllty Chart 

Introducing our Zener, 
Schottky, Fast Efficient 
and TVS surf ace mount 
devices. 

P/ N Current (A) Voltage (VJ 

We've expanded our commitment to 
surface mount. We're General Instrument, 
Discrete Semiconductor Division, the world's 
largest manufacturer of rectifiers. Now you 
can specify Zener, Schottky, fast efficient 
rectifiers and get General Instrument quality 
and reliability. At excellent prices. And 
our new Transient Voltage Suppressors 
will be available in surface mount. 

Why settle for less when you 
can have General Instrument 
reliability behind you? For free 

i 

samples and detailed literature, write or call: 
General Instrument Corporation, Discrete 
Semiconductor Division, 600 West John Street, 
H icksville, NY 11802, (516) 933-3333. 

General Purpose 
GL34A-M 0.5 

I N6478-84 1.0 

GL41A-M 1.0 

GL27A-M 3.0 

Fast Recovery 
RGL34A-M 0.5 

RGL4 IA-M 1.0 

RGL27A-M 3.0 

Ultra Fast Recovery 
EGL41A-G 1.0 

EGL27A-G 3.0 

Schottky 
SGL34* 0.5 

SGL41* 1.0 

Zener 
ZGL34* 0.5 IWJ 

ZGL41 1.0(WJ 

ZGL27 3.0 (WJ 

Transient Voltage SUppressor 
TGL4 I * 400(W) 

TGL27* 1500(WJ 

*Consult faGory for availability 

GENERAL 
INSTRUMENT 
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50-1000 

50-1000 

50-1000 

50- 1000 

50-1000 

50-1000 

50- 1000 

50-400 

50-400 

20-80 

20-80 

6.8-200 

6.8-200 

6.8-400 

6.8-200 

6.8-400 

Trr 

150-500 

150-500 

150-500 

50 

50 

Package 

GL34 

GL41 

GL41 

GL27 

GL34 

GL41 

GL27 

GL41 

GL27 

GL34 

GL41 

GL34 

GL41 

GL27 

GL41 

GL27 



DIGITAL ICs 

Interface IC 
links to 15538 bus 

Easily coupled to microprocessor­
based systems, a CMOS hybrid IC 
creates an interface between a MIL­
STD-15538 protocol hybrid and the 
host microprocessor. The CT 1800 
has a double-buffered register and 
internal memory to handle all read­
write data without imposing critical 
timing constraints on the micro­
processor subsystem. Designed for 
operation over the full military tern-

NEW PRODUCTS 

perature range, the 5-V device typi­
cally draws only JOO mA when ac­
tive and 50 mA on standby. 

Circuit Technology Inc., 160 
Smit h St . , Farmingdale, NY 
11735; (5 16) 293-8686. $ 1250; 
RAM less versions cost $1150. 
CIRCLE 338 

CMOS DSP chip 
consumes 120 mW 

A single-chip CMOS digital signal 
processor can replace complex pc 
boards in a variety of environments 
a nd appli cations where low power 
consumption is important. Desig­
nated the M77C20, the device was 
jointly developed by Oki and NEC. 
While functionally compatible with 

NEC's µPD7720 NMOS processor, 
the CMOS device consumes 85% 
less power. Typica l power con­
sumption for the M77C20 is only 
120 mW when running at a n 8-
MHz clock rate. The part is avail­
a ble in a 28-pin plastic DIP a nd 
44-pin plastic leaded chip carrier. 

Oki Semiconductor, 650 N. 
Mary Ave., Sunnyvale, CA 94086; 
(408) 720- 1900. $25 (JOO units); 
minimum order is 2500 units. 
CIRCLE 339 

·~e ~i:!f' 66/o°r/, 68020 
\Ne Me WE ARE PROUD TO ANNOUNCE THE BIRTH OF THE NEWEST MEMBERS 

TOOL KIT 
• 68000/10/20 Assembler 

Package: 
- Macro Cross/Native 

Assembler 
- Linker and Librarian 
- Cross Reference Facility 
- Symbol Formatter Utility 
- Object Module Translator 

• Green Hills C 68000/10/20 
Optimizing Compilers 

• Symbolic Debuggers 

A DIVISION OF XEL 

OF OUR 68000 FAMILY ... YOUR 68020 TOOLS ARE HERE! 

FEATURES AVAILABILITY 
• Written in C; fast, accurate, portable. VAX, microVAX, 8600, Sun, Pyramid, 

Masscomp, IBM/PC, OASYS Attached 
Processors for VAX and PC, others. 
Runs under VMS, Bsd 4.2, System V, 
MS/DOS, dozens more. 

• Supports 68000 and 68010. 
• 5,000 line test suite included . 
• EXORmacs compatible. 
• Produces full listings and maps. You name it ... 
• Outputs S-records and Tek-Hex formats. 

We provide a "One-Stop Shopping" 
service for more than 100 products 
running on, and/or targeting to, the 
most popular 32-, 16- and 8-bit 
micros and operating systems. 

• Runs native or cross. Extensive libraries. 
• Supports OASYS compilers. 
• Generates PROMable output and PIG. 
• Full Floating Point support. 

We Speclallze In: 
Cross/Native Compilers C, Pascal, Fortran, Cobol, Basic,APL, 

PL/1 ,Prolog, Lisp, ADA - Assemblers/Linkers - Symbolic 
Debuggers - Simulators - Interpreters - Translators 

Converters - Profilers - QA Tools - Design Tools - Comm. Tools 
OS Kernels - Editors - Spreadsheets - Data Bases - VAX & PC 

Attached Processors and more 
We Support: 

60 Aberdeen Avenue, Cambridge, MA 02138 (617) 491-4180 
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680xx, 80x86, 320xx, 68xx, 80xx, dozens more 





DIGITAL ICs 

Dual-port RAMs 
hold 64k, 128k 

NEW PRODUCTS 

Two dual-port static RAM mod­
ules offer densities of 64 and 128 
kbits, among the highest of any 

dual-port memory device currently 
available. The IDT7MI 34 (8k by 
8 bits) and the IDT7M135 (16kby 
8 bits) incorporate four or eight 
2k-by-8-bit monolithic RAMs in 
leadless chip carriers, assembled 

Roederstein Capacitors -
Variety and Versatility 
In a rapidly changing industry 
efficiency is vital - it saves time 
and money So when your design 
specifications require a variety 
of passive components do the 
efficient thing - call Roederstein 
- your single source for selection. 
versatility and quality 

Roederstein offers a variety of 
versatile capacitors in film. 
ceramic, aluminum and tanta· 
lums. both leaded and surface 
mount devices. 

Roederstein's comprehensive 
selection of capacitors eliminates 

the need to complicate your job 
searching out several suppliers. 
Roederstein has the right capaci­
tor to meet your specs that let you 
get on with your business. 

So next time you need a quality 
source with dependable service, 
don't waste time - contact 
Roederstein. 

Roederstein Electronics, Inc. 
Your Single Source for 
Quality Passive Components 

ROEDERSTEIN ELECTRONICS, INCORPORATED 
P.O. Box 5588, 2100 West Front Street, Statesville, NC 28677 Phone: (704) 872·8101 TELEX: 240802 

CIRCLE 200 

on a 600-mil- wide, 58-pin dual-in­
line ceramic substrate. The CMOS 
devices are available with commer­
cial and military access times of 
100, 120, and 140 ns. Power con­
sumption for the IDT7M 134 is 2.1 
W , while the IDT7Ml35 requires 
3.5 W. Standby power is 650 mW 
and 1300 mW, respectively. 

Integrated Device Technology 
In., 3236 Scott Blvd., Santa Clara, 
CA 95054; (408) 727-6116. From 
$234 (7M134) and $468 (7M135); 
stock. 
CIRCLE 340 

Video chip 
supports IBM EGA 

A single-chip implementation of the 
IBM Enhanced Graphics Adapter 
(EGA) allows OEMs to cost effec­
tively provide a full range of video 
display options. In addition to the 
EGA standard, the PEGA-1 video 
controller supports software written 
for the earlier IBM monochrome 
and color graphics standards, MDA 
and CGA, respectively. It is also 
compatible with other non-IBM dis­
play standards such as Hercules 
monochrome graphics, Plantronics 
Color Plus, and Paradise color simu­
lation on monochrome. 

Paradise Systems Inc., 217 E . 
Grand Ave. , South San Francisco, 
CA 94080; (415) 588-6000. Sam­
ples with the chip on a board cost 
$900. 
CIRCLE 341 
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Philips KTY sensors. 
For sensing a wider range of 
temperatures, for pennies. 

Philips KTY silicon temperature sensors are not only 
attractively priced, they also monitor a wider range of 
temperatures than any other sensor. 

Three models monitor temperature ranges from 
-55°C to + 150°C; -55°C to + 175°C; and 0°C to 
300°C. 

Wide operating range and excellent reproduceability 
are direct results of proven silicon planar technology. 

By utilizing the nearly linear temperature-dependent 
resistivity of silicon, Philips KTY sensors can detect 
and respond to temperature changes in the broad 
ranges mentioned, with response times as fast as 
one second. 

Exceptional accuracy of Phil ips KTY sensors results 
from a positive temperature coefficient (PTC) of 0. 7 
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~ 2 

1 ·: 
.5 

0 
-50 0 100 200 
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percent per degree Centigrade. They are available off 
the shelf in tolerances of ± 1 %, ± 2%, and ± 5%. 

Because KTY sensors are small, are not polarity 
dependent, and need no special interfacing, they are 
ideal for applications involving solid-state circuitry. 
Configurations: plastic-encapsulated, axial lead glass 
bead, and surface-mounted device. 

And remember, whatever the model , whatever the 
package, we're talking pennies. 

300 

To find out how Philips KTY sensors can fit into your 
measurement and control designs, call or write Amperex 
Electronic Corporation , A North American Philips 
Company, George Washington Highway, Smithfield , RI 
02917. Phone (401) 232-0500; TWX 710-381-8808. In 
Canada contact Philips Electronics Ltd , ELCOMA Division. 
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NEW PRODUCTS 
DIGITAL ICs 

Microcontroller has 
240-ns cycle time 

cycle time of only 240 ns. The core 
processor, which is rated at 17 MHz 
and is the same for a ll HPC mem­
bers, is a 16-bit C PU with six work­
ing registers, microinstruction 
ROM , clock generator, se ri a l 

The first member of the HPC fam­
ily of high-performance CMOS mi­
crocontrollers offers an instruction 

MORE POWER 
TIYIU ... 

·• .. __ ]_ 

r r r r r' r 
1 1 r r r r 
I I I I I l 
1 r r r 1 
I '. I l 
l [ 

... FROM 21·11·11 KW 
The EMHP DC high power series . .. 
the standard alternative for custom 
requirements. 
9 outputs: 10-600 volts; 30-100 amps. 
Prices: 20 KW models from $5,750 each. 

30 KW models from $7,500 each . 

60 KW models from $13,000 each. 
For more details, call toll-free: 
800-631-4298. 

~ ELECTRONIC 
\!)MEASUREMENTS 

INC. 
405 Essex Road, Neptune, New Jersey 07753 
' In NJ , AL, HI and Canada, phone: 201-922-9300. 

Specialists in power conversion 
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1/ 0 bus, three 16-bit co unter­
timers, control logic, watchdog and 
reset circuitry, a nd National's 
Microwire/ Plus interface. The 
HPC 16040 additionally contains 4 
kbytes of ROM, 256 bytes of RAM, 
52 1/ 0 lines, 8 16-bit timers, and a 
UART. 

National Semiconductor Corp., 
2900 Semiconductor Dr., P.O. Box 
58090, Santa Clara , CA 95052; 
(408) 721-5926. $29.90 (ROMless 
version) in sample quantities. 
CIRCLE 342 

Optoisolator handles 
eight channels 

The NM 1608 Octo- Iso lator is a 
bidirectiona l eight-channel optical 
isolator that provides 500 V rms of 
isolation on 8-bit microprocessor 
buses. For design flexibility, the Di­
rection a nd Enable Input lines can 
be driven from either side of the de­
vice . It operates from a single 5-V 
supply, a nd its encapsulated l .3-
by-0.8-by- 0.38-in. package is com­
patible with standa rd 24-pin dual­
in-line outlines. 

International Power Sources 
In c., JO Cochituate St., Suite 
6, Natick, MA 01760; (617) 
651-1818. $39;stock. 
CIRCLE 431 

Newport Components Ltd., 
Tanners Dr ., Blak e/ands N .. 
Milton Keynes MK/4 5NA, 
England; (0908) 615232; Telex: 
825621. 
CIRCLE 343 
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At lastl Quality plots with the convenience of the 

KOH-I-NOOR® Liquid-Ink 
Disposable Plotter Pen ,M 

Koh-1-Noor's Disposable 
Plotter Penn' (OPP) gives you the 
same convenience with over 3 times 
the write-out of fiber-tip pens • OPP 
provides greater line density and con­
sistency without width or color varia­
tions • Provides waterproof, fade-resis­
tant black and opaque colored inks • 
Provides check plots with final-plot 
quality • If you're now plotting with 
refillable, liquid-ink pens, Koh-I -Noor 
OPP can save you the downtime of 
refilling and cleaning pens. 

Its true! The Koh-I-Noor Disposable 
Plotter Pen upgrades your plots while 
providing the easy features of dispos­
able fiber-tip and roller-ball pens. Don't 
put off the benefits of liquid-ink plot­
ting because you think they are avail-

able only with messy refilling and down 
time for pen cleaning ; Koh-I -Noor OPP 
will lead you into a new era of opera­
tional efficiency with high-density, 
waterproof, fade-resistant black, red , 
blue and green inks. Other colors are 
available on special order. 

Koh-I-Noor OPP styles accommo­
date most major makes and models of 
engineering and business-graphics 
plotters. See your dealer, or send for 
Koh-I-Noor OPP brochure for a com­
plete rundown on plotters and compat­
ible Koh-I-Noor Disposable Plotter 
Pens. 

Koh-I-Noor Rapidograph, Inc., 100 
North Street, Bloomsbury, NJ 08804 
(201) 479-4124 . In Canada: 1815 
Meyerside Drive, Mississauga, Ont. 
L5T 1 G3 (416) 671--0696 . 

®RAPIDOGRAPH is a Registered Trademark of Koh-I-Noor Rapidograph , Inc. 
©1985 Koh-I-Noor Rapidograph Inc. 
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Yes, KOH-I-NOOR: Please send me the compli­
men tary material checked below: 
0 Plotter Supply Catalog K-1181 
0 Disposable Plotter Pen Brochure K-1355 

Name (Please Print ) 

Company 

Address 

City State Zip 

Make of Plotter Model No. 

I use Opaper Omylar for Obusiness ED 5115/86 
0 engineering drawings 

Distributed by 

KOH·l·NOOR 
RAPIDOGRAPH® 

a r@fring company 
Koh-I-Noor Rapidograph , Inc., 100 North St., 
Bloomsbury. NJ 08804 (201) 479-4124. 
In Canada: 1815 Meye rsid e Dr., 
Mississauga, Ont. L5T 1G3 (416) 671--0696 . 



SOFTWARE 

Unix lookalike 
runs on IBM PC 

A multiuser, multitasking operating 
system puts the powerful features of 
AT &T's Unix on the IBM PC and 

NEW PRODUCTS 

true compatibles for under $100. 
Called PCUnix, it offers more than 
70 commands, representing the 
most commonly used features of 
Unix. It includes complete source 
code and is fully compatible with the 

CIRCLE 125 

MS-DOS file system. The entire 
system is packaged on four diskettes 
and can be installed and run on a 
5-Mbyte hard-disk drive. 

Wend in Inc., P . 0. Box 266, 
Cheney, WA 99004; (509) 
235-8088. 
C IRCLE 344 

Languages for PC 
support 8051 family 

In an effort to lower the cost of de­
veloping software for the 8051 fam­
ily of microcontrollers, Intel has in­
troduced languages that run on the 
IBM PC AT and XT, as well as 
compatible computers. PL/M 51, a 
high-level alternative to assembly 
language programming, and ASM 
51 , a symbolic macro assembler, 
operate on PCs running DOS 3.0 or 
higher, as well as on Intel's Series II, 
III, and IV development systems. 

Intel Corp., Literature De­
partment W288, 3065 Bowers 
Ave., Santa Clara, CA 95051; 
(503) 681-2279. $750 each. 
CIRCLE 345 

Program eases 
rf filter design 

The third in a series of low-cost pro­
grams to aid rf design, RF Notes 
No. 3 covers the design of low-pass, 
high-pass, band-pass , and band­
reject Butterworth response filters 
to the seventh order. Outputs are in 
schematic diagram form with cir­
cuit values included. Supplied on 
disk, the program runs on the IBM 
family of personal computers and 
requires 128 kbytes of memory. 

Etron RF Enterprises, P.O. Box 
4042, Diamond Bar, CA 91765; 
(7 14) 594-8741 . $85. 
CIRC LE 346 
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WHETHER YOU'RE IN 
RESEARCH, 

PRODUCTION 

OR MAINTENANCE 

Marconi has been 
building Signal Generators 
for 50 years, so It's not 
surprising that we offer you 
40 different models and ver­
sions with a full range of 
modulation capabllltles 
configured with time saving 
digital control from the front 
panel and via GP/B ... we 
also Include a non-volat/le 
memory for your most used 
settings. 
The choice includes the 2018A 
series, covering 10kHz-520MHz 
and the 2019A series covering 
from 10kHz to 1040MHz. These 
models ensure that virtually any 
requirement can be met in the 
main general purpose range for 
RF testing. These unique models 
have easy-to-use keypads, 
optional talk and listen GPIB, 
with the facility to create your 
own identity string. The internal 
clock can be used to monitor 
operating hours, and normal re­
calibration which resides in 
software, can be undertaken 
without removing the covers. 
The compact half-rack size 
Model 2022 is a 10kHz to 
1000MHz full performance 
Signal Generator at an unbeat­
able price that particularly 
appeals to manufacturing and 
service engineers. Easy digital 
operation, integral reverse power 
protection, low cost GPIB and it's 
100 non-volatile storage location 
provide and unforgettable 
performance. 
For R & 0, the definitive Model 
2017 wittr its exceptional cavity­
tuned programmable oscillator, 
state-of-the-art signal purity, and 
high output power, is an unbeat­
able performer. It provides CW, 
pulse, AM and FM signals at out­
put levels up to + 19d8m, with 
incredibly low spurious content. 
Ask for the brochures on our full 
range of Signal Generators. 
They'll be worth remembering. 

l~~l~I 
Marconi Instruments 
3 Pearl Court 
Allendale, NJ 07401 

MARCONI SIGNAL EastCoast:(201)934-9050 
West Coast: (714) 895-7182 

GENERATORS NEVER FCDRGET 
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NEW PRODUCTS 
SOFTWARE 

PC-to-VAX link 
supports Kermit 

A PC-to-VAX communicat ions 
package combines VT I 00 terminal 
emulation, multi-protocol file 
transfer, and asynchronous com­
munications up to 19.2 kbaud in a 
single software package. In addi­
tion to ASCII text-file transfers, 
VTERM III supports Colum bia 
University's Kermit, the micro­
mainframe communications stan­
dard . It supports the XMOD EM 
error-correction protocol a nd 
Coefficient Systems' VTRANS7 
and VTRANS8 protocols. 

Coefficient Systems Corp., 61 I 
Broadway, New York , NY JOO/ 2; 
(212) 777-6707. $195. 
CIRCLE 347 

Moving? 

Prolog tools 
ease development 

With Turbo Prolog, even new­
comers to programming can quickly 
build applications on their personal 
computers. The system's advanct:d 
incremental compiler generates na­
tive code, linkable object modules, 
a nd a linking format compati bl e 
with the PC-DOS linker. Interactive 
full-screen text editing is provided, 
as well as windowing support for 
both text and graphics. There are no 
limitations on the size of compiled 
modules or a module's source code. 

Borland International In c ., 
4585 Scotts Valley Dr. , Scotts 
Valley, CA 95066;(408) 438-8400. 
$99.95. 
CIRCLE 348 

Program automates 
hard-disk backup 

A software program automatically 
backs up hard-disk files to tape, to 
another disk, or to a floppy diskette. 
Called BackTrack, the program 
eliminates the time-consuming and 
repetitive aspects of floppy backup 
procedures . It operates in a back­
ground mode, searching for any new 
or revised files on the hard disk. Us­
ers may elect to have BackTrack 
scan the disk at regular intervals or 
at specified times during the day. 

Tallgrass Technologies Corp ., 
11100 W. 82nd St ., Overland 
Park, KS 66214; (913) 492-6002. 
$179; free with the purchase of a 
Tallgrass storage subsystem. 
CIRCLE 349 
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ETA's high quality miniature crystals -
designed and manufactured in Switzerland -
are used worldwide for communications, 
computer, instrumentation, medical and 
other precision applications . 
• surface or thru-hole mounting 
• available in tape & reel 
•metal cans (<f>2x7.5mm) or ceramic 

packages (8.4x3.9x2mm) 
• standard frequencies to 20MHz 
• low power consumption • laser tuned 
• lowest aging • excellent stability 
• exceeds MIL specs for shock & vibration 
• standard frequencies available off-the- shelf 
• unique frequencies available 4-6 weeks ARO 

in production 
quantities 

TECHNICAL CENTER 

ETA INDUSTRIES, INC. 
8 West 40th St. , New York, NY 10018 • 212/302-2222 

··~~~ #lrl'-r==:r=J ~ 
MICRO CRYSTAUDIV. OF ETA 
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EAO'S 
FAMILY 
OF 
OIL 
AND 
WATERTIGHT 
SWITCHES 
FOR LIGHT, MEDIUM OR 
HEAVY DUTY APPLICATIONS 

EAO's oil and watertight switches are light 
to heavy duty components featuring double 
sealed construction . Fully gasketed push­
button actuators and rugged, self-sealing 
panel seals are the secrets to these 
switches' excellent oil and water-proof 
capability. 

Series 04 heavy duty switches offer 
a modular system of pushbutton, keylock, 
rotary lever and emergency pushbutton 
actuators in combination with snap-acting 
or slow-make heavy duty contact blocks. 
Up to four contact blocks can be snapped 
onto any available actuator without tools 
and each contact block has two double 
break, self-cleaning silver contacts in two 
isolated chambers. Front rings are con­
structed of tough diallyphtalate or anodized 
aluminum with rugged , lightweight alloy 
mounting flanges. 

Series 14 switches combine the full 
range of light to medium duty snap acting, 
low level or solid state Hall effect switch 
elements proven in our 01 , 31 , 41 , 11 and 
21 series switches with the rugged front 
panel construction of the industrial grade 
Series 04. These switches can be supplied 
with up to four contact blocks, each having 
gold plated snap acting contacts, and one 
double break snap acting self-cleaning 
switching mechanism. Low level and Hall 
effect versions feature universal terminals 
for PC board, wire soldering or optional 
quick connect terminals. 

EAO's family of oil and watertight 
switches for light, medium or heavy duty 
appl ications. You can feel the difference. 

EAO SWITCH CORP. 
P.O. BOX 552, MILFORD, CT 06460 

(203) 877-4577 •TELEX: EAO MFRD 964347 
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Upda~-~ 
Your 
Catalo1 Files 
Through GOLD BOOK'S 
Exclusive Catalog 
Request System. 

See Vol. I, page 2 of the 
1985/86 US Edition 
of GOLD BOOK. 

Electronic Design's 

CCI·l~ ~l rI•I•J :t 
HAYDEN PUBLISHING CD., INC. 

10 MULHOLLAND DR. , HASBROUCK HGTS. 
N.J. 07604 201 393-6253 

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 
POWER 

ELECTRONIC DESIGN EXCLUSIVE 

Kilowatt de amplifier 
runs at 92°/o efficiency 

Capable of continuously putting out 
I . I kW in the band between de and 
5000 Hz, the Model 220-10 ampli­
fier dissipates just 84 W when driv­
ing a 15-A load with 7 5 V. With its 
92% efficiency, Copley Control ' s 
module represents the most compact 
and efficient power source in its fre­
quency range. Further, it can be 
paralleled to supply a continuous 
output power of 30 kW (450 A at 
75 V) or as much as 48 kW of peak 
power. 

The performance of the individ­
ual modules (and the paralleled 
units) is equal or superior to that of 
many 50% efficient linear audio am­
plifiers with cut-off frequencies of 
I 0 to 20 Hz. The amplifier achieves 
its efficiency by pulse-width ­
modulating a 71-kHz carrier. Lin­
earity error, for example, is less than 
0.5% from de to 700 Hz. Distortion 
is under 1 % to 10 kHz, the small­
signal bandwidth of the amplifier. 

The basic unit can be considered 
a current-output device with a com­
pliance voltage of 75 V. And it is its 
current output characteristic 
(rather than the more common volt­
age output) that permits the ampli­
fier's output to be paralleled easily. 

Frank Goodenough 
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Interestingly, the inputs are not ex­
actly connected in parallel. Instead, 
the basic ± 10 V differential input 
signal is applied to a so-called mas­
ter. The control outputs from it are 
sent to a slave, and the control out­
puts from the slave drive the inputs 
of a second slave and so forth. All of 
the slaves have their outputs in par­
allel with that of the master. 

In addition to a remote shutdown 
input, which inhibits the output , 
the amplifier incorporates four self­
protection features: maximum cur­
rent limiting, latching overtem­
perature shutdown (at 85 ° C), 
overvoltage shutdown if the 20-to-
80-V supply exceeds 80 V, and un­
dervoltage shutdown for all supplies. 

The amplifier ' s dimensions are 
7.7 by 12.9 by 2.25 in . At maximum 
load, its rear mounting surface must 
be kept at under 60 °C. The power 
drain is 300 and 80 mA , respec­
tively, from the ± 15 V supplies, and 
22 A from a 20-to-80-V rail. 

In quantities under 10, the Model 
220S- l 0 Slave costs $975. The 
220M-l 0 Master is priced at $1060. 
Delivery is four to six weeks. 

Copley Controls Corp., 375 El­
liot St ., Newton, MA 02164; Barry 
Friedman, (617) 965-2410. 
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"Sierracin's 
new power supplies 

got VDE:' 

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

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

stringent Level B requirement, includ-
ing the new " 10 to 120KHz" standard. 

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

"Should they really 
be talking about 

something like that 
in an ad?" 

So if your product needs a power 
supply PDQ that meets VDE, UL, CSA, 
ETC., call ASAP. Sierracin/ Power 
Systems, 20500 Plummer Street, 
Chatsworth, California 91311. Call toll­
free (800) 423-5569. In California, 
(818) 998-9873. Sierracin/Power Systems 
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c:mX® Micro-20 

68020 
Single-Board Computer 
Mainframe CPU Performance 

on a 5.75" x 8.8" Board 
(benchmark results available on request) 

$275000 12.5 MHz Version 
- Quantity Discounts Available 

Features 
• 32-Bit MC68020 Processor (12.5 or 16.67 Mhz) 
• MC68881 Floating-point coprocessor (optional ) 
• 2 Megabytes of 32-bit wide, high-speed RAM 
• 4 RS-232 Serial 1/0 Ports (expandable to 20) 
• 8-bit Parallel 1/ 0 Port ('Centronics' compatible) 
• Time-of-Day Clock w/ battery backup 
• 16-bit 1/0 Expansion Bus 
• Up to 256 KbY1es of 32-bit wide EPROM 
• Floppy Disk Controller for two 51/• " drives 
• SASI Intelligent Peripheral Interface (SCSI subset) 
• Mounts directly on a 51/•" Disk Drive 

Software 
Included: 
• GMX Version of Motorola's 020Bug Debugger 

with up/download , breakpoint, trace, single­
step, and assembler/disassembler capabilities 

• Comprehensive Hardware Diagnostics 

Optlonal: 
UN IX"'-like Multi-user/Multi-tasking 

Disk Operating Systems 

• OS-9/68000™ (Real-time and PROMable) 
• UniFLEX™ 

Programming Languages and Application 
Software 

• BASIC, C. PASCAL, FORTRAN, COBOL, and 
ASSEMBLER 

• Spreadsheet, Data Base Management, and 
Word Processing 

c:mXinc 
1337 West 37th Place 

Chicago, IL 60609 
(312) 927-5510 •TWX 910-221-4055 

State-of-the-Art Computers 
Since 1975 
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NEW PRODUCTS 
POWER 

ELECTRONIC DESIGN EXCLUSIVE 

Military de-de converter 
reaches 10 W/in.3 at 60 W 

Until now, designers of military 
electronic equipment have had to 
watch quietly from the sidelines as 
commercial-grade switching power 
supplies (particularly de-de con­
verters) reach ever-higher power 
densities . The Powerslim 60R series 
of de-de converters dramatically al­
ters that scenario. A TC Power Sys­
tems' converters handle 60 W in a 
package just 2 by 3 by I in ., for a 
power density of 10 W / in. 3

. And 
unlike their commercial counter­
parts , every component has been 
taken off a U.S. government Qual­
ified Parts List. Not only are those 
parts tested and qualified , but also 
every one of them is in a hermeti­
cally sealed package. 

For that reason, all of the power 
transistors are in T0-3 housings , 
and all of the rectifiers in stud 
mount 00-4 packages. Unlike some 
commercial supplies being pushed 
for military use, these units contain 
no plastic-packaged T0-220 or T0-
218 power devices, small-signal 
plastic DIPs, or surface-mounted 
parts . 

Each of the supplies contains an 
emi filter on its input that meets 

Frank Goodenough 
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MIL-STD-461 B. Some commercial 
supplies (claiming similar or even 
greater power density) leave such 
complex filters to be added exter­
nally by the user, no mean trick. 

The first three members of these­
ries, the 60R05V , 60R I 2V and 
60Rl5V, operate from a nominal 
28-V rail and meet their specifica­
tions even when the rail varies be­
tween 19 and 40 V. Their respective 
output voltages are within ± I% of 
5, 12 and 15 V. Maximum current 
ratings are 12, 5 and 4 A. Minimum 
efficiencies run better than 70%, 
and line and load regulation are 
within 0.5%. At I MHz, ripple on 
the 5-V unit is under I 00 m V, and it 
is under 150 m V on the other two. 
The recovery time for a 50% change 
in load is less than 300 µs, and over­
shoot and undershoot are less than 
5%. The supplies also meet the 
input-surge specifications of MIL­
STD-7048. 

In quantities of 20, the 5-, 12-, 
and 15-V converters go for $8 50 
each. Small quantities are available 
from stock. 

ATC Power Systems Inc ., 472 
Amherst St., Nashua, NH 03063; 
Charles Murch, (603) 882-1366. 
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Self-satisfied competitors may believe: 

We 
''Philips VMEbus offensive? 

thought market shares are established.'' 

Philips is convinced: 
market shares are not established as long as there are suppliers who 
claim to offer more. The background of a multi-discipline concern and large 
R & D resources dedicated to VMEbus are the basis for the long-term 
product strategy of Philips, which ensures we offer more. Let the best win! 
For more informations: 
Building HKF 49 AUSTRALIA 
5600 MD Eindhoven, 02-8888222 
The Netherlands, AUSTRIA 
Tx: 35000 PHTC (NL) 0222-629141 / 740 

BELGIUM/ 
LUXEMBURG 
02-5256646 

Industrial 
Automation 

FRANCE 
01-8301111 

HONG KONG 
05-283298 

INDIA 
022-4 9215 00 

ITALY NORDIC SINGAPORE SWITZERLAND U.S.A./CANADA 
039-3 63 52 07 08-7 821091 (Sweden) 2538811 01-4 88 2403 (800)-227-1817 

NETHERLANDS 
040-783076 PORTUGAL SPAIN 

01-683121 01-4 0422 00 

ext. 957 d 
U.K. WEST GERMANY 
0223-358866 0211-3 616240 

NEW ZEALAND 
09-894160 

PHILIPS 
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POWER 

De-de converter 
comes in SIP 

All models of the 540 series of 1-W 
de-de converters are housed in a 
single-in-line package with dimen-

NEW PRODUCTS 

sions of just 1.25 by 0.55 by 0.33 in. 
Ideal for applications where space is 
critical, the device requires only 
0.413 in. 2 of board space and can be 
mounted directly at the point of 
load. The six members of the family 

Cherub™ gives you the fastest, 
easiest to program benchtop 
power supply tester you can buy. 
You know the Cherub can test linear and switching power 

supplies at ultra high speed and at lower cost. You know 
the Cherub has a 1400 watt capability, integrated test 
fixtures, auto-calibration and self-diagnosis. 

But did you know that only Cherub will program at ultra high 
speed with any of three programming modes? The menu 
mode provides easy-to-use programming with complete 
help features. Production QI A mode allows the operator 
to run various test programs with minimum effort. 
Engineering mode gives access to menu-produced 
program code for maximum flexibility. 

There's more. Did you know that Cherub is the only benchtop 
tester in the industry that can test both AC-DC power 
supplies and DC-DC converters? That's a real flexibility 
plus for your factory. 

Give your power supply testing the wings to meet your present 
and future needs. 
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Call today far detailed specifications., a 
12 Avis Drive, Latham, New York• 12110 W 

Phone 518/ 783-1377 

Ang~t~~ 

provide outputs of 5, 12, and 15 V de 
with an I/O isolation of 300 V. Line 
regulation is 0.5%. All units are 
short-circuit protected and operate 
from -25° to 70°C. 

Power General, 152 Will Dr., 
P.O. Box 189, Canton, MA 02021 ; 
(617) 828-6216. $36.50; stock to 
fou r weeks. 
CIRCLE 350 

Power MOSFETs 
handle 50 V 

A series of 50-V power MOSFETs 
is designed especially for low-volt­
age applications, such as battery­
powered portable equipment. One 
member, the FMP20N05, has an 
on-resistance of just 85 mQ with a 
high power-dissipation rating of 75 
W . Its current rating is 20 A at a 
case temperature of 25 °C, and it 
has a usable current of 14 A at 
l00°C. The lower-cost FMP18N05 
offers the same voltage and power 
rati ngs with an 18- and 13-A cur­
rent rating at the same respective 
case temperatures . On-resistance 
for the FMPl 8N05 is 100 mfl . 

Fairchild Semiconductor Corp., 
4300 R edwood Hwy. , San Rafael, 
CA 94903; (800) 554-4443 or call 
local sales office. $0.96 ( l 8N05) 
and $1.02 (20N05) in lots of 1000. 
CIRCLE 351 
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Sprague·6oodman. 
Nobody Offers 

a Broader S-lection 
of Trimmer Capacitors. 
When it comes to high-quality trimmer ca­
pacitors, nobody comes close to Sprogue­
Goodman. 

We hove the world's largest selection of 
models, styles and dielectrics: sub-miniature 
glass, quartz and sapphire Pistoncops® 
plastic Filmtrims® or Ceramic sin~I 
turn, Mica compression, Airtrim®• 
air dielectric, multi-turn plastic . 
and miniature LC tuners on • 
Stob-L® metalized in-~ 
ductors. ' 

So whether you 

need standard or custom products, you can 
count on Sprague-Goodman. The first and 
last name in trimmer capacitors. 

Jpragu•·6oodman 111•'111 
,.,, l•ctronlcs, Inc. H• • 

CIRCLE 139 

affiliate of the Sprague Elearic Company) 

134 Fulton Avenue, 
Gorden City Pork, NY 11040 

516-746-1385 
TU<: 14-4533 

Keep the 
Change! 
Signal's LP 40-300 
Prem's SPW-306 

Ask for a Prem quote 
today on your transformer 
part number to see how 
much your savings will be. 
Your competitors are. 

t free Catalog with 
cross reference 
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$8.97 each* 
$8.35 each 

NEW PRODUCTS 
POWER 

Motor control IC 
uses 10-MHz clock 

A single-chip controller housed in a 
28-pin DIP provides closed-loop 
position and velocity control of a de 
motor. It operates with a IO-MHz 
clock and may be programmed to 
follow virtually any velocity profile 
at speeds ranging from 0 to 600,000 
counts/s. The GL-1200-10 accepts 
position feedback from an in­
cremental encoder, while position 
commands are accepted in pulse­
train format. It compares the two in­
puts to form a 12-bit position error 
which is output for precise motor 
control. 

Gali/ Motion Control In c., 
/928A Old Middlefield Way, 
Mountain View, CA 94043; (415) 
964-6494. $23 (10,000 units);four 
weeks. 
CIRCLE 352 

IC drives 
two-phase steppers 

The TEAI012 is a 100-mA control­
ler IC for driving two-phase step­
ping motors. It provides all of the re­
quired switching functions and a 
choice for driving the motor: con­
stant-current chopper drive and bi­
level voltage drive. Housed in a 
16-pin DIP, the device has TTL­
compatible inputs, a supply voltage 
range of 4.5 to 16 V, and a supply 
current rating of 6.5 mA (no load). 
Output current exceeds 50 mA. 

Signetics Corp., 8 I I E. Arques 
Ave., Sunnyvale, CA 94088; (408) 
991-2000. $2.58 (JOO units) . 
CIRCLE 353 
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to 
The MODULYNX® a proach 

programmable mo ion control. 

Programmable System 
Controller 

Now you have a 
cost-effective alternative 
to system control . . . 
with Superior Electric's 
MODULYNX® Motion 
Control System. 
Because we've added 
four new products to 
our MODULYNX line 
that give you a new 
dimension in stepping 
motor and system 
control. 

A smart systems 
controller. 

Make our new Sys­
tems Controller Card 
the decision making 
"smarts" of your next 
motion control system. 
It provides you with a 
standardized RS232C 
interface. But it's also a 
single-board computer. 
You can develop your 
own program in the 
system's 4K RAM, then 
store it in the controller's 
E2PROM nonvolatile 
memory, where you can 
edit it anytime you want. 
1/0 Control. 

With our new 1/0 
Control Card, you can 

h Iulo •h I• 

1/0 Control 

monitor and control 
events outside the 
motion control system. 
Each 1/0 Control Card 
has 8 inputs and 8 out­
puts and there is the 
capability of up to three 
cards to a bus. With this, 
the System Controller 
can control up to 24 in­
puts and 24 outputs­
optically isolated. 

Change velocity 
on the fly. 

Our new Super 
Indexer Card is another 
major advance. This 
card is a microstepping 
indexer capable of 
25,600 steps per revolu­
tion. It lets you change 
velocity on the fly And 
with the MODULYNX 
Systems Controller, you 
can program whatever 
motion resolution you 
need-from 1 /128 step 
to full step. 

Encoder feedback 

Position 
verification. 

Then there's our 
Count and Compare 
Card. It provides posi­
tion verification via 
encoder feedback. In 
conjunction with the 
System Controller, it also 
provides error-flagging 
and programmable 
auto-correction, as well 
as automatic monitoring 
of cycles outside the 
motion control system. 
Tailor your own 
control system. 

MODULYNX 
Motion Control products 
are individual circuit 
cards. Simply choose 
the ones you need for 
your system. A wide 
range of interfaces are 
available, from RS232C, 
IEEE488or STD BUS 
to simple switches 
and TTL levels. We also 
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Stepper Motor 

offer a wide range of 
indexers, drivers and 
stepping motors from 
fractional to 2% HP 
MODULYNX products 
are also available in 
Eurocard format. 

We're the first name 
in motion control. And 
now we can make your 
job even easier, by 
providing you with a sin­
gle source for all these 
control capabilities. 

For the name of the 
Superior Electric spe­
cialist in your area, write 
The Superior Electric 
Company, 383 Middle 
St., Bristol, CT 0601 O.Or 
call (203) 582-9561 . 

4;,. 
~® 

Superior 
Electric 

MODULYNX® Motion Controls 
SLO-SYN® Stepping Motors 



VAX,. 
power 
1nyour 
PC 

for less than 
$1500 

FREE 
BOOKLET 
• 1 OM Hz 32032 

CPU no-wait­
states 

• Floating 
point processor 

• 1MB to 8MB RAM 
• Virtual memory with 

MS-DOS and UNIX™ 

31324 Via Colinas, Suite 108 
Westlake Village, CA 91362 USA 
(818) 889-1646 Telex: 272849 OSI UR 

(818) 889-1646 
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NEW PRODUCTS 
COMPUTER BOARDS 

ELECTRONIC DESIGN EXCLUSIVE 

50-, 60-Hz frame grabber 
delivers high resolution 

Designed to operate on the Q-bus, 
the QV A/ AFA-423 board set pro­
vides high-resolution image acquisi­
tion, digitization, and display in real 
time and at both 50 and 60 Hz. The 
QVG-423 motherboard contains 
the Q-bus interface, control, video 
timing and synchronization, overlay 
character-generator, display driver, 
and part of the display memory cir­
cuitry. The AFA-423 daughter­
board contains input analog-to­
digital converters, output digital-to­
analog converters, input and output 
lookup tables, and the remaining 
display memory circuits. 

The frame grabber board set 
features a 1536-kbyte memory , 
large enough to hold four 768-by-
512-pixel 8-bit images at 60 Hz; 
16 384-by-256-pixel 8-bit images at 
60 Hz; or three 768-by-576-pixel 
8-bit images at 50-Hz. 

The product provides pan, zoom, 
scroll, alphanumeric overlay, and 
pseudo-color display functions. I ts 
triple-port memory allows signal ac­
quisition and display without CPU 
intervention . Individual bit planes 
of the image memory may be write 
protected. 

Roger Allan 
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The frame grabber includes a 
PLL circuit for synchronization to 
the incoming video signal. Alterna­
tively, the boards may be run by a 
14.3 18 MHz internal clock. 

Under software control, digitized 
video signals are passed through one 
of eight ban.ks of 256-by-8-bit input 
lookup tables. The tables equip users 
to perform thresholding, offsetting, 
linearity control, and mathematical 
manipulation on a video image. 

Stored video signals leave the 
frame grabber through three output 
lookup tables (one each for the col­
ors red, green and blue). Each table 
consists of eight banks of 256-by-
8-bit lookup tables, one of which is 
selected by software to achieve the 
desired effect. 

The output lookup table signals 
are converted to analog form by 
three digital-to-analog converters. 
Those converters drive RS-170 and 
CCIR displays. 

Three QVG/AFA-423 frame 
grabbers may be pixel-locked to­
gether to provide a 768-by-2048-by-
24-bit pseudocolor image. Each 
board set accepts both composite 
and noncomposite, interlaced and 
noninterlaced signals. 

The board set operates from + 5 
and + 12 V. The mother board mea­
sures I 0.46 by 8.43 by 0.48 in., and 
the daughter board I 0 by 6.25 by 
0.48 in. 

The board set is priced at $7500 
and is available within 30 days. 

Datacube In c., 4 Dearborn 
Rd .. Peabody, MA 01960; (6 17) 
535-6444. 
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Axials. Radials. ehips. 
Throughout the world, quality-conscious des1p en­
gineers prefer KEMET® capacitors for some very~ 
tant reasons: 

Quality - KEMET capacitors meet the toughest 
MIL and customer specifications. Even our commercial­
grade products offer superior quality and reliability, with 
attention to your special needs. 

Variety - KEMET offers an unmatched product 
selection, featuring all the types of capacitors you'll ever 
need. Solid tantalums in standard, miniature and 
microminiature sizes, with axial or radial leads. Or effi­
cient chips. Multilayer ceramic units, molded or dipped, 

asy To Bu~. Easy To Use. 
with axial or radial leads, or chips. And precision film 
capacitors, with parylene or metalized polycarbonate 
dielectric. 

Delivery - We keep our promises, no matter what on 
earth you order or where on earth you 're located. 

Once you sample our application and selection 
assistance, you'll find we're easy to deal with, too. 1b get 
started, ask for our free KEMET Wall Chart. Then let 
us help you get down to business. 

Sal"' Offices and Diotributors Worldwide. 
In U.S.A: (803) 963·6348; Telex 57·0496. 
In Europe: 41 ·22-396512; Telex 845-911302. 
In Asia: 852-372-31211; Telex 780·45162. 
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COMPUTER BOARDS 

PCs come aboard 
Navy's NTDS bus 

The PC-NTDS drop-in card inter­
faces directly with the Navy Tacti­
cal Data Systems bus (M IL-STD-
1397) employed in most naval 
equipment. The board turns an IBM 
PC AT or look-alike into a low-cost 
tool for troubleshooting and testing. 
As such, the personal computer can 
replace AN / UYK machines and 
dedicated test equipment. 

The board can operate with an 8-, 
16-, or 32-bit parallel interface. It 
supplies a separate set of I/ Oto the 
NTDS bus (32 data, 4 control) as 
well as two RS-422 serial lines. The 
card can put out and accept data at 
the maximum NTDS rate, 250,000 
32-bit words a second. 

The board comes complete with 
all the necessary cables and soft­
ware , and takes up less than 64 
kbytes of memory in the PC. 

Sabtech Industries Inc., 409J E. 
La Palma Ave., Unit P., Anaheim, 
CA 92807; (7 J4) 630-9335. $2850; 
up to 4 weeks. 
CIRCLE 354 

Graphic controller 
serves Q-bus 

Two graphic controller beards plug 
directly into computers based on the 
Q-bus and communicate with the 
host CPU at full bus speed . The 
QG-1280 board set offers the 
needed resolution ( 1280 by 1024 by 
8 bits) and speed (20,000 vectors/ s) 
to utilize the MicroVAX I I as a true 
engineering workstation . The QG-
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NEW PRODUCTS 

640 is a single-beard graphic proces­
sor that provides a resolution of 640 
by 480 by 8 bits. Respective prices 
are $4995 and $2995. 

Matrox Elec tronic Systems 
Ltd., J055 St Regis Blvd., Dorval, 
Quebec, Canada H9P 2T4; (800) 
36J-4903 or (5J4) 685-2630. 
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Card for PC AT 
resolves 16 bits 

A data acquisition board for the 
I BM PC AT offers 16-bit resolution 
and a throughput of 100 kHz- an 
order of magnitude higher than 
comparable high-resolution boards 
for the PC. The DT2827 has four 
channels of differential analog in­
put, two 12-bit deglitched d-a con­
verters, 16 lines of digital 1/ 0, a 
channel RAM list, and clock. 

Data Translation In c., J 00 
Locke Dr., Marlboro, MA OJ752; 
(6J7) 48J-3700 . $2495;5 to JO 
days . 
CIRCLE 356 

RAM card offers 
speedy response 

The DSB-020PL is a 2-Mbyte dy­
namic RAM board designed for 
zero-wait-state operation when 
combined with Multibus CPU 
beards which contain either the In­
tel High Speed Synchronous Inter-

face (HSI) or asynchronous iLBX 
memory expansion interface. It de­
livers a 187-ns maximum access 
time across the HSI / iLBX interface 
and offers flexible memory address­
ing to allow the board to work in a 
variety of applications. 

Pascot Inc., Densan Division, 
1798J Skypark Cir., Suite B, Ir­
vine, CA 927J4; (7 J4 ) 26J-5220. 
$97 J with 2 Mbytes (JOO units); 
stock. 
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STD bus card has 
12-bit analog inputs 

Offering a convenient solution to 
interfacing microcomputers with 
the analog world is Octagon 's 860 
analog input card. The STD bus­
compatible board has 16 single­
ended (or 8 differential) channels 
with 12-bit resolution, pro­
grammable gain for low-level sig­
nals, and an on-board de-de con­
verter . Conversion time is 25 µs . 
The instrumentation amplifier 
may be programmed for gains of 
1 to 1000. Combining this with a 
sample-and-hold circuit and a 
12-bit a-d converter , the data ac­
quisition section achieves ± 0.01 
accuracy and throughput rates of 
up to 25 kHz. 

Octagon Systems Corp., 650J 
W. 9Jst Ave., Westminster, CO 
80030; (303) 426-8540. $565. 
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At last, software that solves your 
mathematical problems symbolically. 

In seconds. 
If it is still taking you weeks or 

months to handle rudimentary alge­
braic problems and extremely com­
plex analyses, then make it your 
business to find out about MACSYMAr" 

MACSYMA is the most compre­
hensive approach to symbolic math­
ematics ever created. Originally 
designed at MIT through research 
in Artificial Intelligence, MACSYMA 
has been continuously developed 
and enhanced since 1969. 

But for all its sophistication, you 
can put MACSYMA to work on com­
puters ranging from workstations 
to mainframes. Without previous 
programming experience. In 
fact, you can interact with it in an 
almost conversational way while 
you use it to explore problems in 
basic or advanced mathematics that 
you couldn't begin to approach 
using a pencil, chalk or numerical 
software. This comprehensive pro­
gram can then generate FORTRAN 
code from derived MACSYMA ex­
pressions and answers. 

3 weeks vs. 10 seconds. 

For example, an engineer work­
ing for a major aerospace company 
was stopped by an integral dealing 
with turbulence and boundary lay­
ers. Pencil and paper in hand, he had 
been looking at: 

f(k log(x) - 2x3 + 3x2 + b)' dx 

for more than three weeks. He always 
arrived at a different solution, never 
knowing which was the right one. 

Less than 10 seconds after enter­
ing the problem into the computer, 
MACSYMA gave him the correct 
answer. Not just numerically, but in 
symbolic terms that gave him real 
insight into the physical nature of 
the problem. 

How long would it cake you or your staff to fan or chi, expre-.,ion i 

3w2z5 + 2w3z4 
- 10w2y2z3 + 141xyz3 + 

45w2x3z3 
- 3w2z3 + 94 wxyz - 2w3z -

470xy3 + 10w2y2 + 2115X4Y - 45w2x3 

MACSYMA gives you the answer. In seconds. 

(3z3 + 2wz - 10y2 + 45x3
) (w2z3 + 47xy - w2

) 

What MACSYMA can do. 
For you. 

MACSYMA arms you with hun­
dreds of practical and real -world 
applications. It can: 

• Do algebra, trigonometry 
and calculus 

• Provide standard numerical 
techniques 

• Generate FORTRAN output from 
MACSYMA expressions 

• Simplify, factor or expand 
expressions 

• Solve equations analytically 
or numerically 

• Expand functions in Taylor or 
Laurent series 

• Compute Fourier and Laplace 
transforms 

• Manipulate matrices and tensors 

• Plot functions in 2 or 3 dimensions 

• Much, much more 

Throughout the world, thou­
sands of scientists, engineers and 
mathematicians are using MACSYMA 
in such diversified applications as 
electronics, structural engineering, 
CAD, acoustics, plasma physics, 
antenna theory, VLSI circuit design, 
control theory, numerical analysis, 
fluid mechanics, genetic studies, ship 
hull design, maximum likelihood 
estimation, ballistic missile defense 
systems design, underwater shock 
wave analysis, helicopter blade 
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motion studies, and atomic scatter­
ing cross section analysis. And the 
range of use is expanding every day. 

Easy computer algebra 
starts here. 

MACSYMA is available right 
now from Symbolics,rn the leader in 
Symbolic processing. For a complete 
kit including a full capabilities bro­
chure, just clip and mail the coupon 
or call (617) 577-7600. 

MACSYMA"' 
The most comprehensive 
software approach to 
symbolic mathematical 
computations. 

symbolics T M 

Your next step in computing. TM 

MAC~YMA and SYMBOLICS a r e trademarks of 
.\) •mho lics. Inc. Copy right 1986 ~),,nho/ics, Inc. r------------
I 
I 
I 

symbolics, Inc. Dept- M-ET2 
11 Cambridge Center 
Cambridge, MA 02142 

I Namt: 

I Titk 

I 
Company 

I I Addrt:ss 

I C il )' State: Z ip 

~~~~~~~~~~~~~ 

Extension I Tt:lt:phonc 

I 
MACSYMA is available to colleges and 
universities at special rates. 

~----- - ------



NEW PRODUCTS 
INSTRUMENTS 

Laser source has 8 1300-nm outputs 

Weighing only 7 lbs (including an 
internally rechargeable battery), ln­
telco's Model 128 light source pro­
duces eight laser outputs, more than 

any other such source. The lasers 
each have a wavelength of 1300 nm, 
within a 6-nm optical line width. 
The unit is designed for multifiber 

MODULAR 1/0 YOU CAN NEVER OUTGROW 
PCl-20000 GIVES YOU THE MOST COST-EFFECTIVE, 

EXPANDABLE PC INSTRUMENTATION SYSTEM 
AVAILABLE TODAY ... AND TOMORROW! 

The PCl-20000 is an exciting new 
generation of instrumentation for 
IBM and bus-compatible Personal 
Computers. It lets you start small. 
Add plug-in channels and 
functions only as requirements 
grow. Never pay for more 1/ 0 
than you need. 

The key is modularity: Carrier 
cards plug directly into the PC 
expansion slots and provide 
power, communications, mounting 
mechanisms and optional digital 
1/ 0 capability. Versatile 
instrument modules plug into the 
carrier and perform the data 
acquisition, test, measurement, 
and control functions your 
system requires. 

You can choose from fifteen 
different modules now, with many 
more planned for the future. Each 
carrier accepts up to three 

modules. Several termination 
panels simplify wiring and bring 
signals to and from the system. 

Extensive software support is 
available, including BASIC, C, 
Pascal, ASYST, and LabTech 
Notebook. 

We invite you to find out more 
about this new generation of 
instrumentation. Call or write 
today for a descriptive brochure 
and system specifications. Burr­
Brown, PO Box 11400, Tucson, 
AZ 85734. Telephone (602) 746-
1111. 

BURR - BROWN ® 

113131 
Improving PC Productivity 
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loss measurements in cable installa­
tions. It eliminates the need to man­
ually switch from one fiber to an­
other for splice testing. 

Each of the eight outputs is stable 
to within ± 5 nm and produces - 15 
dBm of power per port, with port-to­
port variations of under l dB. T he 
unit uses thermoelectrically cooled 
and temperature-controlled lasers 
that allow it to boast short-term and 
long-term output stabilities, after it 
is turned on for three minutes, of 
± 0.02 and ± 0.1 dB, respectively. 

The unit operates in one of three 
modes: internal continuous-wave, 
270-Hz square wave, and 1000-Hz 
square-wave modulation. It employs 
standard FC optical connectors. 

The instrument contains laser­
control and timing circuitry that al­
low it to meet the Class l no n­
hazardous emission stand ard s 
defined by the U.S. Bureau of Ra­
diological Health. Its battery pow­
ers the source for over 14 hours of 
continuous use and recharges in less 
than 6 hours. The instrument may 
also be operated from an external 
11- to 15-V de source or from 
110/2 20-V 50/60-Hz ac power 
lines. 

The Model l 28's dimensions are 
10 by 10.25 by 3.75 in. It is rated to 
operate from 0 ° to 40°C. The 
source costs $13,900 and is available 
from stock to 4 weeks. 

lntelco Corp., 304 School St., 
Acton, MA 01720;(617) 264-4485. 
CIRCLE 30 1 
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Remote power supplies for microprocessors 
Wall Units 

+ 5VDC @ 750 ma 
+ 12VDC @ 80 ma 

(W512750/1) 

® 
MPI's remote new plug-in units let you take 

the power supply out of your product and put it 
practically anywhere. Insert it directly into a wall 
plug, or rest it on a table top, desk top, bench, or 
any flat surface. 

Designed for use with modems, calculators, ap­
pliances, games and a variety of other electronic 
products, MPI wall and table top power supplies 
are super-performers; providing outstanding de­
pendability, flexibility and economy. They free up 
valuable board space, reduce weight and eliminate 
hazardous voltages, power supply heat and the 
need for costly cooling devices. 

All MPI wall and table top models 
are UL listed. 

Get the MPI super powers 
working for you. Check these ex­
clusive features and specifica­
tions and call us today for 
details. 

• Multiple & single output 
• Regulated low ripple 
• UL and CSA listed 
• fully isolated outputs 
• Comply with FCC EMI 

regs. 
• High efficiency 
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Table Top Units 
+ 5VDC @l.O A 

+ 12VDC @310ma 
(TS 121000/1) 

®~® 
Specifications: 

120V ± 10% 50/60 Hz 
+ 5V 5% overall 

+ 15V or + 12V 5% overall 

- 15V or - 12V 5% overall 

50 MV P-P 

Operating Temp: 0°C to + 40° C , 
Storage Temp: - 55°C to 105°C 

15,000' 

Multi Products International 
218 Little Falls Rd ., P.O. Box 238, Cedar Grove, NJ 07009 
(201) 239-8183 •Telex 219289 •Cable: MUPRINUSA-CEDG 

SEE US AT ELECTRO 86, BOOTH #302. 



INSTRUMENTS 

Protocol analyzer 
uses IBM PC host 

A hardware and software package 
for the IBM PC and compatibles 
performs remote data collection for 
protocol analysis. The FERAM re­
mote acquisition module transmits 
data over a n RS-232-C link. The 
user can select any one of 16 remote 
lines to be monitored using Fre­
derick Engineering's line multi­
plexer, FEMUX. Once the data has 
been collected, it is forwarded to the 
personal computer for analysis with 
the FERAM software. An optional 
V.35 interface is available. 

Frederick Engineering Inc., 54 
Cessna Ct., Gaithersburg, MD 
20879; (301) 926-6772. $1995. 
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An easy, inexpensive way to 
protect computers and 
identify individual keys, 
VIZIFLEX SEE LS are ideal for all 
kinds of keyboard operated 
devices including telephones, 
cash registers IECR'sl, and 
digital counters as well as 
computers. 

Call now: 1201>487-8080 

CIRCLE 182 

NEW PRODUCTS 

3-MHz synthesizer 
has settable phase 

Analyzers accept 
downloaded data 

The VDS-3 digital frequency syn­
thesizer with the phase rotation op­
tion permits phase shifting within a 
± 360° range in 0 .36 ° steps. Phase 
accuracy is better than 0.1 °, and 
controlled phase shifts are com­
pleted in less than half a microsec­
ond. The basic unit covers de to 
3 MHz with 0.001-Hz resolution . 
The instrument is also available at 
the board level for OEM applica­
tions. 

Two spectrum analyzers, the 495 
and 495P, provide top performance 
in a portable package. The instru­
ments cover frequencies ranging 
from I 00 Hz to 1.8 GHz, with 
- 130 dBm sensitivity, optimized 
for the baseband through UHF 
markets. With Option 05, the user 
can download frequentl y used mea­
surement programs into nonvolatile 
memory. Unlike its manual coun­
terpart , the 495P offers full pro­
grammability via a GPIB port. S ci teq Electronics In c., 7 380 

Clairemont Mesa Blvd., San Di­
ego, CA 92111; (619) 292-0500. 
$1995, plus $500 for phase rota­
tion option; stock. 

Tektronix Inc., P.O. Box 1700, 
Beaverton, OR 97005; (800) 547-
1512; in Oregon, (800) 452-1877. 
From $24,350. 

C IRCLE 360 CIRCLE 361 

IDETIX .. 
DIGITAL CAMERA 
MOS Imaging System 

• System Includes: 
MOS sensor based camera with 
C·Mount lens 

High speed controller board 
Demonstration software and 
subrouline library. 

• Ad1ustable frame size and 
resolution to 1024 x 512 pixels 
using the MOS digital image 
sensors, IS32A and 1$256 
Optic RAM"' 

• Rugged and reliable camera head 
!or industrial environments. The 
high speed differential 
driver/receiver camera head 
measures 4.3"l x 1.S"H x 3"W. 

• Appl1cat1ons include factory 

inspection, robotics, process 

conlrol . image processing , 

manufacturing au1omat1on and use 

as an educational 1001 

• IBM PC, XT. AT compaltble with 

high speed dala transfers \11a OMA. 

• Sohware includes demo program 

and Assembly language Onver 

library w1lh routines for image 

processing and high resolution 

graphic display. Source code for 

demo program and driver 

subroutines included . 

• Under $500 in OEM quantities. 

• • • Micron Technology, Inc., a world leader 1n semiconductor 
development and manufacturing, presents the IDETIX '~ Imaging 
System, a low cos! allernalive for machine vision apphcat1ons 

For more 1nformat100 conlacl 

ICRON 
TECHNOLOGY, INC. 
Syslems Group 
2805 E. Columbia Road 
Boise. tdaho 83706 
(208) 386-3800 
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INSTRUMENTS 

Software streamlines 
board test operations 

A software system for collecting 
and analyzing board-test data links 
Teradyne's L200 series of VLSI 
board test systems for more effi­
cient production, testing, and 
repair of pc boards. Called Board­
W a tch , the program uses an in ­
dustry-standard network and re­
lational data base to provide an 
open system for job plan manage­
ment, paperless repair, and flexible 
management-report generation. It 
runs on VAX series computers and 
is compatible with DECnet/Eth­
ernet communications links. 

Teradyne In c., 321 Harrison 
Ave., Boston , MA 02118; (6 17) 
482-2700. From $75,000 to 

NEW PRODUCTS 

$200,000, depending on the number 
of L200's on the network. 
CIRCLE 362 

Voltmeters boast 
high speed 

Two 6 1/2-digit voltmeters a re in­
tended for systems and A TE appli­
cations. Both the 7061 and 7062 use 
a pulse-width technique to measure 
the input continuously at 24,000 
times per second to produce a 
4 1/2-digit reading or 6 1/2 digits with 
precision. Within 3 ms of an exter­
nal hardware or software trigger, a 
4 1/ 2-digit reading can be taken and 
transmitted over the IEEE-488 bus. 

Solartron Instruments, 2 West­
chester Plaza, Elmsford, NY 

DIGl-KLIP® MOR 100 
The Edge in Card Edge 

Low Profile 

10523; (800) CALL-SOL or (914) 
592-9168. 
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Noncontact meter 
reads 100 V FS 

A sensitive electrostatic voltmeter is 
designed to measure electrical over­
stress. With a full-scale reading of 
100 V, the instrument works at a 
distance to provide accurate read­
ings to within 5 V. The EOS 100 
offers four full-scale ranges (5% ac­
curacy): 100 and 1000 Vat 0.75 in. 
and 300 and 3000 V at 3 in. 

Chapman Corp., 125 Presumps­
cot St ., P.O. Box 10700, Portland, 
ME 04104; (207) 773-4726. $325. 
CIRCLE 364 

DIGl-KLIP MDR 100 Series gives you the edge with 
the lowest profile ... only 0.270" slot depth and compact 
dimensions that fit within the limits of any compatible 
receptacle on the market. MDR 100 Series with dip solder 
terminations, mounts in the popular .200" row spacing 
grid and is available in .100" center-line spacing . 

For your IBM PC, XT and AT 

For exceptional performance, low profile and modular 
construction get "the edge" with DIGl-KLIPI 

COMPONENTS c CORPORATION 

Denville, New Jersey 07834 • (201) 627-0290 

SEE US AT ELECTRO '86 BOOTH 4052 

CIRCLE 149 

• Digital Scope & Ana lys is software 
• 70Khz data transfer rate to hard disk 
• Up to 16 channels/board 
• Transient captu re 
• Up to 16 Mega samples 

storage 
• Low Cost 
• OEM discounts 

availab le 

• g!,?!, . . 
0100 

El~ctr~~ic~· Inc. 

5386 Hollister Ave. 
Santa Barbara, Ca 93111 

805-964-6708 
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COMPONENTS 

LED sockets 
eliminate soldering 

Electrically co nnecting LEDs to 
ci rcuit boards can now be accom ­
plished without soldering using the 
P C H and PCY se ri es sockets . 
LEDs with dual leads on 0.100-in. 
centers are mounted horizontally 
in the PCH socket and vertica lly in 
the PCY . Specially formed finger 
contacts a utomatically adjust to 
varying sizes and shapes of leads to 
permit easy insertion and removal. 
In addition, the vertically mounted 
PCY a llows the leads to be inserted 

NEW PRODUCTS 

from either direction. 
Visual Communications Co . 

In c., P.O. Box 986, El Segundo, 
CA 90245; (213) 822-4727. $0.25 
( 10,000 units) ; stock to two weeks. 
CIRCLE 365 

Switches shrink to 
micro-subminiature 

The micro-subminiature G series of 
pc board toggle and rocker switches 
is approximately 30% smaller than 
those switches classified as sub­
miniature or super-subminiature. 
They a re available with straight­
mounting, right-angle, or vertical 
terminations. Terminal spacing con­
forms to standard 0.100-by-O. I 00-
in. pc board grids. 

NKK Switches, 14415 N . 
Scottsdale Rd., Scottsdale, AZ 
85260; (602) 991-0942. 
CIRCLE 366 

IDC connector has 
50-mil centers 

The 8800 series is a two-piece con­
nector system with contacts on 50-
mil centers for miniaturized inter­
connections. Board-to-board and 
wire-to-board mating capabilities 
are available. Standard JDC config­
urations range from 20 to 60 con­
tacts. 

Ket-Am Inc ., P.O. Box 313, El­
don, M065026; (800) 233-2001 or 
(314) 392-7174. 
CIRCLE 367 

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

76 % CONTACT DENSITY INCREASE: Mil -C-24308 
conformance. CONTACTS: Removable, machined 
copper alloy, gold over nickel , 5 amp. "closed entry " 
female, Mil-C-39029. TERMINATIONS: Crimp, solder, 
printed board, straight or 90 °. INSULATOR: Polyester 
glass, U.L. 94 VO, 5 variants of 15, 26, 44, 62 
& 78 poles. SHELLS: Steel and brass, zinc or tin plated 
(dimpled). MOUNTING: Panel and printed board. 
COUPLING: Threadlocks and slide lock systems. 
HOODS: Metal , plastic, EMii RFI. 

POSITRON IC 
INDUSTRIES, INC. 
423 NO. CAMPBELL AV.- SPRINGFIELD MO. 65806 
TEL. 417-866·2322 · TX 436445 · TOLL FREE 800-6U4054 
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Reducing the size 
of Power 1/0 Modules 
by 400Ji», is one 
good example. 
At Gordos, we put our years of sur­
face mount and thick film design ex­
pertise to work and developed a 
Power 1/0 System that saves 400/o in 
crucial panel space. Without sacrific­
ing one spec of performance! 

Flexibility of our new Mini 1/0 
Modules is a plus at Gordos. Mounting 
boards which accommodate 16, 24 or 
32 modules are available. The module 
comes with a positive snap-in design 
which will also fit in conventional 
boards for field interchangeability. 
Positive cable connections can be 
made with an optional pin/socket con­
nector and the board is compatible 
with existing cable interfaces. 

Modules are available for 120 or 240 
VAC output, 3 to 60 voe output, 120 
or 240 VAC input and 5 and 24 voe 
input. Plus, each module provides 
4000 volt optical isolation between the 
computer logic voltage and the load 
side. 

The new Gordos Mini Power 1/0 
Modules. Small in size, big on perfor­
mance. For more information on Mini 
1/0 Modules, conventional 1/0 
Modules, Solid State Relays or 
Custom Hybrid Circuits, call us at 
800-643-3500, or write for descriptive 

literature. ~ 

GORDOS ARKANSAS 
1000 North Second Street 
Rogers, Arkansas 72756 

TWX 910-720-7998 
CIRCLE 150 



miniature 

wideband 
amplifiers 

10 to 2000 MHz 
only $179 

IN STOCK ... IMMEDIATE DELIVERY 

• 22 dB gain, flat ±1.5 dB 

• 40 dB isolation 

• meets MIL-STD-202 

• operates from - 55°to + 100°C 

• boost signal/sweep generator 
output to 50 mW 

• achieve broadband isolation 

• use as amplifier driver 

• SMA connectors 

• rugged 1.25 in ., sq. x 0.75 in. 
RFl -shielded case 

• one-year guarantee 

ZFL-2000 SPECIFICATIONS 

FREQUENCY 
GAIN 
GAIN FLATNESS 
OUTPUT POWER 

1 dBcompr. 
NOISE FIGURE 
INTERCEPT POINT, 

3rd order 
VSWR, 50 OHMS 
DC POWER 

Call or write for 64-page 

10-2000MHz 
20dB 
±1.5 dB 

+ 17 dBm 
70dB 

25dBm 
2:1 
+15V, 100mA 

RF Designers Guide or refer to EEM, 

EBG, Gold Book, Microwaves & RF Directories . 

f1nd1ng new ways 
setting higher standards 

0 Mini-Circuits 
A 01v1s1on of Scientific Components Corporation 

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

Connector employs 
retention system 

Two fork springs located at each end 
of a D subminiature connector open 
upon insertion into a pc board and 
hold it firmly in place during wave 
soldering or other assembly pro­
cesses . Available in 25-, 15-, and 
9-contact versions (femaleonly), the 
connector has a current rating of 5 A 
and a dielectric withstanding of 
1200 V ac rms. 

LZR Electronics Inc. , 8174 
Beechcraft Ave., Gaithersburg, 
MD 20879; (30 1) 921-9440. $1.75 
(25-p in version) in lots of 1000; 
stock to eight weeks. 
CIRCLE 368 

Transducers 
sound alert 

Solid-state piezoelectric transducers 
are used to initiate an audio alert in 
such applications as computers, 
prin ters, and instrumentation de­
vices. The board-mounted Model 
l 3DB-4P is 15 mm wide by 9 mm 
high, with 10-mm pin spacing. The 
wire lead Model l 5DB-4P is 16.8 
mm wide by 4 mm high , ideal for 
mounting in tight spots. Both de­
vices provide an output of 73 to 80 
dB at 4096 Hz. 
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Kyocera Electronic Compo­
nents Group, 11425 Sorrento Val­
ley Rd. , San Diego , CA 92121; 
(6 19) 454-1800 . $0.42 (10,000 
units);four to six weeks. 
CIRCLE 369 

D connectors 
withstand 200 a c 
High-temperature D subminiature 
connectors are offered in 25-, 15- , 
and 9-contact variations and mount 
on the pc board in a single row of 
1.27-mm contact centers. Materials 
used in the SMT D-series permit 
them to withstand temperatures in 
excess of 200°C for short periods of 
time . The devices are compatible 
with all standard D subminiatures 
conforming to Ml L-C-24308 and 
IEC publication 807-2. 

Positronic Industries Inc ., 423 
N. Campbell, Springfield, MO 
65806; (800) 866-2322 or (417) 
866-2322. 
C IRCLE 370 

LED bar graph 
emits three colors 

Part of the Jupiter line, the LL7 l 64-
l 1 is a 10-segment LED bar graph 
with a gray face and translucent 
segments. The device emits the color 
green (GaP) in the first five posi­
tions, yellow (GaAsP / GaP) in the 
next three, and high-efficiency red 
(GaAsP / GaP) in the final two posi­
tions. Pin spacing is standard 
0.100-in. dual-in-line on 0.300-in . 
centers with an overall package size 
of 0.995 by 0.400 in. 

Industrial Electronic Engineers 
In c., 77 40 Lemona Ave . , Van 
Nuys, CA 91405; (8 18) 787-03 11. 
$2.75 (JOO units). 
CIRCLE 371 



H ouston Instrument's 
DMP-51 /52 series stands out in 

terms of speed, power, and precision . 
It's the plotter to choose when you 
need reliable , field-tested performance 
at an affordable price. Professionals 
in architecture, engineering, and 
drafting have found the servo-driven 
DMP-51 /52 series to be the key to 
enhanced productivity- and its price 
is thousands less than comparable 
plotters. 

Featuring plotting speeds of up 
to 22 inches per second, a user­
selectable acceleration rate of up to 
4 Gs , and a mechanical resolution of 
.001 inch, the DMP-51 /52 series is 
the natural choice for discriminating 
professionals who require C and D 
size formats and field-proven capa­
bilities. It's no wonder the Houston 
Instrument DMP-51 /52 series has 
earned a reputation for being "the 
lean , mean plotting machine." 

DM / PL is a trademark of Houston Instrument. 

P.-
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Whether you are producing 
architectural ftoorplans , engineering 
drawings, electrical schematics, site 
surveys, circuit board layouts , or 
contour maps, the DMP-51 /52 series 
provides you the quality and throughput 
you need to remain competitive. 

Plus, more than 275 compatible 
software packages- including the 
popular CAD packages such as 
AutoCAD, CADkey, YersaCAD, and 
Robosystems CAD-I-are available 
to run Houston Instrument products. 
And, because the DMP-51 /52 series 
uses a standard RS-232-C compatible 
interface, it can operate with virtually 
any computer on the market today. In 
short, Houston Instrument offers you 
superb plotters with the flexibility to 
complement your existing work­
station configuration . 

Another advantage of the 
DMP-51 /52 series is its built-in 
Digital Microprocessor Plotting 
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Language (DM/ PL '"), which allows 
it to execute complex graphics opera­
tions from simple commands . This 
firmware intelligence , combined with 
an easy-to-use menu that makes it simple 
to select and change plotting param­
eters , means that the DMP-51 /52 series 
can offer you first-day productivity. 

Once you see the DMP-5 1/52 
series in action, you'll agree that it is 
one of the best plotters on the market 
today. Call us at 1-800-53 1-5205 
(512-835-0900 for Texas residents), 
or write Houston Instrument, 8500 
Cameron Road , Austin, Texas 78753 . 
In Europe, contact Houston 
Instrument , Belgium NY., 
Rochesterlaan 6, 8240 Gistel, Belgium. 
Tel. :059-27-74-45. Tix.: 846-81399. 
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THE FIRST NAME IN DIGITAL SCOPES 

A DIGITAL SCOPE 
FROM NICOLET 

FOR $1,795. 
Now you can perform test & 

measurement tasks easily, quickly 
and cost effectively with the afford­
able, portable NIC 110 from Nicolet. 

assures you a flexible time window 
for viewing, expanding and comparing 
events. The 110 also makes perma­
nent records available by outputting 
signals to analog 'f:i recorders. The dual-channel 110 serves 

both as a 20 MHz analog oscilloscope 
and a transient-capturing digital 

At $1,795, the 110 is one of the 
best oscilloscope values available 

today. To order, phone toll­
~~!!!!!!!!!!!!!!!!~~ free (800) 356-3090 (In 

oscilloscope. Its 8-bit 
digitizer can freeze 
one-time events for 
detailed study. Pre­
trigger settings along 
with 1024 point 
records per channel 

~Nicolet 

Wis., (608) 273-5008) , 
or write Nicolet Oscillo­
scope Division , 5225 
Verona Rd., Madison, 
WI 53711 . 

FOR MORE INFORMATION CIRCLE 187 
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PROGRAMMABLE PULSE 
GENERATOR 
• &enerates Precise Pulse Widths 
• 3·Bit Programmable 
• 1 NS to 100 NS Increments 
• Rising-edge Triggered 
• TTL Interfaced 
• 14 Pins DIP 

385 Lakeview Avenue, Clifton, New Jersey 07011 • (201) 772-1106 
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NEW PRODUCTS 
PACKAGING & PRODUCTION 

Microscope inspects 
optical fibers 

An inspection microscope, the F­
MLI is a portable, self-contained in­
strument for viewing optical fiber 
cleave quality, surface defects, and 
core definition with magnification 
up to 400 X. Suitable for produc­
tion, laboratory, and field use, it ac­
commodates bare and connector­
ized fibers with snap-in adapters. A 
video monitor is available for high­
volume inspection. 

Newport Corp., P.O. Box 8020, 
Fountain Valley, CA 92728; (714) 
965-5406. $1975; $1600 for mon­
itor; stock. 
C IRCLE 372 

Programmers get 
generic interface 

Designed to work with any of Intel's 
existing line of universal PROM 
programmers, the iUP GUPI (Ge­
neric Universal Programmer Inter­
face) is a single module that lets de­
signers program a wide variety of 
devices. These include EPROMs, 
EPLDs, and microcontrollers in pin 
grid arrays, plastic leaded chip car­
riers, and up to 68-pin DIPs. An 
opening in the top of the module ac­
commodates any of a series of low­
cost adapters. 

Intel Corp., Literature De­
partment, W-295, 3065 Bowers 
Ave., Santa Clara, CA 95051; 
(503) 681-2279. $790; adapters 
cost $200 to $250. 
CIRCLE 373 
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Accuracy. Speed. Reliability. Support. PSpice. 
Since its introduction over two years ago, MicroSim's 
PSpice has become the most popular commercial SPICE 
program in the world. 

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

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

SPICE-based programs, we also offer: 

• a GaAs MESFET model 

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

• full telephone and mail-in support. 

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

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

Probe.) 

Besides offering improved con­
vergence properties over other MicroSim Corporation 

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

cost, please give us a call today! 

23175 La Cadena Drive • Laguna Hills, CA 92653 
(714) 770-3022 • (800) 826-8603 • Telex: 265154 SPICE UR 
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INTEGRATED 
DESIGN 
AND TEST 
REQUIRES 
MORE THAN 
REFORMATTED 
SIMUIATION 
WAVEFORMS. 
TSSI understands what is 
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. 

TEST SYsrEMs 
S!AATEGIFS 

8285 S.W . NIMBUS AVENUE 
BEAVERTON. OREGON 97005 
503 643 9281 TELEX 4992633 
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READER FEEDBACK 

(con tinued from p. 89) 
pose of the action was to divert 
"attention from the plight of the au­
tomobile industry." He makes these 
wild claims and offers nothing at all 
to support his viewpoint. 

Costlow's conclusions do not seem 
to be based on solid facts. Who, or 
what, are his sources? I would ap­
preciate seeing a response to this let­
ter in print. 

James Burd 
Northride, Calif. 

Sometimes satire just ·doesn 't 
work. Terry Costlow's column 
was intended as a tongue-in-cheek 
look at recent events in the Star 
Wars program. comparing it to 
what might have happened if the 
personal computer industry had 
been government-supported. In 
this case, apparently Terry's gift 
for journalistic understatement 
did not serve him as well as it usu­
ally does .-Ed. 

Too much 
unneeded work 

Your Feb. 20 column (p. 33) voices 
my own suspicions very well. 
Thanks. The suspicions have been 
percolating since my days in the 
U .S. Civil Service in the 1950s, 
when I realized that the Lab Direc­
tor had put sixty employees to work 
making and testing stuff that 
worked half the time, and had one 
employee paid to try to find out how 
to improve the score. ("When the 
job is finished, so are you," one cynic 
said.) 

In ordinary speech about DOD, 
the billions don't go for Defense, but 
the Defense Spending; the usage is 
more accurate than the brass. 

I bet somebody squawks about 
your column. The fact that Uncle 
Sam plays the Red Queen, moving 
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money around just to keep people 
busy, has got to be on someone's ta­
boo list. 

After a century of innovation in 
Labor Saving Machinery and sixty 
years of the forty-hour week, we 
work more than ever just for the ne­
cessities. The most likely explana­
tion is that the extra time is applied 
to unnecessary work. Such as selling 
stuff that is not needed, and or­
ganized snooping, and redundant 
bombs. 

I once noticed that R&D spend­
ing nationally had gone up by a fac­
tor of over 100 while the number of 
patents issued per year stayed about 
the same, and wrote an article about 
it in the Patent Office Society 
Journal. 

Lawrence Fleming 
Innes Instrument Co. 
Pasadena, Calif. 

Corrections 

Due to an editing error, a state­
ment by Microsoft Corp. chairman 
Bill Gates fore casting future 
microcomputer software was gar­
bled. He actually said that further 
development of software for 8088 
based machines would continue to 
evolve on a parallel track with 
projects to exploit the advanced 
features of 80286-based systems. 

The correct phone listing for 
Kepco Inc. in the March I 3 issue 
table of programmable power 
supplies manufacturers (p. I 64) is 
(718) 461-7000. 

Be sure to see 
Electronic Design's 
Professional 
Opportunities 
Section. 
It starts 
on page 268. 



That's right. A simple iSBX* connection allows you to 
upgrade virtually any Bus structure with a wide variety 
of Zendex ZBX Expansion Modules. No more compati­
bility headaches. Just an easy, trouble-free way to 
make your system more powerful and flexible. 
Zendex Corporation manufactures a broad range of 

standard and custom designed ZBX Expansion Mod-

ules, as well as Single Board Computers, 1/0 Boards, 
Disk Controllers, Design Aids, Chassis, CP/M Compat­
ible Systems and RMX-86 Compatible Systems. Check 
the ZBX Modules below and give us a call. You'll be 
surprised to find how easily you can give your system 
the flexibility and power you need. 

ZBX488 
IEEE-488 Interface 
Module 
• Complete intelli­

gent interface to 
IEEE-4881978 
standard . 

• Standard protocol handled automatically in 
Talker, Listener or controller operations 
through a Tl TMS-9914 GPIB adaptor chip. 

• RMX-86 drivers available . 

ZBX349 
Centronics Printer 
Interface Module 
• Provides direct 

interface to Cen­
tronics compati­
ble parallel 
printers through the SBX bus. 

• Includes an eight foot interface cable which 
plugs into a 50 pin edge connector on the 
board . 

• Generates data strobe and latches data for use 
by printer. 

ZBX361 
Dual Serial 1/0 
Expansion Module 
• Provides two 

RS 232C serial 
communications 
channels using 
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two 8251A programmable USARTs. 
• Two 26 pin edge connectors for mating with 

standard 3M type connectors . 
• Switch selectable dual baud rate clock with 16 

variable rates from 50-19.2K baud . 

ZBX 280 
SCSI Interface 
Module 
• Supports floppy 

disk drives , Win­
chester drives 
and streaming 
tape drives. 

• Supports 1/0 and OMA modes with OMA 
transfers up to 1.5M bytes/sec . 

• Utilizes NCR 5380 chip which provides 
complete control of the SCSI bus and full 
handshake signals . 

• RMX-86 drivers available. 

ZBX350 
Parallel 1/0 Expan­
sion Module 
• Provides 24 pro­

grammable 1/0 
lines configured 
as three 8-bit 
ports through one 8255 programmable 
peripheral interface. 

• One of three modes: basic 1/0, strobed 1/0 or 
bidirectional bus interface to external buses. 

• Four 14 pin sockets . 

----------- iiii ~ -----.iliiiiir" ~~------~-~.-----.-...­< .... .., ...... 
6700 Sierra Lane Dublin, CA 94568 
415/828-3000 TWX 910-389-4009 

ZBX288 
SCSI with Clock/ 
Calendar 
e Full ANSI X379 .2 

interface. 
e Utilizes NCR 

5380 chip. 
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• Same clock/calendar features as ZBX 348 . 

ZBX348 
Clock/Calendar 
Module 
• Provides sec­

onds, minutes, 
hours, day, date, month and year to any host 
single board computer. 

• Lithium battery provides power for five years. 
• Accurate to within ± 5 seconds per month . 
• RMX-86 utilities available . 

ZBX351 
Serial 1/0 Expan­
sion Module 
• Provides one 

RS232C or RS 
4491442 pro­
grammable 
USART with software selectable baud rates 
through one 8251A programmable communi­
cations interface. 

• Two general purpose programmable 16-bit 
timer/event counters are available to the host 
board . 
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Lever A 
Advantage " '<: :o' Armature 

lever 

~ 

Shall bar 
link 

Armature 
drive pin 
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Here are three of hundreds of 
possible design approaches to 
locking mechanism design 
using reliable, durable, 
economical. and easy-to­
apply Ledex rotary and linear 
solenoids. Request catalogs. 

Ledexlnc. 
801 Scholz Drive 
Vandalia, Ohio 45377 U.S.A. 
Phone: 513-898-3621 

·~ 
IIEDEX 

\.____.-•/ 
helpful solenoid technology 
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PRODUCT NEWS 

Surface relays get gull-wing leads 

For the first time reed relays are available for surface-mounting applications 
requiring the gull-wing lead formation . Electronic Instrument & Specialty 
Corp. (Stoneham, MA) is offering the packaging option on all its catalog and 
custom molded-DIP reed relay designs. The company chose the gull-wing 
over the J-type lead for quality control reasons: The visible gull-wing leads 
simplify inspection and testing and reduce flux buildup around solder joints. 
The DLS series of surface-mount relays, an enhanced version of the popular 
DL series, will be available by the third quarter in minimum quantities of 
I 000 units with a delivery time of six to eight weeks. 
CIRCLE 374 

Motorola discontinues 8-bil chips 

Motorola lnc.'s Microprocessor Products Group (Austin, TX) is discon­
tinuing the manufacture of several 8-bit chips. These include the MC6822 
industrial interface adapter, XC6829 memory management unit, the 
MC6835 ROM-based CRT controller, MC6839 floating-point ROM, 
MC6846 ROM-1/0 timer, MC6847YP and MC6847TI video display gen­
erators, MC6808 microprocessor unit, and MC6845Rl CRT controller. 
They will be available for lifetime buys at closeout prices for one year with 
delivery scheduled within two years. 
CIRCLE 375 

6809E microprocessor comes in CMOS 

The Semiconductor and IC Division of Hitachi America Ltd. (San Jose, 
CA) has introduced the first CMOS version of the industry-standard 6809E 
8-bit microprocessor. Hitachi's HD6309E offers all the advantages of 
CMOS, including increased reliability, low power consumption, and re­
duced package size of the end product. It operates at up to 3 MHz, 50% 
faster than the NMOS version, and the device architecture permits 16-bit 
math calculations. Housed in a 40-pin plastic DIP, the 3-MHz version sells 
for $9.50 in lots of I 00. 
CIRCLE 376 

Power amps get DESC approval 

Elantec Inc. (Milpitas, CA) has been named the first source approved by the 
Defense Electronics Supply Center (DESC) for four amplifiers defined by 
three recently issued DESC drawings. The drawings cover the ELH0021 
(850880 I YX) , a I-A operational amplifier; the ELH004 l (850870 I ZY) , 
a 0.2-A power amplifier; and the ELHOIOI (8508902YX) and ELHOIOIA 
(8508901 YX) 5-A power amplifiers. Elantec is also the only supplier of 
these devices that is fully compliant with Revision C of MIL-STD-883 . 
CIRCLE 377 
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For the long view on Multibus, 
take a close look at Zitel. 

If you're shipping Multibus~·,_ 
based products or considering 
a new design, it pays to look 
again at what you expect from 
a vendor. Is it high capacity and 
fast dynamic RAM? Advanced 
processor architectures? Soft­
ware compatibility with Intel? 
On-time delivery? Competitive 
pricing? Consider what Zitel 
can do for you. 

Zitel's track record as a 
source of board and system level 
memory products for major 
OEM's is second to none; we've 
been delivering memory 
systems to leading corporations 
since 1979. And we couldn't 
have gotten where we are with­
out the highest standards in 
design integrity, manufacturing 
quality, and service. 

We're a substantial, publicly 
held company. We have the 
experience and resources to deliver-on time! Our engineers will work with you to smooth 
out the rough spots in system integration. Or design a fully custom card. 

Zitel is committed to Multibus. To being a leader. And we're expanding our open bus 
product line to meet your future needs. 

Call or write us for more information. Once you start getting Multibus boards from 
Zitel, you'll never look back. 

*Mulribus is a registered trademark of Imel Corporation. 

- __________________ z_1·~1® U S. Headquarters, 399 W Trimble Road, San Jose, California 95131, Phone: (408) 946-9600, TWX: 910-338-0567, TLX: 171607 

Zitel International, 97 Rue Souveraine, 1050 Brussels, Belgium, Phone: (322) 511-7833, TLX. 255 15 
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True analog filters, these 
2" x 4" low-profile devices 
free you from the limitations 
of electromechanical relays 
with the reliability of a ll 
solid-state switching. 

• CMOS-Compatible 
Tuning over 256:1 
Frequency Range 

• 8-pole Butterworth and 
Bessel Models 

• Ideal for the following: 
Anti-Aliasing 
A.T.E. 
Data Acquisition 
Data Analysis 
Process Control 

Bring the reliability of solid­
state switching to your design. 
And if you need info fast , call 
Warren Munroe today. 

1§1 FAEOUEnCY 
W~ DEVICEs·· 

~'1~idiJL¥ 
25 Locust Street, Haverhill , MA 01830 
(617) 374-0761 • TWX: 710-347-0314 
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PRODUCT NEWS 

Option links emulator, logic analyzer 

A new feature available on Zax Corp.'s (Irvine, CA) ICD series of emulators 
allows them to interface directly with logic state analyzers, such as North­
west Instruments' interactive state analyzer. The combination merges a logic 
analyzer's sophisticated trigger, qualification, data acquisition, and mea­
surement capabilities with the emulator's debugging mechanisms and loan 
facilities. The interface-optional on all emulator models- is offered at no 
additional cost. Owners of earlier models not incorporating the interface 
may purchase upgrade kits for $599. 
CIRCLE 378 

Simulator provides graphic output 

Allspice, an analog circuit simulation program for the IBM PC, is now a 
suite of programs that can generate graphic output, manage a library of 
standard components, and link the components to the user's circuit. Addi­
tionally, Allspice will include a GaAs FET model for microwave or high­
speed digital circuit simulation. Acotech (Menlo Park, CA) is offering the 
VOi-based graphics output post-processor for the Allspice program at a cost 
of $225. A package containing both programs sells for $575 . 
CIRCLE 379 

Amplifiers can be stacked in series 

A 100-A current amplifier, which broke the weight and size barrier for 
100-A sources by cutting the weight and panel height by half, can now be 
connected in series to increase the output compliance voltage. Test labs that 
connect multiple current sources in parallel to deliver 1000 A at 3 V can now 
reconnect the same sources in various series-parallel combinations for 200 A 
at 15 V or 500 A at 6 V. The manufacturer, Shepherd Scientific Inc. (San 
Diego, CA), reports that the Model I 00 current sources can be stacked up to 
five deep to produce a maximum of 15 V. Prices start at $4150. 
CIRCLE 380 

SCSI chip lowers power requirement 

NCR Corp. (Dayton, OH) has released a CMOS version of its 5380 Small 
Computer System Interface (SCSI) chip. The new device, designated the 
NCR 53C80, offers reduced power requirements and increased per­
formance without sacrificing low cost, flexibility, and space efficiency. Al­
though functionally equivalent to its NMOS counterpart, the single-chip 
controller has gained four ground lines to minimize the effects of ground 
plane noise and to allow output buffers to switch more quickly. 
CIRCLE 381 
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PRODUCT NEWS 

68020 interface links to analyzer 

The HP 64675 preprocessor interface is the first in a series of MC68020 mi­
croprocessor support products from Hewlett-Packard Co. (Palo Alto, CA). 
It provides an interface between MC68020-based systems and an 80- or 
120-channel HP 64620S logic state/ software analyzer. Software supplied 
with the interface displays measurements in MC68020 assembly language. 
The module installs in two HP 64650A general-purpose preprocessors, 
which connect to the analyzer. Interface prices sta rt at $4000. 
CIRC LE 382 

Autorouter speed quadruples 

Personal CAD Systems Inc. (Los Gatos, CA) offers enhanced versions of its 
entire PC-based CAD software line- PC-Caps, PC-Logs, and PC-Cards­
under its latest release. By changing memory address routines and over­
riding certain system defa ult routines, autorouting completion times have 
been improved by as much as 400%. Other enhancements include increased 
drawing speeds on large schematic and circuit board designs, automated edi­
ting, and more detailed documentation. Pricing remains the same as for the 
previous release, starting at $4950. 
CIRC LE 383 

Pascal is certified for MS-DOS 

Oregon Software's (Portland, OR) Pascal-2 has become the first MS-DOS 
Pascal compiler to be certified at the highest level of the international stan­
dard . Certification assures users that the software conforms to ANSI , Fl PS, 
and ISO standards. Validated at Level I of the ISO standard, it supports 
conformant array parameters, providing users with the ability to write flex­
ible arrays . Pascal-2 runs under MS-DOS on the IBM PC and AT. It is also 
available as a cross-compiler from VAX/ VMS to MS-DOS. 
CIRCLE 384 

Hayes modem shrinks to half-card slot 

A new version of the Smartmodem 12008 internal modem board from 
Hayes M icrocomputer Products Inc. (Atlanta, GA) works in either full or 
half-size card slots. Installation in a half-size slot frees the longer slots for 
other peripheral boards. The modem card offers all of the features of the 
previous version, including call-progress monitoring, rotary and DTMF or 
PABX dialing commands, Hayes standard AT command set for compatibil­
ity with other Hayes modems, and 1200- or 300-bits/s transmission speeds. 
Full production quantities will be available by mid-summer. Estimated re­
tail price is $549. 
CIRCLE 385 
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PRODUCT NEWS 

Boards increase test system 1/0 

Expanding the usefulness of its PC 1000 test and measurement system, Vis­
tar Corp. (Tampa, FL) has introduced several products that extend the IBM 
PC-based system's control functions and number oftest points that can be 
monitored. The PC1852 is a single board with a 16-to-l (or 8-to-2) relay 
multiplexer, 16 digital driver outputs, and 8 digital inputs. Another version, 
the PCl 854, provides the same digital 1/ 0, minus the multiplexer. Screw 
terminal mating boards are also available for both the PC 1852 and PCl 854. 
Prices range from $90 to $375. 
CIRCLE 386 

Static RAMs get high-speed option 

To expand the number of options available to memory designers, Electronic 
Designs Inc. (Hopkinton, MA) is offering high-speed versions of its static 
RAM modules. The 4k-by-8-bit CMOS RAM, designated the 88H04C, 
can now be specified for an access time of 25 ns for both commercial and 
military applications. Similarly, the 88H l 6C, a l 6k-by-8-bit part, is avail­
able in commercial and MIL-STD-883 equivalent processed versions with 
speeds of 35 ns. Two l 6k-by-4-bit military modules, the 84Hl6C and 
84H 16CL, are also available with 35-ns access times (25 ns commercial). 
CIRCLE 387 

Peripheral chips support CMOS µPs 

An extensive family of CMOS peripheral chips has been developed by Oki 
Semiconductor (Sunnyvale, CA) for use with the company's families of 
80C86/ 88-2 and 80C85A-2 microprocessors. The circuits provide the crit­
ical elements needed for complex low-power applications, such as hand-held 
terminals and data collection systems. Devices include a static RAM-timer 
with 1/ 0, 8-bit 1/ 0 port, DMA controller, asynchronous interface, interval 
timers, peripheral interface, interrupt controller, clock generator, bus con­
troller, and ROM with 1/ 0 . Prices range from $3 .70 to $8 (plastic DIPs) in 
lots of 100. 
CIRCLE 388 

IBM PC AT gets faster processor 

An 8-MHz microprocessor is now available on the IBM PC AT, boosting by 
more than 30% the processor speed of previous AT models. IBM Corp. 
(Boca Raton, FL) has also doubled the storage capacity of its popular PC 
XT. The three new XT models come with 256 or 512 kbytes of memory and 
one or two 360-kbyte 5 1/4-in. disk drives. The new models are also available 
with 20 Mbytes of fixed-disk drive storage- twice that of earlier XTs. 
CIRCLE 389 
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Annual and interim reports provide 
more than financial information. 
They often include the first public 
disclosure of new products, new 
techniques, and new directions of a 
company. Reports often contain su­
perb analyses of the industry that a 
company serves. 

Amp Inc. Electrical and electronic 
connection devices. 
CIRCLE 390 

Andersen Group Inc. Analog rf de­
vices, digital video products, and 
ultrasonic imaging products and 
services. 
CIRCLE 391 

Bishop Graphics Inc. Printed cir­
cuit design products. 
CIRCLE 392 

If Corning Glass Works. Specialty 
materials, electronics, and telecom­
munication products. 
CIRCLE 393 

Eaton Corp. Electronic and electro­
mechanical products, automotive 
components, and defense electron­
ics. 
CIRCLE 394 

Ferro Corp. Coatings, colors , ce­
ramics, thermoplastics, and spe­
cialty chemicals. 
CIRCLE 395 

General Electric Co. Main busi­
nesses include lighting, construction 
equipment, major appliance, motor, 
transportation, aerospace, and fac-

ANNUAL REPORTS 

tory automation and turbine. 
CIRCLE 396 

GenRad Inc. Test and measurement 
instruments and systems. 
CIRCLE 397 

?\'-Gould Inc. Information systems, in­
strumentation and automation sys­
tems, defense systems, and materi­
als and components. 
CIRCLE 398 

of Hazeltine Corp. Display systems, 
communication systems, and elec­
tronic identification for the military. 
CIRCLE 399 

~ Honeywell Inc. Major lines of busi­
ness are aerospace and defense, con­
trol products and systems, and infor­
mation systems. 
CIRCLE 400 

Intergraph Corp. Interactive com­
puter graphics systems. 
CIRCLE 401 

Kearney-National Inc. Electrical 
power distribution equipment; elec­
trical and electronic components. 
CIRCLE 402 

Measurex Corp. Computer control 
systems for manufacturing pro­
cesses. 
CIRCLE 403 

Moniterm Corp. High-resolution 
video display monitors. 
CIRCLE 404 

'fr;- North American Philips Corp. 
Brand-name products include Phi­
lips, Ohmite, Dialight, Amperex, 
Airpax, Mepco/ Centralab, and 
many more. 
CIRCLE 405 

RTE Corp. Transformer products, 
capacitors, power supplies, and line 
conditioning equipment. 
CIRCLE 406 

Star Technologies Inc. Very-high­
speed scientific computers for spe­
cific applications. 
CIRCLE 407 

>I- Stratus Computer Inc. Fault­
tolerant continuous-processing 
systems. 
CIRCLE 408 

~Tektronix Inc. Electronic measure­
ment, design, display , and control 
instruments and systems. 
CIRCLE 409 

1' Tele Video Systems Inc. Video dis­
play terminals, computer systems, 
file servers, and printers. 
CIRCLE 410 

Tracor Inc. Passive electronic 
countermeasures systems, military 
telecommunication terminals, com­
mercial navigation systems, ana­
lytical instruments, and electrical 
and electromechanical components. 
CIRCLE 411 

Vitramon Inc. Monolithic ceramic 
and porcelain capacitors. 
CIRCLE 412 
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APPLICATION NOTES 

Motion 
control 

MO'nON CONTROLS 

- . ~:-.... ,;-=--. -~?;:._ 
.. .. .a~-­
...... ii 

'Jiit i\\. 
iiiii. .. . 
··~ .. . • • • • .. .,. .... 

.... • • •DESIGN 
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A 12-page brochure provides engi­
neering selection and application 
data on high-performance stepping 
control drives and accessories. The 
literature presents both packaged 
stepper controls as well as individual 
motion componems such as drivers, 
keypad controls, position displays, 
and others. 

Design Components Inc., I Ken­
wood Cir., Franklin , MA 02038; 
(800) 341-481 I or (617) 528-7300. 
CIRCLE 413 

Differential 
transformers 

Bulletin I 07 discusses the theory 
and application of linear variable 
differential transformers (LVDTs) . 
It also provides a complete showing 
of all the Columbia units. The de­
vices described cover a variety of 
ranges and sizes. Also feat ured are 
oscillator demodulators and digital 
display systems for pressure and dis­
placement control. 

Columbia Research Laborato­
ries Inc., MacDade Blvd. and Bu/­
lens La . , Wood lyn, PA l 9094; 
(2 l 5) 87 2-3900. 
CIRCLE 4 14 
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Building an 
automated drill 

An application note describes the 
functions , features, drive methods, 
and source programs of an auto­
mated drilling machine using the 
Cyberpak High Stepper motion 
control system. The general ap­
proach used to provide this function­
ality is common to many automa­
tion projects and should prove 
informative to engineers and de­
signers of hardware and software 
functions of stepping motor ma­
chine and robotic control systems. 

Cyberpak Co ., P .O. Box 38 , 
Brookfield, IL60513;(312) 387-
0802. 
CIRCLE 415 

Heaters 
and controls 

////)/ 

Of interest to OEMs and design en­
gineers, this 160-page catalog con­
tains technical data to assist in the 
calculation of heating requirements 
and the selection of proper heaters 
and controls. The catalog introduces 
Wellman's new line of heating cable 
and describes the company's ex­
panded line of heater controls a nd 
accessories. 

Wellman Thermal Systems 
Corp., l Progress Rd., Shelbyville, 
IN 46176; (317) 398-441 I. 
C IRCLE 416 

Cooling 
equipment 

Air-moving devices and accessories 
for cooling electronics are the sub­
ject of McLeans catalog no. 286. It 
is composed of a combination of 
technical discussions and product 
pages describing packaged blowers, 
centrifugal blowers, fans, cooling 
accessories, and MIL-specified 
equipment. A primer on basic de­
sign and selection is followed by an 
introduction to the company's motor 
products, acoustic noise determina­
tions, and a discussion of dust filters. 

Mclean Engineering, 70 Wash­
ington Rd. , Princeton Junction, NJ 
08550; (609) 799-0100. 
C IRCLE 4 17 

Getting the most 
out of T-1 

Four technical backgrounder bro­
chures discuss how telecommunica­
tion users can maximize the effi­
ciencies and cost effectiveness of T-1 
transmission facilities. Digital voice 
is the subject of two brochures, while 
the other two deal with facilitating 
T-1 networking. 

Timeplex Inc ., 400 Chestnut 
Ridge Rd., Woodcl1ff Lake, NJ 
07 67 5; ( 20 l ) 9 30-4600. 
C IRCLE 418 



electronic 
.....___NE_W_L_ITE_R_AT_LJR_E ___ I attenuator/ 
Solid-state 
transducers 

Describing a wide range of solid­
state transducers, this eight-page 
short-form catalog contains descrip­
tive information on Kulite's com­
plete line of pressure transducers. 
Product types include miniature and 
instrument, flight-qualified, and en­
vironmentally protected. Also de­
scribed are P-1 converters, acceler­
ometers, semiconductor strain 
gauges, and load cells. 

Kulite Semiconductor Products 
Inc., 1039 Hoyt Ave., Ridgefield 
NJ 07657; (201) 945-3000. 
CIRCLE 419 

Darlington 
transistor modules 

A 48-page catalog provides data on 
single and dual Darlington power 
transistor modules. The Transipack 
series is available in a variety of 
packages, all with parallel-con­
nected fast-recovery inverse diodes. 
Electrical, mechanical, and thermal 
specifications are included in the lit­
erature, along with circuit dia­
grams, dimensional drawings, and 
performance curves. 

Semikron Inc., 11 Executive 
Dr., Box 66, Hudson, NH 03051; 
(800) 258-1308 or (603) 883-8102. 
CIRCLE 420 

NASA-developed 
software 

The 1986 edition of the COSMIC 
software catalog describes 1100 
NASA-developed computer pro­
grams. Application categories in­
clude structural mechanics, expert 
systems, turbomachinery analysis, 
control systems and robotics, com­
puter graphics, thermal analysis, 
image processing, and dozens of 
other areas relating to NASA 
projects. 

COSMIC, The University of 
Georgia, Computer Services An­
nex, Athens, GA 30602; (404) 
542-3265. 
CIRCLE 421 

Electronic 
wire and cable 

Cables designed for a variety of elec­
trical and electronic applications are 
described in a 24-page catalog. In­
cluded are descriptions of each ca­
ble's applications, construction, and 
features, along with product illus­
trations, gauge size, physical char­
acteristics, electrical specifications, 
and other technical data to assist us­
ers in their cable selection. 

Belden Electronic Wire and Ca­
ble, P.O. Box 1980, Richmond, IN 
47375; (800) BELDEN4 or (317) 
983-5200. 
CIRCLE 422 
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switches 

1 to200 MHz 
only $2895 <s-24) 

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY 

•miniature 0.4 x 0.8 x 0.4 in. 

•hi on/off ratio, 50 dB 

•low insertion loss, 1.5 dB 

•hi-reliability , HTRB diodes 

•low distortion , + 40 dBm 
intercept point 

• NSN 5985-01-067-3035 

PAS-3 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
INPUT 1-200 
CONTROL DC-0.05 
INSERTION LOSS, dB TYP. MAX. 
one octave from band edge 
total range 
ISOLATION, dB 
1-10 MHz IN-OUT 

IN-CON 

10-100 MHz IN-OUT 
IN-CON 

100-200 MHz IN-OUT 
IN-CON 

IMPEDANCE 

1.4 2.0 
1.6 2.5 

TYP. MIN . 
65 50 
35 25 

45 
25 

35 
20 

50ohms 

35 
15 

25 
10 

FQ.r 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 

t:::I Mini-Circuits 
A Division of Scientific Components Corporation 

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

Complete technical specifications 
and diagrams for a line of flat cable 
connectors are provided in a 28-page 
brochure. The line includes headers 
and sockets that are interchange­
able with industry-standard flat 
cable connectors. Other items de­
scribed in the publication include 
card-edge connectors, premounted 
DIP and pc board transition connec­
tors, flat cable, and pin and socket 
strips. 

Am/an Inc .. 97 Thornwood Rd., 
Stamford, CT 06903 ; (203 ) 
322-1912. 
CIRCLE 423 

Radio-frequency 
components 

.Vanguard's 29-page brochure de­
scribes a line of miniature and sub­
miniature rf components. Specifi­
cations, as well as dimensional 
drawings , an provided for such 
products as wideband transformers, 
chip inductors, toroidal inductors, 
variable inductors, pulse trans­
formers, reactors and power trans­
formers, and custom rf filters. 

Vanguard Electronics Co. Inc., 
1480 W. 178th St ., Gardena, CA 
90248; (213) 323-4100. 
CIRCLE 424 
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NEW LITERATURE 

In-circuit 
board tester 

A 16-page brochure describes the 
HP 3065 family of in-circuit board 
test systems and how these products 
can increase user productivity in the 
test workcell. It focuses on such top­
ics as test capabilities, reliability and 
service support, and programming 
and networking functions . Several 
photographs and diagrams provide 
an overview of the capabilities of the 
test system. 

Hewlett-Packard Co. , Inquiries 
Manager. 1820 Embarcadero Rd., 
Palo Alto, CA 94303; ca// local 
sales office. 
CIRCLE 425 

System components 
for the VMEbus 

A complete line of VMEbus compo­
nents are presented in a 36-page 
catalog. Modules include 68000-
based CPUs, high-density static and 
dynamic memories, peripheral and 
communications interfaces, and 
analog 1/ 0 functions . These are 
supported by a full line of VMEbus 
backplanes and card frames, proto­
type boards, and power supplies. All 
components conform to both IEC 
and DIN specifications. 

Bice-Vero Electronics Inc ., 40 
Lindeman Dr . . Trumbull, CT 
06611 ; (203) 372-0038. 
CIRCLE 426 

Catalog of 
technology reports 

Electronic Trend Publications, a 
technology market research com­
pany, is offering a 24-page catalog 
of reports for the electronics indus­
try. Report topics include semicus­
tom ICs, GaAs !Cs, digital signal 
processors, 32-bit microprocessors, 
VHSICs, VLSI device packaging, 
surface-mount technology, LSI/ 
VLSI automatic test equipment, 
CAE workstations, laser-based IC 
processing equipment, and manage­
ment guides for PC-driven expert 
systems and technology licensing. 

Electronic Trend Publications, 
10080 N. Wolfe Rd., Suite 372, 
Cupertino, CA 95014; (408) 996-
7416. 
CIRCLE 427 

VMEbus product 
directory 

The VMEbus International Trade 
Association has published the Win­
ter 1986 edition of the VMEbus 
Compatible Products Directory. 
This edition, which is 50% larger 
than the midyear 1985 book, lists 
over 1500 products from more than 
150 manufacturers. It covers micro­
computer boards, subsystems, bus 
interfaces, software, accessories, 
hardware packaging, and more. It 
also contains an expanded cross ref­
erence. 

VITA, 102 29 N. Scottsdale Rd., 
Suite E, Scottsdale, AZ 85253; 
(602) 951-8866. $14.95. 
CIRCLE 428 



NEW LITERATURE 

Measurement 
and control 

A comprehensive product guide 
contains information on measure­
ment and control instrumentation. 
It provides complete specifications 
on a line of potentiometers, displace­
ment transducers, manual control­
lers, and ancillary equipment such 
as voltage-to-current converters and 
power supplies. The instruments are 
suitable for a wide range of indus­
trial, marine, and avionics applica­
tions. 

Penny & Giles Ltd., 1640 Fifth 
St., Santa Monica , CA 90401; 
(213) 393-1497. 
CIRCLE 429 

Electronic 
components 

A fully illustrated catalog presents 
40 pages of electro.n.ic components 
for a variety of audio/video, appli­
ance, and computer-related applica­
tions . Technical specifications are 
provided for all products, which in­
clude over 30 styles of carbon and 
cermet potentiometers, as well as 
fixed resistors, capacitors, attenu­
ators, switches, surge suppressors, 
and block components. 

Noble U.S.A. Inc., 151 Stanley 
St ., Elk Grove Village, IL 60007; 
(312) 364-6038. 
CIRCLE 430 
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Quality Service. 
Technical Leadership. 

We've supplied the best 
in capacitors and potentiometers for 

over 40 strong years. 
• Stringent applications 

•Customized designs • Commodity requirements 

Sangamo understands service. 
Call this number and we'll prove it. 

1-803-878-6311 
For help • For answers •To place a Just-In-Time order 

Depend on Sangamo for solutions to all your problems. 

Sangamo Weston • Components Division • P.O. Box 128 • Pickens SC 29671 

CIRCLE 196 



•• . worth doing well 
If quality is 
• important to 

• your project ... 
then you want 
to talk with us 

DY-4 - a proven performer with 
quality solutions. 

Ruggedized VMEbus expertise in 
the commercial marketplace . . . 
DY-4 has it. Quality to us is design, 
packaging, documentation and 
manufacturing. DY-4 provides 
all of this and more . . . 
at commercial prices. 

• Designs supporting multi­
processor architectures 

• System packaging incorporated 
into designs - I!O and slot­
dependent features via P2 
backplane 

• Effective technical and 
manufacturing revision control 
documentation 

• Common manufacturing facilities 
for commercial and ruggedized 
products 

DY-4 offers more quality 
for less money and more: 

• System software and firmware 
• Built-in test equipment with 

on-board diagnostics 
• 12-month full warranty 
• Customer service people who 

care 
CIRCLE 148 

Our comprehensive product line 
supports the most demanding 
applications. 

• Single board computers with 
on-board memory and I/O 
functions 

• Intelligent communications 
modules for serial (RS-232/422) 
and parallel I/O functions 

• Intelligent peripheral controllers 
for disk (SASI, SCSI, SMD) and 
tape (9-track and cartridge) 

• Modules supporting memory 
and graphics 

• A complete line of system chassis 

For detailed information on DY-4's 
commercial VMEbus solutions, 
contact: 
California: (408) 377-9822 
Canada: (613) 728-3711 

Telex 06-217780 (IMMEDIA TOR) 
Telex Mail Box: TO: DY40TT 
Direct Telex: 053-4822 

Denmark: (06) 96-3624 
Telex: 60938 (DENDY DK) 

DY-4 SYSTEMS INC. 



PROFESSIONAL NOTEBOOK 
BY CAROLE PA TION 

U.S. industry "hooked" 
on foreign engineers, 
concludes NSF survey 
Engineering activists rail on about 
them, legislators have proposed­
unsuccessfully- to change them, 
but somehow immigration. laws 
aimed at shipping foreign engineer­
ing students home after graduation 
tend to stick in our craw. There is, 
after all, something decidedly un­
American about it. How can our 
melting-pot nation spend millions to 
relight Liberty's torch in New York 
Harbor, yet slam the door on free­
dom-seekers? 

But new evidence from the Na­
tional Science Foundation demands 
re-evaluation, and some answers . 
An NSF survey of 300 top U .S. 
firms- together employing 75% of 
all engineers and scientists working 
in American industry- indicates 
that more than half (52%) employ 
foreign engineers in the electronics 
industry alone. In fact, nearly one 
out of ten engineers working in 
American industry today is foreign. 

Just how much of a job threat do 
those figures pose? Based on the 
NSF's survey, 14% of all engineers 
and scientists hired by the 300 firms 
between June 1984 and June 1985 
were noncitizens . Silicon Valley 
companies hired two foreigners out 
of every three engineers. American 
industry, concludes the survey, now 
has a "substantial dependency" on 
foreign supplies of scientists and en­
gineers. 

Under current immigration laws, 
foreign citizens who immigrate to 
the U.S. but have no family here can 
be sponsored by a U.S. employer. In 
fact, according to the NSF, in 1984 
alone two-fifths of the foreign engi-

neers and scientists hired were com­
pany-sponsored. To get a certifica­
tion from the Department of Labor, 
an employer must prove that no 
qualified U.S. worker was available 
for the job. Most electronic compa­
nies polled said they sponsored for­
eign engineers without permanent 
resident status, and two-thirds of 
those sponsors said they even paid 
all costs, including application and 
legal fees. 

The United States is one of the 
few countries in which a foreign stu­
dent can work and go to school at the 
same time. All it takes is the school's 
permission- and a rubber stamp of 
approval from the Department of 
Immigration. 

Meanwhile, the American Elec­
tronics Association reports 60,000 
fewer jobs available this year than 
last. 

Even more telling is the latest 
Deutsch, Shea & Evans index: En­
gineering recruitment- at rock­
bottom levels during most of 1985-
remai ns mired . The company's 
high-technology recruitment index 
draws on employment ads for de­
greed engineers and scientists seen 
in key U .S. papers and journals. 
(1961 , the base year, was equal to 
100.) 

Figures for February dipped to 
119 from 128 in January. In addi­
tion, the three-month running aver­
age for January hit 115, a full 11 
points below last January. 

Companies polled by the NSF 
say the foreign applicants are more 
qualified: 35% have doctorates, 25% 
have a master's degree. In compari­
son, 12% of the American engineers 
hold a PhD, 29% a master's. Older 
engineers who can ' t get jobs­
ostensibly because they' re "over-

qualified"- won't be amused by 
this one: the same companies say 
they hire foreigners because of a 
"shortage" in qualified U.S. candi­
dates . . . That's a laugh, given to­
day's job market. 

Foreign engineers may earn more 
PhDs, but they are not inherently 
better qualified than U.S. engineers. 
Most companies hire on the basis of 
job experience, and engineers them­
selves say they keep technically "fit" 
by practicing their profession. As for 
the shortage theory, it's been de­
bunked so well- and so often- it 
isn't worth comment. 

THAT'S NOT FAIR 

What is worth talking about are 
immigration policies that permit a 
company to control an employee's 
green card, essentially turning him 
or her into an indentured servant. 
Moreover, present laws allow com­
panies to save even more with for­
eign engineers- noncitizens are 
exempt from payouts for unem­
ployment and social security taxes. 

Some change is under way. This 
year, for example, foreigners who 
work more than 182 days in the U.S. 
will pay some income tax to Uncle 
Sam. But why not make non-U.S. 
citizens completely equal under tax­
ation laws? Those dollars could be 
refunded when, and if, the alien re­
turns home. 

Nobody wants to deny oppor­
tunity to anyone. But something is 
seriously wrong with present poli­
cies. Government systems that 
make hiring foreigners more profit­
able than domestic prospects en­
courage exploitation of both groups. 
It's important to keep the torch 
burning, but let's not burn ourselves 
in the process. 
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PROFESSIONAL OPPORTUNITIES 

ELEC.TRDNIC 
DESIGN 

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 

Editorial Features 
Semicustom ICs 
Design Automation 

Bonus Distribution 

Electronic Design Keyboards 
Computer Boards 

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 

MARTIN MAR IE:TTA ORLANDO AEROSPACE 

COMPONENT ENGINEERS 
Martin Marietta Orlando Aerospace is recognized as a leader 

in the design, development, testing and manufacture of sophis­
ticated defense systems for military applications and as a leader 
in outstanding professional opportunities . 

Qualified candidates will assist design personnel in the selec­
tion and application of parts . Responsibilities include maintaining 
standards, preparing requirements for documentation for non­
standard parts, establishing derating for reliability enhancement . 
You will interface with government agencies to acquire approval 
for use of non-standard parts. BSEE or equivalent along with 4 + 
years electronics oriented background required . A strong 
knowledge of military specifications defining semiconductors, 
resistors, capacitors, relays and other similar parts is preferred . 

This position offers you the challenge to excel in your discipline 
with a company that excels in its industry . Orlando Aerospace of­
fers excellent salaries, a complete benefits package and a liberal 
relocation policy. 

To learn more about our company, opportunities and location, 
send your resume in confidence to: Martin Marietta Orlando 
Aerospace, Bruce Czarniak, Employment Department 
ED-529, P.O. Box 5837, MP #24, Orlando, Florida 32855. 

If you have access to a PC, dial 1 ·800-JOBLIST and find 
out via simple communication about all the opportunities we 
have to offer. 

We are an equal opportunity employer. U.S. citizenship is 
required. 

IWARTIN IWARIETTA 
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SIEMENS 
Engineering Careers 
In Office Automation 

We're recognized as the European leader in 
Voice & Data Technology. Our PABX 
technology in SATURN® and other innovative 
achievements has gained worldwide 
attention. At our R&D facility, located in Boca 
Raton, Florida, we are seeking individuals 
with the skills and drive to make an impact on 
the future of telecommunications and 
contribute to the ISDN SYSTEM 
DEVELOPMENT. Current availabil ities 
require software/hardware professionals with 
a minimum of two years experience in the 
following areas: 

•Voice and Data Call Processing Software 
•On-Line Dependability/Maintenance 

Software 
•Man Machine Language/Administration 

Software 
•Integrated Voice-Data Terminals 
•Digital Telephone PBX Terminal Equipment 

Interested candidates, please send resume to: 
Glenn Ogden, Dept. 381533, Siemens 
Information Systems, Inc., 5500 Broken 
Sound Blvd., N.W., Boca Raton, FL 33431 . 
Equal Opportunity Employer M/FN/H. 

Siemens ... 
since 1847. A world leader in electronics . 



MOTOAOlA'S GOVfANMfNT HfCTAONICS GROUP 
Motorola's Government Electronics Group 
is a leader in the research, development and 
production of electronic hardware for our 
country's defense, national security and space 
programs. Our success is founded on the 
strengths of people like Keith W arble . People 
w ith the minds to imagine and the skills to do . 

If you are such an individual and have a 
background in one of the fo llowing areas, 
we'd like to talk to you. 

Communications Systems 
Engineers - Requires hardware 
oriented background, but principally involved in 
theoretical analysis of new satellite communi­
cation methods. Must possess good writing 
skills and strong customer interface ability . 
Responsible for development of new business 
in advanced wideband communication , 
including modems, bandwidth efficient 
modulation , link analysis, equa lization and 
AM/FM . Prefer MSEE/PhD with 10 years related 
experience . Contact Paulette Dorris . 

Electronic Systems Engineers 
Develop electronic equipment specifications 
from requirements documents. Participate in the 
analysis/allocation of performance parameters 
between equipment comprising electronic 
systems/subsystems. Review performance 
achieved and recommend appropriate action . 
Should be familiar with design and analysis 
requirements of high performance receiving 
systems. Prefer BSEE with 5 years related 
experience . Contact Paulette Dorris . 

Strategic Components 
Engineers - So le responsibility for 
strategic planning and delivery of a project's 
identified e lectrica l and hardware parts. 
Requires direct experience in applying MIL­
SPEC E5400, P11268 and MIL-STD 965, 785, 
454. Prefer BSEE with 5-7 years related reliability 
and components ana lysis experience for a 
defense contractor or semiconductor reliabi lity 
organization . Contact Jann Nolitt . 

Sr. Fuze Engineers - Participate in 
radar proximity fuze systems development. 
Requires extensive radar experience for 
application to surface approach fuzing , plus 
proposal preparation and effective customer 
briefings. Prefer BSEE with a minimum of 5 
years related experience. Contact Bob Eddy . 

Sr. Electrical Engineers - Task 
leader responsibility on microcomputer con­
trolled fuze programs. Experience in digital/ 
microprocessor and analog circuit design in mil­
spec environment. Will lead major design tasks . 
Prefer BSEE with 5 years related experience. 
Contact Bob Eddy. 

Join the people of Motorola's G overnment 
Electronics Grou p , where we are creating 
advanced e lectronics for a more productive 
world . T he benefits are many, including sunny 
Arizona - a land as beautiful as it is abundant 
with recreation and c ulture . 

For prompt consideration , forward your 
resume in confidence to the appropriate 
technical rec ruiter at M otorola Government 
Electronics Group, 8201 E. McDowell Rd ., Dept . 
B607, Scottsdale, AZ 85252; (602) 949-3759 . 

® MOTOROLA INC. 

Government Electronics Group 

An Equal Opportunity Aff1rrnat1ve Action Employer 
U S C1t1zensh1p Required 

"Our project system creates a small 
company atmosphere where success 
depends on your efforts." 

!<f itlt Vt&rbk' 
MANAGfA, Strnte~ic Secure Communications Off ice 

Tfte M!.itd to 1111agj.i1e 
THf SKlll TO aa 
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The right 
technology. 
In the right place. 
At the right time. 
As the range technical services contractor for the Air 
Force Western Space and Missile Center at 
Vandenberg , the people of ITI Federal Electric call 
one of our country's most beautiful (and affordable) 
areas home. Where we are developing one-of-a­
kind , pre-state-of-the-art mission support , software 
and engineering systems unique to ballistics 
research . At a time when such advancements are 
shaping the future of the entire world . Opportunities 
now exist on our innovative team for the fo llowing 
individuals: 

Senior Engineer - A BS in Electronic 
Engineering/Technology or CS is desired , plus 4 or 
more years related experience , includ ing a 
background in microprocessor oriented hardware 
unit/system design and implementation . Requires a 
security clearance and experience using assembly 
language to develop firmware . 

Communications Engineer - Requires 
BSEE and 2 or more years experience. Knowledge 
of analog and digital techniques, as well as an 
understanding of microprocessors and their ap­
plications, are essential. Must be able to obtain a 
security clearance. 

Range Instrumentation Engineer - Re­
quires BS in EE or a scientific discipline, plus a 
minimum of 2 years experience in missile range in­
strumentation design , fabrication and installation , or 
related hardware and firmware applications. A 
thorough understanding of circuit or firmware 
design with systems applications is essential. 

Radar Engineers - Will be involved in con­
ception , design , fabrication and installation , requir­
ing BSEE and 7 or more years related experience . 
MSEE preferred . 

The right technology. In the right place . At the right 
time. ITI Federal Electric. Offering competitive 
compensation and benefi ts. For immediate con­
sideration , send your resume with salary history to : 
Mr. Tony Rodriguez, Employment Manager, 
Dept. ED-SA, ITT Federal Electric Corporation, 
P.O. Box 5728, Vandenberg AFB, CA 93437. U.S. 
Citizenship Required . Equal Opportunity Employer. 

ITT FEDERAL ELECTRIC 
CORPORATION 
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Electronic Control 
Engineers 
Carrier Corporation , a subsidiary of United 
Technologies, is the industry leader of residential 
and commercial heating and cooling products. We 
are a company that encourages self-growth , and our 
continued expansion in electronic controls 
development has created challeng ing , responsible 
positions for Software Development Engineers. The 
candidates we seek will possess a Bachelor's in 
Electrical/Computer Engineering or Computer 
Science. 

Responsibilities include: The design and 
development of software for electronic controls for 
HVAC products and systems including analysis of 
system requirements, definition of control functions 
and performance specifications, software 
development, and performance testing . Software 
coding will be done in both assembly and high-level 
languages. 

The successful candidate will interface with program 
managers, product engineers', research engineers, 
component vendors and control manufacturers. 

We offer an excellent benefits package which 
includes comprehensive group insurance, dental 
assistance plan , savings and investment plan , and 
relocat ion assistance. For confidential considerat ion , 
please send a resume, salary history and salary 
requirements to : Employment Department-A, 
CARRIER CORPORATION, P.O. Box 4808, Carrier 
Parkway, Syracuse, NY 13221. We will respond to 
successful candidates only. 

mUNITED 
TECHNOLOGIES 
CARR~ER 
We Are An Equal Opportunity Employer 

Electronic Design 
plus Career Extra 

offer you MORE ... 
MORE circulation! 

MORE readership! 

MORE important engineers! 

MORE bonus distribution! 

Make a MORE cost-efficient recruitment media 
buy with Electronic Design. 

The right chioce when you 're looking for MORE! 



This is a micrograph of a mil limeter-wave monolithic frequency doubler. This GaAs circuit uses planar 
integrated circuit technology and varactor diodes to double 16GH, signals to 32GH, with high efficiency. 
Our Solid State Division carries out a broad spectrum of research on devices a nd circuits, together with 
supporting research on materials and processing . Areas of interest include solid state and semiconductor 
la sers, integrated optics, ana log signal processing technology, microelectronics, and microwave 
semiconductor devices. We have a number of opportunities in these areas available now. 

Other opportunities at Lincoln Laboratory are available in Computer Technology, Radar Measurements. 
Surveilla nce and Control, Optics, Communications, Mechanical Engineering, and Aerospace. In all 
area s, there are opportunities for MS and Ph.D. level candidates to pursue theoretical study, laboratory 
investigation, and field tests and demonstrations. 
In historic Lexington, Massachusetts, Lincoln Laboratory is w ithin easy reach of New England's most 
beautiful beaches and mountains, offering year-round recreational pleasure. Our convenient location 
less than 15 miles from Boston provides access to cultural , educational and athletic events, from the 
elegance of the symphony to the excitement of Celtics' basketba ll. 

Lincoln Laboratory is a federally funded research center operated by the Massachusetts Institute of 
Technology and offers competitive salaries and comprehensive benefits. Interested candidates are 
invited to send resumes, specifying area of interest, to: Susan Colcock, MIT Lincoln Laboratory, 
Box ED Lexington, MA 02173. 

An Equal Oppo rtun ity Employer 
U S. C itizenship Required . 

I61MITLINCOLN · 
ISi LABOR·ATORY 
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To~/~~ 
Date /'[~ Time ______ _ 

WHILE YOU WERE OUT 

M,4 /11.M.:P.~, ¥.· 01/ 
of~-~~~ 
Phone (10?,) S53 ... 31/j L~ q ... 5") 

TELEPHONED PLEASE CALL 

CALLED TD SEE YOU WILL CALL AGAIN 

WANTS TD SEE YOU URGENT 

For a rewarding career with one of the world's foremost technology 
and management consulting firms, call today ! 

BOOZ-ALLEN & HAMILTON INC 
1725 Jefferson Davis Highway. Suite 1100, Arlington, Virginia 22202 

U.S. citizenship required Equal Opportuni ty Employer 

DESIGN ELECTRICAL 
ENGINEERS 

-·· The leader in the manufacture of earthmoving equipment needs Design 
Electrical Engineers with a strong background in design of industrial con­
trol systems in a heavy machining, manufacturing environment. 

Candidates should be knowledgeable in process control and machine tool 
control. A Bachelor 's or Master 's Degree in electrical engineering plus 
three to five years experience in applying and programming CNC's and 
programmable controllers is mandatory. Candidates must have the abil­
ity to plan and manage multiple projects simultaneously. Good communi­
cation and coordination skills with a desire to lead a re required. 

Excellent salary and benefit package are available for qualified candi­
dates . No calls or agencies. please. 

For confidential consideration. please send your resume and full salary 
history to: 

Bert G. Born 
Professional & Technical Employment ID 
Caterpillar Tractor Co .. 
100 N.E. Adams Street, 
Peoria, IL 61629-1490 

[Bl CATERPILLAR I 
An Equa l Opportunit y Employer MF 

Cater pillar Cat aria CB are traoemari.s ot Caterpillar Tractor Co Peor+a 111mo1s US A 
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ELECTRONICS CAREERS 
$30,000-$55,000 

We are specialists in placing degreed engineers in 
electronics. Immediate career growth opportunities 
available-NATIONWIDE. 
We recruit professionals in the following areas: 
Avionics. Microprocessor Design, Hardware/Sott­
ware, Weapons/Guidance, Siroolation/Automation, 
Artificial Intelligence, Electro-Optics. Lasers, ATE 
These positions require BSEE/CS and U.S. citizen­
ship. For confidential , fee paid, prompt service call 
or send resume today! 

Ron Cryderman 
~l) DORSEY LOVE & ASSOCIATES INC. am 2117 S. Stewart, P.O. Box 4387 la Springfield, MO 65804 
~ (417) 883-1212 

Recruiting and placement since t 964 

We are currently recruiting lfl the following areas tor major 
Aerospace, Military, and Commercial Electronic Companies: 

• Radar Syttems • Sottw1re/Herctware • LSI/VLSI 

• Ana.log/RF • CAO/CAM • CMOS 
• Electro-Optic• •ATE • MierowaV9 

• Oigil.al/Pfocesaing • Power Supplies • Weapon Systems 
• Spacecratt Systems • Guidance • Custom IC's 

V NA TIONAL EXECUTIVE RECRUITERS, INC. 
8096 N. 8Sth Way, Suite 102, Dept. ED 
Scottsdale, Ari7.ona 85258 (602) 951 ·2 122 

DESIGN ENGINEER 
Responsible for design of QC and quality 
assurance systems, for papermaking , 
converting, nonwoven and plastics indus­
tries. Experience in microprocessor , 
analog/digital, photoelectric and CCD ap­
plications plus BSEE preferred . Send re­
sume and salary requirements to: Mary 
Dobbie , R.K.B. Opto-Electronics, 119 
Falso Drive, Syracuse, NY 13211. 

HOW TO 

PLACE 
YOUR AD 

CALL THE 
RECRUITMENT 

HOT LINE 
201-393-6396 



BWE CHIP 
OPPORTUNITIES 

Blue chip opportunities are not only in the stock markec. 
They're al Digital. 
We're a blue chip company, making the kind of chips LSI 

people can build a career on . 
Digital has invested nearly a decade in building the LSI 

Division , and over 1ha1 time many people have made 
significant contributions 1ha1 have guided and shaped LSI 
co the highly respected organization ic is coday. 

Our key goal is co create an environment chat is 
technically challenging, is entrepreneurial in nature, 
stimulates learning and values people as our most 
important resource. We think the LSI organization's 
accomplishments reflect 1ha1 environment and the excellent 
people who have chosen co work in LSI. We hope you will 
choose LSI for your future. 

Our Semiconductor Engineering Group (SEG) is a 
winning, world-class VLSI component and system 
development group. We provide innovative VLSI 
components, systems and design services chat give our 
cuscomers a competitive advantage. We designed Digital's 
Micro T-11, Micro }II and MicroVAX 
chips. We have immediate need for 
engineering, physical science, and 
computer science professionals with 
significant experience in: 

CMOS 
SEMICUSTOM DESIGN 

In addit ion co our cuscom VLSI 
technology, SEG develops high 
performance SEMICUSTOM 
technology as well. This area is 
growing very rapidly and as a result 
we have openings ac all levels for 
individuals experienced in: 

• CMOS CIRCUIT DESIGN 
Cell Library Design 
Polycell Design 
Circuit and Logic Simulation 
Auco Placement and Routing 

• VLSI SYSTEM DESIGN 
System Architecture 
Behavorial Modeling 
Logic Design Using Cell Libraries 
MOS Architecture and Simulation 

•SEMICUSTOM CAD 
Schematic Capture 
Auto Placement and Routing 
Mixed Mode Simulation 
Training and Documentation 
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• DESIGN ANALYSIS 
Semicuscom Technology 
System Architecture 
System Partitioning 
Performance and Cost Modeling 
User Applications 

LOW 
TEMPERATURE CMOS 

This effort is expected co boost CMOS into the highest 
performance systems. The work we're doing creates a sec of 
opportunities chat span a broad range of disciplines, 
including: 

• High Speed Multiprocessor System Design 
• CMOS Circuit Design 
• Controlled Impedance Interconnect 
• Physical Design : Heat Sinking and Refrigeration 

ADDITIONAL OPENINGS IN 
SEMICONDUCTOR 
ENGINEERING 

• Communications Manager 
•Designers 
•Sr. Layout Designers 
•Graphics Chip Architects and Designers 

Cash in on chis blue chip opportunity! 

CALL COLLECT (617) 568-4871 
9AM-5PM EST co arrange an 
appointment with one of 
our line managers . 

OR VISIT our suite at the 
Rochester Plaza Hotel , 70 State 
Street , Rochester, during the 
CICC, IPM-SPM , May 12 
and 13 . 

OR, if you are unable co see us 
in Rochester, send your resume 

co: T. Cordeau, Digital Equipment Corporation, 
77 Reed Road, Dept. 0501 6808, Mailstop 
HW2-2/K12, Hudson, MA 01749-2809 .. 

We are an affirmative action employer. 



TAKE ADVANTAGE OF TWO GREAT 
SERVICES AVAILABLE TO READERS 

OF ELECTRONIC DESIGN 
I. RESUME FORWARDING SERVICE 

If you have a current resume, send it 
to us. We'll have it duplicated and send 
it to the companies you've checked 
below. 

We'll also send you a confirmation 
card and a file number to make it easy 

Name 

Address 

II. MINI-APPLICATION SERVICE 
This service is for people who don't 

have a current resume. It works the 
same way the Resume Forwarding 
Service does. If you don't have a current 
resume, just fill out the Mini-Application 
below and check off the companies 

for you to respond to any recruitment adver­
tising in Electronic Design 
or Career Extra during the year. All 
you'll have to do is fill in your file number 
and check the companies you want your 
resume sent to. We'll do all the rest! 

(File#) 

City State Zip 

you want us to send it to. 
We'll send you a confirmation card and a 

file number, so that during the year you'll be 
able to respond to any recruitment ad in 
Electronic Design or Career Extra. 

Mini-Application 

Name (Fi le #) Phone (Day) (Evening) 

Address City State Zip 

Present Employer Present Position 

Education: School(s) Years ' Experience 

Career Interests 

Please send my Resume or Mini-Application to the following companies: 

D Booz, Allen, Hamilton D ITI Federal Electric 

D Carrier Corporation D Martin Marietta 

D Caterpillar Tractor, Inc. D MIT Lincoln Labs 

D Digital Equipment Corp. D Motorola 

D Dorsey Love Association D National Executive Recruiter 

D Eaton D Siemens 

SOUND EASY? IT IS. TRY IT TODAY! 
Mail to: Electronic Design, Resume Forwarding Service: 10 Mulholland Drive, Hasbrouck Heights, NJ 07604 
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with circulation 

concentration in the industry's fastest 

growing market segment. 

Circulation by Industry 

Computers and Communications Equipment 
Computers 12,295 
Computer peripheral equipment 9,548 
Systems integration 6,427 
Office and business machines 3,007 
Communications Systems and equipment 22 ,480 

Total: 53,757 

Military and Test 
Navigation and guidance 

systems and equipment 
Aircraft , missiles, space, 

and ground support 
Oceanography and support equipment 
Test , measurement, 

and instrumentation 
Government and military 

Total: 

6,249 

15,037 
708 

11 ,846 
10, 104 

43,944 

Industrial Controls, Research , and Medical 
Industrial control systems, 

equipment, and robotics 
Independent research and testing 
Medical electronics 

Total: 

Components, Consumer, and Other 
Components and subassemblies 
Consumer electronics 
Other OEM s 
Users of electronic equipment 

Total: 

Total qualified circulation: 

15,354 
2,616 
4,404 

23,374 

5,542 
3,713 
4,597 
1,255 

15,107 

136, 182 

INFORMATION 
MANAGEMENT SYSTEMS 
Engineering Opportunities 

Southern California 
Eaton Corporation is seeking Systems and Software Engineers 
at all levels to help develop the next generation imagery data 
processing and exploitation system . This system will provide 
photo interpreters and analysts with the latest, most eff icient 
technology for intelligence data handling. If you 're a U.S. Citizen 
and can meet the following requirements, come join us in the 
beautiful Conejo Valley, just 20 minutes from the beautiful Pacific 
Ocean and only 35 minutes from Downtown Los Angeles. 

SYSTEMS ENGINEERS 
Responsibilities include: 
• Perform systems design for Intelligence Data Management 

Systems 
• Define requirements 
• Develop system specifications to Military Standards 
• Technical proposal writing 
Positions requi re work experience with : 
• System analysis and design 
• Military Data Management Systems 
• Technical Writing to Military Standards 
• Implementation and integration of software intensive systems 

Highly desirable experience : 
• Local area networks 
• Terminal display systems 
• VAX/VMS/FORTRAN 
• "C" Language 
Requires 8 or more years work experience plus BSEE, BSCS or 
equivalent. 

SOFTWARE ENGINEERS 
Requires academic or work experience with : 
• VAX/VMS 
• FORTRAN Appl ication Software 
• DBMS 
Highly desirable experience: 
• "C" Language 
• Terminal display systems 
• Military OMS 
Requires 3 or more years work experience plus BSCS or equivalent. 

SOFTWARE 
INTEGRATION & TESTING 
Requires experience with : 
• Development of Test Plans & Test Procedures 
• Software and System Integration Testing 
• Military Standards 
Requires 3 or more years experience in software testing plus 
BSCS or equivalent. 
Eaton offers excellent starting salaries and superb benefits that 
include ful l medical and dental and a 401 (K) Investment program. 
RELOCATION PROG RAM AVAILABLE. 
Send resume with salary history to W.F. Smith , Manager. APPLI­
CANTS ONLY, PLEASE, U.S. CITIZENSHIP REQUIRED. Eaton 
Corporation , 31717 La Tienda Drive, Box 5009, Westlake Village, 
California 91359. An Equal Opportunity Employer. 
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quick ad1 New and current products for the electronic designer presented by their manufacturers . 

1.5 Mhz SWITCHING POWER SUPPLY 
TRANSFORMERS. AIE Magnetics introduces a 
new transformer for push-pull switching power 
supply operating at 1.5 Mhz switching frequen­
cy. Its design has been optimized for maximum 
(98%) efficiency, and its low leakage inductance 
reduces switching spike to a min imum. AIE 
Magnetics, 701 Murfreesboro Road, Nashville, 
Tennessee 37210, 615/ 244-9024. 

TRANSFORMERS 251 

ROLYN OPTICS CO. supplies all types of "Off 
the Shelf" optical components . lenses, prisms, 
mirrors, irises, microscope objectives and eye­
pieces and many others. All from stock. We also 
supply custom products and coatings in proto· 
type or production quantities. 75 page catalog 
describes products and prices. ROL YN OPTICS 
CO., 738 Arrowgrand Circle , Covina, CA 91725 
(818) 915·5707 & (818) 915-5715. TELEX: 67 
0380. 

OPTICS 254 

INDUSTRIAL STRENGTH SINGLE BOARD 
COMPUTER possesses optimum features for 
distributed monitor & control applications. Op· 
tional FORTH O.S. 79 STANDARD includes Edi· 
tor, Assembler, Target Compiler, Interrupt & 
RAM Disk Support, & Overlays. EMAC's SBC fea­
tures 8085 CPU, 16 A/ D Channels , RS232/ 
RS422 , Realtime Clock, Buffered Digital 1/ 0 , 
Battery Backed RAM , Single Supply , Watchdog 
Timer, Counter/ timer, & IBM/ CPM support. Full 
line of support hardware available from $295. 
EMAC, Inc., 1400 W. Main , Carbondale , IL 
62901 , (618) 529-4525. 
SINGLE BOARD COMPUTER 257 
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Engineering Software: Micro-CSMP simulates 
any system including• Control and Servo sys­
tems• Robotics • High Order Filters• Chemical 
Processes• Stress & Strain. A full implementa· 
tion of IBM's S/360 CSMP, Micro-CSMP pro· 
duces graphical results in minutes, typically re· 
quiring 10-20 lines of input. LSAP analyzes 
linear systems producing Bode, Nyquist, and 
Transient Response plots, and Root-Locus dia­
grams. Micro-CSMP 1s $900, LSAP is $450 for 
PC-DOS or MS-DOS systems. California Scien­
tific Software 25642 Hazelnut, El Toro, CA 
92630 (714) 581-7654 
CALIFORNIA SCIENTIFIC SOFTWARE 252 

IEEE-488 Analyzer/Controller Stores 12,287 
Bus Transfers The Cmc GBA turns any RS-232 
terminal or computer into a very powerful full 
function GPIB analyzer and controller. The GBA 
can capture up to 12,287 bus transactions and 
can display them in a detailed easy-to-under· 
stand format. Also offers full control of the bus. 
Price: $995.00 Connecticut microComputer, 
Inc. P.O. Box 186 Brookfield CT 06804 Tel. 
1-800-4-CMC-USA, In CT. 203-354-9395 TWX: 
710-4560052 

ANALYZER CONTROLLER 255 

UNIVERSAL UP/DOWN COUNTER Its a pre­
setable, 4 digit up/ down counter with optional 
DIGITAL LIMIT, with LARGE L.E.D. display & 
5-150 VDC or 115/ 230 VAC power input housed 
in 1/ 8 DIN/ NEMA metal or plastic case with 
screw connector. To it we plug in at your option 
RPM , FREQUENCY, RATE, QUADRATURE, 
DATUM ZERO, TIMER, CLOCK, PULSE DIVIDER 
& more and/ or tristate opto isolated BCD. RE· 
LAYS & logic for zero & limit detection give you 
unlimited applications. One unit for all your 
counting needs. l.M.C. 4016 E. Tennessee 
Street Tucson, AZ 85714 (602) 748-7900. 
"SERIES 270" 258 

• 
• 

SWITCH SCALEABLE ABSOLUTE ENCORDER 
± 1 part in 3600 system accuracy electromag­
netic transducer & l.E.D. display, BCD output for 
P.C., micro-interface, field programmable scale 
factor (0-9999) & preset (range adjust). Hi-noise 
immunity, zero offset, Nema 12 Explosion proof 
transducer avail., rack, panel or PC card electron­
ics. Price less than $995/ axis. Other products : 
Multiturn Encoders, S/ D & D/ S Converters & 
Limit Switches. Send for free catalog/application 
notes. Computer Conversions Corp., 6 Dunton 
Ct. , East Northport, N.Y. 11731 516/ 261-3300 

ABSOLUTE ENCODER 253 

T-1 CARRIER MAGNETICS AIE Ma~netics of­
fers you a full line of T-Carrier magnetics, includ­
ing pulse, wide band and clock extractor coils, to 
fit your needs. T-1 Carrier Magnetics are avail· 
able in 3 small packa~e configurations to meet 
most board and circuit requirements . Or, we 'll 
custom design them to fit your specific circuit re­
quirements. AIE Magnetics, 701 Murfreesboro 
Road , Nashville , Tennessee 37210, 615/ 244· 
9024. 

T-1 CARRIER MAGNETICS 256 

STANDARD RECOVERY DIODES To 15.000 
PRV, to 6A. FAST RECOVERY DIODES 30 PRV, 
to 5A. Recovery to 50ns. CRT DIODES to 30 KV, 
to 2.5 mA, to 50ns recovery . CARTRIDGES 8 to 
50 KV . PACKS 5 to 250KV; to 25 A. Standard 
and fast recovery to 50 ns. CUSTOM DESIGNS, 
Delivery from stock. Many special and unique 
features . Reasonable costs . Write for cata· 
log. Test and evaluation samples available . 
ELECTRONIC DEVICES 21 Gray Oaks Ave ., 
Yonkers , N.Y. 10710 (914) 965-4400. Telex 
681-8047 . 

ELECTRONIC DEVICES 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. 

WinSysten1s 
,, )) Bl "' 

CROSS REFERENCE/INTERCHANGEABILITY GUIDE 

l , 

' = I , 
~ . i l 

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, Arlington , TX 76012; 817 / 274-7553. 

STD BUS SECOND SOURCE BOARDS 260 

IAM . • . In-Circuit Emulators Powerful new real 
time full function In-Circuit Emulators for Design 
Engineers . The enhanced Z80 features 16 Hard­
ware Breakpoints, 3 Software, and 3 Printpoints 
with 8K Bytes of Overlay Memory. Supports the 
Z80H with speeds up to 8MHz. RS-232 Dumb 
Terminal operation or turns your Personal Com­
puter into a Development System. IBM-PC/ XT / 
AT software now available . Models available 
Z80, 8085, 8088 NSC800. For Fast Response 
CALL (916) 961-8082 IAM P.O. Box 2545 
FairOaks CA 95628. 

IN-CIRCUIT EMULATORS 263 

lntroducin~ a new, small 40 column thermal 
printer. It 1s top loading & accepts regular or 
label paper. Photoelectric & mechanical sensors 
are available to detect the proper side of the 
paper for printing & start & stop of paper feed . 
Ideal for single sheet feed . The printer automati­
cally grabs & feeds the paper to the correct loca­
tion for printing. Sci-Novations 1023 Wappoo 
Rd •Suite 36-B •Charleston, SC 29407 
• (803) 556-2626 TELEX 510-601 -2563/ 
SCINO UQ 

SCl-NOVATIONS 266 

PC BASED INSTRUMENTS Typical System 
Costs Under $9000 Runs on IBM PC/ XT/ AT 
or compatibles. The PClOOO is a hardware/ 
software system designed to provide analog/ 
digital testing solutions at a moderate price. 
Component or Assembly testing are accom­
plished with relative ease using Vistar's Instru­
ment Command Language along with BASIC, 
C, or other languages. IEEE 488/ GPIB instru­
ments can be called to work in concert with the 
PClOOO. VISTAR CORP. 13740 McCormick Dr., 
Tampa, FL 33625. 800/ 237-8812. 

PC BASED INSTRUMENTS 261 

OrCAD/SDT IS THE MOST COMPLETE sche­
matic design tool available for your IBM PC. In­
cludes everything you need to design, edit & 
print schematics . COMPARE these features : 
Supports "A" through "E" size sheets, Color & 
Monochrome Graphics, Unlimited Level Hierar­
chy, Part Rotation & Mirroring, Powerful Key­
board Macros, String Searching, Automatic Pan­
ning, 1600 Library Parts, DeMorgan Conversion, 
5 Zoom Levels , Utility Programs for Post Pro­
cessing. Order free demo disk & brochure. 
OrCAD Systems Corp., 1049 S.W. Baseline St. , 
Hillsboro, OR 97123 (503) 640-5007. 
SCHEMATIC DESIGN TOOL 264 

STOP NOISE IN PGA, LCC PACKAGES PGA 
Micro/ Q capacitors provide low-inductance, 
high-frequency noise decoupling for PGA, LCC 
packages on complex board layouts. They fit 
under PGA or LCC sockets, take no extra board 
space. Choose from many pinout configurations . 
Rogers Corp. , 2400 S. Roosevelt St. , Tempe, AZ 
85282. 602/ 967-0624. 

MICRO/ Q 267 

To advertise call : Sheila O'Neill, Sales Rep. (201) 393-6080 

EE/EPROM PROGRAMMER _ .. with Eraser .. . 
the " BEST" for $1295 ................ . 
......... DIGELEC Model 824 ...... .. . 

•RAM 512k Standard, 2048k optional 
•Programs 2716 to 271024, MOS & CMOS . 
• 40 & 28 pin micro P's, Intel & MOT. . ... 
•Programs virtually all mfg's, 220 + devices .. 
• Time-saving quick-pulse & Int. algorithms ... 
•Complete stand-alone editing, 16-char. display, 

RS-232 , Remote control. translation formats 
•Optional IBM-PC/ AT menu-driven S.W. 
Phone 201-493-2420 DIGELEC, Inc. , 1602 Law­
rence, Ocean, NJ 07712 
EE/ EPROM PROGRAMMER 262 

COLD FORMED MINIATURE PARTS FOR 
PRECISION APPLICATIONS• Electrode s 
•Contacts • Connectors • Stand-offs • Min iature 
fasteners and small parts • Diameters as small as 
.016", round and square. • Materials from basic 
steel to copper, silicon bronze, aluminum , sta in­
less steel and many more. For further informa­
tion , contact: JOHN HASSALL, INC., Cantiague 
Road, Westbury, NY, 11590, tel : (516) 334-
6200, FAX: (516) 222 -1911 , TELEX : 
144585. 

MINIATURE PARTS 265 

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 ­
ods! RelCalc 2 is very easy to use, and features 
menu windows , library functions, global editing 
for what-if? trials , and clear report formats . 
$1500. Demo package for $50. T-Cubed 
Systems, 31220 La Baya Drive # 110, Westlake 
Village , CA 91362. (818) 991-0057 . 

AUTOMATE MIL-HDBK-217D 268 
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quick ad1 New and current products for the electronic designer presented by their manufacturers. 

IEEE-488 Bus Extender The GBE-IEEE-488 bus 
extension module add additional flexibility to the 
IEEE-488 bus by providing transparent bus ex­
tension over virtually unlimited distances. GBE 
modules communicate over RS-232 cable, 
modem, and a fiber optic link and require no 
modifications to your existing hardware or soft­
ware. GBE's are used in pairs and are $595.00 
each. Connecticut microcomputer, Inc. P.O. 
Box 186 Brookfield CT 06804 Tel. 1-800-4-
CMC-USA In CT. 203-354-9395 TWX: 710-456 
0052 

BUS EXTENDER 269 

INTELLIGENT ANALOG 1/0 The RSD-7728 is 
STD bus compatible w. 16 S.E. or 8 diff. inputs 
and 8 outputs, all with 12 bit resolution . On board 
microprocessor has 13 programmable modes, 6 
for outputs, 7 for the inputs. Add 'I self-test 
mode. Inputs have software programmable gain . 
1/ 0 may be either voltage or current loop. Sever­
al jumper connected voltage ranges. Memory or 
1/0 mappable. Vectored interrupt. Dealer inquir­
ies welcome. ROBOTROL CORP., 16100 
Caputo Dr., Morgan H ill. CA 95037 
408-77 8-0400. 

INTELLIGENT STD ANALOG 1/ 0 272 

1 switch mode power suppl .. 
capacitors startcool, stay cool 

Thermal performance, unique package, low 
ESR's balance your need for capacitance, con­
ductance and cost. Each family grouping guaran­
tees a selection tailored to your requirements . 
TEMP. RANGE • . 550 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 complete 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 275 
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MIL-M-38510 PICs. Sprague Power Integrated 
Circuits are processed on a DESC certified pro­
duction line to MIL-M-38510. QPL and compli ­
ant devices are screened to Class B assurance 
levels of MIL-STD-883C These high-voltage and 
high-current PICs provide excellent answers as 
peripheral power drivers for displays, motors, so­
lenoids, relays, printers, and heaters. Write for 
Brochure WR-198 . Sprague Electric Co., 41 
Hampden Road , P.O. Box 9102, Mansfield , MA 
02048-9102. 

POWER INTEGRATED CIRCUITS 270 

EPROM DUPLICATOR WITH RS232 The 
Model 98 has stand-alone programming for 
2716, 2732, 2732A, 2764, 27C64 , 2764A, 
27128, 27128A, 27256, 27C256, 27512, 
and 27C512 EPROMs, and 2816A, 2864A 
EEPROMs. Programming time for 27256 is 190 
seconds. A serial interface provides file transfer 
to/ from IBM PC, or PC compatible . Silicon iden­
tifiers are supported for lntE:I , AMO, and SEEQ. 
Price $650, Software $40, Copy modules $18. 
Optimal Technology, Earlysville, Va . 22936 

EPROM DUPLICATOR 273 

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
tions. Call or write today for a free demo disk and 
brochure. OMATION, INC., 1701 N. Greenville 
Ave., Suite 809, Richardson , TX 75081 (214) 
231 -5167 
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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 circuits 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, Newton, 
CT 06470. 203-426-2184. 
ELECTRONIC CIRCUIT ANALYSIS 271 

UNIVERSAL D.P.M. IS FOR ALL One basic 
+ /- 41/2 digit VDC mainframe does it all. We 
add any one of 7 displays L.E.D. or L.C.D. 31/2 or 
41/2 with or without dummy digit, plug in analog 
signal conditioners OHMS, AUTORANGE, A.C . 
AVERAGE, INTEGRATION, STRAIN-GAGE, CUR­
RENT LOOP, A.C. RMS, R.T.D ., FREQUENCY/ 
RPM or THERMOCOUPLE. Others are EXCITA­
TION and ANALOG OUTPUT board , B.C.D. 3T, 
COMPARATOR, PEAK & HOLD, etc. in a plastic 
or metal l/s DIN/ NEMA case. Connectors are 
screw type and flat cable . l.M.C. 4016 E. Ten­
nessee St., Tucson , AZ. 85714 (602) 748-7900 
"ULTIMA 200" 274 

MIL/COMMERCIAL 256K STATIC RAM The 
CMOS 256-03 and 03M are ICl 's latest additions 
to their hybrid memory line. This device is organ­
ized as 32K by 8 bits and features typical access 
times of lOONS and standby currents of 20µA. 
The CMOS 256-03M is hermetically sealed and 
screened to MIL-STD-883, priced at $347 (100) . 
Stock-4wks. Integrated Circuits Inc. 10301 Wil­
lows Rd , Redmond, WA 98052 (206) 882-
3100. 

HYBRID 256K CMOS STATIC RAM 277 
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quick ad1 New and current products for the electronic designer presented by their manufacturers. 

MULTIBUS COMPATIBILITY combined with the 
power of Intel's 80186 processor make the MSC 
8186 a powerful and versatile SBC. Upgrade 
your 8086 design or create a new product. 
Replace system memory with lMB on-board 
interleaved RAM and optional ECC. Other 
modules provide a math coprocessor, floppy con­
troller, or SCSI Winchester controller. Firmware 
to boot MS-DOS or iRMX. Monolithic Systems 
Corporation, 84 Inverness Circle East, Engle­
wood , Colorado 80112, (303) 790-7400, 1-
800-525-7661. 

MSC 8186 Single Board Computer 278 

IBM PC/XT/AT 
ENGINEERING SOFTWARE 

for the 
ELECTRONIC PACKAGING 

INDUSTRY 

. ... THERMAL ANALYSIS SOFTWARE .... 
HEAT85: Program package determines from 
power and geometry inputs electrical compo­
nent, assembly and enclosure temperature dis­
tributions. Price $875. COLDPLT: Design pa­
rameters for compact heat exchangers. Price 
$225 . . ... VIBRATION/WEIGHT ANALYSIS 
SOFTWARE .... NATFRE: Vibration analysis of 
Printer Circuit Boards. Price $295. WT: Weight 
analysis of electronic equipment. Price $185. 
EMP Engineering, P.O. Box 1000, Nesconset, 
NY, 11767, (516) 361-8921. 

SOFTWARE 281 

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 catalogs & 
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 284 

FREE! 224 PAGE ELECTRONIC HARDWARE 
CATALOG . Items shown include standoffs. 
captive nuts and screws. chassis fasteners . han­
dles. ferrules , spacers and washers ... all with 
dimensions and tolerances shown for easy selec­
tion . 24 pages highlight new products ... includ­
ing new locking fastener section. ACCURATE 
SCREW MACHINE CO. INC., 19 Balt imore St.. 
Nutley, NJ 07110. (201) 661 -2600. 

FREE CATALOG 279 

6800/6809 Micro Modules. OEM 6800/ 6809 
MICROCOMPUTER MODULES for dedicated 
control and monitoring. Interfaces for sensors, 
transducers, analog signals, solenoids, relays, 
lamps, pumps, motors, keyboards, displays, 
IEEE-488, serial 1/0 . floppy disks. Wintek Cor­
poration, 1801 South Street, Lafayette, IN 
47904-2993. (317) 742-8428. (800) 742-
6809 

MICROCOMPUTER MODULES 282 

EXTRA LOUD PIEZO ALARMS Models to 104 
dB (A) @ 2 ft .; continuous or beep models from 
3 to 30 VDC-Low current use operating frequen­
cy-3100 Hz ± 500 Hz; operating temperature­
- 200C to + 85 °C; panel-mount thru 1-1/a" 
round hole, MIL-type polyester glass construc­
tion available with PC pins, wires, .110" or .250" 
solder/ quick connect, or 6-32 screws, over 400 
models-All made in USA. Floyd Bell, Inc., 987 
Higgs Ave ., P.O. Box 12327, Columbus, Ohio 
43212. Phone 614/ 488-3193. 

PIEZO ALARMS 285 
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In offering this broad range of infinite resolution 
conductive film potentiometers, with their many 
standard and custo mized con f igurati ons , 
Vern itech cont inues to supply your industry with 
extremely reliable, long life products. Call or 
write VERNITECH, 300 Marcus Blvd., Deer 
Park, New York 11729 • 516-586-5100 •TWX 
510-227-5079 

POTENTIOMETERS 280 

smARTWORK® Circuit-Board-Artwork Soft­
ware. For only $895, smARTWORK® lets the 
design engineer create and revise printed-ci rcuit­
board artwork on the IBM Personal Computer. 
Forget the tedium of taping it yourself or waiting 
for a technician . draftsman, or the CAD depart­
ment to get to your products . With 
smARTWORK® to keep complete control over 
your circuit-board artwork from start to finish . 
Call or write to Wintek Corporation, 1801 South 
Street. Lafayette . IN 47904-2993. (317) 742-
8428. (800) 742-6809 

PCB ARTWORK SOFTWARE 283 

. . . ... . . IRIG-B ON YOUR BUS . . . . ... . 
The AITG-STD includes a propagation delay­
corrected IRIG-B synchronizable time base gen­
erator, an event time freeze register , and an 
STD-Z80 interface. Has time code stripper with 
AGC, auto-polarity, selectable rate/ level outputs, 
and on-board event time measurement. $1500; 
reader only , $200 less. Q-bus, VMEbus, and 
Multibus versions. K-Systems, Inc., 3902 Lilac 
Las Cruces, NM 88005. 505-526-3209, Telex 
WUI 6502763972/ Ansbk, MCI. 

K-SYSTEMS, INC. 286 
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1409 EPROM PROGRAMMER KITS No per· 
sonality modules required on line help and menu 
selection on board 110/ 220V power supply fast 
& ultra fast programming built in monitor for 
1/ 0 debug CAD generated PCB & schematic 
supports Intel/ Motorola 8 & 16 bit files & all 
5V EPROMS & EEPROMS software drivers for 
most PCs bare kits from 125 assembled 325 
comm drivers $35 Visa/ Master Card B&C 
Microsystems, 6322 Mojave Dr. San Jose CA 
95120 Phone (408) 997-7685 Telex 4995363 

EPROM PROGRAMMER 287 

8051 
' 

SIMULATORS• CROSS ASSEMBLERS• PRO· 
GRAMMERS SIM51 and SIM48 Software Sim· 
ulators run on IBM-PC, CP/ M-80, MS-DOS. De· 
signed for validation & debugging application 
software. Simulation includes all on chip func· 
tions plus expansion chips. $250 one year FREE 
updates. Formats PC-DOS 2. X DSDD, CP/ M-
80 8' SSSD; many 5\4'' formats . Cross Assem· 
biers and EPROM pgmrs also available . Logical 
Systems Corp., 6184 Teall Station, Syr., NY 
13217 (315) 478-0722. 

8051/ 8048 DEVELOPMENT TOOLS 290 

STD Bus BASIC el iminates the need for disk 
based development systems. C4 BASIC/ NOVOS 
allows you to write STD Bus programs in BASIC 
and debug them right on your target system . It 
runs on four of VersaLogic 's Z80 based STD Bus 
CPU boards and three of Pro-Log's 7800 series 
Z80 CPU boards. Complete C4 BASIC/ NOVOS 
package with full documentation: $100 Qty. 1. 
Call VersaLogic, (800) 824-3163. 

Z80 Basic 293 
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NEW C76 HYBRID I/O 
INTERFACE SYSTEM 

Teledyne Solid State DIP 1/0™ Modules are 
designed for use in computerized Control sys· 
terns for noise-free isolated interfacing of com· 
puter logic elements to harsh industrial environ· 
ments. Modules employ custom microcircuits in 
a T0-116 DIP. Eliminates mounting tracks for 
low "Per-point" cost. Meets VDE requirements. 
Features CMOS and TIL compatibility, optical 
isolation , high noise immunity and an ENABLE 
function on input modules. TELEDYNE SOLID 
STATE, A Division of Teledyne Relays. 12525 
Daphne Ave., Hawthorne, CA. 90250 (213) 
777-0077. 
MODULES 288 

VME-9100D Multi-function, VMEbus Memory 
1/0 Board 16 battery-backed 28-pin memory 
sockets accept JEDEC RAM & ROM devices. 3 
parallel IC's (8536) provide 60 TIL 1/ 0 lines with 
automatic handshaking & pattern detection 
along with 9 16-bit counter/ timers . 4 asynchro· 
nous serial ports (68681) are selectable for 
RS232 & RS422 at rates up to 38.4K baud . An 
on-board battery provides power for the crys· 
tal controlled real -time calendar clock (58167) 
& the memory. Logical Design Group, Inc., 
541 Pylon Dr., Raleigh, NC 27606 (919) 834· 
8827. 
VMEbus Multi-function board 291 

RS232 or 8 BIT PARALLEL MINI CASSETTE 
SYSTEM. •Low Cost-$388 @ 100 units* 
•Microprocessor Controlled• > 200K Bytes 
Formatted/Tape; • Variable Baud Rate (110· 
9600) • Error Rate 1 in 10 to the 9th •Small-
3" X 3.5 " X 5" W/ O Case.* 21 other cartridge , 
cassette, floppy systems with storage to 12 meg· 
abytes. Basic Drive with R/W Electronics Start at 
$150. ANALOG & DIGITAL PERIPHERALS, 
INC., 816 Diana Drive, Troy, Ohio 45373. 513/ 
339-2241 TWX 810/ 450-2685. Branch Off : 
Oklahoma City, OK-Factory: Yucca Valley, CA. 

MINI CASSETIE SYSTEM 294 

HIGH RESOLUTION, LOW COST STD BUS 
ANALOG CONVERTER Ideal for high accuracy 
process control functions, the new DAD-48 ana· 
log converter features 8 A/ D inputs with 16 bit 
accuracy. Also provides 4 channels of analog 
output with 12 bit resolution (optional 4-20 mA 
current drivers). Available in 3 versions: A/ D con· 
verter, D/ A converter, or both . The complete 
DAD-48 is just $485 in single quantities. FULL 
LINE OF STD BUS PRODUCTS COMPUTER 
DYNAMICS, INC., 105 S. Main St., Greer, SC 
29651 , phone 803-877-7471 

ANALOG CONVERTER 289 

VLSI PROTOTYPE AND TEST 

VLSI PROTOTYPE AND TEST ADAPTORS reli· 
able prototype of VLSI in SHRINK DIP, LCC, & 
PGA packages on standard & high density wire· 
wrap panels. Test assist devices route VLSI pins 
to ribbon cable headers to facilitate probing. De· 
vice sizes - 68 to 149 pins. Processors include 
Intel 80186 family, 68000, 68020, 80386, 
32132, & signal processing IC. Gold machined 
pins. Ribbon cable adaptors for 40 & 64 pin 
DIP's . SHRINK DIPS of various size adapted. 
Customs available on test assist or prototype 
adaptors. IRONWOOD PO BOX 21 -151 St. 
Paul, MN 55213 (612) 431-7025. 
ADAPTORS 292 

$975 EE DESIGNER CAE/CAD Integrated 
Software Packa~e for IBM PC, XT or AT At only 
$975, no electrical engineer can afford to be 
without this end·to·end circuit design, simulation 
and PCB layout tool. You can pay up to 15 times 
more and still not get all the features offered by 
EE Designer-Schematic Capture . . . Circuit 
Simulation ... PCB Layout. 30 day money back 
guarantee. Full purchase price refunded if not 
completely satisfied. Call 1·800-225-5669 today 
to order your package. Bank cards welcome. 
VISIONICS, 1284 Geneva Drive Sunnyvale, CA 
94089. 
INTEGRATED SOFTWARE PACKAGE 295 
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tough 
attenuators 

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 
(0.002dB/°C) 

• exclusive 1 year guarantee 

SPECIFICATIONS 

MODEL ADEN. ADEN. TOL. 
±0.2 dB 
±'0.3 dB 
±0.2 dB 

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

3 dB 
6 dB 

10 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 

t::1 Mini-Circuits 
A Division of Sclentific Components Corporation 

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

CIRCLE 197 C92-3 REV. ORIG 
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from 

de to 3GHz 
• less than 1d8 insertion loss over entire passband 
• greater than 40d8 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 

O Mini-Circuits 
A D1v1s1on ol Sc1ent1hc Components Corporation 

• 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 C105 REV ORIG 
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Breakaway 
from the pack 
with our CMOS ICs. 
Take the lead with new super high speed, 
low power SV CMOS EPROMs and 
EEPROMs from General Instrument. 
Our new 28HC16/17 and 28HC291 16K EEPROMs 
are 35ns fast. Require less than 100µA of standby 
current. Have a unique "power-on timer" to guard 
against inadvertent or accidental programming 
cycles during power-on. The 27HC64 64K EPROM 
is 50ns fast. These devices are perfect replacements 
for bipolar PROMs used in high speed applications 
- including DSP systems. 

Break away from the pack with high performance, 
quality assured EPROMs and EEPROMs. Call the world 
leader, General Instrument Microelectronics Division. 

16K EEPROM 
28HC16/ 17 
28HC291 -,,-- - ,,.,--' _,, •'=' 

New Non-Volatile Memory ICs 

Part No. Density Organization Process Speed Available 
27HC64 64K 8K x 8 CMOS sons 2086 ., 
272S6 2S6K 32K x 8 NMOS 1S0ns Now :::!!: 

0 27C2S6 2S6K 32K x 8 CMOS 1S0ns Now a: 
a. 27CS12 S1 2K *64K x 8 CMOS 1S0ns 2086 w 

27C1024 1024K *128Kx8 CMOS 1SOns 4086 

28HC291 16K 2K x 8 CMOS 3Sns 2086 
., 28C291 16K 2K x 8 CMOS 3Sns 2086 

:::!!: 
0 28HC16/ 17 16K 2K x 8 CMOS 3Sns 2086 
a: 

28C64 8K x 8 a. 64K CMOS 1SOns Now w 
w 28CP64 64K 8K x 8 CMOS sons 3086 

28CP2S6 2S6K 32K x 8 CMOS 70ns 4086 

·Available in Vari-Page TM array addressing. 512K also in 2 x 32K x 8 or 4 x 16K x 8. 
1024K also in 64K x 16. ROM family from 16K to 1Mb. 
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64K EPROM 
27HC64 

c 11,,.,,­_,Ll1 IJ 

GENERAL 
INSfRUMENT 
Sales Offices USA: CA, 818-789-0952 or 408-496-0844; 

FL, 813-894-3273; IL, 312-981-0040; IN, 317-841-9328; 
MA, 617-938-5890/ 91; MD, 301 -269-6250; 

NC, 919-828-0317; NJ, 201-254-5024; TX, 214-934-1654; 
EUROPE: London, Ruislip. (8956) . 36141 ; Milano, (2) 4987362; 

Muenchen, (89) 95997-0; Paris, (1) 374-1133; 
ASIA: Hong Kong, (5) 434360; Osaka, (06) 375-0606: 

Seoul , (2) 744-8543; Singapore, (65) 235-8030; 
Taipei , (2) 914-6234 : Tokyo, (3) 437-0281 


