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OUR 
PHILOSOPHY: 

When it comes to choosing disk 
drives, we think it makes perfect 
sense to buy them all from one 
source. 
Because dealing with several 

vendors means man-years of con-
troller redesign, months for 
mechanical redesign and massive 
logistics for spare parts. 

All of which costs money. In fact, 
up to $500,000 for each additional 
disk drive vendor, according to 
industry estimates. 

But that's money you don't have 
to spend. 

If you specify Shugart. 
We're the single source that can 
provide all the floppy and low-cost 
rigid disk drives you mod for your 
present systems. And the source 
that will be able to provide the 
drives you need for future systems. 
Thanks to our experience in 

high-volume manufacturing and 
our ongoing development of 
new drives. 
At the same time, our appli-

cation engineering team and 
worldwide field engineering 
force can minimize design 
time and maximize uptime. All 
of which saves you even 
more money. 
Which is why you might want 

to rethink your philosophy about 
buying drives from several sources. 
And put all your eggs in one 

basket. Ours. Shugart 
Right from the very start. 

475 Oakmead Parkway, Sunnyvale, CA 94086. Telephone (408)733-0100. 
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Chances are, the most 
frustrating part of your engineering 
problem has already been solved. 

Until now, you've either had to put up with the format of a 
centralized or time-share system, or write your own routine analysis 
programs from scratch. 

Now there's another alternative. With Hewlett-Packard's vast 
library of applications software for desktop computers, the chances 
are good you'll find a program that closely matches your needs. And 
that means a big head start in getting your solutions up and running. 

Our Software Catalog lists over 300 titles, with more being 
added all the time. From analog and digital circuit simulations to digital 

filter design to microwave circuit synthesis. Many of these programs 
are written by engineers just like yourself, with similar applications. 
So you won't have to be a computer expert to get to your solutions. 

And because you simply plug the applications cartridges into 
the computer, development time is that much shorter—usually 
less than a day, instead of weeks or months. 

Power and local control 
in one compact unit. 

That's the advantage of an HP desktop computer. 
It's an easy-to-use computing resource that gives you 

the power of computers many times larger (and 
more expensive)—without compromising the need 
for individual control over your application. 

So take a little time to browse through our 
library, and save a lot of time later on. For a complete 

list of all the titles in our Software Catalog, return the 
coupon. Or write to Hewlett-Packard, Attn: Marvel Ross, 
Dept. 6101. 3404 E. Harmony Rd., Ft. Collins, CO 80525. 

(hp] HEWLETT 
PACKARD 

Yes. I'd like to find a quicker way to solve my engineering problems. Please send 
me your list of desktop applications solutions included in your Software Catalog. 

Name  

Title Phone  

Company  

Address  

City/State/Zip  

Mail to: Marvel Ross, Dept. 6101. 3404 E. Harmony Rd 
Ft. Collins. CO 80525 40102 

HPIDC40 
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Now Available... 

AMPLIFIERS 
0.0542(J0 MHz from $199 

n 
F ç 

• Broadbard Multi-octave isee table) 

• High lineEr outpk.it 21.e. UP to ,30 dBm (1 VI.; ; 
; 

• Gain ... available frdrn 16 dB to 27 dB 

• Very flat gain reiporise 1 dB 

• Connec".crs ENC Std; SMA, TNC, N available 

• Compact .. 3.75" ": 2.60" 1.92" (ZHL-A Models) 
4.75" 2.60" 2.22" (ZHL Models) 

• Self-contained hat sink 

• One-week delivery 

If your application requires up to 1 watt for intermodulation 
testing ol components ... broadband isolation ... flat gain 
over a wide bandwidth or much higher output from your 
frequency synthesizer or signal/sweep generator ... 
MiniCircuits' ZHL power amplifiers will meet your needs, at 
surprisingly iow prices. Five models are availabde, offering a 
selection of bandwidth and gain. 

Using an uftra-linear Class A design, the ZHL is 
unconditionaiy stable and can be connected to any load 
impedance without amplifier damage or oscillation. The ZHL 
is housed in a rugged 1/E inch thick aluminum case, with a 
self-contained hefty heat sink. BNC connectors are supplied: 
however, SMA, TNC and Type N connectors are also available. 
Of course, our one-year guarantee applies to each amplifier. 

So from the table below, select the ZHL model for your 
particular application now ... we'll ship within one week! 

"0J luN. 
pc, No 

ZHL-2-8 

T ItIPUT5 
ea° be* 

ZHL-1A 

l GAIN MAX. POWER NOOSE INTERCEPT 
MODEL FREQ. GAIN 'FLATNESS OUTPUT dBm FIGURE POINT DC POWER PRICE 
NO. MHz dB 1 dB 1-dB COMPRESSION dB 3rd ORDER dBm VOLTAGE CURRENT $ EA. QTY. 

ZHL-32A 0.05-130 25 Min. ±1.0 Max. +29 Min. 10 Typ. +38 Typ. +24V 0.6A 199.00 (1-9) 
ZHL-3A 0.4-150 24 Min. ±1.0 Max. +29.5 Min. 11 Typ. +38 Typ. +24V 0.6A 199.00 (1-9) 
ZHL-1A 2-500 16 Min. 1-1.0 Max. +28 Min. 11 Typ. +38 Typ. +24V 0.6A 199.00 (1-9) 
ZHL-2 10-1000 15 Min. 1 1.0Max. +29 Min. 18 Typ. +38 Typ. +24V 0.6A 349.00 (1-9) 
ZHL-2-8 10-1000 27 Min. ±1.0 Max. +29 Min. 10 Typ. +38 Typ. +24V 0_65A 449.00 (1-9) 
ZHL-2-12 
_ . 

10-1200 24 Min. i ±1.0 Max. +29 Min. • 10 Typ. +38 Typ. +24V 0.75A 524.00 (1-9) 
ola sate Input power 20 dBm, operating temperature 0 C to +60 C storage temperature -55' C to 100° C. 50 ohm impedance, input and output VSWIR 2.1 ma,4. 
28.5 dBm from 1000-1200 MHz 

For detailed specs and curves, refer to 1980/81 MicroWaves Product Data Directory, Gott. Bock. or EEM. 

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 
Domestic and International Telex 125460 International Telex 620156 

WorldS largest manufaclurer of Double Balanced Mixers 

Mini-Circuits 
MINI-CIRCUITS LABORATORY 

Circle 2 on reader service card 

A DielsIon of Scrertfific Components Corp C46 0EV F 



Electronics  
The International Magazine of Electronic Technology Vol. 54, No. 10 • May 19, 1981 

125 Technical Articles 
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Single-board controller interfaces hard disks and backup media, 160 
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MILITARY: $320 million sought for VHSIC . . . , 40 
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Highlights 
Cover: Quality and reliability efforts move into high gear, 125 

Pressed hard on one side by strong competition and on the other by the 
demands of customers who themselves are feeling a competitive prod, U. S. 
semiconductor firms have embarked on ambitious programs to boost the 
quality and reliability of their products. This special report takes a detailed 
look at the reasons for and the nature of these efforts. Part 1 covers the 
changes chip makers are effecting in manufacturing, from technology and 
design to failure analysis (p. 125). Part 2 focuses on the organizational 
techniques and structures management is bringing to bear to make quality 
and reliability the concern of virtually every employee (p. 137). Part 3 
discusses the needs of equipment makers (p. 141). 
The cover is by Art Director Fred Sklenar. 

Videotex schemes abound, 101 

The announcement of AT&T'S entry into the fray at this week's Videotex '81 
conference in Toronto highlights the fact that the technology and business of 
providing data services to homes and businesses is not only still in the infant 
stage, but highly unsettled as well. AT&T will join Britain's Preste! and 
Ceefax, France's Antiope, and Canada's Telidon, with Japan off on its own 
and the U. S. an open field. 

EE-PROM calls on telephone for software update, 155 

An electrically erasable programmable read-only memory has come to the 
aid of microprocessor-based systems that need frequent revision. This fast, 
link-addressable read-mostly memory is especially suited for downline load-
ing and can be updated inexpensively by telephone. 

Single-board controller for storage devices is not choosy, 160 

An intelligent controller shows itself to be highly adaptable: capable of 
handling Winchester, floppy-disk, and streaming tape drives for both 
primary and backup storage, it adapts the transfer rates to suit a wide 
variety of host systems. 

I/O processor minimizes additional timing circuitry, 165 

A one-chip peripheral controller for microsystems has been designed to be 
both intelligent and easy to hook up. It achieves the former by relying on a 
microcomputer for its core and the latter by adding such specialized 
hardware as a dual-ported random-access memory and semaphore registers. 

And in the next issue . . . 

The Japanese semiconductor industry: a special report . . . testing bubble 
memories . . . a second-generation 16-bit microprocessor chip set . . . lin-
earizing thermistors. 
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We're proud of our tiny part in 
the space shuttle program. 

Thousands of products have 
contributed to the successful 
launch and return of the space 
shuttle, Columbia. And our products 
were among the tiniest. 

By design. 
Entran manufactures a broad 

line of ultra-miniature accelerom-
eters and pressure transducers. 
These tiny, high accuracy instru-
ments have very little mass to inter-
fere with the system being tested, 
and won't distort your test scale. 

Because they are so small they 
can be mounted almost anywhere 
for the ultimate in applications 
flexibility. And they leave plenty 
of room for other electronics. 

Our devices have been used 
to obtain critical test data for the 
Columbia throughout its develop-
ment. From the early scale-model 
wind tunnel tests, to main engine 
testing, through full-scale vibration 
testing of the entire shuttle and into 
actual flight. 

Now our devices will be used 
to gather data for a series of 
intricate on-board experiments. 

Our products are rugged 
enough to function in the toughest 
applications. 

To find out how our tiny 
accelerometers and pressure 
transducers can help you, please 
write to: Entran Devices, Inc., 
10 Washington Avenue, Fairfield. 
N.J. 07006. Or call (201) 227-1002. 

Pressure transducer. 
EPI-080 only 0 080 diameter. 

Accelerometer. 
EGA-125D, less than 0.5 gram. 

11le 

Entran Devices, Inc. 
(Our tiny products help make big projects possible.) 
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Never before-. 
200 wafts 

of RF power with 
incredible 
versatility. 

3200 L spans 

250 kHz to 150 MHz. 

Now there's a completely solid 
state power amplifier that provides 
200 watts of linear power over a 
frequency range from 250 kHz to 
120 MHz And at 175 watts, the 

range extends to 150 MHz. 

Imagine the wide range of appli-
cations you can cover with this 
single Class A linear unit. All you 
need is any standard signal or 
sweep generator and you have 
the ultimate in linear power for 

RFI/EMI testing, NMR, RF 
Transmission, and general 
laboratory app:ications. 

And, like all ENI power amplifiers, 
the 3200 L features unconditional 

stability, instantanecus faillsafe 
provisions, and absolute protec-

tion from overloads and transients 

The 3200 L represents a break-
through in RF power versatility 
and packaging. Never before has 
there been anything like it com-
mercially available anywhere! 

Contact us for a demonstration 
of the 3200 L and our complete 
catalog on the other amplifiers in 
our wide line ENI, 3000 Winton 
Road South, Rochester, NY 14623. 

Call 716/473-6900. or Telex 
97-8283 ENI ROC 

ENI 
The advanced 
design line of 
power amplifiers 

Publisher's letter 

The dedication and enthusiasm are 
hard to miss. The commitments 

are strong. The results are paying 
off. 

These statements describe the 
quality movement that is sweeping 
the electronics industries, particular-
ly the semiconductor companies and 
their major customers. The special 
report starting on page 125 analyses 
the various aspects of this trend in 
the U. S. semiconductor industry. 

Prepared by Al Rosenblatt, tech-
nical managing editor, and Jerry 
Lyman, packaging and production 
editor, this report is the result of 
interviews conducted at dozens of 
companies by our staff in the U. S., 
Japan, and Europe. 

"If there is one message that 
comes through," comments Al, "it is 
that quality is profitable. By remov-
ing the costs of rework, the damage 
from lost business, and the belief 
that quality can only come from test-
ing, testing, and more testing, these 
programs have had an impact on the 
bottom line." 
The report has three parts cover-

ing the melding of quality into the 
entire manufacturing process, the 
organization of people into quality 
programs, and finally a perspective 
on how users' demands are affecting 
the quality movement. 
The first part covers the gamut of 

integrated-circuit manufacture from 
front end, assembly, and packaging 
to test, failure analysis, and even 
customer interface. In preparing this 
part Jerry found that two elements 
of enormous importance to quality 
as perceived by users have nothing to 
do with design. One is the large per-
centage of "failures" caused by 
errors in order paperwork, misla-
beled parts, and components that get 
into the wrong bin—in other words, 

nonelectrical causes. The second is 
the problem of test correlation, that 
is, making sure that the vendor and 
the buyer are testing the same 
parameters in the same way. 
The examination of quality orga-

nizations brought a variety of com-
pany styles to light. The movement 
has caused some unusual changes. 
Managers are being rated on quality 
performance as well as revenues. 
Quality circles are participating in 
"bottom-up" decision making. Per-
haps most important, top manage-
ment is putting its strong stamp of 
approval on the quality programs. 
As for the users—they're demand-

ing a lot these days. In fact, some of 
the top companies have completely 
altered the definition of acceptable 
quality levels by moving required 
failure rates from 1,000 parts per 
million to 100 or 200 ppm. In addi-
tion, some aim to eliminate incoming 
inspection and, in effect, to go from 
receiving dock to production line. 
Pressure for quality improvement is 
coming from computer companies 
and auto companies, in large part 
because they also view quality as a 
competitive weapon. Consumer elec-
tronics companies are also cracking 
down for much the same reason. 

Another important point emerges 
from this report—the quality pro-
grams are in place to stay. These are 
not crash programs that will fade 
away during the next market boom. 
If anything, the electronics indus-
tries may be setting the pace for 
others. 

Wanted: a Business Trends editor 

A newly established department of the New York editorial staff of Electronics 
offers a unique opportunity for a skilled communicator interested in the 
business side of technology. We seek an experienced business journalist with 
a good statistical or market research background in the electronics field. An 
EE or an MBA in market research or an economics degree would be 
eminently desirable. Send your résumé to the Editor-in-Chief, Electronics, 
1221 Avenue of the Americas, New York, N. Y. 10020. 
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Our up-to-date techniques have enabled 
one-touch operation. 
Compact and Economical Gang P-ROM Programmer 
Model 1861 

Mode specification is also feasible through the one-touch button 
operation. Excellent performance and operability are built in the 
compact cabinet designed for simultaneous multi-programming of 
up to 8 MOS devices. Multi-programming is also essentially a one-
touch operation. 

"Model 1861" permits simultaneous programming of 8 MOS 
devices through one-touch operation. 
The Model 1861 is designed to permit simultaneous multi-program-
ming of up to 8 MOS devices through one-touch operation. The mode 
may be specified by the one-touch button operation. Three kinds of 
select cards are supplied. A serial 1/0, specified by the customer 
capable of editing data is contained in the standard configuration. In 
addition, a PTR (option) with a high speed of 400 ch /sec. may be 
externaly contained. Excellent performance now comes in a com-
pact size. 

•i 2716 (i 2758), i 2732, i 2732A, TMS2532 and compatible. 
(selected by three supplied select cards.) 

"Model 1860" meets a wide variety of applications through 
one-touch operation. 
The Model 1860 is capable of programming MOS and bipolar 
devices through the replacement of the personal and socket module. 
Operations may be performed by the one-touch pressing of the mode 
button. The specifications of the PTR and data editing are the same 
as those of Model 1861. 

P- ROM Programmers Model 1860 Series 
Model 1860 Model 1861 

Programmaba 
devices 

i2716-(12758), i2732, 
i2732A, i2754, TMS2532, 
TiAS2564 and compatible. 

Exclusively for smut-
taneous ganged 
programming of 8 MOS 
i2716 ( 2758), i2732, 
i2732A. TMS2532 and 
compatible. 

Enter- 
face 

ftardwo) 

Serial 

FIS-223C and 20mA 
curie:a loop (or TTL leveg 
switch selectable, 

RS-232C, 20mA current 
loop, ce TTL level 
selectable as specified 
when ordering. 

Baud rate: 110. 300. 600. 1200,2400 4800.9600 

Par allel 
PTR parallel aterface 
PTR (PRE-400A option) with a rate of-400 chlsec. 

Size. weigkil 
280(W)x 208(D)x 65 (H) 1 280(W)x 208 (D) x 75(H) 
mrn, 2.5kg mm, 3 5kg 

("oj MINATO ELECTRONICS INC. 
4105, Miriam Yamada-cho, Kohoku-ku, 
Yokohama, 223, Japan Phone: 045-591-5611 
Cable: MINATOELEC YOKOHAMA 
TELEX: 3822-244 MINATO J 
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Plastic Film 
Capacitors  
Lead Spacing 5 mm 

• Space saving design up to 1 pF 
II High capacitance/temperature 
stability. Suitable for automatic 
insertion; available on tape 
for volume usage 

WIMA MKS 2 Metallized 
polyester type providing extremely 
small dimensions at maximum 
capacitance/volume efficiency. 

Ranges also include WIMA FKS 2/ 
WIMA FKC 21W/MA FKP 2: polyester/ 
polycarbonate/polypropylene with 
metal foil electrodes. 

WIMA PM 5 r:m 

Capacitors: 

Tomorrow's technology! 

WILHEL.M WESTERMANN 
Spezialvertrieb elektronischer Bauelemente 
P.O. Box 2345 • D-6800 Mannheim 1 
Fed. Republic of Germany 

U.S. Sales Offices: 
THE INTERNATIONAL GROUP INC. 
North Dearman Street P.O. Box 23 
Irvington • New York 10533 (914) 591-8822 

TAW ELECTRONICS CO. 
4215 W. Burbank Blvd., Burbank 
California 91505 • (213) 846-3911 
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Readers' comments 

Is ECL losing ground? 

To the Editor: Regarding "Low-V 
inverter logic outperforms ECL yet 
saves power" [Feb. 24, p. 41], the 
low-voltage inverter (Lvi) configura-
tion described by IBM Corp.'s 
Richard Konian appears to be an 
extension of the basic TTL totem-
pole output circuit. Use of capacitors 
as suggested will give rise to undesir-
able repetition-rate and duty-cycle 
effects on the circuits' switching per-
formance. In addition, I find the cir-
cuit (barring misprint error) lacks a 
threshold or sharp transition region 
(Vi. versus V.., transfer curve) 
between 1 and 0 states. Perhaps this 
circuit was intentionally designed to 
be another variation of nonthreshold 
logic (NTL). In any event, I predict 
the computer industry will continue 
using emitter-coupled logic until a 
truly better circuit is invented. 

Walter C. Seelbach 
Fountain Hills, Ariz. 

• The author replies: ECL is a circuit 
technology with a formidable and well-
deserved reputation. I personally hold 
ECL in high esteem; I'm sure computer 
designers will place it high on their list 
of circuit technologies to be considered 
for future products. Perhaps someday 
the low-voltage inverter (LYI) will make 
that list, too. 
I want to stress that the LVI circuit is 

at this point an experimental technolo-
gy. Preliminary findings suggest that it 
has potential as an attractive alterna-
tive to ECL and TTL, but I cannot claim 
that the LVI will replace any existing 
technologies. 

Mr. Seelbach is correct in pointing 
out that the LVI is in fact a variation of 
nonthreshold logic. However, LVI is sig-
nificantly different from the basic Tn. 
totem-pole output circuit and has only 
one emitter-base junction to turn on 
and off all of which reduces signal 
swing and hence raises performance. 

The TTL totem pole has two emitter-
base junctions to turn on and off and 
they are connected through an emitter-
follower action that further reduces the 
gain. Therefore, to achieve full circuit 
turn-on and turn-off a larger signal is 
required. Reduced performance is the 
net result. Also, TTL has a longer elec-
trical path than does LVI between input 
and output. 

LVI has no problem with repetition-
rate and duty-cycle effects because the 
correct RC time constraints are chosen 
in the emitter branches. The circuit's 
switching performance is unhampered 
because the capacitors discharge in step 
with the rise time. This means the cir-
cuit is available for complete switching 
capability on all of the subsequent sig-
nal inputs. 

Helping the healthy 

To the Editor: We were very pleased 
to see our good friend Q. T. Wiles 
featured in the April 7 People col-
umn [p. 14]. However, Mr. Wiles, 
though a shareholder and a director 
of Corcom Inc., has at no time taken 
over the company, nor has he made 
any attempt to. He may have helped 
"established but financially troubled 
firms get back on a growth curve," 
but Corcom has never been finan-
cially troubled and was on a fast 
growth curve for several years prior 
to Q. T.'s association with us. As a 
director, he has given us counsel, 
constructive criticism, and guidance. 
This has been invaluable in helping 
us to remain the leader in the power-
ne, radio-frequency-interference 

filter business. 
Werner E. Neuman 

Corcom Inc. 
Libertyville, Ill. 

Corrections 

In "One-chip alarm scares auto 
thieves" (May 5, p. 146), several errors 
crept in. 

First, what is shown in the schematic 
as a hidden switch is actually the car's 
courtesy light; the hidden switch con-
nects all lines marked 12 y to the car 
battery. Next, though R2 is not identi-
fied, it is the 100-kilohm resistor in the 
upper right-hand corner of the sche-
matic; C2 should be 2,000 microfa-
rads. Finally, the transistor and diode 
driving the horn relay should be types 
BD135 and 1N4001, respectively, or 
the equivalent. 

In the same issue, in -Compiler set 
unifies high-level languages for easy 
OEM multilingual capability" (p. 40), 
the phrase 'for Basic C" in the second 
paragraph should read -for Basic and 
C languages." 
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The Associate 
Producer. 

High-quality 6-part 
forms printing 

132-character wide, 
adjustable carriage 

Device forms 
control (optional) 

Terminal status control panel 
indicating column, error codes, 
and configuration parameters 

Che OMNI 800* Model 820 RO 
)rinter has the same designed reliabil-
:y as its associate, the 810 RO. With 
nore standard features and options 
ke expanded and compressed print-

the 820 RO offers greater flexibil-
ty for additional applications. And, 
hould application needs change, the 
;20 RO is easily upgraded to a KSR 
nodel for a modest cost. The produc-
ive 820 RO Printer has all the quality 
nd performance you associate with 
he OMNI 800 Family. 

Dy-n) 
Receive-Only Printer 

150 cps optimized 
bi-directional printing 9x7 dot matrix full 

ASCII printing 

21-character operator-
programmable answerback 
memory 

Operator control keypad 
for user configuration 

1280-character buffer 

110 to 9600 baud 
transmission speeds 

TI is dedicated to producing qual-
ity, innovative products like the Model 
820 RO Printer. TI's hundreds of 
thousands of data terminals shipped 
worldwide are backed by the technol-
ogy and reliability that come from 50 
years of experience, and are sup-
ported by our worldwide organization 
of factory-trained sales and service 
representatives. 

For more information on the 820 
RO, contact the TI sales office near-
est you. In Europe, write Texas 

*Trademark of Texas Instruments 

Instruments, M/S 74, B.R 5, Ville-
neuve-Loubet, 06270, France, or 
phone (93) 20 01 01. In Asia Pacific, 
write Texas Instruments 
Asia Ltd., 990 Bendeemer 
Rd., Singapore 1233. 
Telex RS 21399, or phone 
2581122. 

We put computing 
within everyone's reach. 

Copyright -.0 1981, Texas Instruments Incorporated. 

TEXAS INSTRUMENTS 
IN( PORATED Circle 126 on reader service card 





Standard of  Quality 
trical AgLs on all 
operating tempera-
DS RAMs & ROMs; 
& Interface; 0.3% 

[e & other memories. 

We changed the rules. We decided this business needed a nice new set of 
AQLs. And here they are. Guaranteed. Talk to us about all the parts you can get with 
INT•STD•123 for free. We don't Advanced Micro Devices l make them like they used to. Zy 

901 Thompson Place, Sunnyvale, CA 94086 • (408) 732-2400 



Now RCA 
Microboards go 
to extremes. 

RCA CMOS Microboards now 
operate from -40°C to +85°C. 

• Extended temperature range 
on most boards, including: 
- all computer boards 
- memory boards 
- digital I/0 
- analog I/O 
• Burned-in at 85°C for 72 
hours. 
• 100 percent function-tested 
before and after burn-in. 

• All this at no extra cost. 
The extended temperature 

range, combined with the low 
power consumption, high noise 
immunity and portability of CMOS. 
make these boards ideal for: 
• Remote data acquisition 

• Outdoor control systems 
• Hostile industrial 
environments 
• Environmental monitoring. 

Now RCA CMOS Micro-
boards can run hot or cold 
for only $99.* For a complete 
list and pricing of these Micro-
boards contact any RCA Solid 
State sales office or appointed 
distributor. 

Or contact RCA Solid State 
headquarters in Somerville. 
N.J. Brussels, Belgium. Sao 
Paulo. Brazil, Hong Kong. Or 
call Microsystems Marketing 
toll-free (800) 526-3862. 

optional distributor resale, 100+ price. 604 Microboard computer 

Ti 111 c Aswniot,thhetrorec to amsoon_ 

News update 

la The U. S.-originated chip-packag-
ing technology of tape automated 
bonding is fast becoming an interna-
tional affair. Now manufacturers of 
the tape and of the bonding equip-
ment and other production gear are 
beginning to appear in Europe, par-
ticularly in France and Switzerland. 
As it happens, France is one of the 

world leaders in the application of 
TAB technology to automated assem-
bly lines [Electronics, Dec. 18, 1980, 
p. 100]. The large digital hybrids of 
CH-Honeywell Bull are notable ex-
amples, as are the chips used in the 
Swiss watch industry. 

In TAB technology, integrated cir-
cuits are soldered by automated 
mass bonding machines to the inner 
lead pattern of spiderlike copper 
interconnections that are etched on 
successive frames of a copper-coated 
insulating film. Then the tape carrier 
can be bonded to a hybrid substrate, 
a dual in-line package, and so on. 

It is clear that the influence of the 
al-Honeywell Bull and Swiss TAB 
operations has given impetus to the 
new European suppliers. Among 
these are: 
• Rhône-Poulenc Systemes SA in 
Creteil, France, which is supplying 
three-layer tapes with several differ-
ent sprocket formats for reels of TAB 
chips-35, 16, or Super 8 millime-
ter—and made of either polyester or 
polyimide materials. 
• In Switzerland, Nivarox SA in La 
Chaux de Fonds is beginning to 
supply three-layer polyester or poly-
mide tapes in widths of 8 to 175 mm. 
• As for tape-handling and bonding 
equipment, another Swiss operation, 
the Farco division of Les Fabriques 
d'Assortiments Réunies SA in Le 
Lode, is offering several outer-lead 
bonders aimed at the hybrid market 
and a mechanism that permits test-
ing TAB chips on reels (licensed from 
Cii-Honeywell Bull). 

Meanwhile, back in the U. S., 
Exxon Chemical Americas has 
closed its Bayport industrial complex 
south of Houston, thereby terminat-
ing its production of Tradlon polypa-
rabanic acid film. This demise leaves 
the TAB field clear for DuPont's 
polyester and polyimide to be the 
favored materials. -Jerry Lyman 
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it! ML. 
RESISTORS 

The latest elect onic cir-
cuitry requires th use of 
more sophisticat compo-
nents. At Piher w re looking 
into your futurel So now,'" 
besides our com lete line of 
carbon film resi tors. -10mm 
„EL,Mt5mm trimmers, slide 

j.,.4:eteitiometers,! and even 
Zero ohm resistors, we can 
also supply yqu with precision 
film resistors. 
WW1& fate 

ture coeffici 
100pprn/°C, 
film resisto 
needs of 

nce of 1°/0 and tempera-
ts of either 5Oppm/°C or 
e Piher lacquered metal 
is designed to fit the 

ur critical circuits. And  

soon, w'II have the semi-
precision 2°A, and 5% metal 
film resistors at a cost that 
will nake carbon composi-
tion resisto \s obsolete. 

Call toll free 800-323-6693 
today for rrire detailed cost 
and technial information 
on this advanced circuitry 
compoient. 

Piher Internalional Corporation, 505 
West Golf Road, Arlington Heights, 
Vinois 60014.3:12-640-8300. 

---f-g-ateeelieart of 
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Textool is 
your best 

"single source" 
for test 

and production 
sockets! 

Now, Textool applies its years of 
experience as a leading supplier of 
zero insertion pressure (ZIP) and other 
test sockets to offer you the 
convenience of filling your test and 
production socket requirements from a 
single source. 

Textool's expanding line of 
specialized ZIP DIP®, pin grid and chip 
carrier production sockets is designed 
with the durability and quality required 
for a test environment, 
yet in sizes and at 
low costs essential 
to production 
sockets. 
As IC's become more complex and 

expensive, socket quality and design 
are of ever increasing importance. The 
value of one destroyed device well 
exceeds the total cost of buying 
several sockets. Considering this fact, 

Textool continues 
to design quality 
and reliability into 

all their sockets 
to help keep 
your test and 
production 

expenses at an 
absolute minimum. 

Detailed information on Textool's 
complete line of sockets/carriers for 
test, burn-in and production 
applications is available on request. 

Textool Products Department 
Electronic Products Division/3M 
1410 W. Pioneer Dr., Irving, TX 75061 
214/259-2676 

3M 

People 

Mathewson tells Americans 

that Scotland is the place 

The word from Scotland, according 
to George Mathewson, is actually an 
offer: "Let's do business." For 
Mathewson, the new chief executive 
of the Scottish Development Agency 
in Glasgow, that means convincing 
high-technology firms seeking an 
entrée to the European Economic 
Community that Scotland is the 
place for their new plants. 
The 40-year-old engineer —he 

holds a doctorate in electrical engi-
neering from St. Andrew's Universi-
ty in Fife and an MBA from Canisius 
College in Buffalo, N. Y. —is 
uniquely equipped to talk to Ameri-
can executives about Scotland. He 
spent five years working in Buffalo 
for Bell Aerospace Corp., where he 
managed research and development 
in advanced avionics systems. 
Mathewson is enthusiastic about 

the attractions of his homeland and 
its 5 million people. "Scotland has a 
history of technologically advanced 
innovation that goes back two centu-
ries—Scottish engineers have had a 
role in most of the major develop-
ments that gave the world its indus-
trial base," he says. 

For electronics companies, the 
country is an ideal location, he main-
tains. "We offer membership in the 
common market and the low tariffs 
that go with it, a sophisticated engi-
neering society with eight technical 
colleges, a skilled labor force, and a 
strong work ethic. In fact, the aver-
age worker loses only one day a year 
because of strikes. What's more, our 
people are used to working for for-
eign firms and have a strong interna-
tional attitude," he adds. 
Mathewson tends to downplay the 

current competition with Ireland for 
American investment. "They are 
doing an excellent selling job," he 
says, "but we've been doing it longer 
and have many more electronics 
companies from the U. S. Some of 
our other American companies have 
been in place since the beginning of 
the century." 
The Scots apparently have been 

doing a bit of selling: employment in 

Enticements. George Mathewson sings the 

virtues of Scotland as a European base. 

foreign companies has grown from 
8% of the total of manufacturing 
workers in 1964 to 17% in 1980. 
And, as a final word to the wise, 
Mathewson points out that if U. S. 
companies do not invest in Europe, 
the Japanese will. 

Carlson says it in software 

for Western Digital systems 

In selecting an executive with soft-
ware expertise rather than a hard-
ware background, Western Digital 
Corp. has established early on the 
importance of programmimg in its 
push to enter the microcomputer sys-
tems market. That executive, Wil-
liam E. Carlson, new vice president 
and general manager of the firm's 
Advanced Systems division, says the 
operation will become one of the 
three major product areas for the 
Newport Beach, Calif., company. 
The 34-year-old Carlson recently 

ended a five-year stint as program 
manager of the Defense Advanced 
Research Project Agency's software 
technology group, heading that 
agency's role in the development of 
Ada [Electronics, Feb. 10, p. 127]. 
Prior to that, he supervised a pro-
gramming team at U. S. Air Force 
headquarters in Washington, D. C. 
Although his background in the evo-
lution of the new language outfitted 
him for the development of Ada 
products currently being designed, 
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LSI-11® AND PDP-11® 
DISK STORAGE SUBSYSTEMS 

COST EFFECTIVE/HIGH PERFORMANCE 
First Computer Corporation offers a 
wide range of CMD/SMD/MMD/FMO 
disk storage subsystems for POP-11 
computer systems. These subsystems 
offer users a cost effective— 
high performance alternative for 
applications demanding large 
capacity disk storage. 

HARDWARE /SOFTWARE COMPATIBILITY 
All disk storage subsystems utilize 
Emulex microprogrammed emulating 
controllers which are fully software 
transparent to both the POP-11 
hardware and software. 

INSTALLAT ON AND SERVICE 
First Computer can provide 
installatioin and service for end-users 
desiring on-site warranty. Responsive 
service can be provided by over 
forty Control Data field service 
centers located in most major 
metropolitan areas. 

REPUTATION AS A LEADER 
IN PDP-11 SYSTEMS 
First Computer Corporation has built 
a reputation based on quality, 
reliability and service. During the last 
five years we have shipped over 
1,000 PDP-11 systems to satisfied 
customers worldwide. We continue 
to protect this reputation by 
offering only the very best. Disk 
storage subsystems can be provided 
to meet most application 
requirements from the following 
selection guide: 

MODEL STORAGE CAPACITY OPERATING SYSTEM EMULATION MODIFIED 
HANDLER Removable Fixed RT-11 RSX11-M / RSTS/E 

9448-32 16 16 2 13.7MB RPO2's 2 13.7MB RPO2's YES 

2 13.9MB RK06's 2 13.9MB RK06's NO 

9448-64 16 48 4 13.7MB RPO2's 4 13.7MB RPO2's YES 

4 13.9MB RK06's 4 13.9MB RK06's NO 

9448-96 16 80 6 13.7MB RPO2's 6 13.7MB RPO2's YES 

6 13.9MB RK06's 6 13.9MB RK06's NO 

9730-80 — 80 3 20.8MB RPOTs 3 20.8MB RPO2's NO 

1 67.4MB RM02 NO 

CDC-1 
e Registered trademark of Control Data Corporation 

e Registered trademark of Emules Corporation 

Registered trademark of Digital Equipment Corporation 

Trademark First Computer Corporation 

SOUTHERN REGION 
Houston, TX (713) 960-1050 

Electronics/May 19, 1981 
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HIGHEST QUALITY AND 
SUPER RELIABILITY 
The disk drives utilized In these 
subsystems are manufactured by 
Control Data Corporation the world's 
largest independent supplier of 
peripheral equipment. Control Data 
builds quality and reliability into 
its disk drives because CDC designs 
and manufactures each of the 
critical components—heads, media 
and servo. 

FULLY INTEGRATED AND TESTED 
ALL disk storage subsystems are 
configured, integrated, and tested 
by First Computer Corporation 
to provide you with a totally 
plug-compatible disk storage 
subsystem. These subsystems can be 
installed on your system and be 
up and running the standard DEC 
diagnostics and operating systems 
within minutes. 

MODEL STORAGE CAPACITY OPERATING SYSTEM EMULATION MODIFIED 
HANDLER Removable Fixed RT-11 RSX11-M / RSTS/E 

9730160 — 160 2 67.4MB RM02's NO 

9762 ao — 320.8MB RPO2's 3 20.8MB RPO2's NO 

1 67.4MB RM02 NO 

9766 300 — 1 253.7MB RPO6 YES 

1 256.1MB RM02 YES 

9775 675 1 552.5MB RPO6 YES 

1 552.5MB RM02 YES 

TVVX NUMBER 910-651-1916 

computer corporation 
corporate square/825 north cass avenue/westmertt, illinois 60559/(312) 9201050 

WESTERN REGION 
California (To be announced) 

NORTH CENTRAL REGION 
Chicago, IL (312) 920-1050 
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The 30 years experience 
built into this coil 
is your assurance 

of maximum reliability. 
Over 30 years experience in producing coils to meet rigid military 

and aerospace specifications has established a firm tradition of qual-
ity at Delevan. This very real concern for dependable performance is 
reflected in all Delevan inductive components, whatever their end 
use might be. 

At every production stage from material selection, coil winding 
and encapsulation, to final testing, calibration, identification and 
packing, our own rigid standards of quality control are your assurance 
of maximum reliability at a realistic price. Why gamble on the relia-
bility of your product with second best comporents. 

When your reputation is on the line, only the best is good 
enough. Get all the facts from your local Delevan representative or 
call the factory direct. 

Delevan 
Division 

AMERICAN 
PRECISION 
INDUSTRIES INC 

People 

Getting started. William Carlson sees his 

role as selecting applications for systems. 

Carlson's role will be much broader 
than that. "My real contribution will 
be in the application I select," the 
Massachusetts Institute of Technolo-
gy graduate says. 
The package that will go with the 

microcomputer systems will be "a 
core that provides a basic set of 
tools" for original-equipment man-
ufacturers, who will write the actual 
application programs for end users, 
notes Carlson. Software will initially 
be written in Pascal, with Ada capa-
bilities to follow. 

All products of the division will be 
marketed by a newly formed team 
that will report to Carlson, with new 
and existing distributors and repre-
sentatives also handling the systems. 
The group currently numbers 10 
persons, but it is expected to grow 
quickly once product announcements 
loom on the horizon. 

Carlson sought the aid of his alma 
mater for technology to complement 
Western Digital's ongoing work for 
his first product after coming on 
board early this year. Under a 
recently signed agreement, the com-
pany will license the technology 
developed at the college. 

Western Digital will integrate and 
manufacture these microcomputers, 
which function as networking nodes, 
and market the individual work sta-
tions for prices ranging from $5,000 
to $50,000. Carlson will not com-
ment about other pending products, 
other than to say the firm's micro-
computer products will adapt main-
frame ideas. 
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Centigrid. 
The world's smallest 
EMR footprint. 

- 

Our Centigrid Relay occupies all of 
.14 sq. in. of board space. Which 
makes it the smallest subminiature 
relay in the world. And its .100" 
grid terminal spacing permits direct 
pc board mounting. 
The Centigricrs unique internal 

configuration and all-welded con-
struction also make it the most 
rugged relay in its class. Both the 
general purpose and sensitive ver-
sions use very little operating power. 

They have excellent rf switching 
characteristics through UHF. And 
they are qualified to levels "L' "M" 
and "P" of MIL-R-39016. 
Teledyne has been an industry 

leader for over twenty years. We've 
used our technical expertise and 
manufacturing know-how to create 
the world's finest subminiature elec-
tromechanical and solid state relays. 
That's how we were able to take /111' TELEDYNE RELAYS 
our proven TO-5 technology and The best little relays in the world. 

develop the popular Centigrid Relay 
family. 

If you'd like complete technical 
information about our Centigrid 
relay, or applications assistance, 
please call or write today. We're here 
to help you. 

Teledyne Relays 12525 Daphne Ave., Hawthorne, California 90250 (213) 777-0077 
U.K. Sales Office: Heathrow House, Bath Rd. MX,TW5 9QP 01-897-2501 

European Hqtrs.: Abraham Lincoln Strasse 38-42 • 62 Wiesbaden, W. Germany 6121-700811 



Only one name can 
mass terminate 
any cable 
you name. 

The one name is AMP. We 
pioneered the mass termination 
technique for lowering costs. And 
we've perfected it, so that we can mass 
terminate practically any cable you're 
using—whether it's jacketed or ribbon 
or coax or twisted pair. 

We do it with the widest variety of 
connectors, too—from subminiature Ds 
to receptacle to card edge. And that 
includes the greatest spread of 
positions and mating headers. All made 

to save you time in production and 
money in your product. Assemblies, 
as well, are available in all styles. 
All tested. All proved with our proven 
slotted-beam design. 

Just name the cable you need. 
We'll mass terminate it reliably. 



AMP Facts 
The only 
mass terminated 
coaxial cable. 

Ribbon coax cable/connectors 
• 50, 7.5 or 93 ohm ratings on .100' centers 
• 95 ohm rating on .125" centers 
• standard .025 2" post mating and paddle 
board types 
• board mount pin headers and I/O post 
compatibility 

Transmission cable connectors 
• designed for 50, 75, 90 or 100 ohm cable 

on .0252" 
• compatible with shared or separate ground 
cables 
• redundant dual gold-plated spring 

members at the contact/post interface 
• .100" x .100" or .125" x .250" industry 
standard interface 
• common grounding buss 

Flat flexible cable connectors 
• single or double row housings 
• pin, receptacle, card edge and solder tab Greater packaging 
styles density with 

• capability to mix flat cable and discrete flat flexible 
wire in the same housing cable. 
• conductive ink capability 

Uniquely 
cost-effective 
transmission 
cable. 

For more information, 
call the AMP Mass Termination Desk at (717) 780-8400. 
AMP Incorporated, Harrisburg, PA 17105 
AMP Is a trademark ot AMP Inc orporated 

AMP' means productivity. 



Intel's Series 90/ile. The memory 
Intel's new Series 90/iQX is the first standard Intelligent 
Memory System to offer continuous operation and high 
maintainability at low cost. 

Now, for the first time, OEMs can 
design systems with built-in protection 
against errors, downtime, and exces-
sive maintenance costs. How? With 
Intel's new Series 90/iQX. 

uir.gieck 

Series 90//OX Intelligent Memory System 

The iOX controller adds the intelli-
gence of an iAPX 86 microcomputer 

to the standard Series 90 Memory 
System. Intelligence that monitors 
memory operation directly, detects 
and corrects errors, runs local or 
remote diagnostics, and reallocates 
memory space as required. All without 
burdening the host system. 

Fault-tolerant operation 

Hard errors or soft, Series 90's OX 
controller uncovers them. Soft errors 
are simply "scrubbed" and corrected. 
In case of hard errors or device failure, 
the controller routes data around the 
problem, allocating spare memory as 
needed. It then logs the error for 
future reference. 

With protection like this, the Series 90 
system will continue operating unin-
terrupted until all spare memory is filled. 

• And thanks to the iQX's memory 
status reporting, your customer will 
know well in advance of memory 
resource problems. Which not only 
improves data integrity, but increases 
reliability and reduces maintenance 
dramatically. 

Instant diagnostics 
To keep users continually apprised 
of conditions within their memory 
system. the iOX controller provides 
easy access to its complete diagnostic 
file. Information can be accessed by 
the host system either automatically via 
a simple message-driven software 
interface, or manually, using the iOX's 
Service Communicator. This detach-
able terminal allows technicians to 
instantly retrieve diagnostic data in 
plain English through a compact, 
alphanumeric keyboard/display. With 
no interruption of the host computer's 
operation. 

For fast, simple maintenance, system 
diagnostics inform the user of any 



machine with non-stop intelligence. 
errors it has tracked —soft or hard, 
correctable or avoidable—and their 
precise location by row and column. 

Many problems can also be solved 
using the iQX's memory tasking capa-
bility to move data blocks as required. 
Then too, the iQX monitors the system's 
power supply and signals a warning 
if voltages drop critically As a final, 
double protection, the iQX controller 
even diagnoses its own operation 
continuously. 

Diagnosing from a distance 
To reduce maintenance costs for 
remote systems and networks, iQX 
diagnostics can be accessed over 
phone lines through a single diagnostic 
station. By being able to analyze 
problems from afar, you'll eliminate 
unnecessary service visits and shorten 
those that are required. And since 
one diagnostic station can easily serve 
up to 150 installations, the set-up 
and ongoing diagnostic costs are 
contained as well. 

Consider the economics 
The iQX's protection features offer 
important economic advantages 
for systems OEMs. Because of the 
increased demand for fault tolerance 
in today's marketplace, systems 
equipped with iQX capability add 
significant value to your products. In 
fact, many applications simply could 
not be justified economically without 
such self-healing and remote mainte-
nance. Now, through Intel's leadership 
in 16-bit microprocessing, the Series 
90/iQX brings you this capability at 
an incremental price only nominatly 
above that of ECO alone. 

In sum, iQX gives your systems state-
of-the art fault protection, reduced 
maintenance costs, and therefore 
increased value. Best of all, Intel 
is delivering Series 90 systems with 
iQX right now. For detailed information, 
return the coupon to Intel Corporation, 
3065 Bowers Avenue, Santa Clara, 
CA 95051. Telephone (408)987-8080. 
For hot line service, call (800)538-1876. 

1- 1 My needs are immediate; have a 
L_I Sales Engineer call. 
1- 1 Please rush me—by first-class mail — 
Li Series 90/iQX technical literature. 

Name 

Title 

Organization 

Add -ess 

City/State/bp 

Telephone ( 

Mail to: 
Intel Corporation 
3065 Bowers Avenue 
Santa Clara, CA 95051 
(408) 987-8080 
Europe: Intel Internatioral, Brussels, Belgium. 
Japan In:el Japan, Tokyo. United States and Canadian 

delivers 
solutions 

E -5 
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COLOMBIA SIGNS NEC FOR 

TET ECOMMUNICATIONS PROJECTS 

E
mpresa Nacional de Telecomuni-
caciones de Colombia (TELECOM) 
has awarded NEC contracts for 

three major telecommunications projects. 
A total of 53 digital switching systems 

and eight domestic satellite communi-
cations earth station systems will be 
used to expand Colombia's telephone 
service, and to provide a nationwide 

satellite communications system. 
The first project is the installation of 

NEAX61 central office digital switching 
systems in 16 principal cities throughout 
the country. The second project calls 
for 28 NEAX61 systems in smaller cities. 
NEC satellite communications earth 

stations, which make up the third proj-
ect, will be located in eight cities and 

towns. These earth stations are equipped 
with 7.5m diameter antennas and can 
accommodate 12 to 60 telephone lines 
and one television channel each. They 
will have access to Intelsat IV until 
Colombia launches its own communi-
cations satellite, SATCOL. 

The third project also includes nine 
NEAX61 systems, seven of which will 
be installed at earth station sites. 
When the new central office systems 

are in operation, Colombia will have a 
total of 88 NEAX61 digital switching 
systems with 114,000 subscriber lines. 



NUMBER 117 

LASER RADAR 

SCANS SKY 

An NEC-developed laser radar 
system is playing an important 
role in meteorological rcscarch. 

Installed atop the headquarters of 
the Meteorological Research Institute 
(Meteorological Institute of Japan),. the 
laser radar monitors air pollution and 
the movements of air in the middle 
atmosphere—the troposphere and 
stratosphere—so as to produce data for 
predictions about earth's future ecolo-
gical condition. It also measures such 
meteorological parameters as the amount 
of aerosol, and temperature and humi-
dity, in the middle atmosphere. 

Although designed to scan the sky 
40km above the surface of the earth, 
the laser radar can detect aerosol at an 
altitude of 60km. Laser beams reflected 
from aerosol are processed through a 
photon counting method or an analog 
method using a digitizer. The laser's 
optical sub-system includes a transmitter, 
a receiver, optics, power supply units 
and a pedestal. The observation sub-
system has signal procrQfors with a 
16-bit microcomputer, controllers, 
a CRT display, a line printer, etc. 

Last year the laser radar attracted 
public attention when it monitored 
volcanic ash floating on the prevailing 
westerlies above Japan 10 days after 
the eruption of Mount St. Helens. 

NEC ARROWRITERS TELEPRINT 

FASTER AND BETTER 

Two new dot-matrix teleprinters 
for computer and communica-
tions applications offer a high 

printing speed (80 ch/sec) and excellent 
print quality. 
NEC Arrowriter M55 is an electro-

nic page teleprinter for five unit code. 
It is designed to meet the CCITT No. 2 
recommendations and can be connect - 
ed to any telex exchange anywhere in 
the world. 

Use of a specially designed 9 x 7 
dot-matrix printing system reduces 
printing noise to a minimum. In fact, 
the M55 is much quieter than a con-

ventional electric typewriter even 
when its paper tape punch and reader 
are in operation. 

The M55 comes in five models, 
including Electronic Send/Receive 
versions that have editing facilities 
similar to those of a word processor. 

The other Arrowriter, NM8000, 
is a compact Receive Only bidirec-
tional 9 x 9 dot-matrix serial printer 
that meets the CCITT No. 2 and 
No. 5 standards or ASCII. It is 
available with three types of inter-
face units—modem/current, ODA 
and Centronics. 

MINI MULTILAYER CERAMIC CAPACITOR  

TAKES UP TO 400µfd 

N
EC has developed a new mini-
ature multilayer ceramic capa-
citor with a capacitance of up to 

400 microfarads—more than 100 times 
that of any other multilayer capacitor 
on the market. 

The NEC product also features low 
impedance in the high frequency range, 
a small equivalent series resistance, a 
large allowable ripple current, and a 
semipermanent service life. 

The successful development of this 

capacitor can be attributed to a new 
ceramic material which can be sinter - 
ed at a temperature as low as 900°C, 
in contrast to conventional materials 
which are sintered between 1,300°C 
and 1,400°C. 

The 400µfd multilayer capacitor 
will be used in switching power supply 
units, computer terminals, communi-
cations equipment and audio products. 
It will be offered in several types, 
according to capacitance. 

NEC 
Nippon Electric Co.,Ltd. 
RO Box 1.Takanawa,Tolryo,Japan 



The quality fallout 

In typical American fashion, the U. S. electron-
ics industries have responded to a challenge with 
determination and decisive action. The chal-
lenge: attaining new levels of quality in electron-
ic components and equipment — levels pushed by 
Japanese competitors in the battle for market 
share and now demanded as their due by equip-
ment makers and their customers everywhere. 
And the response? U. S. companies are looking 
at their entire operations in a new light and are 
reorganizing them and making other changes— 
some of them radical — to elevate the quality 
levels of their products. 

Already the results are tangible. As our special 
report in this issue shows, the quality of those 
U. S. semiconductors found wanting a year ago 
is drawing even with that of Japanese devices. 
And equipment makers, too, are reaping divi-
dends in lower testing, repair, and warranty 
costs. It seems certain that very soon U. S. and 

A shortsighted science policy 

The United States is pursuing an unintelligent 
policy on science and technology. Its slashes in 
established programs and elimination of planned 
ones will weaken the nation's posture in disci-
plines ranging from space to medicine and even 
in military preparedness— ironically, one of the 
buzzwords of the Reagan Administration. Not 
only that, but now we see that the policy is 
angering America's partners and allies. 
The deputy science director of the European 

Space Agency was recently moved to rush to 
New York for a meeting with officials of the 
National Aeronautics and Space Administration. 
The reason: ESA has put $100 million into the 
International Solar Polar Mission as its share of 
the cooperative effort to put one American and 
one European satellite over opposite poles of the 
sun, and now the Americans, without warning, 
have decided not to go ahead with their half. 

Japanese competition for market share will be 
fiercely fought only on performance, price, and 
delivery — with equal quality assumed. And 
that's as it should be. 

Although the quality issue is on its way to 
being put to rest, the fallout from the U. S. 
effort to get there is bound to be with us from 
now on—and that can only be good. For, as our 
report shows, the major ingredient in any quality 
improvement program is the dedication and 
involvement of people. Out of these new quality-
conscious programs are emerging new and 
healthy attitudes about cooperation among engi-
neers, those on the production line, and manage-
ment personnel. 

This new consciousness of the need for team-
work and pulling together for a common goal, 
instead of the we-them antagonism that has 
sometimes prevailed, may very well be the ulti-
mate benefit of the drive on quality. 

And that's to cite just one example among 
many. Dismay is flowing from other allies and 
partners in France, West Germany, and Japan as 
the Reaganites wield their budget-cutting tools 
on all manner of international programs in 
science and technology. 

There is also a political side to the scenario. In 
the words of Jean-Pierre Fouquet, the space 
attaché at the French scientific mission in Wash-
ington, "We prefer to cooperate with the United 
States for political reasons. Our only alternative 
is to say to the Soviet Union, 'Are you ready to 
cooperate with us?' " 

While that warning may be a bit of Gallic 
overstatement, it is to be hoped that President 
Reagan and his advisers will soon realize that 
they are dealing with more than raw numbers 
when they next devote their attention to Ameri-
ca's science and technology future. 
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You can't tell by specs alone. 
It's not just the state-of-the-art 

4 MHz clock rate that makes our new 
7804 STD BUS card something special. 

It's not just the on-board counter/ 
timer with four cascadable channels. 
Or the byte-wide memory that 

allows mapping and strapping in any 
combination up to 8K bytes of RAM 
and 32K bytes of ROM and PROM, 
or up to 65K bytes with the 
companion 7704 memory card. 
Dynamic RAM refresh, power-on 

reset, bi-directional address and control 
bus for DMA ... all are features you 
can get from other STD BUS card 
manufacturers. 

What's extraordinary is the quality. 
Our new Z80A CPU card is built by 

Pro-Log—the people who designed the 
STD BUS concept. 

Electronics/May 19, 1981 

Like every one of our STD 7000 
series cards, this Z80A CPU card is 
built with proven, industry-standard 
parts. All components are 100% tested 
and burned-in. It designed to work 
reliably with all of our STD BUS 
interface and I/O cards, and to keep 
on working and working in the field. 

We're so proud of our high quality 
that we back it with a one-year parts 
and labor warranty. 

Thatb why our 
customers ask us to 
build STD BUS 
cards they could 
get somewhere else. 
Because no one 
builds cards with 
Pro-Log's attention 
to quality and 
reliability. 

Ask our customers. 
Find out what our customers say 

about using Pro-Log STD 7000 cards. 
Write or call for our STD BUS 
applications brochure, plus technical 
data on our new 7804 CPU card, its 
companion 7704 memory card, and 
our full line of STD BUS products. 

Pro-Log Corporation, 2411 Garden 
Road, Monterey, CA 93940, phone 
(408) 372-4593. 
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Steal the fu 
Now you can get your hands on 
Intel's 2764 EPROM for just $16. 

That's also the price we'll guar-
antee you for deliveries of 10,000 
or more in first quarter, 1982. 
And it's good for one todáy. 
Which means you can start to 

design 64K non-volatile pro-
grammable memory into your 
system right now. 
And know by the time your 

system goes into production, the 
volume price for 64K will be $16. 
We can make that guarantee 

because Intel's 2764 is already 
in high volume production. And 
it has the same size die as our 
2716—thanks to our high density 
HMOS*-E process. 

That's why our 2764 is already 
on its way down a super fast 
price curve that other 64K 
EPROMs haven't even started. 
Of course, the 2764 comes 

with all the innovations that have 
made our 2716, 2732 and 2732A 
EPROMs industry standards. 
Access times down to 200 

nanoseconds to increase your 
system throughput time. 

Two-line control that eliminates 
bus contention to maximize 
data reliability. 
And along with that, there's 

our EPROM reliability that 
comes from 5 million hours of 
accelerated HMOS-E life tests. 

Plus a JEDEC-standard pinout 
for byte-wide memories. 
So you can switch from 16K 

to 64K in no time—with a mini-
mum of change. 



ture for $16. 
To put your hands on a 2764 

(450ns) EPROM, just fill out this 
coupon. Take it to your author-
ized Intel distributor or Intel sales 
representative, along with any 
$100 Intel order and $16. 
Then reach for the sky. 
For information on our EPROM 

family, contact Intel Corporation, 
3065 Bowers Avenue, Santa 
Clara, CA 95051. Or call (408) 
987-8080. 

*HMOS is a patented 'ntel process. 

n • Th is coupon good for one 450nÉ 2764 EPROM at $16 when accom-
panied by any $100 Intel order. Limit one per customer. Offer expires 
August 31, 1981. 

Name  

Address 

State  

Phone  

Company  

City  

Zip 
Europe Intel International, Brussels. Belgium 
Japan: Intel Japan, Tokyo United States and Canadian 
distributors Alliance. Almac/Stroum. Arrow Electronics. 
Avnet Electronics. Component Specialties. Hamilton/Avnet. 
Hamilton/Electro Sales. Harvey. Industrial Components. 
Pioneer. L A Varah. Wyle Distribution Group. Zentronics 

 inMy application  

Estimated 64K usage 

L_ 

delivers 
solutions 

_J 
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Compare this general purpose logic analyzer 
with the currently accepted industry standard, 

The K100-D wins over Hewlett-Packard's 16I5A hands down! 
Logic designers have made 
Gould's powerful Biomation K100-D 

selling logic analyzer our fastest 

ever. You'll see why once you corn 
pare it to its nearest competitor 
the 1615A from Hewlett-Packard. 

Compare clocking speed. 

With a 100 MHz clock rate, the 
K100-D gives you resolution to 
10 ns—five times better than the 
1615A's. Use the K100-D's latch 

Hewlett-Packard 1615A 
A very good logic analyzer 

mode to catch gliches as narrow 
as 4 ns. It gives you the most 
precise logic analysis for today's 
high speed minicomputer, main-
frame and microprocessor systems. 
Best of all, you're already prepared 
for faster designs as they arrive. 

Compare capacity. 

The K100-D's 1024 word memory is 
four times as deep as the 1615A's. 
This dramatically extends the 
length of data you can trap from 
your system at any one time. And 
that means faster, more .accurate 
debugging. In addition, the 
K100-D's standard 16 channel for-
mat can be expanded to 32 
channels for work on the new 
generation of 16-bit micro-
processors. 

Compare your productivity. 

Finally, the K100-D makes 
designers more productive with 
convenience features superior to 
those of the 1615A. The K100-D 
has a larger keyboard, plus an 
interactive video display. Compre-
hensive status menu. Data domain 
readout in hexadecimal, octal, 

Atel. 
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binary or ASCII And the list goes 
on and on. 

The final analysis. 

To help you evaluate these two 
fine instruments before you buy, 
we've prepared a point-by-point 
competitive comparison of the 
two. If you're designing and 
debugging high-performance digi-
tal systems, you'll want to read 
this document carefully. To get 
your free copy, just use the reader 
service number or write Gould 
Inc., Biomation Division, 4600 Old 
Ironsides Drive, Santa Clara, CA 
95050. For faster response, call 
408-988-6800. 

Biomation K100-D 
The industry's finest logic analyzer 

46, 

I.> GOULD 
An Electrical/Electronics Company 

Circle 31 on reader service card 



TISPP 
The thermal/intelligent/strip/plotter/printer that. . 

Records 
Records data from an analog 
and/or digital source. 

The Series 6000 TISPP (Thermal/ 
Intelligent/Strip/Plotter/Printer) is 
the intelligent recorder specifically 
designed for use with today's new 
generation of microprocessor con-
trolled instruments... 

This is the one recorder capable of 
meeting your most sophisticated 
recording needs. Basically a thermal 
writing strip chart recorder, the 
TISPP can also print characters. 
The TISPP is both RS-232C serial 

and IEEE-488 - GPIB compatible. 
Under microprocessor control, it 
records data from either a digital or 
analog source and can function as 
either a strip chart recorder or a 
digital plotter. And it annotates the 
data, printing either during or after 
curve data input. Thermal plotting 
speed compensation provides 
uniform trace quality while plotting 
at speeds of up to 75 CM (30 in.) 
per second. 

Annotates 
Prints annotations adjacent 
to areas of interest both 
during and after plotting. 

Take a look at these additional 
TISPP features. You'll see why 
TISPP is the one instrument that can 
satisfy most of your recorder/plot-
ter/printer needs. 

t. 1\ 

• Full scale analog sensitivity from 
10 mv to 5 mv 

• 12 bit binary full scale digital 
• Chart speeds from one second per 
cm to 62 minutes per cm 

• 0.3% full scale accuracy 

Prints 
Prints column data at 25 
characters per second. 

• Available in one or two pen ver-
sions (with annotation on both 
curves) 

• Prices from 1,795*. OEM dis-
counts available, of course. 

For complete information on the 
remarkable Series 6000, contact 
Houston Instrument, One Houston 
Square, Austin, Texas 78753. 
1512) 837-2820. For rush literature re-
quests, outside Texas call toll free, 
1-800-531-5205. For technical infor-
mation ask for operator #2, In 
Europe contact Houston Instrument, 
Rochesterlaan 6, 8240 Gistel 
Belgium. Phone 059/227-445. 
Telex Bausch 81399 

hor' ment 
GRAPHICS DIVISION OF 

BAUSCH & LOMB CD 

® Registered trademark of Houston Instrument 
* U.S. domestic price only 
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Electronics newsletter 
IC tester combines Called an integrated tester, the latest MTS77 production-oriented auto-

matic circuit tester from LTX Corp. is, if not the fastest, probably one of 
linear, digital checks the most comprehensive testers yet unveiled. Its developers say that it is 

capable of simultaneously exercising both the digital and the linear 
portions of complex circuits such as flash converters or analog processors. 
Key to the new capability is a newly developed high-speed pattern-
generation subsystem that allows the MTS77 —originally developed for 
linear testing —to routinely deliver vector sequences as long and as 
complex as any digital tester's at speeds of 12.5 MHz. The unit also offers 
coordinated but independent vector sequences at synchronized but differ-
ent speeds, which LTX says is essential for testing calculator chips and 
codecs. The Westboro, Mass., firm's new instrument will bow at this 
week's Semicon West/1981 show in San Mateo, Calif. 

Apple to offer 

Canadian videotex 

Zenith gives up 

on Nu computer 

Apple Computer Inc. of Cupertino, Calif., acting on the heels of Radio 
Shack's announcement of its videotex terminal, has gotten together with 
computer graphics specialist Norpak Ltd. of Pakenham, Ont., Canada, to 
give Apple machines a videotex capability. They will design and manufac-
ture an interface card for the Apple 2 and 3 that will enable them to use 
Telidon, Canada's videotex technique that is competing with France's 
Antiope and England's Prestel for the home and office-of-the-future 
information market (see p. 101). According to André Sousan, president of 
Apple Canada Ltd., the interface card will be distributed worldwide. 

After delivering several prototypes to the Massachusetts Institute of 
Technology last year [Electronics, July 3, 1980, p. 48], Zenith Data 
Systems Corp. of Glenview, Ill., has quietly dropped its plans to market a 
sophisticated computer system known as Nu that was to be based on an 
MIT design. However, Western Digital Corp. of Newport Beach, Calif., 
has picked up an MIT contract to develop and market the technology (see 
p. 14). Zenith sources say the decision to scratch the project was made 
because the system, to sell for $25,000 to $50,000, would have required 
significantly more extensive marketing, service, and support programs than 
the company has in place—its Z-89 minicomputer retails for $3,000 to 
$4,000 for a typically equipped model and is sold by dealers. 

Air Force looks hard As part of its Minimum Essential Emergency Communications Network 
(mEEcN) program, the U. S. Air Force Electronic Systems division at 

at proposals for Hanscom Field, Mass., is evaluating classified feasibility studies of what 
small vhf receivers may be the smallest-ever very low-frequency receivers. Reports were 

submitted by Rockwell's Avionics and Missiles Group, the AIL division of 
Cutler-Hammer, GTE'S Communications System division, and Westing-
house. Linear and digital very large-scale integrated circuits and state-
of-the-art hybrid devices permit the small size. Microprocessors are used 
to control cutting-edge analog and digital signal-processing circuits to 
lower the noise that is expected in a post—nuclear-attack radio environ-
ment; they are employed as well to manage dual polarization multi-
antenna diversity systems. The units also would use relatively minute 
ferrite-loaded loop antennas installed in the fuselages of B-52 or FB-111 
bombers. Prototype development could begin within two years and produc-
tion by the mid-1980s. 
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Electronics newsletter  

Laser spots up to 10 A laser-based system that inspects solder joints for bubbles, delaminations, 
crystalizations, occlusions, and other failure-producing flaws has been 

solder faults per second developed by Vanzetti Infrared & Computer Systems Inc., Canton, Mass. 

A laser beam heats each joint and an infrared photodetector measures the 
rate of temperature increase, the maximum temperature, and the tempera-
ture decay rate. This information is then processed to yield a go/no-go 
decision on up to 10 joints per second. System developers say that the 
$75,000-to-$150,000 system will pay for itself within nine months given 
the rate of poor joints on today's flow-soldered printed-circuit boards. 

TI Image sensor Charge-coupled-device technology has emerged as a dominant choice for 
large-area image sensors such as those being used to build solid-state 

needs only one 
vidicons. However, the ccDs have been plagued by low yields because of 

level of polysIllcon their high density and because redundancy is out of the question. To 
simplify the process and improve the number of good chips, Texas 
Instruments Inc. has come up with an experimental CCD structure that 
does not require two levels of polysilicon; instead, one of the levels is 
replaced with self-aligned ion implants. This virtual-phase technology, as 
TI calls it, has already been used by the Dallas-based chip maker to build a 
490-by-328-element sensor featuring low dark currents, excellent unifor-
mity, and a blemish-free picture. 

Solution offered to To help solve designers' problems with interfacing and controlling sub-
scriber line cards, National Semiconductor Corp. has developed a digital 

Interface, control woes 
line-interface controller (DLic) that will be ready in sample quantities late 
this year or early next. The Santa Clara, Calif., firm's 40-pin TP3100 will 
simultaneously handle line-circuit, line-processor, and system interfaces 
and time-slot and port-assignment control, while maintaining all necessary 
protocols. "The controller can reduce the chip count on a subscriber line 
card by a 4:1 factor," says Sam Badawi, director of telecommunications 
marketing. It will handle up to 128 channels and two or more duplex 
serial-switching ports. It uses a parallel bus interface to link with the 
parallel interface of such codecs as National's own forthcoming TP3050 in 
order to keep systems operating as fast as possible. 

Addenda Texas Instruments Inc., Dallas, will expand its Distributed Network 
Operating System (DNos) to support IBM Corp.'s Systems Network 
Architecture (sNA) as well as the X.25 international protocol. DNOS, a 
general-purpose, multitasking disk-based operating system for the DS990 
computer family, was introduced last February. . . . Announced more 
than two years ago [Electronics, April 12, 1979, p. 110] with dazzling 
performance claims, Censor Inc.'s SRA-100 step-and-repeat projection 
aligner will finally get a chance to show its stuff now that Intel Corp. has 
taken delivery of the first one. Liechtenstein-based Censor guarantees a 
resolution of 1 gm and registration accuracy to within ±0.1 
gm. . . . Radiation-hardened chips being designed at Sandia National 
Laboratories in Albuquerque, N. M., will be pin-compatible with Intel's 
8085 microprocessor and associated memory chips. The lab is using 
complementary-mos rather than Intel's n-mos process. 
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Data Instruments 
Pressure Transducers 

1111":7 t 
TT 111 

RELIABIL TY 
Has To Be Tough. 

The proving grounds for pressure transducers are in some of the roughest spots on the globe. Subject them to 
hydraulic fluids, saline solutions, chemicals, or hot oils, and Data Instruments transducers still give reliable perfor-
mances. Stress them in heavy machinery, earth pressure sensors, or deep sea equipment, and Data Instruments 
transducers keep on working. Unique stainless steel cases isolate 
our transducers from corrosive elements and harsh environments to 
ensure the reliability that you count on, 

Remember Data Instruments for the "forgettable" pressure trans-
ducers ... the tough ones you can install and forget. If you could use 
a reliable partner in your job, call us and discuss your application. Or 
ask for our new "Pressure Transducer Applications Guide." 
Call today: 617-861-7450. We work best under pressure. 

DATA INSTRUMENTS INC. 
4 Hartwell Place, Lexington, Mass. 02173 

617-861-7450 TWX 710-326-0672 
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You can't buy a better 
frequency counter than our 

new 6001. 
Even if you spend $300 more. 

Count the extra range. The extra 
precision. The dollars you save. And 
you understand why, at $425,* our 
new Model 6001 650 MHz Precision 
Frequency Counter offers you more 
value than those of other leading 
manufacturers. 

A look at the competitive mod-
els** from B&K, Ballantine, Data Pre-
cision, Fluke and Hewlett-Packard 
will tell you why. 

You can spend as much as 
$695 and get a range of only 10 Hz 
to 600 MHz (as compared with our 
guaranteed 5 Hz - 650 MHz). 

You can spend 

70 Fulton Terr, New Haven CT 06509 1203) 624-3103 TWO 710-465-1227 
OTHER OFFICES San Francisco 14151 421-8872 TWO 910-372-7992 

Europe Phone Saffron-Walden 0799-21682 TLX 817477 
Canada Len Finkle( Ltd Downsview Ontario 

$620 and get only 1/10 the preci-
sion (± 5ppm as compared to our 
0.5ppm). 

You can settle for a six- or sev-
en-digit display instead of our eight. 
Half the range and one-fifth the ac-
curacy at about the same price. Or 
spend considerably more, for equal 
precision and extra features you'll 
probably never need. 

It's this simple: if you're looking 
for a high-precision, wide-range 
counter, nothing compares to our 
Model 6001. With its 

GLOBAL 

switchable audio-band low-pass fil-
ter. Selectable 0.1/1.0/10-sec. gate. 
Internal/external timebase selection. 
Unit-count mode. High-brightness 
display. True TTL inputs. Built-in 
temperature-controlled oven. And 
NBS-traceable standard. To name 
just a few of its many advantages. 

Make your own comparison. Ask 
us for full specs and a demonstration. 

The rest is a matter of dollars 
and sense. 

Call toll-free for details 

SPECIALTIES 1-800-243-6077 
During business hours 

CORPORATION 
• Suggested U S. itsale. Prices, specifications subject to change without notice. • *Comparison based on manufacturers. Iderature and suggested resale. e Copyright 1980 Global Specialties Corporation 
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Electronics review  
Signalcant developments in tectdnology and buseess 

Electron beam finds 
memory faults, 
reconfigures chips 
by John G. Posa, Solid State Editor 

Probing test devices 

on chip spots defects; 

a stronger beam can 

program nonvolatile cells 

Combine an electron-beam probe and 
a modicum of on-chip test devices 
and the result is an effective means 
of spotting and correcting defective 
subsystems on the very large-scale 
and wafer-sized integrated circuits 
of the future. Researchers working 
at the Lincoln Laboratory of the 
Massachusetts Institute of Technolo-
gy are rapidly pushing towards that 
goal. 
By striking tiny targets on the die 

with the beam, they are able to 
inject pulses of current. By adding 
an on-chip serial test bus, they can 
use the beam to route internal circuit 
nodes out a single bonding pad. To 
date, they have even latched flip-
flops by hitting the targets. 

In addition, the research team 
headed by staff member David C. 
Shaver has been able 
to program nonvolatile 
memory cells by pene-
trating through thick 
oxide layers with a 
stronger beam. Such 
cells could be used in a 
read-only memory ar-
ray, or they could 
drive switching cir-
cuits in order to mask 
out defective areas of 
a VLSI chip. 
The probe point for 

the electron beam is a 
diffused well, as 
shown in part (a) of 

the figure, with sides no bigger than 
the minimum feature of the process 
being used. Conceivably these tiny 
wells could be peppered throughout 
the circuit and left in place during 
production without severely dimin-
ishing yields. In current IC develop-
ment, space-eating test pads for 
metallic probes must be incorporated 
on chip but can be removed for pro-
duction runs. 

Shaver's team at the Lincoln Lab 
in Lexington, Mass., has actually 
come up with two different ways of 
injecting inputs. In the simpler 
method, the electron beam strikes a 
diffused n-type well, causing the 
negative electrons to create a for-
ward bias on the diode formed by the 
junction of the well and the sub-
strate. The forward bias pulls the 
well to ground, which is the potential 
of the p-type substrate. 
To test combinatorial logic, the 

researchers devised the on-chip cir-
cuit shown in (b) of the figure. The 
electron beam successively hits the 
diodes hooked onto linear strings of 
inverters and clocked by the pass-

transistor logic, thereby setting up 
just about any state for a block of 
combinatorial logic. 

In detecting an output, nodes of 
interest are connected to gates of 
mos field-effect transistors. The 
drain of each mos FET connects with 
the single-conductor bus that runs to 
the output pad. In series with the 
source of each FET is a well-
substrate diode. When the beam hits 
one of these diodes, the signal under 
test is allowed onto the multiplexed 
test bus. 

Programming. The team found 
that a stronger beam could be used 
to program nonvolatile storage ele-
ments like polysilicon floating gates 
without diode targets. The beam 
simply generates electron-hole pairs 
in the oxide and the more mobile 
electrons charge up the gate. Though 
this kind of cell is low in area and 
high in retention, erasure is difficult 

Bull's-eye. Diffused wells form diode probe 

points for electron-beam signal injection (a). 

A circuit with these diodes included can test 

combinatorial logic (b). 
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without using such means as ultravi-
olet light. 
Thus Shaver began investigating 

field-oxide FETS, in which a conduc-
tor atop a thick-field oxide passes 
over the region between two isolated 
doped wells. Such a structure is not 
unusual, since it can occur naturally 
in normal processing. But the Lin-
coln Lab set out to capitalize on its 
characteristics. 

In a field-oxide FET, the conductor 
can be metal or polysilicon, and the 
wells can be source-drain regions or 
diffused interconnections. So the 
resulting structure resembles an FET 
but with field oxide instead of the 
usual thin-gate oxide. 
To program the transistor, an 

electron beam penetrates the con-
ductor and generates electron-hole 
pairs in the underlying thick oxide. 
A positive bias is applied to the con-
ductor, which attracts electrons and 
repels the positive holes in the direc-
tion of the substrate where they 
become trapped at the interface of 
the oxide and the substrate. The 
resulting buildup of positive charge 
in the device creates a surface inver-
sion layer that shorts out the two 
diffused wells. 

Erasing is possible, says Shaver, 
by biasing the conductor negatively 
while the beam is activated. This 
forces electrons toward the substrate 
where they recombine with holes and 
erase the cell. Right now Shaver is 
testing the retention time of this 
strorage cell, "which is certainly 
stable for a great many hours, more 
than enough time to conduct tests," 
he says. 

Solid state 

Cleavage process 

offers low-cost GaAs 
Easy-to-produce and inexpensive 
gallium arsenide (GaAs) is in the 
offing as a result of an Air 
Force—sponsored program also at 
Massachusetts Institute of Technolo-
gy's Lincoln Laboratory in Lexing-
ton, Mass. A growth process called 
Cleft produces single-crystal GaAs 

CLEAVING 
WEDGE 

CLEAVING 
SUPPORT 

CLEAVING 
SUPPORT 

CLEFT 
FILM 

SECONDARY 
SUBSTRATE 

PRIMARY 
SUBSTRATE 

ADHESIVE 
WAX 

EPDXY 

Separation. Wedge cleaves a GaAs thin film and its supporting secondary substrate from the 

primary substrate and the growth mask (not shown) on which the film was grown. 

in exceptionally thin wafers, and 
promises exceptionally low costs. 
An obvious application would be 

high-efficiency solar cells since 
Cleft-grown, 10-micrometer-thick 
cells have already demonstrated con-
version efficiencies of 17% and effi-
ciencies of 20% are within reach, 
says John C. C. Fan, assistant group 
leader at the laboratory. Fan adds 
that there is much interest in indus-
try because of the potential price-
performance ratio of Cleft-grown 
cells. Possible licensees are already 
being attracted even though the pro-
cess is still in the lab. 

Cleft stands for cleavage of lateral 
epitaxial films for transfer [Electron-
ics, Dec. 18, 1980, p. 35]. It's not the 
bulk growth approach, but uses 
chemical vapor deposition to grow 
very thin slabs of GaAs on reusable 
single-crystal growth substrates. 
Cleft was developed by Fan and Lin-
coln Lab staff members Carl O. 
Bozler and Robert W. McClelland. 
The process. A "growth mask" is 

made of a material with poor adhe-
sion to GaAs, such as a carbonized 
photoresist, and is laid down over an 
original, single-crystal "growth sub-
strate" —there are slits in the mask 
about 50 micrometers apart and 2.5 
µm wide. During chemical vapor 
deposition, new epitaxial material 
grows up through the slits and 
spreads rapidly across the face of the 
mask, forming a thin GaAs layer 
with high lattice uniformity. The 

shape of the substrate sets the shape 
of the wafer. 
When the new layer grows to the 

desired thickness, its newly formed 
surface is epoxy-bonded to a 0.25-
millimeter-thick glass secondary 
substrate. Then the original GaAs 
growth substrate, and the secondary 
substrate are wax-bonded to 5-mm-
thick glass plates that provide sup-
port during the cleavage step. When 
this sandwich is complete, a wedge is 
inserted in one side (see illustration) 
and tapped gently. This action sepa-
rates the glass secondary substrate 
and new layer of GaAs from the 
growth substrate. 
The process is simple, and Fan 

maintains it is well suited to eventual 
automation. Also the exposed sur-
face is extremely smooth, with undu-
lations of only 200 to 300 angstroms, 
he says. In some cases, no surface 
preparation is necessary. For some 
surfaces, a quickly deposited epitax-
ial layer is all that is needed. 
Because almost any reasonable com-
bination of length and width or 
diameter is possible, wafers may be 
shaped to fit the available area —an 
important factor in solar cells. 

Cost-effective. The result is a: far 
cry from melt-grown GaAs. Not 
only must melt-grown GaAs be 
sawed into wafers but the wafers are 
typically 300 to 400 µm thick—as 
much as 100 times thicker than 
Cleft-grown wafers. In addition, 
these thick wafers must be polished 
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and often smoothed epitaxially be-
fore they can be used. Thus, Cleft 
saves on materials costs, and a 
mature Cleft process should offer 
production cost savings as well, two 
important manufacturing points 
since GaAs wafers made by standard 
techniques sell today for about $15 
per square inch. "We may not be 
able to cut GaAs cost by a factor of 
100," says Fan, "but there is hope 
that we could come close." 
The team is investigating silicon 

wafers grown by the Cleft process. 
Since the basic material is so inex-
pensive to begin with, the large cost 
savings possible with GaAs may not 
occur. 
The group says it already has used 

Cleft to grow another costly semi-
conductor material, indium phos-
phide, and in addition, says that 
Cleft may lead to new approaches to 
the fabrication of multilevel inte-
grated circuits or ics on insulating 
substrates. -James B. Brinton 

Fiber optics 

Master-slice approach easily forges 

light-wave transmitters, receivers 
In a move to reduce manufacturing 
lead times on custom fiber-optic 
integrated circuits, Honeywell Inc.'s 
Optoelectronics division (formerly 
Spectronics) plans to exploit the 
master-slice concept that allows de-
signers to work on the functional 

Block selection. Honeywell is offering receivers and transmitters that exploit the master-siice concept. The receiver version, partly shown 

here, has 15 different functions on a chip measuring 64 by 85 mils. The user tailors its operation by choosing how blocks are connected. 

block level, thereby cutting the 24-
to-27-month development time of 
these circuits by up to 12 months. 
Under the program—which paral-

lels the objectives of custom-logic-
gate arrays—users can tailor receiv-
er and transmitter bipolar chips to 

their needs by connecting predefined 
functional blocks that are located on 
the master slices. These functions 
are linked together in the final stages 
of production, giving the customer a 
specialized product plus the benefits 
of higher volume [Electronics, Oct. 9, 
1980, p. 155]. 

Offerings. To initiate this opera-
tion, the Richardson, Texas, firm 
will be offering three standard 
receivers and two standard transmit-
ters made from these slices. Chief 
scientist J. R. Biard says the prod-
ucts are in the final test phase. Sam-
ple devices will be available in late 
July, with production parts due for 
delivery in the last quarter at under 
$50 each in quantities of 100. 
"We decided to use the functional 

level because it lets us do a better job 
of optimizing the performance for a 
fairly wide range of products," Biard 
explains. "If you use the component 
level, you would in theory have more 
flexibility, but you also must start 
from scratch every time. The func-
tional level will give us a shorter 
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turnaround time," he remarks. 
However, Honeywell's master-

slice customers will not be limited to 
options at the functional level. "In 
some instances, when we need to 
treat the slice at the component level 
and build up other functional config-
urations, we can go back and make 
some changes," Biard says. "We've 
got one comparator circuit on the 
receiver chip that we can reconfigure 
into a dc amplifier—there are extra 
contacts on some of the resistors in 
the comparator block that are not 
used when it is operating as a com-
parator." 
Changes possible. The framework 

of the process also allows simple 
component changes in the final two 
metal layers of the wafer. But "this 
would, of course, tend to increase the 
turnaround time and cost," Biard 
says of such changes. 

Six different types of functions 
have been located on the transmitter 
chip, which is 62 by 83 mils in area. 
Fifteen types have been placed on 
the 64-by-85-mil receiver chip. De-
pending upon how these blocks are 
connected, the chip can operate in a 
wide range of modes, including 
transparent code modulation and 
input data modulation (continuous 
or burst data). These connections 
may also customize the chips for var-
ious bandwidths. 
The functions on the transmitter 

are: two output drivers; externally 
programmable current sources; 
mode-selection logic; an externally 
programmable pulse-width control; 
TFL input logic; and a power supply 
and regulator. 
As the figure (p. 39) shows, blocks 

appearing on the receiver are: 
an externally programmable band-
width preamplifier; an internally 
programmable gain-stage; an inter-
nally programmable bandwidth-set-
ting stage; two automatic-gain-con-
trol stages; two peak-detector stages; 
two switch amplifiers; two data com-
parators; a data latch; a Tn data-
output stage; a channel-status latch; 
a TTL status output stage; a dc 
amplifier; AGC staging amplifiers; a 
dc and AGC discharge control; and a 
power supply plus regulators. 
When coupled with Honeywell's 

Sweet Spot light-emitting diode and 
p-i-n photodetector, the master-slice 
transmitter and receiver can handle 
a 2-kilometer link at 25 megabits per 
second. -J. Robert Lineback 

Military 

40% boost sought 

in VHSIC budget . . . 
The Defense Department is pushing 
for a budgetary increase to $320.5 
million for the six-year effort to 
develop very high-speed integrated 
circuits (vHstc) over the program's 
life following the award of $166.7 
million to six companies for Phase 1 
of the program. 
With a $95.5 million budget in-

crease, the program's new funding 
level will be well above the most 
recently published $225 million to-
tal. Larry W. Sumney, the Defense 
Department's VHSIC project direc-
tor, says the program could use $15 
million more in funds during fiscal 
1981, which ends Sept. 30, with 
another $21 million in fiscal 1982 to 
start with. 

Under the three-year Phase 1 
awards [Electronics, May 5, p. 34], 
contractors will start pilot produc-

tion of VHSIC devices having features 
as small as 1.25 micrometers, as well 
as their application to subsystem 
brassboards (see table). Phase 2 will 
start in 1984 and involve system 
demonstrations of the 1.25-gm tech-
nology, plus pilot production of 
ics — with features possibly as small 
as 0.5 gm— provided they can meet 
military specifications. 
The selection of six Phase 1 con-

tractors, instead of the three antici-
pated by much of the industry, is 
attributed by Sumney to three 
things. "First, there's the need to 
make sure that we cover all technol-
ogies," he says, such as bipolar, 
including various Schottky logic 
types and triple diffusion, as well as 
bulk complementary-mos, c-mos-
on-sapphire, and n-type mos. 

Other reasons. Second, Sumney 
says, is "the need to make sure we 
adequately cover architectural ap-
proaches" in vHsic's push for func-
tional commonality in the original 
processing. Finally, there is the pro-
gram's need to develop brassboard 
circuits of interest to all three armed 
services. 
A clear indication of VHSIC'S 

rising star is the Military Source 
Selection Board's choice of two con-
tractors for each of the three ser-
vices, instead of one each. Thus, 

PHASE 

Prime contractors 
(team members) 

1 VHSIC AWARDS 

Three-year 
value 

($ millions) 

System 
application 

Technology 

Ai
r 
Fo

rc
e 

Westinghouse Electric Corp. 
(National Semiconductor, 
Boeing, Control Data, 
Harris, Mellon Institute) 

33.8 airborne 
tactical radar 
processor 

C-MOS and 
C-MOS on 
sapphire 

Honeywell Inc.'s 
Aerospace and Defense 
Group (none) 

19.9 electro-optical 
missile-guidance 
processor 

bipolar 

> 

Hughes Aircraft Co.'s 
Strategic Systems division 
(Union Carbide) 

27.4 battlefield 
information 
distribution 
system 

C-MOS on 
sapphire and 
bipolar 

Hughes Research 
Laboratory 
(Perkin-Elmer) 

8.6 electron-beam 
lithographic 
equipment 

Texas Instruments Inc. 
(none) 

22.7 multimode fire- 
and-forget missile 

bipolar and 
n-MOS/memory 

N
a
v
y
 

IBM Corp.'s Federal 
Systems division 
(Northrop) 

19.9 submarine sonar n-MOS 

TRW Defense and 
Space Systems 
(Motorola, Sperry Univac) 

34.4 electronic 
warfare 

triple-diffused 
bipolar and 
C-MOS 
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The little SystemChi/S for all the other stuff. 

73% of the gates available left for your garbage logic. 

Our small gate array chips let you 
compress all the miscellaneous logic 
garbage of your new system onto one 
circuit. We've got more than two dozen 
tried and true CMOS chips in our 
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attractive pricing and your choice of 
packaging. And our in-house CAD gives 
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there were only three losers in the 
competition: Raytheon Co., Lexing-
ton, Mass.; Rockwell International 
Corp., El Segundo, Calif.; and Gen-
eral Electric Co., Fairfield, Conn. 

However, it is probable that the 
losing companies will plow ahead on 
their own to at least track the new 
developments in the program. For 
example, a strong commitment to a 
high level of VHSIC-like research and 
development is being made by GE, 
which made a substantial investment 
in its losing effort. 
No change. "Frankly, there will be 

no change in our in-house commit-
ment to VLSI technology," says Rob-
ert Kroeger, VHSIC program general 
manager at GE. "Of course, we're 
disappointed by the loss—there's no 
other way to say it," he adds. 
At Rockwell International's De-

fense Electronic Operations, a state-
ment said the firm would continue 
work on the c-mos and c-mos-on-
sapphire devices proposed in its bid. 
The third losing team leader, Ray-
theon Corp., did not comment. 
Some losing team members will 

continue to benefit from subcon-
tracts from winners as well as from 
on-going support contracts under the 
Phase 3 segments of VHSIC. Perkin-
Elmer Etec Inc., Hayward, Calif., is 
such a company. It will share in the 
Army's $8.6 million optional award 
to Hughes Research Laboratories, 
Malibu, Calif., to develop electron-
beam lithographic equipment. P-E 

also has two Phase 3 awards worth 
nearly $1.9 million in microlitho-
graphic development. They are part 
of the more than 50 Phase 3 awards 
worth more than $30 million that are 
now under way. -Ray Connolly 

. . . radiation threat 

draws attention, too 

The potential of the Very High 
Speed Integrated Circuits program 
turns on designers of military space 
equipment, but they face some major 
hurdles first. Mainly, these concern 
the critical need for further work on 
radiation hardening to enable the 

faster, denser VHSIC chips to survive 
in space. 

"There are many unique environ-
mental and performance require-
ments for space systems," says Air 
Force Maj. John A. Criscuolo. 
"These go beyond the triservice com-
monality goals of the Phase 1 VHSIC 
program." He is VHSIC project offi-
cer at the U. S. Air Force Space 
division, El Segundo, Calif., where 
he also heads advanced electronics 
technology programs. 

Criscuolo emphasized the eager-
ness of space system designers to 
gain access to vuisic's forthcoming 
military-grade microelectronics, but 
he points out that the triservice pro-
gram's radiation hardness specifica-
tions of 1 X 104 rads for silicon chips 
is only a fifth of the minimum Air 
Force goal for space-bound very 
large-scale integrated circuits. 
The Air Force goal derived from 

analysis of space radiation data for 
typical orbits during a five-year mis-
sion and takes into account alumi-
num shielding in the spacecraft. 
Criscuolo points out that even great-
er radiation tolerances are needed 
for devices to cut shielding weights 
and increase safety margins. 

Other space-related troubles give 
pause to spacecraft designers consid-
ering VHSIC chips—starting with 
their inaccessibility once in orbit. 
Heat dissipation from dense packing 
and extremely demanding qualifica-
tion specs for ensuring reliability are 
two more. 

Paper. Criscuolo will discuss 
relationship between VHSIC and 
spacecraft technology in a paper to 
be delivered at next week's Fourth 
Biennial University/Govern-
ment/Industry Microelectronics 
Symposium at Mississippi State 
University in Starkville. 

Besides working with VHSIC plan-
ners to identify space mission 
requirements during the all-impor-
tant Phase 1 of the program, Air 
Force researchers plan to study the 
resulting designs for adaptation to 
the USAF Space division's needs and 
to plumb space systems require-
ments such as programmability, 
fault tolerance, and on-chip testing. 
If serious shortfalls appear, propos-

als could be sought from contractors 
that are not involved in Phase 1, 
Criscuolo reports. 
The Space division and its consul-

tant, Aerospace Corp., have already 
put together a plan adapting VHSIC 
chips in a program called Space-
Hardened Advanced Processing Ele-
ments. Shape's objective is to estab-
lish lead times and deliver chips that 
can survive in space, but it is not yet 
funded. -Larry Waller 

Trade 

Japan may cut 

semiconductor tariff 

American and Japanese tariffs on 
semiconductors could be equalized 
at 4.2% by April 1982—five years 
earlier than anticipated —if the Jap-
anese Diet approves an agreement in 
principle reached in Washington, 
D. C., earlier this month. The agree-
ment between the Reagan Adminis-
tration and Prime Minister Zenko 
Suzuki during his recent summit-
meeting visit to the U. S. was dis-
closed recently by U. S. Trade Rep-
resentative William Brock. 

Japan's 10.1% tariff on semicon-
ductor imports, close to double the 
5.6% duty imposed by the U. S., has 
generated strong criticism among 
American exporters, who have been 
unhappy with the 1979 trade agree-
ment under which semiconductor 
tariffs in the two countries would not 
become equal until 1987. 

Reaction. The Semiconductor In-
dustry Association, which has taken 
the lead in pressuring the Reagan 
Administration to speed up the tariff 
cuts, hailed the agreement as a 
breakthrough but cautioned that it 
will not automatically open the Jap-
anese market to U. S. exports. 
A Washington-based official of an 

SIA member company was less 
optimistic, noting that the tariff 
equalization could "result in Japan 
accelerating its exports of integrated 
circuits" to the U. S. ics• accounted 
for most of the American semicon-
ductor trade deficit with Japan last 
year. Though the 1980 U. S. semi-
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Why it pays 
to enlist EAROM. 

Richard L. Wiker, author of the 
ERADCOM study on Electrically 
Alterable Read Only Memory 
reports: 
"The use of MNOS EAROMs and 
WAROMs in military memory sys-
tems has now become a low risk, 
cost effective, alternative to bulky, 
costly, less reliable magnetic and 
rotational memories. While MNOS 
is a relatively mature technology in 
moderate commercial use, military 
grade parts have either had their 
availability restricted by the manu-

facturer or had to be individually 
characterized and screened by the 
potential user. The improved pros-
pect for MNOS use in military 
memories is derived from the sale 
of High Reliability versions of the 
ER2810 and ER3400 by General 
Instrument. This removes a long 
standing hurdle in seeking an 
electrically alterable non-volatile 
memory technology that can be 
compatibly packaged with other 
IC's in a relatively dense efficient 
approach. The expandirtg use of 
these and similar parts in a variety 
of military systems is also provid-
ing the reliability and life cycle cost 
information necessary to support 
the use of MNOS memo-y devices, 
in hi-rel systems." 

General Instrument Hi-Rel 
EAROMs meet full military temper-
ature requirements (-55°C 
to +125°C) and are processed ana 

GENERAL 
INSTRUMENT 

screened per Mil-M-38510/ Mil-
STD-883B. With bit densities from 
512 to 8192. EAROMs offer clear-
cut advantages over rotating 
memories, core, RAMs and UV 
PROMs as charted below. 

Write General Instrument Micro-
electronics Ltd., Regency House, 
1-4 Warwick Street, London WIR 
5WB, England, or call 01-439-1891. 

Features 
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conductor trade surplus totaled $347 
million worldwide it would have 
been larger had there not been a 
$223 million trade deficit with 
Japan. 
The prospect of accelerated ic 

imports from Japan seemed to be 
supported by Prime Minister Suzuki. 
Asked what new markets he sees 
developing in the U. S. for Japan, he 
replied, "Perhaps semiconductors." 
Hastening to add that the U. S. is 
"still far ahead of us" in semicon-
ductor development overall, he ob-
served that "in some types of ics, 
Japan may be ahead." 

Uncertain. In Japan, passage of 
the tariff cut is not assured. The 
Ministry of International Trade and 
Industry plans to submit a bill to the 
Diet that would implement the cut 
by about April 1982. However, the 
Finance Ministry is opposing the 
measure on the grounds that Japan 
can't afford to give up any more of 
its revenue sources. 

Japanese semiconductor firms are 
informally supporting mm's move in 
hopes that it will cool down trade 
conflict with the U. S. Representa-
tives of U. S. semiconductor compa-
nies stationed in Japan are guarded-
ly optimistic. As one summed it up, 
"It's a step in the right direction. 
Every little bit helps." -Ray Connolly 

and Robert Neff 

Industrial 

Motorcon to highlight 

motion control 

As factories strive to increase pro-
ductivity and reduce energy use, 
electronic technology is gaining 
ground in industrial applications. 
The impact of its new techniques 
and products is especially powerful 
in the control of mechanical motion, 
because motion of some kind is part 
of any industrial process. 

"There are no industries that are 
not affected by motion control," says 
James Guild,- conference director of 
Motorcon 81, a symposium centered 
on the exchange of information on 
the latest developments in electronic 

GE whiz. General Electric's Allegro, a small rail-guided robot arm, can sense size differences 

of 1 millimeter. Robots are just one area to be covered next month at Motorcon 81. 

motion-control systems. "The more 
control you can put on a process, the 
better: for example, the manufacture 
of optical fibers would not even be 
possible without modern electronic 
motion control." 
The first Motorcon gathering, 

scheduled for the week beginning 
June 8 in Chicago, will consist of 
papers, exhibits, and workshops cov-
ering the spectrum of motion con-
trols, including motors, drives and 
controls, feedback sensors, power 
semiconductors, and robots. 
What trends in motion control will 

the show highlight? First, ac motors 
are being designed for higher effi-
ciency—up to 25% more than stan-
dard versions—essentially by using 
more copper and better steel. 

"Years ago nobody cared about 
the efficiency," says David C. Mont-
gomery, program manager for high-
efficiency products at General Elec-
tric Co., Hendersonville, Tenn. 
"People have always looked at 
motors as a commodity item. But 
today, with power costs up, you 
spend as much money driving a 
motor as you do on the purchase 
price. With a high-efficiency version 
you will sometimes pay back the cost 
of a motor in six months." 
Dc and stepper motors are making 

even greater use of digital, rather 
than analog, electronic drive circuits 

for more precise, drift-free position 
control. Microprocessors, coupled 
with new digital position sensors, are 
used to execute complex, adaptive-
drive algorithms that were beyond 
analog-only controls. 
The new dc motors provide faster 

and more stable motion in closed-
loop systems. Alternatively, lower-
cost stepper-motor drive circuits 
eliminate overshoot and oscilla-
tion— frequent drawbacks to using 
stepper motors for positioning. 
PWM into play. Digital electronics 

is used more and more in the drive 
amplifiers, too, as pulse-width modu-
lation eliminates the linear-mode 
drive transistor as a means of 
varying the power going to a motor. 
With PWM, drive transistors are 
either on or off—dissipating less 
power than linear devices, which 
incur high losses when used for lim-
iting motor speed. The development 
of fast, rugged mos switching tran-
sistors and low-cost intelligent digi-
tal controllers now make PWM prac-
tical for industrial applications. 

Perhaps the ultimate example of 
the importance of motion control is 
embodied in the robot, now held as a 
key element in attaining higher lev-
els of industrial productivity. Robots 
currently available perform massive, 
dirty tasks like welding and moving 
subassemblies, but coming on fast is 
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To brilliantly mate digital 
and synchroecheck 

our DSC 1734/5 series. 
Memory Devices' DSC 1734/5 Series is ideal for 

users seeking a higher power output digital to 
synchro converter unit (4.5VA). 

Both the 400Hz and the 60Hz converters contain 
internal amplifiers as well as reference transformers 
and isolated outputs. Thereby making external 
amplifiers and transformers unnecessary. 

Conventional pin-out configuration (with the 
exception of the unnecessary ± 15V and + 5V 
power supply pins) means that the DSC 1734/5 
Series can easily be used to 
replace existing digital 
to synchro converters 
and improve 
output drive 
capability. 

Circle 229 on reader service card 

REPRESENTATION OVERSEAS 
Australia 
Parameters IPTY1Ltd 
Melbourne office — Tel 90 7444 
Telex AA33012 
Sydney office — Tel 4393288 
Telex 4.425021 

Belgium 
Klaasing Benelux N V 
Jan Van Ruswocklaan 228 2020 
Antwerpen Tel 1311374130314 
Telex 32969 
Denmark 
Analog Devices A iS 
Marielundyn 4613 2730 Herley 
Tel (21845800 Telex 35280 

Finland 
S W Instruments Lld 
Wallminkula 50053 Helsonkl 53 
Tel 180l 7 38265 Telex 122411 
France 
Analog Devices S A 
Centred Atlwres SILIC 12 Rue le 
Corbusier Bahment lens Oder L 
20494533 Rungis 
Tel 111687 3411 Telex 200156 

France 
Analog DencesS A 
281 ROuted Esoagne 31 076 
Toulouse Cnex 
Tel 161140 3877 Telex 531747 
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France 
Analog Deuces SA 
Agence Est/Sud-Est Immeuble 
Le Poleorne 23125 Avenuede 
Constantine 36100 Grenoble 
Tel 11676122 2, 93 
Telex 980285F 
PBNo 106 
70 Anne- Mane Javouhey 61000 
Alencon Tel 13312807 61 
Germany 
Analog Deuces Grn0F1 
ECOOMunchen 2 Moaaddrasse 17 
Tel 1891530319 Telex 523712 

Germany 
Analog Dences GmbH 
2110 Buchola 5 Tœdemannsweu oA 
Tel 1041187 381 Telex 2189371 

Germany 
Analog Deuces GmbH 
7500 Karlsruhe Setlenchstrashe 5 
Tel 1/211616075 Telex 7825871 
Genrierry 
Analog Devices GmbH 
1000 Berlin 12 KanIstrasse 54 
Tel 130l 318441 

Germane 
Analog Dens. GmbH 
Thielenbrucher Allee 5 5000 
Koln130Tel 100211686006 

The 14 bit 1734 Series and the 12 bit 1735 Series 
share the pronounced advantage of almost 
negligible Radius Vector variation both with 
changing angle and load, plus those concrete and 
immediate benefits of economies of space and cost 
(because of no external power supply requirements). 

Check for yourself on this real turning point in 
  DSC technology. For Full details on the 
DSC 1734 and 1735 Series, contact: 

MEMORY DEVICES 
Central Avenue, 
East Molesey, 
Surrey, 
England KT8 OSN. 
Tel: 01-9411066. 
Telex: 929962. 

Holland 
Kleasing.Reuvers B V 
Benelusweg 27 4934 SJ 
Ooslerhoul The Netherlands 
Tel 01620-51403 Telex 54598 
Italy 
Teleclron SPA 
61 calle Dell AeronautIca 00144 
Roma Tel 161591 7785 
Telex 614032 
India 
Darban IndustrieslAgencnal 
24 Maharma Gardhi Many 
Allahabad 211001 Tel 3385 or 
3386 Telex 0540.220 

Japan 
Analog Devices 01 Japan Inc 
7.8 Koornachiri-ChomeChwoda. 
Ku Tokyo Tel 10312636826 
Telex J28440 
Japan 
7•19 Nakatsu 1-Gnome 
020120.1u Osaka Tel 106 372 
181410613729769 

Norwey 
Eklronic Klokkerpordet 31 
1364 5041518cl Tel 121 786010 
Telex 10761 
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Sweden 
Analog Dances A B . 
P.O. Box 20093. F-16120. Bromma 
Tel 161 282740 Telex 12831 

SwItaerland 
Analog Devices SA 
Rue de Berne 901-1201 Geneve 
Tel 1022,31 57 60 Telex 289096 
2unch office Tel 101)8400777 

United Kingdom 
Memory Devices Ltd 
Central Avenue East Molesey 
Sunray England 1,1 1011941 
1066 Telex 929962 



Now! 
A Complete 
Catalog of 

U.S. MILITARY 
Capacitors 

• Over 250,000 capacitors 
listed • Hundreds of pictures 
• 700 pages • Only 850.00 

This book is beautifully made for 
your permanent use. It is essential to 
engineers and buyers specifying U.S. 
Mil-Spec capacitors. This catalog is 
the result of years of research and 
writing by a leading distributor of 
Mil-Spec capacitors. It covers 
completely all Mil-Spec styles with 
important details on over 250,000 
Mil-Spec part numbers. All compa-
nies buying capacitors should have 
this book. 

Order Today 
National Capacitor 11731 Markon Drive, 
Garden Grove, California, U.S A. 92641 

TWX: 910-596-1316. Phone: (714) 892-7749 

ENCLOSE CHECK itU.S.A.) PAYABLE TO 
NATIONAL CAPACITOR 

National Capacitor 11731 Markon Drive, 
Garden Grove, California, U.S.A. 92641 

TWX: 910-596-1316. Phone: (714) 892-7749 

Please show quantity of books you want 
to order. 

Books $50 each in U.S.A. and Canada. 
Shipping pre-paid. 

Books $50 each International. Books 
will be shipped surface mail (please 
allow 10 weeks for delivery). 

Books $75 each International. Books 
will be shipped airmail (please allow 2 
weeks for delivery). 

Ndrne 

Company 

Address 

City/State/Country/Zip 

NATIONAL CAPACITOR 

SERVING HIGH TECHNOLOGY 

Electronics review 

a breed of lower-cost, more agile 
robots that can do precise assembly 
work. 

Thus, an important Motorcon ses-
sion will cover factory automation 
and robots. John Hill, session chair-
man and president of Microbot Inc., 
Menlo Park, Calif., sees low-cost 
robot arms using stepper motors as a 
major development. 
The precise feedback mechanism 

of the dc servo loop, which pushes 
the cost of a single servo package up 
to $1,000, can be replaced with 
sophisticated software and stepper 
motors "at less than a twentieth of 
the cost," says Hill. "The cheaper, 
faster robot is coming, and this is 
largely due to software." -Gil Bassak 

Communications 

Single pass tests 

analog-digital parts 
As combined analog-digital devices 
in the form of codecs, voice synthe-
sizers, charge-coupled-device filters, 
and modems-on-a-chip have made 
their way into communications sys-
tems, test instruments that can han-
dle these devices have lagged behind. 
One such test system has been 

developed by Robert A. Hum, man-
ager of test systems for Bell-North-
ern Research in Ottawa, Canada. 
Hum and his colleague Dewi L. Wil-
liams told attendees at the Electron-
ic Components Conference in Atlan-
ta last week that the system can 
perform digital tests at a blinding 
20-megahertz rate with a timing res-
olution of 1 nanosecond. 

Double-timing. What's more, 
Hum said, the integrated analog-
digital test system, as it is known, 
can do its digital job while simulta-
neously performing analog tests at a 
bandwidth of up to 50 kilohertz and 
a dynamic range of greater than 90 
decibels. This kind of speed makes 
the system attractive for production 
line testing. 
Key to the efficiency of the new 

system, Hum points out, is the fact 
that, for example, it tests both the 
digital and analog functions of a 

codec entirely by digital methods. 
Thus there is no need to transfer 
each device from one test set to 
another, as was done at Bell-North-
ern during production testing. 

This capability is particularly im-
portant for an operation like sister 
firm Northern Telecom Inc., which 
will produce more than a million 
codecs in 1981. For Northern, the 
test set does 1.5 million separate 
measurements on codecs in just 45 
seconds. And if that is not fast 
enough, Hum says that "with more 
development work, we can foresee 
cutting the test time from 45 seconds 
to less than 7." 
The test system's subsystems in-

clude a custom-made memory man-
agement unit, an autonomous buffer 
controller, a digital tester, an array 
processor, a memory, and an a-d and 
a d-a converter. All of these "use 
commercial parts and software as far 
as possible because of the problems 
that always seem to accompany cus-
tom designs," he says. 
The digital testing in the system is 

entirely conventional and is based on 
the Tektronix AP-120 characteriza-
tion/test system. However, the ana-
log testing is unique and is done in 
the discrete quantized time domain. 
Analog signals are converted into or 
from digital time series and pro-

Checking it out. Bell-Northern's Robert A. 

Hum goes over his new analog-digital chip 

tester. Behind is the Tektronix S 3250 that 

handles the digital part of the test. 
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ROMS 
AMIS got them all. And more. 

A lot of suppliers can make a few of the 
ROMs you need. But American Microsystems 
can supply ROMs for all your needs . . . and 
more. Here's why. 

A ROM is more than just specifications. 
It's a semi-custom product and building it is 
more like manufacturing custom rather than 
standard components. Our 15 years experience 
in custom circuits has helped us build the in-
dustry's most sophisticated custom production 
system. With it we can track and control your 
ROMs through every step of production. 
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This ensures that you get the ROMs you need, 
like you want them, when you need them. 

Our custom experience also means if no 
standard ROM will do, we can customize it 
for a perfect fit to your application. 

To find out more about why American 
Microsystems' memories offer you more, 
return the coupon below or call Dick Norby at 
(408) 246-0330. 
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AMERICAN MICROSYSTEMS, INC. 

The Leader 
in Custom MOS 

I want to know more 
about AMI's memory making. 

El Please sen 'The ROM Book". 

El Have your application engineer contact me. 

Name  

Company  

Address   

Title   

City   

Phone 
Return to: 
Memories 
American Microsystems, 
3800 Homestead Road, 
Santa Clara, CA 

State   Zip 



Have an 

EMI/RFI 
PROBLEM? 
Let ERIE help 
with an efficient, 
cost effective 
solution. 

Filtered Connector Pins 

Hermetically Sealed 
Low Pass Filters 

if 
Miniature High 
Frequency Filters 

Multiline 
Custom Filters 

Custom 
Filter Networks 

The world leader in EMI/RFI Filter 
design and manufacturing offers you 
complete filtering support . . . from initial 
design consultation through final testing 
of the completed filter product. 
ERIE does it all! Application 

assistance, custom design, prototype 
and high volume production .. . all 
available from one facility. With 
our complete preformance and 
environmental test capability, ERIE 
is your best source for solving 
EMI/RFI problems. 

For 25 years and thousands of 
designs, ERIE has developed cost 
efficient solutions in the following 
EMI/RFI applications: 
MILITARY ELECTRONIC SYSTEMS 
HI-REUAEROSPACE APPLICATIONS 
MEDICAL & TEST INSTRUMENTATION 
INDUSTRIAL SYSTEMS 

Write for our complete catalog ... 
EMI Filters. Or call 613-392-2581. 

ERIE TECHNOLOGICAL PRODUCTS, LTD. 
Trenton, Ontario, Canada 

613-392-2581 

Electronics review 

News briefs 

Radio Shack package plugs TRS-80s into IBM computers 
The Radio Shack division of Fort Worth, Texas-based Tandy Corp. is offering 
its first software that allows its TRS-80 model 2 business computer to 
interface with IBM Corp. equipment. The new packages offer on-line stan-
dard bisynchronous communications, remote job entry for batch processing, 
and 8-inch diskette compatibility. The $995 bisync feature permits the model 
2 to interface with IBM 360, 370, and 303X series computers and utilizes 
most IBM 3270 communication techniques. The $995 RJE mode allows the 
computer to become a terminal with 3780 and related communication 
protocols. The $249 diskette reformatting program translates the IBM disk-
ette format into Radio Shack's TRSDOS format. 

Mostek, Motorola join forces on codecs 
In yet another second-source contract between Mostek Corp. and Motorola 
Inc., the two firms have agreed to exchange information on coder-decoder 
integrated circuits. The pact covers Motorola's MC14400 and Mostek's 
MK5300 families of single-chip codec-filters. Also, the Carrollton, Texas, 
MOS maker has the option of second-sourcing Motorola's MC14416 time-
slot assigner circuits. Mostek expects to see silicon on its part in the second 
half of 1981, and Motorola's MOS operation in Austin, Texas, is already 
offering sample units. In April, the firms announced an agreement on Motor-
ola's 68000 16-bit microprocessor [Electronics, April 21, p. 41]. 

Xerox launches high-speed digital fax machine 
In a new assault on the facsimile market, Xerox Corp., Stamford, Conn., is 
introducing a digital machine that can send a page of text anywhere in the 
world in 30 seconds. Interestingly enough, the model 495 works through the 
telecommunications network but does not contain the heavily promoted 
Ethernet interface—an indicator that the Xerox-proposed local network 
standard still has a way to go to reach the hardware stage. Replacing the 

slower analog 485, the 495 includes such features as automatic dialing. The 
data-compression algorithms that contribute to its high speed also are 
designed to make the machine compatible with other fast facsimile units 
from Xerox and other companies. The 495 will be available for $12,000 to 
$15,000 toward the end of this year. 

cessed by algorithms especially de-
veloped by Hum and Williams for 
this application. The processing 
package in the digital part of the 
system is adapted from a BNR in-
house codec design and simulation 
program, called Filcod, that can 
model codec design parameters. 

Subsystems. The hardware has 
two sections. The digital part is the 
Tektronix S3250 test system, a com-
mercial product. The analog system 
has been put together by combining 
a Digital Equipment Corp. LSI-11/2 
with 256-K bytes of memory and a 
Floating Point Systems AP-120 ar-
ray processor. These are interfaced 
with custom hardware such as the 
autonomous buffer control, the 
memory management unit, and the 
a-d and d-a converters. 
"The throughput of the system 

has been optimized for distributed 
real-time control," Hum reports. 
"The PDP-11/34 issues commands 
to the LSI-11/2 and then continues 
with its own task, until the LSI-11 
responds. The AP-120 and the buff-
er control are also semi-independent 
of the LSI-11. All this allows simul-
taneous execution of several tasks 
each on its respective processor." 

All the analog processing per-
formed by the AP-120 is done on 
discrete quantized waveforms gener-
ated by the 16-bit a-d unit. This 
quantizing is controlled by the 
autonomous buffer control. The au-
tonomous buffer control also per-
forms serial digital transactions with 
an 1804 test station, which is part of 
the Tektronix S 3250. "Any number 
of bits up to 16 can be used in each 
transaction," he says. 

continued on page 58 
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SEMICONDUCTOR NEWS FROM THE PRACTICAL WIZARDS OF SILICON VALLEY 

Bringing integrity 
to long distance busing. 

NEW DS3662 TRAPEZOIDAL BUS TRANSCEIVER 
VIRTUALLY ELIMINATES CROSSTALK 

OVER LONGER BUSES THAN EVER BEFORE. 

Reliable 
16K bipolar 

PROMs 

Low cost 
bubble 

memory 
boards 

The 10 Amp 
MOOSETM 

adjustable 
voltage 

regulator 

Reliable 
Mil/Aero 
PROMS 

PThe J-FET 
solution 

The leading 
edge in power 
op amps 

The SuperChipTM 
8488 controller 
board 

¡LP-compatible 
DACs 

Self-contained 
precision 
instrumentation 
amp 

Free literature— 
details inside 

Digitalker COPS Data Acquisition Logic Transistors Hybrids Linear Interface Bubble Memory 
RAMs/ROMs/PROMs Transducers Displays Custom Circuits Optoelectronics 

Memory Boards Microprocessors Development Systems Microcomputers Modules Mil/Aero 
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The trapezoidal DS3662 puts quiet 
transmission on the bus. 

The industry's first trapezoidal 
transceiver allows higher data rates 

with lower distortion over 
longer distances. 

The DS3662, National's new quad high 
speed trapezoidal bus transceiver, represents 
a major step forward in transmission integrity 
and overall system dependability. 

Precise trapezoidal bus waveforms 
reduce noise coupling, without sacrificing the 
maximum data rate. The receivers use low 
pass filters to further enhance noise immunity. 

The result is at least an order of magni-
tude increase in allowable bus lengths than 
ever before possible. 

AC specs guaranteed. The DS3662 — 
a pin-for-pin functional replacement for the 
standard 8641 transceiver—offers guaranteed 
AC specifications over the entire temperature 
and supply voltage range. 

It also features glitch-free power up/down 
protection on the driver outputs. So entire 
cards can be brought on-line or off-line with-
out adding any noise to the system bus. 

Greater transmission integrity. The 
DS3662 is actually immune to noise pulses 

Solving servo problems 
with the fastest, cleanest 
power op amp ever. 

The linear leader redefines the 
"leading edge" in power op amp design 

with their new LH0101. 

National's new LH0101 series op amps 
are the fastest, cleanest power op amps now 
available. Others can match the 2A continuous 
or 5A peak output current, but no one comes 
close in any other major parameter. 

To begin with, its 10V/µsec slew rate is 
four times faster than the nearest competition, 
National's own LH0021. And its 300KHz full 
power bandwidth is fifteen times wider than 
the rest. 

Plus, by using a BI-FErm input stage, 
the LH0101's 300pA input bias current is 100 
times less than any other comparable amp 
on the market. And if this isn't enough, the 
LH0101 also offers extremely low distortion 
specs: 0.008% with undetectable cross-over 
distortion. 

So the LH0101 is ideal for such demand-
ing tasks as head positioning servos for 
hard disks. 

An endless list of applications. With this 
kind of performance plus good availability 
in both commercial and military versions, 
applications are endless. 

In addition to head positioning servos, 
the LH0101 is perfectly suited for inertial 
guidance platforms, synchro drivers, CRT deflec-
tions yoke drivers for graphic displays, power 
DACs for Automatic Test Equipment, motor 
drivers, and super-fidelity audio systems. And 
these are just a few applications to consider. 

For the data sheet and application infor-
mation on these high performance power op 
amps, check box 080 on this issue's National 
Archives coupon. 

The LH0101. Tomorrow's reality today 
from the Practical Wizards of Silicon Valley. 2 
BI-FET is a trademark 01 National Semiconductor Corporation 

up to 2Ons. So this new trapezoidal device 
does a great deal toward enhancing overall 
system performance even when used with 
conventional bus transceivers. 

For a data sheet and application 
information, check box 082 on this Anthem's 
coupon. 

Higher data rates and integrity over longer lines. 
100 

t 9 10 

al 
10 100 

LINE LENGTH • (FD 

Twisted pair cable (22 AWG stranded), 
terminated 180 390 11, 50% duty cycle. 

8834 

8841 

\  053662 ' 

1000 



National blitzes the Mil/Aero market 
with reliable PROMs. 

An entire fleet of bipolar PROMs 
guarantees an extra measure 

of reliability in mil-spec applications. 

The Practical Wizards are taking the 
Mil/Aero PROM market by storm with 15 hi-rel 
devices to choose from. 

And all 15 have survived the rigors of 
National's 883B/RETSTm program, the some 
totally compliant Class B screening offered on 
their 1100 other Mil/Aero products. 

Practicality prevails. National's technical 
expertise puts them out in front with significant 
bipolar advances that make practical sense. 

Their DM77S190 and DM77S191, both 
state-of-the-art 16K bipolar PROMS, are perfect 
examples. They're as fast and as large as any 
in the industry. And their titanium-tungsten 
fusing and high volume Schottky production 
process gives them rock-solid reliability, 

These full mil-temp high-speed PROMs 
are Schottky-clamped for a typical address 
access of 40 ns and a typical enable access 
of 20 ns. In addition, they use PNP inputs to 
reduce input loading. And they incorporate 
TRI-SAFErm for low voltage programming. 

Fuses that last. National's titanium-
tungsten fuses are made of a very stable and 
reproducible metal combination which resists 
oxidation. 

National uses an on-chip Darlington 
programming circuit that "pulse shapes" the 
programmer's input and sends a very fast, high 
energy current pulse to the selected fuse. 

This minimizes local heating and pro-
duces a wide gap in the fuse link, one free of 
residual conductors and without deteriorating 
hermeticity. The result is the industry's most 
reliable PROM. 

Additionally, the titanium-tungsten fusing 
allows a low 10.5V programming voltage. 
And that eliminates the need for guard rings 
and wide spacings. 

Reliable PROMs from proven processes. 
As an additional measure of practicar reliability, 
this family of PROMs uses titanium-tungsten 
as a buffer between the aluminum intercon-
nect and the platinum-silicide "barrier." 

National can fill any socket by offering a 
full line of TRI-STATE® or open collector de-
vices, ranging from 256 to 16K bits. 

Their tight quality control and practical 
innovation pay off in highly reliable, high vol-
ume products. In the TRI-STATE PROMs, for 
example, only 11 failures have been observed 
in 2.7 million hours of testing. Not one of the 
failures was fuse-related. 

Full support for PROM programming. 
The Practical Wizards not only supply the 
PROMs, but all the tools necessary to 

program them. 
STARPLEV the fully developed develop-

ment system, includes an optional Universal 
PROM Programmer and all the required PROM 
personality modules. So beginning to end, 
you can't go wrong with National's Mil/Aero 
bipolar PROMs. 

The product table in this article gives the 
part number, organization and TM. But for 
more information on these and other long-
lasting memories, check boxes 096 and 062 
on the National Anthem coupon. 

TRI-SAFE, TRI-STATE and STARPLEX are trademarks of National 
Semiconductor Corporation 

PART 
NUMBER 

DM54S188-288J/883B 
DM54S287-387J/883B 
DM54S570-571J/883B 
DM54S472-473J/883B 
DM54S474-475J/883B 
DM74S573J/883B 
DM77S184-185J/883B 
DM77S190-191J /883B 

PROM SUMMARY TABLE 

TM 
(MAX 
COMM) 

35 
50 
55 
60 
65 
60 
55 
65 

ORGANI-
ZATION 

32 x 8 
256 x 4 
512 x 4 
512 x 8 
512 x 8 
1024 x 4 
2048 x 4 
2048 x 8 
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New ,u,P-compatible converters bridge 
the gap from D to A. 

National's line of low-cost 8-, 10- and 
12-bit CMOS MICRO-DAU converters 

are double-buffered for 
maximum versatility. 

The number of microprocessor-based 
designs requiring digital-to-analog conversion 
is increasing at an incredible rate. 

In response to this demand, the linear 
wizards are now offering a full line of low-
power CMOS D/As that interface very easily to 
any 8-or 16-bit /LP bus. These double-buffered 
converters contain both an input latch and 
DAC register plus all the ktP logic necessary 
for simplified design and reduced board 
space. 

DOUBLE BUFFERED 
MICRO-DAC CONVERTERS 

, INPUT INPUT 
p DATA LATCH 

Li 

DAC 
REGISTER 

MULTI 
PLYING • 
DIA 

CONVERTI I, 

(MN (ROL 1.(1,1<, 

'OUT 2 

IOUT 1 

And since they're all monotonic with 
differential non-linearity specified over tempera-
ture, they fit particularly well in either fixed or 
multiplying reference applications such as 
servo control or synchro-to-digital converters. 
Thanks to their low cost, these new 8-, 10-
and 12-bit D/As can also be used as pro-
grammable gain amps, digital altenuators, 
band-pass filters and more. 

All digital inputs are TTL-compatible for 
more extensive interface flexibility. Their 20-
pin (.3" wide) packaging keeps board 

space usage down while their 20mW power 
consumption—a factor of 10 lower than 
bipolar—extends battery life in portable 
equipment. 

The high accuracies obtained by using 
these devices are largely due to their "end 
point" linearity: just set zero and full scale and 
linearity is met. 

And to make them even more versatile, 
National's 8-bit DAC0830/31/32, and 12-bit 
DAC1230/31/32 D/As have identical pin-outs 
for easy interchangeability. 

For complete details on the entire line of 
low-power MICRO-DAC converters, check 
boxes 051,057 and 073 on this issue's 
National Archives coupon. 

At National, the practicality keeps on 
coming through. 
MICRO-DAC is a trademark of National Semiconductor Corporation. 

PRODUCT SUMMARY TABLE 

PART DIP RESOLUTION ACCURACY 
NUMBER SIZE (BITS) (% OF FSR) 
DAC0830 20 8 0.05 
DAC0831 20 8 0.10 
DAC0832 20 8 0.20 
DAC1000 24 10 0.05 
DAC1001 24 10 0.10 
DACI002 24 10 0.20 
DAC1006 20 10 0.05 
DAC1007 20 10 0.10 
DAC1008 20 10 0.20 
DAC1208 24 12 0.01 
DAC1209 24 12 0.02 
DAC1210 24 12 0.05 
DAC1230 20 12 0.01 
DAC1231 20 12 0.02 
DAC1232 20 12 0.05 

Worlds ahead in 
data acquisition 
technology. 

National Semiconductor, the Practical 
Wizards of Silicon Valley, is the world's largest 
supplier of data acquisition components. Over 
the last year, for example, they shipped over 
5 million A/Ds—more than anyone else in 
the industry. 

The key to their lead over the rest of the 
pack is their high volume production capabil-
ities and extensively broad line, and their 
commitment to high performance at a low 
cost. With all of their transducers, amplifiers, 
filters, MUXs, sample and hold circuits, refer-
ences, A/Ds and DIM, there's a National part 
for every application. 

In addition, they're the only supplier 
utilizing technologies of bipolar, CMOS, NMOS 
and hybrid along with thin-film resistors and 
laser trim. 

This is just a glimpse into what they're 
up to—designing high technologies into 
practical high performance data acquisition 
components. 

National, the dedicated leader in data 
acquisition technology and components. w 



National creates the boards no one 
else could. SuperChips. 

SuperChips are the MultibusTM 
board-level solutions to your total 

system needs. Only National's broadline 
approach and technical expertise could 

make SuperChips a reality. 

As an industry leader h state-of-the-art 
components, it's only natural that National 
should produce the industry's most powerful 
line of board-level system solutions. Their 
strong technical expertise and manufacturing 
muscle assure both the capabilities of their 
products and confidence of their customers. 

The broadest family of problem-solving 
boards. With over 100 SuperChip products 
available, the Practical Wizards have more 

board-level solutions for more system config-
urations than anyone else. 

For example, everyone has boards that 
compute and remember. There's ro trick to 
that. But only National has boards that trans-
late (the BLC-8488 intelligent GPIB controller 
board), talk (the BLX-281 speech synthesis 
module) and measure (the BLC-8737 and 
BLC-8715 analog I/O boards). The fact is, no 
one else in the industry can touch National 
when if comes to board-level technology. 

12-Month Warranty. National also 
stands alone in the warranty business. Their 
entire SuperChip line carries a full 12-month 
warranty, the longest in the industry. Because 
anything less than that is less than the best. 

SuperChips give you innovative system 
solutions based on superior design capability 
and leading edge technology. 

Nobody knows more about building 
chips than National does, so they're a natural 
for building practical and reliable board-level 
products made from those chips. 

For complete details on the entire line of 
SuperChips be sure to check box 083 on this 
issue's National Archives coupon. 

SuperChips. Because man cannot live 
by chips alone. 

SuperChip is a tademark of National Semiconductor Corporation. 

Multibus is a trademark of Intel Corporatron 
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J-FETs the time-proven solution to 
increased signal sensitivity demands. 
The reliable back-to-basics solution 

to design overcomplexity. 

National is known throughout the indus-
try for their high performance line of J-FETs. 
They make over 500 standard products using 
18 processes. And they're all available in 
quantity now. 

The result is a J-FET for virtually any 
application problem. 

The economics of plastic. No one offers 
plastic J-FETs with leakages as low as 
National's. Their PN4117A— normally used in 
smoke detector applications—has a leakage 

current of 1.0 pA max, 0.3 pA typical. Copper 
lead frames offer low thermal EMF voltages in 
ultra-low leakage switching applications such 
as digital volt meter range switches. 

But the best news is National's plastic 
J-FETs offer leakages comparable to the metal 
can versions, with plastic devices costing 
50% less. So now versatile plastic packages 
can be designed into applications requiring 
extremely tight specs. 

J-FET practicality is basic reliability. The 
J-FETs' versatility allows them to rescue 
designs wrought with overcomplexity. And 

National's broad line of both single and dual 
J-FETs offers a flexibility of design along with 
competitive pricing and solid reliability. 
Together they give engineers considerable 
freedom of choice. 

Check box number 074 on this issue's 
National Archives coupon or contact your 
local distributor or NSC sales rep for additional 
information. For application assistance, call 
one of National's FET Wizards at (408) 
737-5554. 

And start getting back to basics with 
high performance J-FETs. 

Bubble memory bursts price barrier. 
1/4 Mbit bubble memory boards for under 
$1800* available now from National. 

National introduces the lowest priced 
1/4 Mbit bubble memory board available—the 
BLC-9250. Ifs a non-volatile MULTIBUSrm and 
Series/80 compatible bubble memory board. 
And it's easily expandable to 1056K bytes 
with the BLC-9101 expansion board. 

Suddenly, bubble memory becomes a 
cost-efficient choice for system design and life 
cycle enhancements. What's more, both the 
BLC-9250 1/4 Mbit board and the BLC-9101 
1Mbit expansion board are available in 
volume right now. 

Smaller, faster and more reliable mem-
ories. National's bubble memory sub-systems 
use dense 16-pin memory modules designed 
to save board space. They have the smallest 

package and least number of pins for their 
density in bubble memory today. 

In addition, they offer an average access 
time of 7ms and an average data rate of 75K 
bits per second. And they out perform others 
by a factor of 10 in reliability tests. 

National's family support. Since both the 
BLC-9250 and BLC-9101 (and all Series/80 
boards) are MULTIBUS-compatible, they inter-
face with a wide variety of development 
systems. Including National's advanced 
STARPLEXTm development system with ISETM 
and CP/M operating system. 

For more information check box 065 on 
the National Archives coupon. 
STARPLEX and ISE are trademarks of National Semiconductor 
Corporation. 

MULTIBUS is o trademark of Intel Corporation 

*Single-piece U.S. price only 

Titanium-tungsten fuses improve the 
reliability of 16K PROMs. 

National's bipolar PROMs guarantee 
an extra measure of reliability, 

thanks to titanium-tungsten fuses 
and today's high volume Schottky 

production processes. 

National's 87S190 and 87S191 state-of-
the-art 16K bipolar PROMs are an example of 
their bipolar wizardry. They're as fast and as 
large as any PROMs in the industry. And yet 
their titanium-tungsten fuses and high vol-
ume Schottky production process gives them 
rock-solid reliability. 

These high-speed PROMs are Schottky-
clamped for a typical address access of 40 ns 
and a typical enable access of 20 ns. 

They use the same basic production flow 
as for other standard Schottky bipolar PROMs 
(from 256 to 8K bits) plus PALs and the 
2900 bit slice family. It's a proven process 
that works time-after-time. 

SCANNING ELECTRON MICROPHOTOGRAPH OF NATIONAL'S 
TITANIUM-TUNGSTEN FUSES IN THE OPEN STATE 

For more information check box 096 on 
the National Anthem coupon. 

PROM SUMMARY TABLE 

PART 
NUMBER 

DM74S188/288 
DM72S287/387 
DM74S570/571 
DM74S472/473 
DM74S474/475 
DM74S572/573 
DM87S180/181 
DM87S184/185 
DM87S190/191 

TAA (MAX ORGANI-
COMM) ZATION 

35 32 x 8 
50 256 x 4 
55 512 x 4 
60 512 x 8 
65 512 x 8 
60 1024 x 4 
60 1024 x 8 
55 2048 x 4 
65 2048 x 8 



National's 10 Amp MOOSE is five 
years ahead of the pack. 

The linear leaders are the first to 
introduce a 10 Amp monolithic 

adjustable voltage regulator. It uses 
National's revolutionary new MOOSE 

fabrication process 
that leaves the 

rest of the 
industry 

far, far 
behind. 

MOOSE combines discrete power tran-
sistor and modern monolithic linear tech-
nologies. By combining both processes, the 
linear leaders have developed the wold's first 
10 Amp monolithic adjustable voltage 
regulator. 

That's far and away the highest output 
current available in any adjustable IC voltage 
regulator. 

The LM396 —available in the standard 
TO-3 package—features on-chip trimming of 
reference voltages to -±0.5%, with simul-
taneous trimming of reference temperature 

drift to 3Oppmn. 
It's continuously adjustable from 

1.25V to 15V and can satisfy higher 
output voltages as long as the 
maximum input/output voltage 
differential (20V) is not exceeded. 

It can also handle 10A with power 
levels up to 70W. It also features 
0.005%/V line regulation and 
0.07%/A load regulation. 

High performance, low price. 
The advanced MOOSE process 
results in a 2:1 reduction in 
die size and significant leaps 

STANDARD 
SUBCOLLECTOR 

PACKAGE MATERIAL 

MOOSE PROCESS 

COLLECTOR 
CONTACT 

BOTTOM OF CHIP 

N+ SUBCOLLECTORS 
OVERLAP 

in operating efficiency. These advances, 
backed by National's manufacturing exper-
tise, strict quality control procedures and large 
volume production, result in a low $12.35* 
unit price for the LM396 in 100 piece 
quantities. 

You can expect to see a complete array 
of MOOSE-based devices from National in the 
future. But then, who would expect less from 
the linear 'eaders? 

To get the full picture on MOOSE, check 
box number 069 on the National Anthem cou-
pon in this issue. 

*US price only. 

MOOSE is a trademark of Notional Semiconductor Corporation 

The totally self-contained low noise 
instrumentation amp with 12-bit 
accuracy. 

With 0.2 1/V peak-to-peak 
input noise voltage and 1 ppm gain 

non-linearity, the LH0038 
allows precise gains ranging 

from 100 to 2000. 

National, the recognized leader in linear 
circuitry, is offering their LH0038 precision 
instrumentation amplifier to design engineers 
working on data acquisition and related 
systems. 

The LH0038 is the most complete single 
package instrumentation amp available 
because it requires no external resistors, In 
fact, the LH0038 contains four amplifiers, 
an extremely low-noise input stage and a 
precision thin-film resistor network—all in a 
single 16-pin metal DIP. 

The pin-strap gain options on the 
LH0038 range from 100 to 2000, which 

X1000 BRIDGE AMPLIFIER 

makes it ideal for amplifying very low-level 
signals (such as thermocouples, low 
impedance strain gauges, etc). 

High-performance specifications. A 
large part of the LH0038's success in the 
industry is reflected in some of its key specs. 

The LH0038 exhibits an excellent 
common-mode rejection ratio (114dB at a 
gain of 000) and a closed loop gain error 
of only 0.5% (also at a gain of 1000). 

In addition, the LH0038's input offset 
voltage san ultralow 0.25µV/°C. The 
settling time to 0.01% is typically between 
60 and 120µsec. 

Also available in mil-spec version. In 
addition to National's own stringent REL 
and CIA standards and procedures, a ver-
sion of the LH0038 amp is also available 
that meets military standard 883 level B 
specifications. 

For more information on the LH0038 
precision instrumentation amp, check box 
084 on the National Archives coupon. 

The LH0038 single package instru-
mentation amp—another minor miracle 
from the Practical Wizards of Silicon Valley. 



National creates the controller board 
no one else could. The BLC-8488 
SuperChip. 
The BLC-8488 forms a new high-speed 
intelligent interface between Multibus'm 
and IEEE 488-1978 (GPIB) systems. 

National's new BLC-8488 SuperChip 
makes the interface between GPIB-compatible 
devices and Multibus systems faster and 
easier to use than ever before. So easy, in fact, 
that all the designer needs to know about 
GPIB is how to configure the necessary I/O 
Control Blocks (10CBs). 

And the BLC-8488's 125 KB/sec 
throughput rate makes it over 20 times faster 
than the competition. So it makes the most 
of the GPIB's 1 MB/sec maximum data 
transfer rate. 

Master/Slave versatility. On the GPIB 
side, the BLC-8488 conforms to all IEEE 
488-1978 interface specifications—with a 
cable included for connection to male and/or 
female GPIB connectors. 

But on the Multibus side, the micro-
processor-based controller board serves 
equally well in either a master or slave 
configuration. 

And in addition to 1 KB of private RAM it 
can address up to 1MB of system memory. 
The BLC-8488 also contains 2 KB of public 
dual-port RAM that's mappable anywhere in 
the 1 MB memory area. 

The SuperChip solution. This SuperChip 
versatility is even further extended to allow 
flexible interrupt handling/generation 
arrangements. 

It's no surprise that the Practical Wizards 
are making some of the industry's hottest 
boards. It's just a practical extension of their 
technical expertise as a leading manufacturer 
of state-of-the-art semiconductor components. 

For complete information on the new 
BLC-8488 intelligent GPIB controller board, 
simply check box number 081 on the National 
Archives coupon below. 

SuperChips. Because man cannot live 
by chips alone. 

SuperChip is a trademark of National Semiconductor 

Corporation. 

Multibus is a trademark of Intel Corporation. 

r" NEI 
1 What's new from the National Archives? 1 

051 E Data Conversion/ 065 D BLC-9250 and BLC-9101 Bubble 074 E Additional J-FET For desired information, mail coupon to: 
Acquisition Data Book Information  
($7.00) Memory Data Sheets 080 E LH0101 Op Amp National Semiconductor Corporation 

052 E Free Subscription to 069 D LM396 "MOOSE" Data Sheet 2900 Semiconductor Drive 
the Data Update Data Sheet and 081 C BLC-8488 Data Sheet Mail Stop 16251 

057 E MICRO-DAC Adjustable Voltage 082 EDS3662 Data Sheet Santa Clara, CA 95051 
Converter Data Sheets Regulator Brochure 083 D SuperChip Family 

062 E Reliability Handbook 073 E Data Information 
($12.50) Conversion/Acquisition 084 D LH0038 Data Sheet 

Brochure 096 C Bipolar PROM Update 

Enclose check or money order based upon appropriate currency. Make checks payable to National 
Semiconductor. All prices shown are U.S. prices only. Add applicable state and local sales tax to your 
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Shu art did it first. 
Deci ek did it better. 

No Rotary 
Linear Stepper Motor to Linear Motion 
for Quiet Reliability, Converter 
Ease of Service 

No Complicated 

Band Actuator 

Microprocessor Control 

of All Major Electronic 

Functions 

On Board 
Diagnostics, LED 

Fault Detection 

95% Parts 
Commonality with 
Our Single-Sided Disk Drive 

Our new 8-inch double-sided floppy disk drive is 
every thing that is great about Shugart's model. But that's 
where the resemblance ends. 

100% Compatibility and More 
Physically, electronically and cosmetically, our drive 

is 100% compatible with Shugart's—even right down to 
its standard color. Our holes are all in the right places. 
We're 100% interchangeable. Put their drive and our drive 
side by side in front of you and you wouldn't know which 
is which. Because it's what you don't see that makes 

the difference. 
Our drive has 37% fewer parts. 50% greater reliability. 

A warranty that's twice as long as any other in the indus-
try. A linear stepper motor that runs 50% quieter, takes less 
than 30 minutes to replace on site and can be installed 
and adjusted via one screw using one inexpensive tool. 
It uses microprocessor control providing optimum effi-

One-Piece 
Positioner Mechanism 

37% Fewer 
Overall Parts 

One-Screw 
Positioner Replacement, 
Simplified Adjustment System 

ability of all electronic functions. On-board 

'agnostics are a standard feature, as well as a LED fault 
indicator. And, unlike any other drive in the industry, our 
new double-sided model shares a 95% parts commonal-
ity with our single-sided drive. That means one set of 

spares serves both. 

Better on the Bottom Line 
And who says something better has to be either hard 

to get or more expensive. In fact, many of the improve-
ments we've made to make our drive more reliable, more 
functional and more serviceable have also contributed to 
manufacturing efficiencies. Meaning our drive is avail-
able now, and available at prices that are equal to or less 
than those being quoted by the leader. 

No. We weren't first. We're just better, any way you 
look at it. Decitek, 129 Flanders Road, Westboro, 

MA 01581 (617) 366-8334. 

emcrinem 
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Assure Superior Performance 
in Nigh Duality 
Radio aid Sound Equipment 
Our computer controlled test systems — which 
increase both quality and productivity — are in 
use, on-line, today/ 

They are checking the complete range of high perform 
ance parameters in thousands of AM/FM Stereo radios, 
amplifiers, tape players and associated equipment. 

Ease of use and cost effectiveness allow faster and 
more comprehensive testing than ever before. 

Contact us for complete information. 

We're programmed 
to helpyou 

Circle 174 on reader service cni d 

RE INSTRUMENTS AS 
EmdFupvej 26, 2100 Copenhagen 0, Denmark 
Phone 01-18 44 22 Telex 22211 re dk 

HOPE 
The project 
a ship launched. 
First there was the hospital ship S.S. HOPE, now retired. 

Today HOPE is on established project which has carried 
its goal of improving health through education to 24 

developing countries of the world and the United State5 

Give to: 

PROJECT Deportment imam Washington, D.C. 20007 

Electronics review 

ucts is "unbelievable," said Samuel 
J. Irwin, president and chairman of 
Irwin International Inc., Ann Arbor, 
Mich., whose model 510 unit is cur-
rently in production. 
Another interesting display came 

from Cipher Data Products, San 
Diego, Calif., which showed a proto-
type speech-synthesis addition to its 
Microstream half-inch streaming 
tape drive. "It's not a product yet. 
We just want to survey customer 
response to this type of thing," notes 
product manager Roy Ford. The 
prototype uses National's Digi-Talk-
er and some interfacing circuitry to 
add voice output to the 40-megabyte 
tape drive. Upon power-up, it says 
"Hello," and upon completion of its 
self-checking routines it says, "I am 
functional." Ford estimates that 
such an option would add about 5% 
to the cost of a tape drive in volume 
production. 

Software-defined character fonts 
were also present, such as that held 
in a single-board computer from 
Symbiotic Systems Inc. of Santa 
Cruz, Calif. Symbiotic Systems' 
Stratos computer allows an unlimit-
ed number of light-pen—created 
characters to be loaded onto a disk 
and recalled as needed. The user can 
mix foreign-language characters and 
mathematics and graphics symbols 
along with different type styles in a 
word-processing environment. The 
$6,400 microcomputer package in-
cludes a detachable keyboard, dual 
floppy-disk drives, a cathode-ray 
tube, and an assortment of software. 

Attendance. NCC '81 did not 
match the 80,000-plus turnout at 
last year's event in Anaheim, Calif. 
But the 73,526 attendees who blew 
into the Windy City's expansive 
McCormick Place provided booth 
traffic that put smiles on the faces of 
the record 544 exhibitors. 
Though inquiries may have been 

down, the number of serious requests 
for product information was up this 
year compared to previous NCC 
shows, said Charles Deeg, the exhib-
it manager for Control Data Corp., 
Minneapolis, Minn. Other exhibitors 
at the 230,000-square-foot exhibit 
area echoed that sentiment. Because 
of inadequate space available in 
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There's a 
powerful new source 

in the electronic 
fuse market. 

We're Gould Shawmut", and we've been making 
fuses exclusively for the electrical industry since 1893. 

In fact, we manufactured the wire for the first 
fuse invented by Thomas Edison. In more recent 
history we introduced the first complete line of low 
voltage current limiting fuses in America. The first 
single element time delay fuse, the first miniature 1000 
volt fuse for Nautilus class atomic submarine service 
and much more. Our leadership in fuse technology is 
recognized throughout the electrical industry. 

Now we're extending our expertise into the elec-
tronics industry, so you have an alternative source: 
A new line of miniature fuses for low voltage, over-
current protection. In stock. Ready for immediate 

Circle 61 on reader service card 

delivery. And made by Gould Shawmut. 
You'll be hearing a lot from us in the future. 

For more information about our glass and miniature 
fuses write: Gould Inc., Electric Fuse Division, 
Newburyport, MA 01950. 
Tel: (617) 462-6662, 462-3E31/Telex: 94-7427. 
In Canada: 406 Adelaide St., E., 
Toronto, Ontario M5A IN4. 
Tel: (416) 366-198I/Telex: 
06-219717. 

'"› GOULD 
An ElectricWIElectronies Company 



SERIES SE3000 
Lightweight, 
instrumentation recorders 

that both 
you and your 
budget can carry 
These IRIG compatible 1/4 and 1/2 inch portable instrumentation 
recorders are the first to offer the features and performance of 
1 inch laboratory recorders that weigh and cost much more. 

• 8 tachometer or tape servo controlled speeds, 
from 15/32 to 60 inches/second 

• IRIG compatible recording up to 40 kHz FM, 
300 kHz direct, and 0.5 Mbut/second HDDR 

• 4, 7, 8, or 14 record/reproduce channels, 
plug in for any mix of FM, direct, and HDDR, 
fully aligned for 8 speed operation 

• Built-in calibration, complete electronics-to-electronics 
checkout (FM and direct) 

• Choice of interchangeable ac or dc power supplies 

Call today. You'll be surprised how little a 55 lb, 14 channel 
portable instrumentation recorder can cost. 
Or write for our new 4 page brochure. 

EMI EMI Technology Inc. 
Instrumentation Division 

6445 Powers Ferry Road Atlanta, GA 30339 
Telephone (404) 952-8502 TWX: 810-766-2267 
Toll Free Instrumentation Service: 800-243-2572 

A Member of the THORN EMI Group 

Sales Offices: 
• Newport Beach, CA 92660 
Telephone (714) 760-1955 
• Reston, VA 22091 
Telephone (703) 620-6056 

Internationall: 
SE Labs (EMI) Ltd. 
Spur Road, Feltham, Middlesex 
TW14 OTD, England 
Telephone 01-890-1477 Telex: 23995 

Electronics review 

New York, NCC '82 has been 
rescheduled for June 7-10 in Hous-
ton's Astrohall, where up to 256,000 
square feet of exhibit space will be 
available. 

All booths have been sold, and 
there is already a waiting list, 
say show officials. -Wesley R. Iversen 

and Martin Marshall 

Zilog bridges 

8-to-16-bit gap 
For designers using the Z80 who 
want the higher throughput of 16-bit 
machines without losing compatibili-
ty with its extensive software base, 
the coming Zilog Z800 was dis-
closed at the National Computer 
Conference. It has operation codes 
that will be totally compatible with 
the Z80, so that Z80-based software 
will run three to five times faster on 
the new processor without revision. 
The Cupertino, Calif., company 

will offer the Z800 in two versions — 
a multiplexed Z800-bus—compatible 
ve-sion that supports 16-bit data 
transfers and a nonmultiplexed 
package compatible with the Z80 
bus. The idea behind the multiplexed 
part is to make it possible to upgrade 
hardware now with the Z800 for 
easy accommodation of a Z8000 
when software becomes available for 
that processor. Scheduled for some-
time in the second half of 1982, the 
Z800 will sell in the $10 range. 
8 to 16. The Z800 is the first 8-bit 

machine to support 16-bit hardware 
while retaining compatibility with 
previous-generation software. The 
approach taken by Intel with the 
8088 and Texas Instruments with 
the 9980 is to offer 8-bit bus versions 
of their 16-bit processors so that cur-
rent equipment can execute 16-bit 
code while maintaining an 8-bit bus. 

Perhaps Motorola's 6809 design is 
the closest relative to the Z800. 
However, that part does not main-
tain total operation-code compatibil-
ity with the 6800, nor does it support 
68000 bus structures. It does offer 
five times the speed of the 6800, plus 
some internal 16-bit data paths for 
the user. -R. Colin Johnson 
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"Important development for STD Bus users: 
Total analog I/O capability from DataTranslation7 

Fred Molinari, President 

Picture this. 
A complete and comprehensive line of analog 

I/O for STD Bus microcomputers—the DT 2742 
series. I/0 that works with any STD Bus CPU. 
Including STD 8085, STD 8080A, STD 6800, STD 
6809, and STD Z80. 

We offer A/D boards for analog input, DIA 
boards for analog output, input channel expansion, 
DC-DC conversion, everything. 

We can supply performance parameters suffi-
cient to solve most any application problem. 

In all, we stock more than 50 different boards. 
And each includes a fully shielded DATAX II" 

module which virtually eliminates ground loops and 
digitally-induced noise. 

What's more, ours is the only line that provides 
user selectable interrupt structures. 

In fact, we offer two kinds. Software polled and 
vectored interrupt. Both 
conform to the latest stan-
dards of the STD manufac-
turers group. 

Now let's discuss 
accuracy. 

If 12-bit resolution 
won't do, we can give you 

Good news, STD Bus users, we 
offer more than 50 analog I/O 
boards. Complete with two 
ways to handle interrupts. Our 
boards operate with any 8-bit 
STD Bus microcomputer, 
including STD 8080A, STD 
8085, STD 6800, STD 6809, 
and STD Z80. 

14 bits. Or even 16 bits. 
On top of all this, we promise to deliver your 

boards within five working days. Or about five times 
faster than the "competition." We think this enor-
mous assortment of analog I/O and our five-day 
delivery are just what the industry needs— so tell 
all your friends. 

Data Translation cannot be overexposed. 
For more information write Data Translation, 

100 Locke Drive, Marlboro, Massachusetts 01752. Or call (617) 
481-3700. TELEX 951646. In Europe: Data Translation Ltd., 
Rockwell House, 430 Bath Road, Slough, Berkshire/England 
SL1 6BB (06286) 3412. TELEX: 849862. 

DATA TRANSLATION 
INTERNATIONAL SALES OFFICES: ARGENTINA, Buenos Aires 93 2557: AUSTRALIA, N.S.W. (02) 818 1166; BELGIUM, Brussels 02-352135; CANADA, Toronto 416-625-1907; DENMARK, 
Kobenhavn (01) 83 34 00; ENGLAND, Stockport 061-442-9768; Slough 06286-3412; FINLAND, Helsinki 90377787, FRANCE. Meudon La Foret 6306839; GERMANY, Puchheim (089) 801602; 
INDIA, Bombay 231040; ISRAEL, Ramat Hasharon 03-237959; ITALY, Milano 34.93.041; JAPAN, Tokyo (03) 244-1111, (03) 437-5471; NETHERLANDS, Rijswijk 070-996360; NEW ZEALAND, 
Wellington 693-008; NORWAY, Oslo (02) 229850; PORTUGAL, Lisboa 545313: SPAIN, Barcelona (93) 301 7850: SWEDEN. Valli ngby 08 38 00 65; SWITZERLAND, Zurich 01/7241410. 

DATAX P is a trademark of Data Translation Inc. 
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For years, Wavetek function 
generators have been known for 
their versatility (and their low 
prices). Now there is a 50 MHz 
Programmable Waveform 
Synthesizer with all the versatility 
you expect from Wavetek. Not only 
can it be triggered and gated, it 
can deliver tone bursts too. Plus 
LIN/LOG sweeping, and a choice 

Circle 64 For Demonstration 

of triangle, ramp, sine, square and 
haverwave outputs. At levels up to 
20Vp-p into 502. 
Even the programmability is 

more versatile. Dual 
microprocessors accept input in 
any order or format. Implement 
instructions one at a time, or 
instantly change to a complete 
new setup. The programming is 

fully compatible with GPIB. 
For more information, and the 

typically Wavetek price 
(surprisingly low), write or call us 
today. Wavetek San Diego, P.O. 
Box 651, 9045 Balboa Ave., San 
Diego, CA 92112. Tel (714) 
279-2200; TWX 910-335-2007 

W AN,IeT it< 
Circle ,6,5 For Literature 

A 50 MHz Programmable Waveform Synthesizer 
that triggers and gates like a function generator. 

uRvETEK nODEL 178 
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Washington newsletter 

Joint military R&D Watch for military electronics, particularly avionics, to highlight future 
joint weapons-development programs between the U. S. and Japan —if the 

explored by Japan, U. S. government of Prime Minister Zenko Suzuki can make them politically 
acceptable in Tokyo. Japanese defense officials who accompanied Suzuki 
during his recent summit meeting in Washington, D. C., say privately that 
the country would like to undertake joint development programs on 
subsystems that could hold down costs of Japanese weapons bought from 
the U. S., like the McDonnell Douglas F-1 5J fighter aircraft. A memoran-
dum of understanding on joint military research and development was 
signed by both countries in 1966 but never implemented. "Selling this idea 
at home will be extremely difficult," says one Suzuki staff member. 

Business TV channels Development of the hotel entertainment and business video markets got a 
boost from the Federal Communications Commission with its authoriza-

assigned by FCC tion this month of licenses for omnidirectional transmissions on three 
6-MHz channels in the 2.5-GHz band and point-to-point transmissions in 
bands above 13 GHz. The latter bands were selected, the FCC said, because 
they are the only ones that can provide the 20-MHz channel widths 
necessary for high-quality "multihop" directional transmission of more 
than one transmitter-to-antenna relay. The availability of channels above 
13 GHz, which are subject to attenuation by rain or snow, could spur 
development of new systems using these frequencies, the FCC believes. 
Licensees will be limited to distributing material that they own or have 
distribution rights to— for example, omnidirectional microwave transmis-
sion of entertainment programming directly to hotels using the 2.5-G H z 
band or point-to-point transmission of business data between offices at the 
higher frequencies. 

Cost expected to 

force Divad cuts 

Millicom approved 

for cellular tests 

Further cost increases are expected to force Army cutbacks in its projected 
purchase of 618 mobile division air-defense gun systems, known as Divad, 
now priced at more than $5.1 billion — 125% more than forecast when 
development began in 1978. Ford Aerospace & Communications Corp.'s 
Aeronutronic division in Newport Beach, Calif., won the competition with 
General Dynamics Corp.'s Pomona (Calif.) division early this month. Ford 
got a $159 million award to complete development and tests, plus options 
to buy 276 Divad systems over three years. Army officials say, however, 
that they may have to reduce the total and stretch it out beyond 1987, 
thereby almost guaranteeing further increases. 

Millicom Inc. has received Federal Communications Commission approval 
for operational tests of the New York City company's mobile cellular 
communications system in the Raleigh—Durham, N. C., area [Electronics, 
June 19, 1980, p. 61]. Millicom's Washington counsel, Larry Solomon, 
says the company is "quite pleased" with the Fcc's authorization of 490 
base transmitters and 250 of its lighweight portable units being designed 
in cooperation with IBM, Harris, and E. F. Johnson. First large-scale tests 
of the system are scheduled for January 1984, he adds. 
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Washington commentary  

The Pentagon attacks procurement 

To turn the Pentagon procurement process 
around is an awesome undertaking, yet that is 
exactly what Secretary of Defense Caspar W. 
Weinberger plans to do. He has assigned the 
task to Deputy Secretary Frank C. Carlucci, 
whose prior experience in dealing with the Fed-
eral bureaucracy and Congress could possibly 
make the new program work. 
"The secretary and I are determined to 

reduce substantially cost overruns, deploy ade-
quate quantities of needed systems that are 
operationally effective and ready, and do this in 
the shortest possible time," says Carlucci, who 
quickly acknowledges that the task is indeed 
easier said than done. It is an effort that will 
require extensive cooperation and changing atti-
tudes from the Congress, the military services, 
and industry. 
The new program to improve the manage-

ment of weapons system acquisition follows by 
one month the changes laid down by Weinberg-
er in the Planning Programming and Budgeting 
System. The latter proposal stresses the need for 
more long-range planning and the delegation of 
greater authority to the individual military ser-
vices and their program managers [Electronics, 
May 5, p. 641 

Cutting technological risks 

The new program's strongest signal for mili-
tary electronics system designers in Government 
and industry is that proven and supportable 
technology will be favored over state-of-the-art 
advances in order to shorten acquisition time 
and costs. "We must examine evolutionary 
alternatives which use a lower risk approach to 
technology than solutions at the frontier of tech-
nology," Carlucci says. 
Complementing that conservative approach 

will be a program called P3I for preplanned 
product improvement. Its goal is to permit 
future upgrades using advanced subsystems on 
weapons already in the field. These upgrades 
will be based on experience and proven need 
matched against available funds in future years. 

"Readiness and sustainability of deployed 
weapons are primary objectives," Carlucci 
points out, "and must be considered from the 
start of weapons systems programs." The P3I 
program will be the first to be implemented, and 
Carlucci has called for the under secretary of 
defense for research and engineering to come up 
with a program plan by early June. "That 
should not be difficult," says one Department of 

Defense official, "since P3I will be in large part 
merely formalization of what the services have 
been doing for some time—replacing parts of 
old systems with better ones." 

Implementing other cost-cutting procedures, 
however, is likely to prove to be a mixed bag for 
Carlucci. DOD insiders, for example, see little 
difficulty in simplifying administrative proce-
dures and paperwork and in assigning greater 
responsibility to project managers. On the other 
hand, they foresee difficulty in getting project 
managers to realistically estimate total program 
costs very early in the program. "That may be 
asking too much of a manager whose program is 
competing with others for budget dollars. In 
that respect, he is just like a contractor: if he 
comes in too high, he may lose," a Defense 
Department official explains. 

Confrontation with Congress 

What appeals most to industry managers in 
the Carlucci program are those portions that are 
certain to face the greatest congressional opposi-
tion. Among them are the multiyear procure-
ment contracts, faster writeoffs of capital invest-
ments that enhance plant productivity, greater 
funding early in a program for prototype devel-
opment for testing, and increased contract 
incentives for meeting reliability and maintaina-
bility goals. 

"Reliability incentives in contracts will proba-
bly have the least difficulty up here, provided 
they are carefully drafted," says one Armed 
Services Committee staff member on Capitol 
Hill. "But I doubt that Congress would ever 
approve funding a program several years in 
advance without insisting on annual reviews and 
cancellation rights." 

Faster writeoffs of contractor capital invest-
ment is rated as a "maybe" by another congres-
sional official. But Carlucci's drive for a waiver 
of socioeconomic programs in the areas of 
small-business participation, minority and dis-
advantaged hiring, labor surplus, equal employ-
ment, fair labor practices, safety in manufac-
ture, and environmental protection is expected 
to get short shrift in the House. 

Nevertheless, the Secretary of Defense and 
his deputy have made a start at gaining control 
of a procurement process that has come close to 
undoing a number of their predecessors. "If they 
get half of what they want working in four 
years," says one Air Force colonel, "they should 
get a medal." -Ray Connolly 
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We can match 
your versatility. 

Your requirements are matched by our 
versatile systems. 

KM6 offering complete 
system compatibility meeting 

DIN41494 part 5 and draft IEC297 
specifications. 

I. , , ........... ̂  .......... ............. 

...... 
KM4 

manufacturee in accordance with 
DIN41494 parts 1-4. Accepts Eurocard and 
International card sizes including the horizontal 
card mounting facility. 

......... ..... 

... 

SYSTEM 3. 
Subracks of great 

variety, accepts any size card 
from 2U to 5U plus modules. 

Drawer Units for horizontally mounted card 
systems. 

Special Configurations and custom panel 
work to order. 

Bus Bars and Connectors, compatible with 
Eurocards, International cards, modules and 
racks. 

All systems are easy to assemble and 
have a wide range of accessories and 
applications. 

Backed LI/ Vero'S high quality. Available 
ex-stock. internationally. 

Indications of Vero's versatility. 

vero 

BASICALLY 
YOU NEED VERO 
'Vero E ectronics Ltd. Industrial Estate. Chandler's 

Ford, Hampshire, SO5 3ZR 

Tel: Chandler's Ford (04215) 60211 

Please tick appropriate box. 

El I want to kncw more about card frames. 

I E I would like further details about the whole Vero 
range of products. 

Name 

Company 

Telephone No. 

Address 
LILu 

Position 
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WHO MAKES THE 
FASTEST PRECISION 
OP AMPS? t 
WTELEDYNE PHILBRICK 

Get your hands on a Teledyne Philbrick 1443, 1435, or 1437 if 
you're tired of wrestling fast amplifiers that are unstable or 
precision amps that are too slow. Evaluators find these 
devices the most stable, easy to use high speed op amps 
they've encountered. The 1443, for example, has a GBW 
product of 2GHz and settles a 10V step to ±1mV in 15Onsec 
(max). As a follower, it has a 3dB BW of 120M Hz, slews at 
1000V/sec (min), yet has 35° of phase margin with a 54pF 
capacitive load.., using no exotic circuit techniques. The 
1435 and 1437 offer similar stability with the 1435 settling 
to ±1mV in 7Onsec and the 1437 having the best overall per-
formance in a TO-99 package. All operate — 55 to + 125°C 
and offer 883 screening. Teledyne Philbrick is a leading man-
ufacturer of precision, high speed and high power op amps 
for both military and commercial applications. We also 
manufacture extremely fast A/D-D/A converters, V/F-F/V 
converters and S/H amplifiers. 

EL'ÉDYNE 
PHIL BRICK 

0355 
 ̂

Ir TELEDYNE PHILBRICK 

Get YOUR hands on the latest specs for Philbrick op amps! 

El Send me data sheets D Have a local representative call 
My application is:   

Name Title  
Company  Tel.  
Address 
City State Zip   

-or TELEDYNE PHILBRICK: Allied Drive @ Route 128, Dedham, MA 02026 
Tel: (617) 329-1600 El 

M/S   
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Output and driver MOS FETs 
target fm transmitters: page 81 

A kit for designing C-MOS uncommitted logic arrays employs 
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'At GPD we reign supreme as the 
world's No. 1 source for Germanium 
devices; says Oliver O. Ward, also 
known as Oliver Germanium, 
President of Germanium Power 
Devices Corporation. 

'We supply a hill line of small 
signal devices, including Mesas, from 
50mW up, as well as all the well-
known high power transistors, 
including the world's first 100A device 
on a single chip. 

'If you have existing circuits based 
on Germanium technology there's no 
need to redesign. 

'We make devices to all the well-
known specs: JAN, EIA, and Pro-
electron AC, AD, ADY, ADZ, ASZ, AY, 
AUY, and ASY. 

he first 

'Plus all the devices you used to 
buy from TI (JAN 2N404-A, JAN 
2N1302-1309), Motorola (MP500-506, 
2N4276-4281, 2N4048-4053), Delco 
(DTG1010, 2N1100, DTG2000-2400A) 
GE (2N524-527, 2N1370-1381, 
2N1924-1926), Siemens, Mullard, 
Philips, Newmarket, SGS-ATES and 
Thompson-CSE 

'And there are many applications 
where Germanium is clearly the first 
choice, with its excellent VSAT and 
low current drain. 

'We, at GPD, will be manufacturinc 
Germanium devices as long as you, 
the customer, want them. Send for th( 
Imperial Catalogue: 

Germanium Power Devices 
Corporation 

Austria Ringer GmbH, Marxergasse 10. A-I030 Wien 3. Tel: 0222-73 46 84. Tlx: 131087 rieger a/Omni Ray GmbH. Vertriebsbnro Wren. Pr:, Erigen-Si russe 36. A-1040 Wien. Iel, 0222-65 64 31. Gs: 132712 
omray a. Benelux BV DIODE Laboratorium Voor Electronentechniek, Hollantlaan 22, 3526 AM Utrecht, Holland. Tel: 030-884214. Tlx: 47388/Rue Picard Sir. 202. 1020 Bruxelles, Belgium. Tel: 02-4285105. 
Tin: 25903. Denmark E. V. Johanssen Elektronik A/S,Titangade 15. DK 2200 Copenhagen N. Tel: 0451-83 90 22. Tlx: 16522. France Davum, Dept TMC. 11 Rue Racine. PO Box 28,93121 La Courrieuve. Tel: 836-84-01. 
Tlx: 210311F (PUBLI). %Vest Germany Solicomp Elektronik GmbH, Mondstrasse 10, 8000 Munich 90. Tel: 089-66 10 27. Tlx: 05-22870. India Kirloskar Electric Co. Ltd.. Bangalore 560 055. Tel: 366771-4 (Marketing) 
35311-8 (other depts). Tin: 0845-230 & 0845.79(1. Italy Syscom Elettronica Spa. Via Gran Sasso 35. 20(192 Cinisello Balsamo, Milano. Tel: 02-6.189.159 and 02-6.189.251. Tlx: 330118./Eureletwonica Sri_ Sede. 20145 

Milano, Via Mancheron) 19. Tel: 049-81 851. Tin: 39102 THOMELEC. Norway Nordisk Elekironik (Norge) A/S, Mustadsvei I. Postboks 91-Lilleaker, Oslo 2. Tel: 0752-13800. Tin: 856-16963 (AJCO NM). Portugal 
Ditram Componentes Electronica, Lda, Av. Miguel Bombarda 133. ID, 118XJ Lisboa. Tel: 54 53 13. Republic of South Africa L'Electron (Ply) Ltd.. 704 Main Pretoria Road/Hoofweg Wynberg PO Box 10544. 
Johannesberg 2(. Tel: 406 290. Tin: 8-2333. Spain Kontron SA, Costa Brava. 13, Edificio Mirasierra. Madrid-34. rel: 734 84 13. Tlx: 23382. Sweden Salt Electronics AB, Agency Sales Division, PO Box 32006, S-I26 
11 Stockholm. Tel: 08/81 01 00. Tlx: 10884. Switzerland Omni Ray AG, 8008 Zurich. Dutourstrase 56.Tel: ((I1) 478200. Tlx: 53239. UK Representative Wintronics, 71 Timnel Road. Tunbridge Wells. Kent TNI 2BX. 
Tel: 0892-44811.Tlx: 957567. UK Agents lermynindustries.Sevenoaks,Kent.Tel:0732-50144.Tlx:95142./Consort Electronics Ltd. • Roseban k Pa rade, Read i ng Road Na teley. Ca mberley. Surrey. Tel : 0252-871717. Tlx: 858809. 

JVV, 
GPD Box 65, Shawsheen Village Station, Andover, Mass 01810. 

Telephone (617) 475-5982. Telex: 94-7150 GPD Andr. 
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International newsletter 
Will next Assembly The French electronics industries are waiting for the result of the National 

Assembly elections later next month to see if the two giant French 
nationalize France's electronics conglomerates, Compagnie Générale d'Electricité and Thom-

electronics industries? son-Brandt, will be nationalized as part of newly elected French President 
François Mitterrand's economic program. Meanwhile, ranking executives 
at cuT-Alcatel and Thomson-csF, the groups' principal subsidiaries, 
believe that only the parent holding companies would be nationalized and 
that the effect on day-to-day business would be minimal, at least at the 
outset. Socialist party headquarters confirm that the groups would retain 
their present identities. 

Other candidates for nationalization are cu-Honeywell Bull (47% 
American-owned); Avions Marcel Dassault-Breuget; St. Gobain-Pont-
à-Mousson, which has a joint integrated-circuit project with National 
Semiconductor Corp.; and defense contractor Matra SA, which has joint lc 
ventures with Intel Corp. and Harris Semiconductor Products division. 

Optical communications Large-scale activities in optical communications are being started in both 
parts of Germany. In their section of Berlin, the East Germans are putting 

flourish in Germany into operation an optical cable that is 16 km (about 10 miles) long for 
public services from the city center to a suburb. The 13-mm-thick cable 
handles 120 voice channels simultaneously on each one-fiber line. Mean-
while, in West Germany, postal authorities are preparing to let contracts to 
six or so firms for a $70 million project called Bigfon, the acronym for the 
German for broadband integrated glass-fiber local-communications net-
work. Five hundred subscribers in seven cities will participate next year in 
the trials, which will investigate the practicality of accommodating 
assorted services such as voice, data, text, television, stereo radio, and 
videophone communications on a single line. A somewhat similar system is 
being set up in Manitoba, Canada [Electronics, Dec. 4, 1980, p. 70]. 

UK frequency-agile radio Although it failed to win a share of the U. S. Army's Sincgars program to 
develop a frequency-agile very high-frequency radio system for 1987, 

gets to market first Racal-Tacticom Ltd. of Reading, Berks., pressed ahead with one as a 
private venture. Now the company is ready to deliver its first Jaguar-5 
systems under an evaluation contract from the British Army and a service 
contract from one member of the North Atlantic Treaty Organization. By 
being early to market, Racal may yet meet an interim U. S. requirement 
for frequency-agile radios, before Sincgars enters production, and also 
position itself for any standardization moves by NATO. To dodge intercep-
tion and enemy jamming, Jaguar-5 hops several hundred times a second 
between any 1 of 256 channels on each of nine bands between 30 and 88 
MHz. It also includes a data-encryption unit. 

10-kW Industrial laser 

designed in Israel 

A prototype of the most powerful and most advanced industrial laser in the 
world has been built by Metal Working Lasers International Inc. of Tel 
Aviv. The 10-kw carbon dioxide laser, which emits an infrared ray with a 
wavelength of 10.6 p.m, achieves its performance by the use of systems 
and technologies never before integrated in one laser, according to 
managing director Shmuel Gonen. A marketable product with applications 
in the metal-working, electronics, ceramic, and chemical industries should 
be available within two years, according to the firm. 
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International newsletter  

Philips' digital audio Last week Nippon Columbia Co. became the first Japanese firm to license 
the technology for compact disk systems developed by NV Philips Gloei-

system gains first  
lampenfabrieken [Electronics, Jan. 13, p. 102]. It expects to start sales of 

Japanese licensee both digital audio disk players and recorded disks by the end of 1982 and 
has taken this initiative because it expects other manufacturers to 
standardize on the same digital audio system in the near future. The 
company already has a pilot plant in operation. 

State-of-the-art A microstrip antenna for frequencies up to 40 GHz has been developed by 
engineers at AEG-Telefunken's development laboratories in Ulm, West microstrip antenna 
Germany. Like other such state-of-the-art antennas, it is small, measuring 

built in West Germany 2.5 by 12.5 cm by 0.25 mm thick. The device consists of 96 half-wave 
resonators arranged in four rows on a flexible glass-fiber—reinforced 
Teflon substrate. Its beam width at 40 GHz is 3.5° in the magnetic-vector 
plane and 26° in the electron-vector plane. 

Hitachi to make 

chips in Bavaria? 

ICL to stay 

independent 

Hitachi Ltd. is taking a hard look at the feasibility of diffusing memory 
wafers in West Germany, where it currently packages 16-K mos dynamic 
random-access memories and 4-K complementary-mos RAMS and plans to 
start packaging 64-K RAMS this fall. The Japanese firm, which sells some 
$1 billion worth of semiconductors worldwide each year, at present leases a 
facility at Landshut, some 30 miles northeast of Munich. It plans to open 
its own $30 million plant there later this year and may make another $50 
million investment to set up diffusion lines there by 1983. 

Britain's International Computers Ltd. will not be taken over by a U. S. 
computer manufacturer after all; the British government had been pushing 
the loss-making company into merger talks with Sperry Univac and 
Control Data Corp., among others, but got cold feet when no adequate 
safeguards were forthcoming that a significant research, development, 
and manufacturing capability would be retained in the UK. Now it has 
put together a three-point rescue package comprising a $588 million credit 
guarantee, new management, and probably an expanded product strategy. 
This last would have the company fill out its product portfolio by 
manufacturing under license equipment in high-growth market sectors. 

Japanese presence West Germany's AEG-Telefunken, France's Thomson-Brandt, and Brit-
in Europe's VCR ain's Thorn EMI Ltd. are near an agreement with the Victor Co. of Japan 

that will give the three European firms a manufacturing stake in the 
market grows booming local market for video cassette recorders. But the move will 

further threaten the only VCR of European design— the system made by 
the Philips-Grundig partnership that, according to Mackintosh Consul-
tants Co. of London, holds a 15% share of the 1.3 million unit market as 
against the 60% of the VHS system manufactured by JVC and the 25% of 
the Betamax made by Sony Corp., also of Japan. Under the agreement, 
AEG-Telefunken expects to manufacture 400,000 VCRS, video cameras, 
and video disk recorders a year at its West Berlin plant using parts from its 
partners in France and the UK. 
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The 
advantages 
of data encryption 
are now plain 
to see. 

Making the leading edge-w:reforr(you. 

The writing's on the wall. 
File security is the feature more and more 

end-users are demanding. Especially in word 
processing and small business systems. 

And that can translate into a significant prod-
uct advantage If you make the effort to include 
data encryption in your next design. 

Fact is, implementation's never been easier. 
Or more cost-effective. Thanks to Western Digital's 
WD 2001 data encryption device 441 Based on the NBS Data Encryption Algorithm, our. compact WD 2001 is 

a sinale-chip solution that delivers full 
NBS certification, a 1.3 Mb/s throughput 

rate and can be bus or hardware controlled. 
It's also available for immediate delivery 

So contact Western Digital for your own 
set of WD 2001 specs. And all the latest on our 

CryptoPrimer development kit. 
There's more profit in seeing things our way. 

WESTERN DIGITAL 
CORPOR AT / ON 

Telecommurrcations Division, 2445 McCabe Way, h vine, CA 92714, (714) 557-3550. 
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The benchmark that counts 
Zilog's price-smashing 16-bit 
Only Zilog's Z8000' 
family matches CPU 
performance to your 
application. 

10MHz 
6MHz 
4MHz 

The best suit in the world won't 
do you any good if it doesn't fit. 
Only Zilog, with eleven 16-bit 
CPU, C'PU/MMU combinations 
can give you a fit tailor-made to 
your application Add in thie high 

I10MHz 46MMHHzz 

Z8 
(optional) 
MMU 

I 10MHz 
6MHz 

Z8003 

level language C or Pascal and 
you have performance that can't 
be beat—by anyone, least of all 
at prices anywhere near Zilog's 
rock bottom lows 

(optional)   IMMU  

PMMU 
(optional) 

F UTURE ) 

Complete Software And Hardware Support: Assembly language, Pascal, C, Z-SCAN 8000 real-time emulator 
ZRTS-80(X) real-time software kernel, cross-software packages, Z-LAB 8000 multi-user development system with ZEUS, 
Zilog's enhanced UNIX" operating systems. 
A Complete Family Of Peripherals: SCC, CIO, FIO, FIFO, UPC, DMA, BEP CRT DCP UNIX is a trademark of Bell Labora tones 

8- and 16-bit 16-bit 
• Controllers • Intelligent and super-
• Instruments 
• Games 
• Small computers 

• Terminals 
• Military applications 

1 16-bit • Small to large virtual memory 
intelligent terminals systems 
• Sophisticated medium and • Paged or segmented virtual 
large computers memory systems 
• Multi-user multi-tasking • Military applications 
systems 
• Large address space systems 
• Military applications 

• 256 Kb address space 
• 40-pin package 

• 32 Mb address space 
• Memory management. 
protection and relocation 
features 
• 48-pin package 

, • 32 Mb virtual memory space 
• 48-pin package 

$1990 
1K Oty plastic package 

2'releeeMe 

$2650 

1K (y plastic package 

' 

fr 

$5850 

1K Oty ceramic package 

at 

- 

32-bit 



Across the board software 
and hardware support. 

We have a complete family of 
software and hardware tools for 
every application development 
need. We can offer you a growing 
family of peripherals (there are 
already nine) so sophisticated 
they're the first choice to 
support even competitive CPU's! 

Call today. 

To find out more. To arrange 
for your benchmark. To get the 
best performance for the price 
anywhere. 10460 Ewbb Rd., 
Cupertino, CA 9501z-. 
(408)446-4666. Or contact your 
nearest Zilog distrioutor. 

is yours. 
CPU's can prove 
Try a benchmark on us. 

Proof? We II benchmark your 
application. Free. Then, you can 
decide for yourself that the 
Z8000 family is the best buy for 
your application. 

Across the board 
compatibility. 

Your plans change. Your prod-
ucts grow. Zilog has designed the 
entire Z8000 family—including 
tomorrow's planned 32-bit 
machines—to be completely soft-
ware compatible. You can move 
on to higher performance, 
higher capability CPU's, today 
and in the future. No one else 
makes that promise. 

• 

Zilog 

Zilog 
makes it happen 
for you. 
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If you're still looking for the best 5 1/4" 
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floppy drive, you havent found us yet. 
Hard to believe, perhaps, but no one ships as many 51/4" 

floppy drives as we do. No one budds a 51/4" rigid drive with as much storage. 
No one knows more about high-volume, high-quality electromechanics. And no 

one else designs and produces their own head from start to finish. In fact, no one, 
but no one, builds as much of their own product. You see, at Tandon, we simply 

make more of what we make. Tandon. 20320 D  Fi 
Prairie, Chatsworth, CA 91311, (213) 993-664 .4711M:Fld 

The most successful disk drive company you never heard of. 
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Z80 
COMBO CHIP 

Four functions in one 
reflects design simplicity 
at its best. MOSTEK 

A serial I/O port. 256 bytes of 
RAM. rffiro programmable tim-
ers. Three external interrupt 
channels. Now you can get 
all of them in one integra-
ted circuit: The MK3886 
Combo Chip from Mostek. 

This 5-volt only, 40-pin 
DIP is design simplicity 
at its best. The kind that 
means superior cost effi-
ciency, fewer parts count, 
less board space, and higher 
reliability. With just three chips 
(Combo, Z80 CPU and Memory), 
you can configure a variety of 
highly versatile Z80 systems. 
A sampling of application 

Comb, •,,p aerr MOI,IFI<" :Ire trader' rrr Me,rek CŒPOrallOn 
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examples: As an intelligent 
remote data logger. Or an 
interrupt driven intelligent 
peripheral controller. Or an 
industrial security system 
with serial interface. Or as 
a building block in a"two-
way" cable TV network. Or 

1 for a patient monitoring 
I system. That's the versatil-

ity of the Combo Chip. In 
fact, no other chip simpli-
fies Z80 design so efficient-
ly. Find out why. Contact 
Mostek, 1215 West Crosby 
Road, Carrollton, TX 75006 

(214) 323-1801. In Europe, con-
tact Mostek Brussels 762.18.80. 

(c) F981 Most pl. Corporallorr 



Electronics international  
Significant developments in technology and business 

Vhf power MOS FETs 
taking aim at 
U. S. fm transmitters 
by Charles Cohen, Tokyo bureau manager 

Lateral devices from Hitachi 

have better drain efficiency 

and power gain at 100 MHz 

than vertical MOS FETs 

Frequency-modulation transmitters 
in the U. S. may soon feature solid-
state output and driver devices from 
Japan. Hitachi Ltd. has developed 
for this application a very high-
frequency mos field-effect transistor 
with a typical output of 180 watts at 
100 megahertz that can easily be 
connected in parallel for outputs of 
up to several kilowatts. A smaller 
device for use as a driver is also 
available. The firm sees the U. S. 
with its ubiquitous small fm stations 
as its prime market; there are very 
few fm stations in Japan. 
The new mos FETs' high drain-

to-source breakdown voltage of 180 
volts, together with their high inher-
ent thermal and electrical stability, 
makes them ideal for the applica-
tion. They can be operated from an 
80-v power supply, about three 
times that for bipolar devices and 
more than double that for mos 
devices from Siliconix and Commu-
nications Transistor Corp. Currents 
are correspondingly smaller, greatly 
reducing losses, which vary with the 
square of the current. 

Simpler circuitry. Because current 
flow through FETs decreases with 
increasing temperature, current den-
sity equalizes throughout each de-
vice rather than gathering in a hot 
spot as in bipolar transistors. Multi-
ple devices can be connected in par-
allel and operate efficiently without 
needing complex load-sharing or 

bias circuits. Low sensitivity to mis-
matching eliminates the need for iso-
lators, which are often required with 
bipolar transistors but have losses of 
5% to 10%. The low feedback capac-
itance of 0.5 picofarad for the output 
devices and 0.3 pF for the driver 
devices eliminates the need for neu-
tralization. Also, lack of charge stor-
age permits pulsed operation. 
The 3-decibel cutoff frequency of 

the devices is 300 megahertz, allow-
ing operation with reduced output to 
at least 250 MHz. At frequencies in 
the 100-MHz band, drain efficiency 
is typically 80% and power gain 
exceeds 14 dB, beating the perform-
ance of both bipolar transistors and 
vertical mos FETs. Hitachi engineers 
say that the latter have characteris-
tics intermediate between those of 

bipolar devices and lateral mos FETs 
like their device. Other disadvan-
tages of MOS FETs designed for verti-
cal current flow in the chip are that 
the design does not lend itself to 
incorporation of gate-protection di-
odes and the bonding wire to the 
source may be long. 

Physical parameters. The channel 
of the output device has a width of 
18 centimeters to give it a forward 
transconductance of 1.25 siemens 
and a maximum current rating of 8 
amperes. A molybdenum gate is 
used to keep the resistance-capaci-
tance time constant low enough for 
the desired high-frequency perform-
ance. Even so, the gate consists of 
multiple parallel segments, each 1.6 
millimeters wide. 
The device is fabricated on a 32-

Minimal. Extremely short leads unite the source line of a strip-line package to the source of 

Hitachi's output vhf power MOS FET, made up of two adjacent chips from the same wafer. 
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LASER 
MARK 
Clearly the Best Mark 
in the World 
No more critical parts 
geometry, type pressure 
problems, smearing or costly 
downtime. The "inkless" 
LaserMarr provides high 
speed pulsed permanent 
coding with no moving parts, 
no wear, more reliability. 
Code changes take only 
seconds with a simple 
template. Easy installation 
and compatibility with most 
equipment saves you money. 

For marked samples, 
performance data and 
specifications, call 
(613) 592-1460, Telex 053-4503, 
or write to: Lumonics Inc., 
105 Schneider Road, 
Kanata (Ottawa), Ontario, 
Canada K2K 1Y3. 
• LaserMark is a registered 
trademark of Lumonics Inc 

Actual mark 
magnified 
approx. 6.25x 

Ook 

LaserMark°, 
the Mark of the 80's 

Electronics international 

Honeywell divisions, Honeywell In-
formation Systems in Minneapolis 
and the Micro Switch division of 
Freeport, Ill. -Robert T. Gallagher 

Japan 

Kanji word processor 

has two-handed input 

The rapidly growing word-processor 
market is being counted on to aid a 
Japanese firm that can no longer 
expand its sales of industrial instru-
mentation and test equipment as fast 
as it desires. Hiroshi Shibuya, prod-
uct marketing manager at Yokoga-
wa Electric Works Ltd., says that 
Japanese-language (kanji) word pro-
cessors are an excellent match for 
the capabilities that the firm devel-
oped in the process control field, 
among them microcomputer, servo, 
and recording systems. 
The company's new Wordix word 

processor employs a two-handed 
input system very similar to the one 
used on Japanese newspapers and 
the IBM mainframe computer input 
keyboard [Electronics, Oct. 11, 1979, 
p. 73] —except that Yokogawa allots 
231 rather than 216 keys to the right 
hand. The 24-by-24-dot—matrix seri-
al printer features a thermal transfer 
ribbon from which the head trans-
fers pigmented material onto plain 
paper (rather than causing pig-
mented regions to appear on ther-

mally sensitive paper). A built-in 
dual minifloppy-disk drive and a 12-
inch cathode-ray-tube monitor com-
pletes the system, which sells in 
Japan for $10,800. 

Other units are available to extend 
the range of applications and the 
convenience of the system. An off-
line kanji serial printer using mov-
able type is available for contracts 
and papers for submission to govern-
ment offices, which by law must be 
typewritten or printed, as well for 
letters. 

Choice. Built jointly with kanji 
typewriter firm, it uses Yokogawa's 
power servo technology to call up 
any of about 3,000 pieces of type in a 
file for each character printed. Input 
to the printer is a minifloppy disk 
containing pages of text prepared on 
the word processor —an off-line input 
scheme chosen so that the printer 
could handle the work of several typ-
ists and be located where its noise 
would not bother anyone keying in a 
manuscript. The price of the mov-
able-type kanji printer is $9,100. 
Also available is an input-only pro-
cessor (without a matrix serial print-
er) for $5,500, and a matrix serial 
printer for $6,400. 
The word processor is built around 

a locally produced 8085A, one of the 
three 8-bit microprocessors used as 
standard by the firm. The pattern 
generator for the approximately 
3,000 characters in the read-only 
memory uses 22-K bytes of ROM 
accessed by input/output memory 

New ventures. On the left above is Yokogawa's word processor complete with CRT monitor. 

On the right is its movable-type printer, with access to 3,000 kanji characters. 

84 Circle 84 on reader service card Electronics/May 19, 1981 



mapping. When they become availa-
ble in the very near future, 256-K 
mask-programmed Rams will be 
used. Processor programming is in-
corporated in 32-K bytes of ROM, 
while 32-K bytes of random-access 
memory, mostly dynamic but includ-
ing some static, is used by the pro-
cessor and for composing documents. 

Personalized. In addition to the 
character information in the large 
ROM pattern generator, another 72 
characters can be hand-crafted by 
the operator, usually by copying 
matrix positions of parts of standard 
characters. Furthermore, an option 
permits an almost 4,000 additional 
standard characters on a floppy disk 
to be accessed, for a total of more 
than 7,000 standard characters plus 
72 hand-crafted ones. 
Yokogawa says it chose the two-

handed input system rather than the 
kana-syllabary-to-kanji conversion 
schemes used by many others to ease 
the task of typists using the 
machines. Conversion schemes re-
quire constant and tiring concentra-
tion on the CRT monitor to select 
characters and check them for cor-
rectness. In Yokogawa's system the 
character selected for a given combi-
nation of keys is unique and a skilled 
typist need not pay too much atten-
tion to the monitor. Although it 
might take a little more time to learn 
the keyboard, Yokogawa believes 
that is not a serious disadvantage as 
it expects the machine will be used 
mainly by professional typists, rather 
than by casual users. 
Word processors, however, are 

actually Yokogawa's second new 
product line. The company was 
growing at a rapid clip selling pro-
cess control equipment to petroleum 
refineries and other industries when 
the oil shock of 1974 put an end to 
its double-digit growth. The firm did 
not have the option of emphasizing 
test :equipment because the faster-
growing products had been folded 
into Yokogawa—Hewlett-Packard 
Ltd. when that joint venture with HP 
was started in September 1963. 
So in order to achieve the double-

digit growth desired by president 
Shozo Yokogawa, a son of the 
founder and now 66, the firm 

A P \Wiled 
the competition... 

with the first tools designed specifically 
for flat cable jumper systems. 

The Intro-Switch The Intro-Connector 
• Mates in-line with standard 
double-row socket connectors. 
• Has one set of female contacts 
and two sets of male at right 
angles, providing instant line-
by-line probeability. 
• Can also act as a "cube tap:' 

letting an existing system 
daisy-chain into new areas. 

• Plugs in-line, and each line is 
independently switched with a 
small slide switch built into the 
housing. 
• Great for diagnostic and 
quality teeng. 
• Great for programming or 
selective line inhibiting. 

Both the Intra-Connector and the Intra-Switch are available in 
20, 26, 34, 40 and 50 contact versions. 

Ideal tools for flat ribbon/connector system designers and 
users. For lab technicians, field service engineers, test 
engineers and computer hobbyists. 
Get the jump on your competition and order these two new 

A P products today! 

For the name of the A P distributor nearest you, call toll-free 
800-321-9668. In Ohio, call collect (216) 354-2101. 

A P PRODUCTS INCORPORATED 
9450 Pineneedle Drive 
P.O. Box 603 
Mentor, Ohio 44060 
[216] 354-2101 
TWX: 1310-425-2250 
In Europe, contact A P PRODUCTS GmbH 
Baeumlesweg 21• D-7031 VVeil 1 • W. Germany 
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Leaders in Electronics 
The only reference devoted solely 
to biographies of the most 
influential people in electronics 
• corporate executives • technical 
managers • designers and develop-
ers • government and military offi-
cials • academics • editors/pub-
lishers • securities analysts • 
trade/professional group directors • 
consultants ... plus an 80-page index 
of biographees by affiliation. 
Prepared by the staff of Electronics 
magazine. 5,240 biographies. 651 
pages, clothbound. $39.50 

Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 
1609) 448-1700, ext. 5494 

Seed me copies of Leaders in 
Elecuonics @ $39.50 plus applicable sales tax. 
McGraw--till pays regular shipping and han-
dling charges on pre-paid orders. 

ID Payment enclosed D Bill firm D Bill me 

Name 

Company 

Street 

City 

Signature 

State Zip 
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entered into an agreement in late 
1976 with General Electric Co. to 
manufacture X-ray scanners. For 
the fiscal year that just ended on 
March 31, medical electronics ac-
counted for 17% of Yokogawa's 
sales. For the 1982-83 fiscal year 
they are expected to rise to 20% of a 
total that is growing by about 12% a 

year, with sales for that year forecast 
at $468 million all told. As for the 
Wordix word processor, the firm 
expects it to make up 5% of its sales 
during the same fiscal year. 
To keep the record straight, it 

should be noted that an earlier office 
product from Yokogawa was a 
menu-driven plotter called the 
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Graphmate. Announced late last 
year, it can compose a wide range of 
graphs and charts and can even draw 
but at a price of $3,100 will account 
for less sales volume than the Word-
ix machine. -Charles Cohen 

Great Britain 

Master plan speeds 

C-MOS ULA design 
Laying out VLSI uncommitted logic 
arrays need be no more complex 
than assembling a jigsaw puzzle, 
believes Micro Circuit Engineering 
Ltd. The newly spun-off subsidiary 
of Britain's Smiths Industries Ltd. 
has come up with a design kit in 
which the jigsaw pieces are function-
al subsystems recognizable from any 
catalog of complementary-mos 
small- and medium-scale integrated 
circuits. 
The designer need only affix each 

stick-on transparency, or decal, rep-
resenting a logic function to a master 
plan of the uncommitted logic array 
matrix and then mark in intercon-
nections between cells on the tracks 
indicated. The technique allows a 
designer to work at the technology 
level he is most familiar with, in 
contrast with earlier transistor-level 
ULA approaches. 
"The idea," says general manager 

Ian Pearson, "is that the user need 
have no specialist semiconductor 
design experience. The transistors 
have no visibility for him, though we 
can show him what's in each cell if 
he wants to put together a special 
circuit such as a primitive linear cir-
cuit." By working at such a level of 
complexity, Pearson expects to con-
tain the problem of very large-scale 
integration design since the task of 
manually entering a customer's de-
sign is reduced markedly. 
The same approach to bipolar ULA 

design is espoused by Micro-Circuits 
Engineering of Nuremberg, West 
Germany, and Palm Beach, Fla., 
which are related to each other but 
unrelated to the Cheltenham, Glos., 
firm, despite the name. 
The ability to compress a week's 
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digitization into a day by working at 
the cell instead of the transistor level 
contributes to a fast turnaround, 
from receipt of design to first proto-
types, of six to eight weeks. Also to 
speed turnaround, the firm has 
addressed other bottlenecks in the 
mask-making and test areas: mask 
making is subcontracted out to 
several suppliers, while the test area 
has been equipped with logic simula-
tors and a large Fairchild test sys-
tem. The design charge for 10 tested 
prototype circuits is around $15,000 
if a customer lays out his own cir-
cuit. Extra circuits cost from $33 
each depending on the array. 

For starters. To kick off its new 
ULA design service, Micro Circuit 
Engineering is offering four high-
speed ULAS spanning a range of 560 
to 2,014 gates, all engineered in a 
high-density silicon-gate c-mos pro-
cess. Typical propagation delays are 
6 nanoseconds for a two-input NAND 
gate at 5 volts and a temperature of 
25°C. The 2,014-gate array, to be 
available in two months, will be fol-
lowed by a 3,000-gate device, now in 
design. The input/output pinout var-
ies with the array size: the 2,014-
gate array, for example, has 74 
bonding pads, but the company rec-
ommends users to limit themselves 
to 64. Devices are available in 
ceramic dual in-line packages, Cer-
dips, flatpacks, or chip-carriers or as 
naked dice. 
The company buys prediffused 

wafers from abroad— from Mitel 
Semiconductor Inc., the Canadian c-
mos manufacturer, and American 
Microsystems Inc. But soon it will 
also be able to tap local sources, 
since Plessey Semiconductors Ltd. 
and Marconi Electronic Devices Ltd. 
are bringing high-density c-moS 
processes on stream under license 
from Mitel. The 12-year-old design 
group uses a scanning electron 
microscope for quality control of 
wafers and as a diagnostic aid. 

Layout resembles that for a cell-
based custom-designed microcircuit: 
in both cases, fully characterized 
functional elements are called up 
from a logic library. But the similar-
ity ends there: whereas a custom-
designed microcircuit is a unique 

Speech 
Synthesis ' 

adds personality to your products 

No lights, buzzers or numbers 
have ever replaced the human voice. 

Telesensory Systems makes speech 
simple by offering a choice of three 

voice response boards. Simple to 
interface, simple to use. 

Consider speech for automated 
test equipment, process control, 

instrumentation, elevators and business 
machines. Speech modules are available 

from Telesensory for as little as $125 
in single quantities. 

• SPEECH 1000 — Natural sounding, life-like speech with linear 
predictive coding. 

• Series Ill— Low-cost versatility with waveform encoding (invented 
by Forrest Mozer). 

• Series 11— Most economical synthesizer board with vocabulary 

Whether you're prototyping or in production, turn to Telesensory 
for board level products supported by our own low-cost vocabulary 
generation services. Call (415) 856-0225 for a speech demonstration. 

TèlesensorySpeechSystems 
3408 Hillview Avenue, P.O. Box 10099, Palo Alto, CA 94304, (415) 856-TALK 
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CAMBION 
Vile IC 
SOCKETS 

Now available in 2 different styles and in 8- to 64-pin 
positions, are Cambion's new, *Very-Low-Profile 
(.093") Series 703-43XX IC Sockets: 
• ROUND-PIN, SOLDER TAB VERSION 
for mounting flush to PC boards. Use also 
as PROM carriers. Adhesive fit. 
• SQUARE-EDGE, WIRE-WRAPPABLE 
VERSION orients each leaf of the 4-leaf 
Beryllium Copper spring contact to engage the 
sides and edges of IC leads for increased 
reliability! Press mount. 

Machined body provides rigidity for pin 
alignment and for IC insertion/extraction. 
Ask for evaluation samples and the new IC 
Socket Catalog! Cambridge Thermionic Corp., 
445 Concord Avenue, Cambridge, MA 02238, 

r. TWX: (710) 320-6399. 
teem«, Tel: (617) 491-5400, Telex: 92-1480, 

CARIMON. 
The Right Connection. 
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A PROFIT 
MARGIN 
up 

'REPORT BY 
ROBERT R NATHAN ASSOCIATES. INC 

That's what electronics makers can 
average in the U.S. Virgin Islands 

Here are a few reasons why: 
la You can qualify for a lax subsidy equal to 90% of your federal income 

taxes as well as on customs duties and excises on raw materials. 
• You can also obtain relief from all other local taxes for a period of 10 to 

15 years. 
• Plus this unique bonus: Up to 50% of your Virgin Islands high 

technology product can consist of foreign components and still enter 
the huge U.S. market duly free. No other Caribbean area offers this 
incentive for those who qualify.., and all under the American flag. 

IIA„ N TI, E isme 
*****************************i*4-À-* 

Virgin Islands Industrial Development Commission 
1270 Ave. of the Americas, New York, N.Y 10020 

In confidence and without obligation tell me howl might maee 39-63% profit in the U S. 
Virgin Islands. 

Name: Title:  
Company:   

Address:  

Major product or service. 
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product, requiring a complete mask 
set, a ULA can be specified by a final 
interconnection mask applied to a 
stock of prediffused wafers. Each 
ULA circuit bears a regular matrix of 
identical cells within which are a 
number of uncommitted compo-
nents. The masked metalization lay-
er connects cells internally and 
externally. 

Large library. Engineers at the 
company have already characterized 
a library of over 55 logic functions, 
among them 18 different gate con-
figurations; a half-adder plus invert-
er and a full adder; 19 different reg-
ister cells; address decoders; and sev-
en peripheral circuits, some with 
three-state outputs. The component 
section has been carefully thought 
out: for example, registers of any 
length can be assembled from first-, 
middle-, and end-bit logic elements, 
while each of the segment address 
circuits for a seven-segment display 
are separately available. A further 
50 cells that use dynamic instead of 
static logic to achieve a 30% increase 
in gate density are in engineering 
right now. 
The system designer works with 

the self-adhesive decals that repre-
sent these elements, assembling 
them in any appropriate sequence in 
a special grid format that designates 
areas of busing where cell intercon-
nections are made. 
Compact cell. The oxide-isolated 

c-mos process, says Pearson, is ideal 
for ULA technology, as it provides 
two interconnection levels: a poly-
silicon level for underpasses and 
the final metalization layer. To this 
the company has added a compact 
cell design that it claims increases 
circuit densities by as much as 20%. 
In addition, Pearson adds, engineers 
quickly familiarize themselves with 
the technique and are soon attaining 
a 90% cell utilization. 

Just as significantly, by working 
at a higher level of complexity, the 
design task has been limited to one 
that can be handled manually. The 
company's approach may eventually 
be implemented on a computer-aided 
design system, but when that hap-
pens, it will be by choice and not 
necessity. -Kevin Smith 

E-3 
********************************** 
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!LES AND PIN DIODES 
FOR 0.84 prn OPTICAL 
COMMUNICATIONS 

Submnilaturel 
and KMR SMA cases 

FEATURES 
• Rod-type encapsulation pre-matched to most connectors; 
matched parameters for transmitter and receiver. 
• Assured reliability. 
•1-4gh gain-bandwidth product. 
• Linear and homogeneous characteristics. 

TYPICAL LED's CHARACTERISTICS 
• Power coupled to fiber = 190 pW at 100 mA. 
• Rise time and fall time = 6 ns. 
• Linearity: rejection mode = - 40 dB (2nd harmonic) /- 50 dB (3rd harmonic) 

ADDITIONAL INFORMATION 
A new catalog covering our complete line of optical components 
is now available upon request. 

11111' '1111111 THOMSON-CSF 
'11111111k CON romuAue 

THOMSON-CSF DIVISION COMPOSANTS M CROONDE 
101, BD MURAT 75781 PARS CEDEX 16 FRANCE — TEL (33 1) 743 96 40 

BENELUX 
THOMSON S A NV 
BRUXELLES 2' 648 64 85 

BRAZIL 
LTHOIMSON CSF 
COMPONEN TES DO BRASIL 
SAC PAULO 11 542 47 22 

DENMARK 
SCANSUPPLY 
COPENHAGEN 1 83 50.90 

FINLAND 
OY -OP COMPONENTS AB 
HELSINKI i1;01 37 

ITA.Y 
THOMSON CSF 
COMPONENTI 
MILANO 2 688 41 41 

JAPAN 
THOMSON CSF JAPAN K K 
TOKYO 3 264 63 41 

NORWAY 
TA ION IC' Ar5 
05_0 le.16.10 

SPAIN • 
T-10MSON CSF 

eCOMPONENTES Y TUBOS SA 
MADRID.I1(419 85 37 

SWEDEN 
THOMSON CSF 
KOMPONENTER 
ELEKTRONROWAB 
STOCKHOLM '8  22 58 IS 

SWITZERLAND 
MODULATOR SA 
LIEBEFELD BERN 31 59 22 22 

Circle 

TELEX 204780 TCSF F 

UNITED KINGDOM 
THOMSON CSF COMPONENTS 
AND MATERIALS LTD 
BASINGSTOKE I256 29 155 

U.S.A. 
THOMSON CSF COMPCNENITS 
CORPORATION 
CLIFTON 201 7791004 

WEST GERMANY 
THOMSON CSF 
BAUELEMENTE GMBH 
MUNCHEN (89) 76 75 I 
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68000 etc. 

6809 

PMDS - Philips Microcomputer Development System - lets you get to work 
immediately with today's most important chips, thanks to a range of quickly 
interchangeable, plug-in MABs (Microcomputer Adapter Boxes). And that 
range is continually being updated to cover new pPs coming onto the mark 

Available now is full support for 8085, Z80, 2650, 6809, 
6500 family and 6500/1. To be added in the coming 
months are 6800, 6802, 6808, 68000, 8048 family and 
8400 family. So PMDS is a highly versatile system, 
that keeps pace with your changing demands. 
In addition, PMDS has a powerful multi-emulation 
capability that allows simultaneous emulation of up to 
4 different microprocessors to debug complex 
systems using synchronized or inter-related 
breakpoints, giving a complete picture of overall 
system performance. 

6800/02/08 

6500/1 

6500 family 

Multi-emulation in a 2-microprocessor system. 

Other powerful PMDS development tools include: 
PASCAL for simple programming of 8085, Z80 and 
6809 with extensive debug facilities; real-time 
emulation for testing and debugging at true system 
speed — up to 5 MHz for 8085-A2, 4 MHz for Z80A, 
2 MHz for 68B09 etc.; step-by-step logic analysis 
with a 255-word, 48-bit wide trace memory to show 
you events in program and external history using 
pre-selected breakpoints; symbolic debugging with 
automatic cross-referencing of symbolic values to 
absolute hexadecimal values; and I/O simulation 
using built-in software commands to specify PMDS 
system elements. 
And with PMDS, these tools are easy-to-use, thanks 
to interactive software that gives full operator 
guidance. To find out more about PMDS' 
comprehensive development tools, wide micro-
computer coverage and programmed system 
extension, contact Philips Industries, Test & 
Measuring Dept., T0111-4-62, 
5600 MD Eindhoven, The Netherlands. 

...Philips,of course. PHILIPS 
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If ultra precision resistors concern you, have a look at 
the different lines of products already manufactured 
with our technology. 

INCREASING 
OHMIC VALUES 

0,5W at 70°C o 
0,33W at 125 C 

RCK02 1S-2... 200 k 
+ 0,005% ...+ 1% 

RCK04 

RCK05 

RCK06 

1W at 70°C_. 
0,6W at 125°C 

400 k 
+ 0,005% ...+ 1% 

1,2W at 70°C 
0,9W at 125°C 
3Q... 600 k 
± 0,005% ...+ 1% 

1,5W at 70°C 
1,2W at 125°C 
4e... 800 Id2 
+ 0,005% ...± 1% 

_ 

5FERNICE 

INCREASING POWER 

ULTRA PRECISION 
HERMETIC SEAL 

S118 

RTK 3 

RHK 

_Addid.1111F ,d111111F 



A VERY HIGH 
PRECISION RESISTIVE 

ELEMENT WITH 
ULTIMATE POSSIBILITIES 

The design and 
technology of 

very high preci-
sion resistors have 

progressed conside-
rably in recent years. 

Nowadays, users fre-
quently need from a re-

sistor such performances as : 
- initial tolerance of 0.005% 
temperature coefficients less 

than 1 ppm/C 
- 2000 hours' load life stability at Pn 

125-C better than 0.002%. 
rise time o a tew nano seconds. 

SFERNICE in France and its subsidiary in 
the United States, RESISTOR RESEARCH 

CORPORATION are among the few manu-
facturing companies that have made their first 

priorities the development of an industrial process 
that fulfills these needs. 

This original and complex process, known as 
"Nicrocer 0 ', permits series manufacture of a standard 

element. 
The standard ellement 

The basic element consists of a square chip, 0.2" x 0.2" x 
0.025" (5,4 x 5,4 x 0,635 mm) in size, made of a ceramic subs-
trate to which a thin resistive foil (100 microinches thick/2,5 
micrometers) is bonded. 
This foil is then treated by a proprietary manufacturing process 
that trims it up to the very true ohmic value specified by the 
customer. 
Two flexible ribbons welded to the foil provide the necessary 
electrical connections. 

Because it is a fine metal foil, the resistor has the specific elec-
trical stability of solid metal. 
Special thermal treatment and bonding technology combine to 
give these resistors extremely low thermal coefficients, asso-
ciated with excellent reproducibility. 
Our etching process permits line width down to 3 micrometers 
to a tolerance of 1 micron. It is then possible to achieve : 
- ohmic values to a precision of better than 10 -5 
- extremely short rise times required for rapid electronics (pla-
nar structure, self-inductance cancelled out between two 
conductors). 
The requirement of very good thermal conductivity dictates the 
choice of alumina as a substrate. 
The flexible ribbons insulate the resistive element from the 
mechanical and thermal strengths arising when the user sol-
ders the assembly. 
A wide range of very high-precision and extremely stable pro-
ducts has been developed from this resistive element. 
If you do not find your exact requirement in this range, we will 
be glad to help you personally, either in our European plant or 
our U.S. subsidiary, to develop a high-precision product that 
answers your needs. 
For further :nformation, please contact : 

worldwide 
except 
U.S.A. 

in U.S.A. 

SFERNICE 115-121, bd de la Madeleine 
B.P. 17 • 06021 Nice Cedex FRANCE 
Tél. (93) 87.58.90 • 470261 

RESISTOR RESEARCH Corporation 
11515 Sunset Hills Blvd 
Reston, Virginia 22090 
Tel. (703) 435-2000 TWX 710-831-0344 

:,5W at 70°C 
!..≥ at 200 k !.2 
0 , 01 % + 1 % 

MI without heat sink/at 25°C 
OW on heat sink 
39.... 600 k!..1 
b 0,01% ...-± 1% 
iermetic seal > 10 -7 Atm. 

ip to 1- 0,001% 
lermet c seal better :han 
I 0-7 Atm. 
;lability better than 5.10 -6/year 

H KO2 

NETWORKS RE 

DIL 

series 20 - 30 - 40 

- Network R2R 
- Kelvin Varley Divider 
- All special requirement 

CUSTOMERISATION 

(Method Numbers) 

- sets of resistors 
- TC Tracking 
- -Tolerance matching 
- All customer specification 

SITMDliem 
SOCIETE FRANÇAISE DE L'ELECTRO-RESISTANCE 

11 7, BOULEVARD DE LA MADELEINE 
06021 NICE CEDEX - FRANCE 

TEL (93) 87 58.90 - TELEX 470 261 
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SIEMENS 

Something to treasure: the SAB 8086 
made in Germany by Siemens 

An important announcement for 
all those who are searching for 
a reliable partner and supplier of 
the 16-bit 8086 microcomputer 
system: 
Our new VLSI production center 
in Munich forms the technical 
foundation of our product 
spectrum. There we now manu-
facture a variety of VLSI circuits 
with 2 prn structures. 

Take just one example: 
the SAB 8086, representing the 
microcomputer technology of 
today. As for the technology of 
tomorrow, we're already busy 
developing 1 Lim structures. 
In Siemens you have a 
strong partner who offers you 
everything belonging to the 8086 
system family: processors, 
additional VLSI system compo-
nents, development systems, 

software, boards as well as 
training and applications support. 
Contact your nearest Siemens 
representative and ask for a 
quote - comparing our price and 
performance will pay off. 
Details are also available by 
writing to this address: 
Siemens AG, Components Group, 
Infoservice - SAB 8086, 
Postfach 156, D-8510 Fürth. 

Siemens -your reliable part.. .G. 
for microcomputer systems 
Circle 252 on reader service card 
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New products international  

Z80 in module 

interfaces CP/M 
with microcomputer 
by Kevin Smith, London bureau manager 

IEEE-488 bus connects box 

between Pet and its disk drive; 

system gains use of software 

trove, 60-K bytes of RAM 

CP/M is the industry's best supported 
and most widely used microprocessor 
disk operating system, yet it does not 
run on the 6520-based Commodore 
Pet, Europe's best-selling microcom-
puter system. Now, a small, fast-
thinking British manufacturer of 
microprocessor add-ons has come up 
with an interface module that allows 
the CP/M operating system to talk to 
the Pet microcomputer, unlocking 
for it a vast storehouse of high-level 
software. 
The black box fits between the 

Pet's floppy-disk drive and the Pet 
microcomputer, with all connections 
made through the standard IEEE-
488 interface port on all three units. 
"You plug in the mains, put in your 
CP/M disk, and away you go," says 
Dereck Rowen, who, together with 
Robin Bailey, founded Small Sys-
tems Engineering two years ago. 

Inside the black box is a Zilog 
Z80 plus 64-K bytes of memory sit-
ting on a single printed-circuit card. 
Virtually a complete microcomputer 
in itself, it will retail for approxi-
mately S1,000, but in addition to 
gaining access to a battery of high-
level languages the user adds 60-K 
bytes of random-access memory to 
his system and off-loads the Pet for 
other tasks, considerably enhancing 
his system. 
The attractions of the package to 

Pet owners are considerable. "The 
Commodore Pet is an extremely 

well-packaged low-cost microcom-
puter, but it lacks breadth of soft-
ware. It's been driving users nuts," 
says Rowe, who at one time worked 
for Commodore's British marketing 
operation. Admittedly, Pet users 
have achieved wonders with its rudi-
mentary 8-K Basic and a big library 
of application software already ex-
ists — much written by scientific 
users attracted by the 488 port, 
which makes the Pet useful as an 
instrument controller. 

But to move the Pet squarely into 
the professional and business sector, 
a full complement of high-level lan-
guages is needed. CP/M, says Rowe, 
has such facilities, supporting at 
least two versions of Cobol—one 

from Microsoft, the other from Brit-
ain's Microfocus—APL, Algol, Lisp, 
Microsoft Basic, two versions of For-
tran, and many varieties of Pascal, 
as well as a raft of program develop-
ment aides from Lifeboat Associates 
and others. 

There are other attractions: for 
example, the Pet can be made to 
look like any of the standard com-
puter terminals, such as the Hazel-
tine 1500, and so can run WordStar 
and other word-processing packages. 
Apart from the 488 port, the conver-
sion module also incorporates an 
RS-232-C serial interface port, 
through which it can drive any stan-
dard printer. A purchaser has only to 
specify the protocol and transmission 
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New products international 

rate he wants and it will be set up in 
the factory by means of eight inter-
nal dual—in-line—package switches. 
With Pet computers selling in 

Europe at the rate of 1,000 a month, 
Rowe reckons theirs is an attractive 
market for this add-on. First in the 
queue could be Britain's schools, 
which have already bought 15,000 
Pets, according to Rowe, yet the 
department of education recently 
stated that hardware for computer 
education must be capable of sup-
porting a full complement of high-
level languages. Small Systems' add-
on would allow the installed base of 
Pet computers to comply with this 
requirement. 

Small Systems has other enhance-
ments in mind: further upstream is a 
25-megabyte hard-disk drive that 
"looks like an enormous floppy disk" 
to Pet users. The company will also 
make CP/M available on other target 
machines: within two months, for 
example, CP/M will be available on 
the Hewlett-Packard 85 desktop 
computer. 

Small Systems has an intimate 
knowledge of the IEEE-488 bus pro-
tocol, having sold 6,500 low-cost 
IEEE interfaces. It uses this expertise 
to arrange a dialogue between the 
HP-85 and the CP/M disk, front-
ended by its Z80-based conversion 
module. 
The company says it has produced 

the first prototypes of its CP/M con-
version module using 16-K dynamic 
RAMS and is now readying a version 
using 64-K chips. Production of 
these, it says, is just weeks away. 
The group is also negotiating with 
Microfocus Ltd. to sell the hardware 
in the U. S. through the latter's San-
ta Clara, Calif., office. 
Small Systems Engineering Ltd., 2-4 Canfield 

Pl., London NW6 3BT, England [441] 

Autoranging LCR bridge 

is accurate to within 0.25% 

Its automatic LCR bridge outper-
forms instruments three times its 
price, claims Aim Cambridge Ltd. 
Priced at approximately $1,080, the 
LCR Databridge 401 measures Q 

factor, in addition to inductance, 
capacitance, and resistance. The 
bridge has eight decade ranges and 
displays the measured result on a 
4-digit display. It is specified to be 
accurate to within 0.25% of reading. 
The instrument is fully autorang-

ing, but the range can be locked. It 
distinguishes automatically between 
inductors and capacitors and offers 
optional digital outputs for a limit 
comparator. Measurements can be 
made at either 100 Hz or 1 kHz, and 
either series- or parallel-equivalent 
circuit values can be displayed. 
An internal 2-v bias supply is 

available for the measurement of 
electrolytic capacitors, as is an inte-
gral four-terminal test fixture. The 
company ascribes the instrument's 
cost-effectiveness to a Zilog Z80 
microprocessor and novel analog 
techniques. 
Aim Cambridge Ltd., Burrel Road, Industrial 

Estate, St. Ives, Huntingdon, Cambridge, 

England [475] 

The K 8004-TA tachometer has a 1-to-
10,000-rpm range, and the K 8004-1F digital 
counter has a preset facility for programming 
a gven level of count. Both have a four-digit 
ligh:-emitting-diode display. Logik AB, 46 
Toppevaosvej, Canlose DK-2760 Malov, 
Dermark [442] 

cP 

The Cosmos range of miniature push buttons 
are modular in design and completely 
sealed. They have a contact life of 106 oper-
ations, a 125-mA-at-24-V switching capacity 
and 10-mS1 contact resistance and operate 
between —40 to +85'C. SECME, 88 Ave 
Gallieni, 93170 Bagnolet, France [443] 

Type MFR4 metal-film resistors have a power 
rating of 0.25 W at 70° or 0.125 W at 125°C 
over the resistance range of 10 0 to 1 MO in 
the E24 and E96 series of values. Tempera-
ture coefficient is 100 ppm PC. Welwyn Elec-
tric Ltd., Bedlington, Northumberland NE22 
7AA, England [444] 

A 19-in, desktop console gives the user a 
choice of mounting positions with either steel 
panels or Vero's 3U or 6U sub racks. It 
provides adequate space for a keyboard or 
test jig. Vero Electronics Ltd., Enclosures 
Division, 362 Spring Rd., Sholing, Southamp-
ton, England [445] 
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Sic Safcó 
Belgium S.P.R.L. CLOFIS Tél. (2) 65718.05 Télex 22693 
Danemark DANOTHERM Tél. (1) 703681 Télex 19187 
Finland DUALTEK Tél. (358) 04.60.011 Télex 123369 
Germany THOMSON C.S F. Tél. (89) 7 67.51 Télex 522916 
Italy EURELETTRONICA Tél. (2) 498.18.51 Télex 332102 
Netherlands VAN REIJSEN E. Tél. (15) 56.92.16 Télex 38126 
Sweden ULVECO Tél. (764) 66060 Télex 13514 
Switzerland A.I.P. Wild Tél. (01) 363.10.20 Télex 57184 
United Kingdom CETRONIC Tél. (0920) 87.10.77 Télex 817 293 

Iol 

44, avenue du Capitaine Glarner 
B.P. 82 
93402 Saint-Ouen Cedex 
Tél. 257.11.73 Télex 290498 

Electronics/May 19, 1981 Circle 253 on reader service card 9E 



New products international 

Two power MOS field-effect transistors, the 
MEL 9040 and the MEL 9050 will withstand 
up to 400 and 450 V, respectively. They 
have a standard operating voltage of 25 V 
and maximum drain current of 8 A. Matsu-
shita Electronics Corp., 1-1 Saiwai-cho, 
Takatsuki, Osaka 569, Japan [446] 

The Adret 104 dc standard has three voltage 
ranges-1.1, 11, and 110 V full scale—and 
can supply a maximum of 110 mA. It has a 
polarity-independent four-wire guarded float-
ing output. Adret Electronique, 12/14 Ave. 
Vladmir Komarov, 78190 Trappes, France 
[447] 

The SRM2114, a 1,024-word-by-4-bit static 
complementary-MOS random-access mem-
ory, has an access time of 250 ns maximum 
and a supply current of 40 µA maximum on 
standby and 35 mA maximum in operation. 
Suwa Seikosha Co., 3-3-5 Yamato, Suwa-
shi, Nagano 392, Japan [448] 

The CA 100 is an analog clamp meter that 
measures currents from 2 A up to 100 A ac 
without breaking the circuit and ac voltages 
from 0 to 150 V and 0 to 600 V. It is suitable 
for low-current measurements on appli-
ances. AVO Ltd., Archcliffe Road, Dover, 
Kent CT17 9EN, England [449] 

The PM 8495 and 8496 Instrumental Basic 
software and the PM 4471 IEC-bus interface 
hardware turn the PM 4421 PMDS into an 
instrument controller. NV Philips Gloeilam-
penfabrieken, Science and Industry Division, 
P. O. Box 523, 5600 AM Eindhoven, the 
Netherlands [450] 

The M 65 R is a plug-in power-line surge 
protector that protects equipment with semi-
conductors against transient surges in ac 
power lines. It contains a surge arrester for 
controlled arcing when overvoltages are 
high. Citel, 8 Av. Jean-Jaures, 92130 Issy-
Les-Moulineaux, France [451] 

,C3F 

Abe.. Ó 

The model 412 signal generator provides a 
pulse or continuous-wave output over the 
frequency range of 2.7 to 3.3 GHz, which 
reads out on a digital panel. Another panel 
reads pulse duration, repetition frequency. 
and delay values. Magnetic AB. Box 20036, 
161 20 Bromma, Sweden [452] 

The TM354 is a 31/4 -digit multimeter with five 
functions in 14 ranges to measure dc from 1 
mV to 1,000 V, ac from 1 to 500 V, dc 
current from 1 µA to 2,000 mA, and resist-
ance from 1 fi to 2 M9. Sinclair Electronics 
Ltd., London Road, St. Ives, Huntingdon, 
Cambs. PE17 4HJ, England [453] 

PROPYSIC 

MCM 

6,3F+ 0% 

U11330V "1/4' 04 

P i<OPySiC 

MCM 

1 uF+10% 

111100V%5014 

6201» 

, s CSAFC0 

266 81 2 

The Propysic MCM polyproplene metalized 
capacitor operates at — 25° to + 85°C. It has 
a capacitance of 1 to 31.5 12F and a voltage 
range of 250 to 400 V. The range is intended 
for ac current applications. SIC-SAFCO, 44 
Avenue du Capitaine Glarner, 93400 Saint-
Ouen, France [454] 
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Testing transceivers 
in service and proauction 

IF 

FIOHDE & SCHWARZ • MOBILE TESTER • 
RI   

FREI:MERL 

EMPFANGER 
RECEIVER 

SENDER 
XINITTER 

MO MIER 

PEGEL • LEVEL 

Press the PU button of the trans-
ceiver and that's enough, the 
SMFS/SMFP does the rest 
— it automatically measures all 
the basic parameters in transmit 
and receive modes and shows 
the results really clearly. 

SMFS/SMFP — the compact 
testers for mobile and stationary 
use, for manual or computer-
aided operation. 

Rohde & Schwarz GmbH & Co. KG 
Postfach 80 14 69 
0-8000 Munchen 80 
Federal Republic of Germany 

Telex 523 703 (rus d) 
Phone internat. +(4989) 4129-1 
:ndependent concern 
(established 1933) 
represented in 80 countries 

0.4-520 MHz SMFP 

MODULATION 

ID 2.8 C'" 

IREQUENZ 

• rirtrt 
I IJ 1.0 

fen HIED FIER 

El • 

MOD SIGN moo GEN 

000 N. 600 

PEGEL • LEVEL 

IF AC MEIER 

• no/ Lov 

Mobile tester SMFS (left) 
0.4 to 520 (1000) MHz 

III Portable tester for indoor/outdoor 
servicing, production and lab use 

• Simple, µP-aided operation with 
automatic switching between com-
plete transmit/receive tests: 
measurement of distortion, S/N, 
SINAD; search routines (e.g. for 
sensitivity) at the push of a button 

• Much shorter testing times, no more 
operator errors 

• Compact, and can be battery-
powered in mobile use 

II Options: for adjacent-channel power 
measurement and extension to 1 GHz 

FN. 11712•32,0 JS 

SLISOTARIOR 
DISTORTION 

* — 

\tamm i n 

OVERFLOW e o 

Mobile tester SMFP (right) 
same as SMFS, plus: 

II All measurements computer-
controlled (e.g. with our process 
controller PPC) 

II Easy-as-can-be programming with 
optimized Basic routines 

• Flexible program generation for 
servicing, production and quality 
assurance — also with hardcopy 
printout of test results 

la Complete control of the test item 
with built-in relay switches and TTL 
control lines 

ROHDE&SCHWARZ 

Ask for the data sheet 
Transceiver testers SMFS/SMFP 

Electronic measurements • Broadcasting 
Radio communications and monitoring 
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Ceramic Resonator 

CERA LOCK 
For clock pulse generator of micro-processor 

New Generations of Microcomputers 
Develop with Ceralock Pulses. 
Based on ceramic technology accumulated over the 
past years, Murata has developed a small ceramic 
resonator "Ceralock" as a clock signal resonator 
indispensable for the oscillation circuit heart of 
microcomputers. A wide frequency range from 
190KHz to 30M Hz is available in series to meet an 
increasing demand for microcomputers for con-
sumers' use. Use MURATA's "Ceralock" for square/ 
sine wave oscillator, remote control system for 
color TV, tone generator of telephones, VCO 
oscillator and car electronics. 

• Features 

1. Small and light-weight 
2. Wide temperature range and highly stable oscillating frequency 
3. Oscillating circuit requires no adjustment when "Ceralock" is 

used with various ICs. 
4. Higher accuracy than LC or RC. Small but highly efficient. 
Suitable for mass production. 

5. High mechanical strenght ensures the use in household electro-
nic equipment and cars. 

CSB Series CSA Series 

d 
- ( ' 

Ceramic Capacitors for CSA are also available 

---------__ Part Number 
Char. 

— 
CSB Series CSA Series 

Frequency Range 190-800KHz 2 5— 30MHz 
Vibration Mode Area Vibration Thickness Vibration 

Frequency Accuracy(at25U) 1-2KHz 1:0. 39tmax. 
Stability in Temp. 
(-20—+80t) 

1-0.396max. 
(7ppm/t) 

1.1-.0.39tmax. 
(20ppmn ) 

Agein(for ten years) .10.5%max. -±0.5%max. 
Resonant Resist. 20 4 max. 40 4 max. 

( ):Typ. Value 

MURATA MFG.CO,LTD. 
Headquarters. . Nagaokakyo-sni. Kyoto Japan. 

Poona. 075-021.9111 Tejer: 5429-001 MURATA J 

Murata Corporation of AMMICAI Phone, 400-952-9777 Telex: 0502329 MURATA ATL 

Murata (Europe) GmbH  Phone 0211-48-0082 Telex: 8585508 MMES D 

Murata Electronics SingsporePte.)Erd Phone 2554233 2554023 Telex: 21127 MURASIN 
Murata Company. Limited.(iong Kong) Phone K-308291-2 Telex: 88208 HKMRT HX 

Taiwan Murata Electronics Co.. Ltd Phono 07.5624218-9552-4210 Telex: 22177 SIELTP 

Murata Korea Branch . . Phono 778-2283 Teen: K25858 MURASUL 

\MIfflMIMMIZIK. 

New products international 

..... • 
)1.?4•• 

g&M.41011iii 
•-• 

The 4400 series of toggle switches and the 
4800 series of push-button sveitcties are for 
printed-circuit applications. They have a rat-
ing of 3 A at 250 V ac, a contact resistance 
of 10 mil maximum, and no netal parts on 
the exterior side. APR, 82270 Montpezat-
de-Quercy, France [455] 

The nexus 5400 te•minal has 160 standard 
cha-acters and can assign to each picture 
element any color out of the 4,096 available. 
Outside connectons are made through plug-
in modules. Kashiwagi Research Corp., 2-
21-13-105 Aobadai, Meguro-ku, Tokyo 153, 
Japan [456] 

fr:«11r• 

The model MF-3 mechanical filter is 0.2 cm3 
in volume and has a broad and flat bandpass 
centered at 455 kHz. It has a selectivity at 
9 kHz of 23 dB or more and is for use in 

miniature car radios, transceivers, and cas-
sette recorders. Mitsumi Electric Co., 8-8-2 
Kokuryo, Chef u, Tokyo 182, Japan [457] 
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Test receiver ESH 3 
10 kHz to 30 MHz 
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Measurement of broadband noise 
(peak value), recorded with ESH 3 and 
XV recorder 

Rohde & Schwarz GmbH 8, Co. KG 
Postfach 80 14 69 
D-8000 München 80 

Federal Republic of Germany 

Telex 523 703 (rus d) 

Phone internat. + (4989) 4129-1 
Independent concern 
(established 1933) 
represented in 80 countries 

System-compatible (IEC/IEEE 488 
bus), precise and versatile — a true 
test receiver of the 80s, for wanted sig-
nals and interference (CISPR, MIL, 
VDE, VG). 

The ESH 3 can 
store nine complete device settings, 
drive five frequency-band recorders, 
printers, XYT recorders, 
scan any five frequency bands. 

The ESH 3 can measure 
E voltage: dB (MV), dBm, µV to V 
E current: dB (MA), µA to A 
El broadband noise: dB (µV/MHz), 

(µ,V to kV)/MHz, dB (µV/m/MHz), 
(MV to kV)/m/IV1Hz 
field strength- dB (µ,V/m to V/m) and 
extra parameters like 

Ell modulation depth 
CI FM deviation 
E frequency offset 
Precision 
Error of level indication: <1 dB 
(for field strength. <2 dB) 
Accessories 
Test antennas, probes, artificial mains 
network 

Ask for more information about 
Test receiver ESH 3 
Accessories ESH 2/3-Z 

ROHDE&SCHWARZ Electronic measurements • Broadcasting 
Radio communications • Radiomonitoring 
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New products international 

Windjammer® blowers 
provide multi-function 

working air 

120 
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co 
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40 80 120 160 200 240 280 320 360 

AIR FLOW — CFM 

One air system for pressure, 
vacuum or both 

Windjammer high-performance 
blowers supply vacuum 

and/or pressure for a wide 
variety of jobs. Typical appli-

cations include tape transports, 
card sorting, vacuum hold 

down, air sampling and 
cooling. 

These blowers are designed 
specifically for environments 
where high noise levels 

would be objectionable and 

feature carefully balanced 
components. They can be 

supplied for belt drive or 

complete with motor. 
Lamb Electric engineers 

can work with you to de-

velop a Windjammer system 
tailored to your requirements. 

And, we can schedule quan-
tity deliveries to meet your 

production requirements. 
Contact AMETEK, 

Lamb Electric Division, 
627 Lake Street, Kent, Ohio 
44240. (216) 673-3451. 

AMETEK 
LAMB ELECTRIC DIVISION 

Trim Cap trimmers have a capacitance of 
120 pF, which is twice as large as the exist-
ing Trim Cap TZ Series. They use a tempera-
ture-compensating capacitor material for a 
low temperature coefficient. Murata Manu-
facturing Co., 2-26-10 Tenjin, Nagaoka-kyo-
shi, Kyoto 617, Japan [458] 

A range of dc micromotors now includes a 
15-mm-diameter, 23-mm-long motor that 
uses samarium-cobalt magnets, a low-inertia 
rotor, and precious-metal brushes to develop 
640 mW. Stall torque is 23.4 x 10-t Nm. 
Portescap UK Ltd., 204 Elgar Rd., Reading 
RG2 ODD, England [459] 

The Pact 220 teleprinter has a semiconduc-
tor memory of 16,000 characters instead of 
the paper-tape device found in conventional 
machines. It has a printing speed of 50 char-
acters/s. Philips Elektronikindustrier AB, 
Terminals and Telecommunication, S-175 88 
Adana, Sweden [460] 
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Versatile, fast 
and economical 

On the basis of just two units 
Rohde & Schwarz are able to 
offer a range of recorders to meet 
all needs. Both have electroni-
cally limited writing area, 
extremely low overshoot of less 
than 1 mm and the same dynamic 
characteristics on both axes. 

Rohde & Schwarz GmbH & Co. KG 
Postfach 8014 69 
D-8000 Munchen 80 
Fed. Rep. of Germany 

Electronic Measurements and 
Radio Communications. Development, 
manufacture, sales and service. 
Known for "electronic precision". 

Independent concern (establ. 1933), 
represented in 80 countries. 

Precision XV recorder ZSK 2 
with identical characteristics, independ-
ent of position, in X and Y channels. 
Switchable for format DIN A3 or DIN A4, 
for YT mode too with a timebase. 
Writing speed > 110 cm/s in both 
directions, constant calibrated setting 
of deflection factor between 10 µV/cm 
and 5 mV/cm plus controlled zero shift 
(max. ±1 writing width, up to ±100 cm 
with external signal). Common-mode 
voltage 100 to 500 V, DC and AC 
common-mode rejection 120 to 200 dB. 

Four models are available: 
1. universal with floating, guarded 

input amplifier; timebase generator 
2. standard with differential-amplifier 

inputs 
3. laboratory with timebase 
4. laboratory without timebase 

High-speed compact recorder ZSKT 
for XY and YT modes with line or 
battery power 
with the very best dynamic and system 
characteristics at an unequalled low 
price. Maximum writing speed 120 cm/s 
in both directions. In XY mode 50 
sheets of DIN A4, in a 15-m roll, can be 
swi:ch-advanced. or separate sheets 
can be inserted. YT recording (max. 
250 h/roll) with ten speeds between 
1 and 1200 mm/min or external pulsed 
controI of the stepping motor. Deflection 
factor 5 mV/cm to 1V/cm. Zero shiftable 
by ±1 writing width. Straightforward 
incorporation in automated systems 
with 19-inch adapter. Remote control 
of star/stop, format advance and pen 
position. 
Ask for the data sheets 
ZSK 2 and ZSKT 

ROHDE&SCHWARZ 
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SIEMENS 

A hunared million guardians 
combat surges 
with metal oxide and rare gas 
Voltage surges caused by 
inductive and switching tran-
sients, sparkovers and lightning 
are unavoidable, but they can be 
governed with metal oxide 
varistors and gas arresters from 
Siemens. 

-so 

Siemens 
metal oxide varistors SIOV 
are extremely voltage-dependent 
resistors with a symmetrical 
protection characteristic. 
Features: 
• protection level from 

16 to 2000V 
• surge current handling 

capability up to 40 kA 
• energy absorption up to 5 kJ 
• response time < 25ns 

The introduction of the metal-
cased SIOV-C series has 
extended our standard program 
to about 200 types. 

4,4 

Gas arresters SVP 
(surge voltage protectors) 
provide highly-effective pro-
tection by means of gas dischar-
ging. If the protection level is 
exceeded, a "controlled" electric 
arc with a surge current handling 
capability of up to 60 kA is 
ignited within nanoseconds, thus 
shortcircuiting the surge. 

More than 120 million of these 
arresters in both glass and 
ceramic technique, are pro-
tecting communications, 
telemetering, and telecontrol 
installations all over the world. 

Detailed information on both 
of these protector types is con-
tained in our 1980/81 product 
program, which can be obtained 
from: Siemens AG, 
Bereich Bauelemente, 
Infoservice, 
Postfach 156, D-8510 Fürth, 
quoting "Surge Arresters". 

V-

.0ited-rnacle protection from Siemens worldwide 
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New products international 

The Barco GD 33 high-resolution color data 
display is designed to be used with Digital 
Equipment Corp.'s GIGI terminal. It features 
a 33-cm cathode-ray tube and has red, 
green, blue, and synchronization inputs. Bar-
co Electronic NV, Noordlaan 5 B 8720 
Kuurne, Belgium [461] 

Analog multimeter type UNI 35 has 21 meas-
uring ranges for voltage, current, and resist-
ance and is accurate to within ± 2.5%. It is 
protected against overloads up to 250 V ac 
and dc. Miler & Weigert GmbH, Kleinreuth-
er Weg 88, D-8500 Nuremberg, West Ger-
many [462] 

The two-stage power-line filter type FN 345 
incorporates an IEC connector. It is simple to 
install, is no more than 30-mm in depth, and 
protects systems from powerline noise. 
Attenuation is better than 60 dB over a 1-
to-300-MHz range. Schaffner AG, CH-Luter-
bach, Switzerland [463] 

TEAC TOOK OUT MIES 
TO BUILD IN RELIABILITY 
Unique Long Life 
Brushless DC Motor 
So reliable (lifetime 
10,000 hours) 
that we let it run 
continuously. No 
motor start-up 
time. No electrical 
noise to bother 
CRT displays either. 

Controlled Frame 
Expansion 
We matched the 
thermal expansion rate of 
the frame to that of the 
media. Head misalignment 
is greatly reduced. 

The super-reliable brushless 
DC motor used in 
our FD-50 series 
51/4 Floppy Disk Drives 
lasts 10,000 hours. 

Choice of 2 Recording 
Methods: MFM/FM 
Data capacity can be 
doubled using MFM. 
No write 
precompensation 
is necessary. 

Precision Head Seek 
The stepping motors 
used in floppy disks are 
creatures of strange 
habits, stopping more 
accurately at some steps 
than others. TEAC steps 
the motor 4 times per 
track, eliminating this 
type of error. 

3 Models FD-50A/50C/50E, 
3 Formats 
The FD-50A is a single-density, 48 tpi, 
40/35 track model. In 35-track mode it 
us fully compatible with the Shugart 
SA-400. The FD-50C is a double-track-
density, 100 tpi, 77 track model, and 
compatible with the 
Micropolis 1015. 
The FD-50E is an 
industry-standard 
double-track-density 
96 tpi, 80/70 track 
model. 

TEAC 

TEAC CORPORATION: 3-7-3 Naka-cho. Musashino. Tokyo. Japan Tel (04221 53-1111 Tlx: 2822451. 2822551 

•USA. TEAC Corporation ot America. Tel- 121M 726-0303 • Canada R.H.Nichols Co.. Ltd.. Tel (416) 661-3190 • Hongkong Dull Chong Hong Ltd.. 
Tel: 5-261111, 5-226258 *New Zealand W.S K. McLean Lie. Tel 587-037 • Australia Jacoby Mitchell Pty. Ltd., Tel: (02) 26 2675 • South Africa 
Mayfair Sales (Ply) Ltd., Tel: (011) 29-2921. United Kingdom Tekdata Electronics limited Tel:0782 813631•West Germany nbn Elektronik Gmbil, 

Tel: 08152/390 • Holland Simac Electronics EV., Tel: 40-533725 • Belgium & Luxemburg Simac Electronics. Tel: 02-21P24.53 • France Tekelec 
Airtronic SA. Tel (1) 534-75-35 • Italy A.E.S S.E.S.P.A.. Tel 54.64.741-2-3 • Spen A:alo Ingenieros S.A.. Tel: 733 0562. 733 3700 • Switzerland 
Wenger Datentechnik, Tel: 061/50 84 84 • Denmark Danbit. Tel: (03) 141515 • Swede. Scantele AB. Tel, 08-24 58 25 

• If no distributor is listed above in your area. please contact us directly for tur•her derails about our products. 
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Leaders in Electronics 
The only reference devoted solely 
to biographies of the most 
influential people in electronics 
• corporate executives 0 technical 
managers • designers and develop-
ers • government and military offi-
cials • academics • editors/pub-
lishers • securities analysts • 
trade/ professional group directors • 
consultants ... plus an 80-page index 
of biographees by affiliation. 

Prepared by the staff of Electronics 
magazine. 5,240 biographies. 651 
pages, clothbound. $39.50 

Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 
(609) 448-1700, ext. 5494 
Serd me  copies of Leaders in 
Electronics @ $39.50 plus applicable sales tax. 
McGraw-Hill pays regular shipping and han-
dling cheges on pre-paid orders. 

D Payment enclosed CI Bill firm 

Name 

El Bill me 

Company 

Street 

City State Zip 

Signature 
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SUBSCRIBE 
NOW! , .‘eztlet 

Going into its third 
year, " Electronic 
Components and 
Applications" serves 
a growing world-
wide readership with 
indepth coverage 
of recent develop-
ments from the laboratories of Philips 
Electronic Components and Materials 
Division. Contents of the latest issues 
typify the range of topics: 
• LSI frequency synthesis 
• new type of hybrid stepping motor 
• serial I/O for microcomputers 
• ICs for car radios 
• highlight handling with TV camera 
tubes 

• a.c. motor control 
• fibre-optic communications 
• microprocessor for viewdata 
• ceramic magnets for d.c. motors 

• semiconductor laser for information 
readout. 

Anticipating the Berlin Funkausstellung, 
a forthcoming article will describe new 
ICs to take advantage of the stereo/dual 
sound tv transmissions due to start in 
West Germany late this year. 

Subscription rate per volume (four 
issues) is Dfl. 30,00. Check the reader 
service number for a specimen copy. 
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GTOs UP 101500 
Since announcing our gate turn-off 
(GTO) switches last September, the 
range has now been extended to 25 A, 
and samples of 50 A devices are 
expected in two months' time. 
Wide interest has been shown in our 
GTOs which combine the high blocking 
voltage of a thyristor with the ease of 
gate drive and fast switching normally 
associated with bipolar transistors and 
Darlingtons. These devices are fast, 
three-terminal, four-layer pnpn devices 
similar in construction to a conventional 
thyristor. They can be driven directly by 
TTL circuits and microprocessor output 
ports. 

50 A 
The new devices listed below are suitable 
for a very wide range of applications from 
ignition to CRT deflection, and from 
motor control to switched power 
supplies. 
Circle 262 on reader service card 

LEAD LESS 
CHIP RESISTORS 
FOR AUTOMATIC 
PLACEMENT 
We are now producing a full range of 
leadless chip resistors , RC-01, which 
offer many advantages to electronic 
equipment manufacturers using auto-
matic assembly. This new RC-01 range 
covers resistance values from 1 ohm to 
10 Megohms with atolerance of ± 5%and 
± 10%. The power rating is 0,125 W at 
70°C and the stability is better than 
1% after soldering. 
The principle advantages of this RC-01 
range are small size (3,2 x 1,5 x 0,6 mm), 
flat surface (which enables the use of 
vacuum handling in automation), good 
taping quality, excellent solderability, 
low temperature coefficient throughout 
the range (better than ±200.10-6/K), and 
low precious metal content. Robust 
construction allows the RC-01 resistors 
to be immersed completely in a solder 
bath at 255°C for one minute, enabling 
them to be mounted on the soldered 
side of a printed circuit board and the 
other discrete components on the 
reverse side (mix print). A RC-01 
resistor is constructed on a small 
rectangle of high grade ceramic material 
on which a resistive metal glaze layer is 
screened and then given a protective 
coating. A specially designed metal 
contact strip at each end of the resistive 
glaze ensures optimum solderability and 
contact reliability. 
The standard packaging comprises 
4000 chip resistors in a reel of perforated 
tape (bandolier packaging) while bulk 
tape packaging is available as well. 

Circle 263 on reader service card 

Type ITC RM IT(AV) 
(A) (A) 

BT157 10 2,2 

BTW58 25 6,5 

BTV58 25 10 

BTW59* 50 12 

BTV59* 50 15 

*Types with isolated base 

600 850 
VDRM (V) Envelope 
1000 1300 1500 

TO-220 

TO-220 

TO-220 

TO-238 

TO-238 

PHILIPS Electronic 
Components 
and Materials 
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Integrated c.rcuits 
Semiconductors/Electron tubes 
Components/Assemblies 
 Materàls 

HIGH CV SOLID 
ALUMINIUM CAPACITORS 

Our new 123-series of axial-leaded solid 
aluminium capacitors utilizes advanced 
technology to achieve a high CV product 
per unit volume. these capacitors 
feature high reliability, good stability, 
long life, reverse voltage acceptance, no 
limit to discharge current, tolerance to 

high ripple current, infinite sherf life and 
wide temperature range. 
These qualities, coupled with relatively 
,ow cost, give the capacitors many 
advantages over tantalum types. The CV 
combinations have been designed so 
that the capacitors can be used as direct 
replacements for tantalums. 
The capacitance range is from 2,2 pF to 
680 pF, with 1000 pF available on 
request. Working voltages range from 
6 to 40 volts and the temperature 
range is -55 to 125 °C. The 123-series 
can be used above 85 °C without 
voltage de-rating and they have a life 
expectancy greater than 20 000 hours 
at +125 °C. 
Circle 265 on reader service card 

CHARGE REGULATOR MODULES FOR SOLAR 
POWER SYSTEMS 
A series of nine different charge regu-
lator modules for so ar power systems, 
type numbers CRSM 1020/1074, are 
announced. These modules are for use 
in photovoltaic solar power systems 
where accumulator buffering is 
employed to span sunless periods. 

Current applications include remote 
telecommunications repeater stations, 
emergency telephones on motorways, 
navaids (radars, buoys, light houses), 
cathodic protection units and telemetry 
equipment. 
Based on the series regulator principle, 
the modules consist of abattery voltage 
sensing unit, a transistor switch for the 
photovoltaic current, and a low battery 
voltage alarm unit. Someof the modules, 
ideal for use in moderate climates, have 
a temperature compensated system 
which compares thebattery voltage with 
a preset temperature-dependent vol-
tage, thus compensating the tempera-
ture coefficient of the battery voltage. 
Up to eight independent sensing and 
switching circuits are employed in some 
types to enable groups of solar modules 
to be switched in and out according to 

.• 

the battery voltage. 
The CRSM series covers a power range 
from approximately 100 W to 1 kW. For 
higher powers than one module can 
handle, extra modules can be connec-
ted in parallel at their output terminals. 
The modules are protected against light-
ning transients. 
The modules are supplied in hermeti-
cally sealed (class IP65) aluminium 
boxes. High reliability consistent with 
that required for telecommunications 
has been achieved by component dera-
ting and burn-in test procedures. 
Circle 264 on reader service card 

UNEAR V.H.F. POWER 
TRANSISTORS 
A new range of linear v.h.f. power tran-
sistors meet the stringent requirements 
for r.f. drivers and power amplifiers in 
television transmitter and transposer 
equipment At present, the series corn-
prises the BLV30, BLV31, BLV32F,BLV33 
and BLV33F which provide peak sync 
output powers of 1,5 W to 19 W under 
class-A cond.tiors at a heatsink tempe-
rature of 70°C. Under these conditions, 
the infermodulation distortion mea-
sured by the three-tone method does 
not exceed -55 dB. 
All transistors of the BLV30 series have 
multiple base and emitter islands. This 
geometry, coup.ed with very shallow 
diffusion, reduces the collector-base 
capacitance and thus ensures high gain 
and good linearity. Diffused emitter 
ballast resistors provide even current 
distribution resulting in optimum tem-
perature profiles and consequent long 
life. Gold-sandwich metallisation further 
extends their iiretimes by minimising 
electromlg ration. 

Circle 266 on reader service card 

Philips Industries 
lElectronic Components and 
Materials Division 
Eindhcven - The Netherlands 

PHILIPS 
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ITT 
Multilayer Ceramics. 

The ultimate decouplers. 
You'll find ITT multilayer ceramics 

capacitors almost everywhere. In 
sophisticated aerospace communications 
equipment; the new generation of digital 
telephone exchanges; home and business 
electronic gadgetry. All with one thing in 
common - the need for reliable 
decoupling capacitors. 

ITT Capacitors pioneered multilayer 
technology and have continued to 
develop materials and processes to give 
product performance to match todays IC 
requirements. Low impedance and low 
inductance at high frequency are an 

20E Circle 267 on reader service card 

integral design feature together with the 
high volumetric efficiency associated with 
multilayer ceramics. 

We are already moving ahead with 
tomorrow's product. With the design of 
improved dielectric constants and 
electrode systems, building on our total 
control of production processes, from raw 
material selection to final product. 

Multilayer ceramics from ITT are 
available worldwide, in all the usual styles 
and values. So couple your requirement 
with our expertise - it's the ultimate 
combination. 

ITT CAPACITORS 
South Denes, Great Yarmouth, 

Norfolk NR30 3PX. 

Components ITT 
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Fluke 1720A Instrument Controller JE E EA' 8E1 

Smart enough to automate testing 
without the keyboard. 
Think what else it can do. 

You buy an instrument controller 
to solve problems, not create them. So 
we developed the 1720A with a unique 
touch-sensitive display specifically 
designed to put ATE system control at 
your operator's fingertips. With the 
removable keyboard protecting the 
program's security. Plug in the 
keyboard and the minicomputer 
intelligence makes the 1720A 
easy to program. Helping 
your programmer feel 
secure about easy software 
development and total 
program security. 
Extensive minicomputer 
capabilities make 
programming a snap. 

Don't let the simplicity of 
the 1720A fool you. At its 
core lies a powerful CPU, 

the brains behind its software sophis-
tication and programming ease. 

Even the language is simple. The 
1720A was designed to run BASIC, 
familiar to programmers for high-level 
commands. Our BASIC is adapted 
specifically to enhance 4E120 

operations, so you have 
the advantage of 

speedy program-
ming and 
operation with 
all the usual 
BASIC 
commands — 
plus a few of our 
own. 

Dynamic 
string functions 
are also built into 
the language. 

Sophisticated memory 
structure. 

Direct memory storage is maxi-
mized with our Virtual Arrays features 
extending the working memory 
beyond the 24 k-byte main memory. 
Program chaining is also standard. 
More good news for 
programmers. 

For added flexibility, we offer a new 
Assembly Language option, callable 
from our BASIC. 

Concerned about the future? The 
1720A is a soft-loaded system. As our 
software engineers develop other 
languages, you'll be able to easily 
transfer your software applications 
programs. 
Smart programming makes for 
smart operation, too. 

The unique touch-sensitive display 
prompts your operators through a test 
procedure without touching a key-
board. And since inexperienced 
operators aren't fumbling over a key-
board, there's no worry over 
program security. 

Write, call toll free 
1-800-426-0361, or send in the 
coupon for our competitive 
comparison guide or a 
demonstration. 

FLUKE 

- - -(fast response coupon) 

IN EUROPE: 

Fluke (Holland) B.V. 
P.O. Box 5053, 5004 EB 
Tilburg, The Netherlands 
(013)673973, Tlx: 52237 

IN THE U.S. AND NON- E2 5/81 
EUROPEAN COUNTRIES: 

John Fluke Mfg. Co., Inc. 
P.O. Box C9090, M/S 250C 
Everett, WA 98206 
(206) 356-5400, Tlx: 152662 

O Send me a competitive comparison guide 
O Have a salesman call 
Name 

Title Mail Stop 

Telephone 

Company 

State Zip 

Ext. 
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40% SMALLER,40% LIGHTER. 
FREQUENCY COUNTERS FROM SYSTRON DONNER. 

Advanced technology. 
Maximum portability. 
Systron Donner is making portable 
frequency counters a lot more portable. 

Take, for example, our 26 GHz Model 
6246A: It's a full 40% smaller and lighter 
than our friendly competitor's equivalent. 
Forty percent! 

And that's not all. There's also a ton 
of leading-edge performance packed 
inside that little exterior: A sensitivity 
of —25dBm. Dynamic range of +52dB. 
Low 35W input power. High FM toler-
ance. (Not to mention that it's the only 
truly portable counter that can pro-
vide full coverage to 26 GHz.) 

A model for every range: 
100MHz, 512MHz, 1250MHz, 
4.5GHz,18GHz, 26GHz. 
In portable counters, Systron Donner 
covers the spectrum. With models for 
every frequency range. And at prices 
that are more than competitive. Check 
the chart and see what we mean. 

SD Portable Models Frequency Prke 

6246A 
6245A 
6244A 
6243A 
6242A 
6241 A 

26 GHz $4850 
18 GHz $4350 

4.5 GHz $3300 
1250 MHz $1150 

512 MHz $925 
100 MHz $725 

Simplified front panel. 
Easy operation. 
There's more good news: When you 
take a look at our control panel, see how 
we've simplified and clarified it. Then 

compare it with our friendly competitorb 
front panel...Enough said? 

Enough said. 

Plus, thin-line systems models: 
1-3/4 inches high! 
Even more good news: For you people 
who need systems counters, we've got 
you covered. For 26 and 18 GHz, Modes 
6246A and 6245A are fully programmable 
with an option that interfaces them to the 
IEEE-488 bus. And for 1250MHz, 512 
MHz and 100MHz, we offer a special 
ultra-thin series that takes up only 
13/4 inches of rack space. 

And, of course, all of these counters 
provide exceptional dynamic ranges, 
excellent AM and FM tolerances and the 
kinds of sensitivity levels that make them 
very well suited to permanent systems 
installations. 

SD Thin-Line Models Frequency Price 

6043A 
6042A 

6041A 

1250 MHz $1700 
512 MHz $1500 

100 MHz $1210 

Only from Systron Donner. 
So, next time you're in the market for a 
really portable frequency counter or a 
truly space-saving rack-mount counter, 
remember, there's only one place to go 
for the answers: Systron Donner. 

For additional information, call us. Or 
send in the coupon. We'll rush you com-
plete product literature—along with a list 
of our representatives in your area. 

Prices listed are U.S. domestic. Prices and specifications 
subject to change without notice. 

IIIII MN MIMI MI 111111 

SYSTRON DONNER E51981 

INSTRUMENT DIVISION/CFI 

2727 Systron Drive, Concord, CA 94518 
Phone: (415) 676-5000 
TWX: 910-481-9479 

Dear Systron Donner, 
I had no idea you people made such 
small, lightweight frequency counters; 
please rush me a set of literature on 
your full line. 

Name  

Title  

Company  

Address  

City/State/Zip 

Phone  

SYSTRON 
DONNER 
Member THORN EMI GrOuP 
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Get money back 
from 

Rockwell International. 

The easy way to evaluate R6500 
performance is now easier 

No argument. The data you gen-
erate operating your equipment 
with competitive microprocessor 
systems is the best criteria for 
decision making. 
Expensively impractical? Not 

if you want to generate your own 
data on third-generation R6500 
multi-chip or one-chip systems. 
Rockwell's AIM 65 microcomputer 
makes your evaluation easy The 
hardware cost is hundreds, not the 
conventional thousands of dollars. 
You use Assembly or high 

level languages to quickly pro-
gram selected equipment func-
tions. You easily interface your 
equipment's components with 
AIM 65's on-board, versatile I/O. 
You generate system thruput 

data with on-board programm-
able interval timers. 

It's easy with AIM 65. Now our 
money-back offer makes it easier. 
ROCKWELL'S 
MONEY BACK OFFER: 
Purchase an AIM 65 to measure 
R6500 cost-effectivity. When you 
buy a minimum of $2,500 R6500 
devices —multi-chip systems in-
cluding CPU's or R6500/1 one-
chip systems— we'll refund 10%, 
up to $500, of the initial device 
invoice. You keep the AIM 65, of 
course.This one-to-a-customer 
offer applies only if you buy an 
AIM 65 between April 13 and 
August 31,1981, and order 
R6500 devices within six 
months of your AIM purchase. 

GET DETAILS NOW: 
Call toll-free today for the nearest 
Rockwell Rep or Distributor 
Salesman. He'll explain all the 
details of our AIM 65 money 
back offer. In the U.S. call 
800-854-8099 (in California, 
800-422-4230). In Canada, call 
416-494-5445. Or Write: Rockwell 
International, Electronic Devices 

RC55,RO. Box 3669, 
Anaheim, CA 92803 U.S.A. 

I% Rockwell International 

...where science gets down to business 
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Now! One-chip microcomputers 
offer R6500 performance. 

Presenting the 
Rockwell R6500/1 
series: single-chip, 8-bit 
microcomputers and 
microcontrollers that 
are software compati-
ble with the R6500 fam-
ily, provide fast execu-
tion speed and may be 
interfaced readily with 
all R6500 I/O and 
memory devices. 

R6500/1 features 
include 1.5K to 3K 
°bytes of ROM, 64 to 
192 bytes of RAM, 23 to 
56 I/O ports, multiple 
use counter/timers, 
serial communication 
port, bit manipulation, 
expansion bus, multiple 
bus interface, directly 
executable RAM with 
low power standby, and 
multiple interrupts. 

Rockwell. Your 
systems source. 

To facilitate system 
and program develop-
ment, Rockwell sup-
ports the R6500/1 
series with emulator 
devices and interface 

A,..,.,..rt....,........... v.-...- .-...............--.,::-.... ' > 

lines to external mem-
ory, plus evaluation 
modules. One R6500/1 
even is available as a 
back-pack emulator 
that accepts PROMs 
or ROMs in an on-chip 
socket. Additionally, the 
SYSTEM 65 microcom-
puter development sys-
tem with R6500/1 
personality module sup-
ports full-up hardware 
and program develop-
ment, as well as in-
circuit user simulation. 

all Rockwell Interna-
tional toll free at 800-
854-8099 (within Cali-
aria, 800-422-4230). 
r write: 

Rockwell International, 
Electronic Devices 
Division, RC55, P.O. 
Box 3669, Anaheim, 
CA 92803. 

Rockwell 
International 

where science gets down to business 
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THE OPTICS ALONE 
ARE WORTH THE PRICE 

Now get more room to work, high 
power; and exciting new optics with the 
AO Series 1860 Industrial Microscope. 
El Here's the ultimate in image quality 
contrast and resolution. And unlike other 
scopes that depend on vertical stage 
movement for focusing, the 1860 uti-
lizes an exclusive focusing nosepiece 
principal that revolutionizes the ease 
and speed of wafer inspection. E And 
the fixed stage height provides excel-
lent stability and easier use of the 

ANOTHER AMERICAN IDEA 

ancillary equipment, such as micro-
probes, micromanipulators, carousels, 
and other stage hardware. Result: 
masks, wafers and other components 
are moved on and off the stage 
faster. 0 Only AO offers built- in 
halogen lamps with 10,000 
hours of life and a full 
20 mm. field of view... 
no other scope even comes 
close. E The unique AO Series 
1860 - another American ideo 

ribs 

in human engineering for the 
technologies of the 1980's. For 
o demonstration see your AO dealer 
or representative, or write for our 

brochure: American Optical, 
Instrument Division, 
PO. Box 123, Buffalo, 
NY 14240. 

fhe versatile 1860 accepts cameras 
for documentation and is available 
with attachments to accommodate 

several viewers simultaneously. 
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Probing the newp 
Analysis of technology and business developments 

Europeans plan business satellites 
Eutelsat to handle $100 million project involving 17 nations 

despite political obstacles and doubts that services are needed 

Following the example of the U. S., 
17 European nations plan to launch 
a pair of locally manufactured satel-
lites in 1983 to handle computer 
traffic, teleconferencing, electronic 
mail, and other business services. 
The 17, through their government-
regulated postal and telecommunica-
tions agencies (known as PTTs) have 
combined in a management organi-
zation called Eutelsat to fund the 
$100 million project. 

But by most accounts, the imme-
diate commercial prospects for such 
a service are uncertain. The develop-
ment is being pressed in fulfillment 
of the PTTS' monopoly obligation to 
provide customers with the services 
they demand or, as with France, in 
recognition of the strategic impor-
tance of satellite technology. Such 
services may well become big data 
carriers by 2000, but right now their 
future is clouded by political, techni-
cal, and commercial problems. 
To start with, Europe is smaller 

than the U. S., so dedicated satellite 
links will be more expensive to oper-
ate on most routes than terrestrial 
links. Admittedly, a single satellite 
hop can provide a wideband data 
link on demand if terrestrial links 
are not available, but the Europeans 
aim to meet such demands within 
the next 10 to 15 years by developing 
a continent-wide digital telephone 
network. Even so, that provides a 
window in which to establish satel-
lite systems, but politics could still 
stymie a pan-European service. 
Hard bargain. The present una-

nimity has been hard won and fol-
lows long and protracted bargaining. 
According to British Telecom man-
aging director Peter Benton, the 
compromise solution patched togeth-

by Kevin Smith, London bureau manager 

er at a December meeting of Eutel-
sat is to use a two-satellite service 
with incompatible technologies. Eu-
telsat will rent capacity on the 
French government's Telecom 1, a 
multirole six-transponder bird oper-
ating in the time-division multiple-
access mode. 

Additionally, the European Com-
munications Satellite, or ECS, which 
is primarily an Anglo-Italian project, 
is to be retrofitted with a business 

systems transponder operating in the 
frequency-division multiple-access 
mode. This technology, it is claimed, 
cuts the earth station costs by a 
third, to about $200,000, compared 
with TDMA systems, but it will 
almost certainly be made obsolete by 
second-generation business-satellite 
systems. 

Both satellites will work with an 
11 -gigahertz uplink and a 14-GHz 
downlink. Ground stations will be 

Communications link. Eutelsat's proposed business-systems satellites will utilize 4-meter 

rooftop dishes. This experimental model was provided by Britain's Marconi Communications. 
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linked to small 4-meter local neigh-
borhood antennas; small businesses 
will be connected to those by digital 
ground links. Though the antenna 
front ends will be common to both 
systems, they will not be able to talk 
to each other. One reason for this 
odd compromise might be to give 
other European manufacturers a 
foothold in the ground-station mar-
ket, since French manufacturers 
already have a head start in supply-
ing slimmed-down TDMA terminals 
for business applications. Also, some 
of the earliest potential users— 
including one UK news agency —are 
interested in the low-cost broadcast 
capability of FDMA systems. 

Terra firma. European Prrs still 
expect the bulk of future high-speed 
digital data traffic to travel along 
terrestrial links. "We are uncertain 
about the commercial prospects for 
the European satellite service, but 
we still must make the service avail-
able if our customers want it," says 
Friedrich-Wilhelm Bodemann, head 
of the satellite communications sec-
tion at the West German post 
office's development center in Darm-
stadt. "Europe is not the United 
States, where satellite communica-
tions may pay off," he says. 

Instead, the PTTS are banking 
heavily on their upcoming digital 
network, using a common 64-kilo-
bit/second channel capacity that 

Trial system. For customer trials starting this year, portable antennas such as this from 

Ferranti Microwave will be used to measure reception in various areas to be served. 

should meet most business require-
ments. Low-cost fiber-optic links will 
figure largely in these plans: British 
Telecom, for one, intends to use 
fiber-optic digital trunks starting in 
1983 to link its System X digital net. 
"Celestial services," says Bodemann, 
"must run in parallel with the terres-
trial networks." 

French view. In France, Michel 
Popot, project director in the Direc-
tion Générale des Télécommunica-
tions for the Telecom 1 satellite, con-
cedes that it will eventually be 
replaced by other communication 
networks even as he exudes optimism 
about its prospects. Telecom 1, he 
says, will arrive just in time to act as 
a catalyst for new communications 
services that the French label "Télé-
matique." 
The French opted for their own 

satellite rather than a European one 
largely for reasons of industrial 
strategy. On the one hand, they want 
French industry to be capable of 
building communications satellites 
with as little outside help as possible. 
On the other, they want to be in 
control so as to stimulate the direct 
development of French data-commu-
nications activities. 

Across the channel, the British 
government has yet to come up with 
a satellite strategy, so the initiative 
has been left to British Telecom and 
private industry. The Eutelsat satel-
lite business service accord is in large 
measure due to British Telecom's 
painstaking negotiations, as is the 

untidy technical compromise. Like 
other organizations, British compa-
nies doubt the commercial viability 
within Europe of a dedicated satel-
lite business service such as Eutel-
sat's. 

Marconi Space & Defense Sys-
tems Ltd., for one, believes that the 
best way to put such a service on a 
sound commercial basis is to com-
bine a transponder for direct-broad-
cast television and business services 
in an advanced satellite payload. 
Such a service, they argue, if oper-
ated over Europe or even nationally, 
could be a sound commercial propo-
sition. It could also run into major 
political problems. 

Alternatives. One candidate for 
the task is the European Space 
Agency's L-Sat or a derivative of it. 
L-Sat is a second-generation satel-
lite, with both direct broadcast and 
business transponders on board, due 
to be launched in 1985. Unlike ECS 
or Telecom 1, it is a multibeam sys-
tem with on-board switching be-
tween beams; it thus can put down 
an accurately defined microwave 
footprint, permitting direct broad-
cast to rooftop antennas. 

L-Sat is primarily an Anglo-Ital-
ian venture, as France and West 
Germany have pulled out of the 
heavy satellite direct-broadcasting 
project to go it alone. Now several 
other consortiums are being formed 
to address the European market for 
direct broadcasting by satellite, and 
though this is the primary objective, 
they, too, may decide to add a busi-
ness satellite payload. 

Marconi, for example, is actively 
seeking British Telecom support for 
its proposal. Another consortium, 
called Satellite Television, suggests 
using Eutelsat satellites linked to a 
local area receiver serving a cable 
network, an approach that bypasses 
some tricky political problems. But 
what is needed most to make busi-
ness satellite communications take 
off is a rapid growth in the kind of 
service that eats bandwidth. Such a 
service, says B. G. Evans of Eng-
land's Essex University, is telecon-
ferencing, but despite his bullish 
growth predictions, one of the big-
gest uncertainties remains the rate at 
which the screen will catch on 
among corporate managers as a sub-
stitute for business travel. D 
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INNOVATION! 
For fast, accurate inspecticins 
of wafers, hybrids, and multi-
layered chips, specify Bausch 
& Lomb MicroZoom'" Micro-
scopes...the only micro-
scopes with both the high 
magnifications and long work-
ing distances demanded by 
these semiconductor 
applications. 
No more pieced-together 

compromises! Bausch & Lomb 
innovation has produced a 
unique ong working distance 
microscope with magnifica-
tions to 1000X and working 
distances from .5" to 1.2". 
And, MicroZoom Microscopes 
also include these innovations: 
• Continuously in-focus 1X to 
2X zoom range. Focus once, 
then zoom to optimum magni-
fication witn no lost time 
refocusing. 
• New 50X LWD objective to 
give you the optimum (up to 
1000X) for pre-etch and post-
etch inspections. 
• Wide field images let you 
see a full 'A" chip, crisp and 
erect, for fast, accurate 
interpretation. 
• Advanced tungsten-halogen 
vertical illumination system 
provides contrast control and 
true co or rendition. A must for 

accurate 
photomicrographs! 

A full 7." 
square chip can 

be viewed at the low-
est magnification, 22.5X. 

• Special MicroZoom Prober 
Models, designed for mount-
ing on your probe station, add 
greatly to the safety, speed, 
and accuracy required for crit-
ical autopsy probing 
applications. 

When faster tee assembly and 
inspection are 
required, choose 
Bausch & Lomb 
StereoZoom® 
Microscopes. 
Large working 
distances to 10.5". 

Zoom ranges 
from IX to 7X. Magni-
fications to 280X. 

For ciritical work in 
wafer fabrication 
inspections, 
select Bausch & 
Lomb BALPLAN® 
Incident Light 

Micro-
scopes 

with magni-
fications up 
to 1500X and 
Cie clarity of 
six versatile 
illumination 
modes. 
All three of these 

microscopes accept a 
full range of high perfor-
mance photomicrographic 

BAUSCH ISL LOMB 

equipment and versatile 
accessories. 

Write or call today for com-
plEte information, applications 
assistance or a demonstration. 

Fcr inspection reliability, 
performance and innovation, 
THINK BAUSCH & LOMB. 
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foremost in mind-every step of the way. 

Design Philosophy? Right from the start we 
made sure that our integrated circuit designers 
were exposed to the system environment. 
notjust the component environment. In 
developing worldleading PABXs this perspective 
allowed Mitel Semiconductor to develop 
integrated circuits with well thought out 
general purpose interface capability. 

Quality and Reliability? Our ISO-CMOS 
production technique and our quality assurance 
screens are based on MIL Standard 883 Test 
Methods and Procedures. Every ISO-CMOS 
device is hermetically packaged and 100 percent 
burned in. So ISO-CMOS quality and reliability is 
built in at the start of the process and is maintained 
through to completion. 

Availability and Capacity? Mitel Semiconductor 
products are being marketed world-wide. 
with a supporting network of sales offices 
and distributors. In addition to a continuing 
expansion of manufacturing capacity by 
Mitel Semiconductor, Mitel ISO-CMOS devices 
are now sourced under licence by three major 
manufacturers, making our products and 
process the number one multi-sourced choice 
for new designs. 

ISO-CMOS. It has created a revolution in the 
telephone. PABX and digital logic markets based 
on a capability for high speed, low power and 
high density. The continuing evolution of this 
superior technology is assured by the ongoing 
commitment by Mitel to the process. 

-Vapox rAlumlflUm ISO CMOS TOPOLOGY 
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Probing the news 

Information processing 

Videotex' direction still unclear 
AT&T entry into already crowded display-technology field 

compounds puzzle of who will pay for what type of service 

by Harvey J. Hindin, Communications & Microwave Editor 

With the nascent videotex industry 
being pulled in many directions by 
competing technologies for data de-
livery via television and personal 
computer, the entry of giant Ameri-
can Telephone & Telegraph Co. 
with its own standard is adding to 
the confusion. And not only is there 
a plethora of delivery techniques, but 
there also is some question about 
who should deliver what. 
The scheduled revelation of 

AT&T's move into the business of the 
interactive home and office of the 
future, and its decision to eschew 
Britain's Prestel, France's Antiope, 
and Canada's Telidon standards, 

was the bombshell at the Videotex 
'81 meeting in Toronto this week. 
Bell's videotex will, naturally, use 
the telephone, says a spokesman, 
adding that "the Bell System stan-
dard does not favor Telidon or any-
one else's approach." Moreover, he 
says, "Bell is an advocate of compat-
ibility," which is no surprise, since it 
is in the company's interest to have 
everyone talk to everyone else via 
in-place national phone networks. 

Compatibility is no pipedream: 
much work has been going on to 
make the three existing standards 
work together. On the other hand, 
just how far the others will go to 

comply with AT&T's requirements 
remains to be seen. They already 
have, after all, a relatively wide 
installed base. 

In any event, the AT&T matter 
proves that the latest phenomenon of 
the information revolution is still a 
wide-open field where no one can 
predict what is going to happen. The 
United States, though it lags well 
behind Canada, England, and 
France in its development of the ser-
vices, techniques, and products that 
can be brought to the home and 
office of the future by two-way tele-
vision, is a good example of the fluid 
situation. According to John Tyde-

DIVERSITY OF U.S. VIDEOTEX TECHNOLOGY 
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AT&T/EIS Albany V V V 

AT&T/EIS Austin V V l 

Belo/Sammons V V I/ 

Cabletext V 

CBS V V 

Closed Captioning V 

CompuServe V V V V 

Cox V V V V 

Datacast V V 

Green Thumb V V V V 

KSL-TV V V V V 

OCLC V il V V 

QUBE V V V V 

The Source V V V V 

Times Mirror V 

Viewtron V phase 2 phase 1 V 

WETA-TV V _ I/ 

Note: This chart is illustrative only; it does not show every user's approach in edch area. Source: Institute for he Future 
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man of the Menlo Park, Calif., Insti-
tute for the Future and Laurence 
Zwimpfer of the New Zealand Post 
Office, "users in the United States 
will likely have a choice of three or 
possibly four delivery approaches to 
videotex. These include over-the-air 
broadcast, coaxial-cable broadcast, 
telephone-network—based TV systems, 
and personal computer terminals." 
The four different display formats, 
three different display devices, and 
three different user-input devices for 
the four delivery technologies—not 
counting AT&T's—are more clear 
evidence of the lack of coordination 
in the industry (see table). 

U. S. videotex trials include sys-
tems based on Prestel, Antiope, and 
Telidon. Even the standards that 
exist, few as they are, are of little aid 
in decision making. For example, 
those three systems all fit within the 
guidelines established at the Consul-
tative Committee on International 
Telegraphy and Telephony meeting 
held in Geneva in November 1980. 
What's more, there is little doubt 
that the meeting of the Conference 
of European Postal and Telecommu-
nications Administrations' telecom-

munications executive committee at 
Innsbruck, Austria, this month will 
further bless the existing systems 
that have been proposed for a unified 
European videotex standard. Be that 
as it may, what is important, as all 
the presenters at Videotex '81 point-
ed out, is that now, as Prestel's 
Stephens puts it, "videotex has 
become an international industry." 
One attempt to establish an inter-

national videotex network is going to 
be launched by Prestel International. 
W. W. Shrimpton, managing direc-
tor of Logica PI Ltd. in England, 
which is a consultant to the British 
government's British Telecom, says 
that "the first international videotex 
service will start in the second half of 
this year." It will supply data bases 
to business users in Britain, West 
Germany, the U. S., and Switzer-
land, among other countries. Highly 
specific information such as shipping 
news and commodity prices will be 
offered. 
Market confusion. The fact that 

the first international videotex ser-
vice will cater to a well-defined mar-
ket is no accident. It has been very 
difficult for would-be entrepreneurs 
to define just what people need and 
are willing to pay for among the 
various information-retrieval, games 

ENTRY 
STATION TV 

DISPLAY 

MOD FIED 
DECODER 

EDITING STATION 

CATHODE-RAY-
TUBE TERMINAL 

SUBSCRIPTION 
TV COMPUTER 

IBM SERIES I 

VIDEOTEX 
COMPUTER 

IBM SERIES I 

DATA 
CONTROLLER 

TO MICROWAVE 
MODULATOR AND 
BROADCAST 
ANTENNA 

Different. In one test, in Florida, data is on aural carrier's subcarrier instead of the usual 

vertical blanking interval of subscription TV. The diagram shows the data-entry point. 

and entertainment, transaction-ori-
ented, electronic-mail, data-process-
ing, and home-management services 
that videotex can supply. 

In contrast to the U. S. approach 
of tests by an uncoordinated group 
of suppliers from cable television, 
newspapers and magazines, televi-
sion stations, telephone companies, 
and just about everyone eager to test 
the new waters, Japan has gone the 
sole-source route. In the person of its 
domestic communications umbrella 
organization, Nippon Telegraph & 
Telephone Public Corp., it has con-
ducted but one uniform test for the 
last two years. "Thus far, it has 
proved quite successful," S. Harashi-
ma, director of NTT's visual commu-
nication bureau, told conference 
attendees. "And," he added, "the 
second experimental service is 
planned to start in August." 

Careful Swiss. Like the Japanese, 
the Swiss have special language 
needs. But this is a mere matter of 
logistics; more important is the 
choice of display technology. Switz-
erland has been testing a system 
based on the Prestel approach for 
two years. According to Peter A. 
Gfeller, technical director, and 
Pierre E. Schmid, manager of the 
data systems division of Switzer-
land's Standard Telephon und Radio 
AG in Zurich, the use of Prestel up to 
now "implies no prejudice for the 
choice of system for the next stage of 
testing, which is scheduled to begin 
in 1983." 

Indeed, the ever-pragmatic Swiss 
are eager to introduce what the 
Standard Telephon people call "the 
more advanced graphic methods of 
Telidon." For the Swiss, the way to 
accomplish this feat is "coexis-
tence," through inexpensive multi-
mode terminals that can switch 
between formats. 
The concern with display technol-

ogy is important, but by no means do 
all participants in the videotex game 
agree on the degree of its impor-
tance. For example, K. E. Clarke, 
head of Prestel research and devel-
opment, and B. L. Fenn, a British 
Telecom research engineer, make no 
apology for saying that "internation-
ally, the videotex community over-
rates display technology at the 
expense of the network, where many 
of the real costs and problems lie." D 
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If you can't find the right program 
in our new catalog, 

it probably hasn't been written. 
professional software for micro- For a free catalog, mail coupon to Lifeboat Associates, 1651 Third Avenue, New York, NY 10028. 

I 
computers, Lifeboat Associates offers \ 

As the world's largest publisher of 

the largest selection of state-of-the-art Or call (212)860-0300. Telex 640693 (LBSOFT NYK) 

I \ , programs. And our new catalog has Name Title 

more to offer than ever. We also add the I Comparr,  

crucial dimension of after-sales service i Street 
and full support to everything we sell 
Order your free catalog today ..:----- a city State Zip  MIN MI MI MII Ma NMI MIM MM MI ... J 

Our catalog contains full descriptions and specifications of the following: 

DISK OPERATING SYSTEMS TELECOMMUNICATIONS 
CP/M CONFIGURED FOR: 
APPLE II 
DATAPOINT 1550/2150 
ICOM MICRO DISK 
ICON 3712 
ICON 3812 
ICON 4511/PERTEC 03000 
INTEL NOS 
MICROPOLIS FLOPPY DISK 
MITS/ALTAIR 
MOSTEE MDX 
NORTH STAR 
OSI C3 
OSI C38 
OSI C3C Prime 
TAS-80 MODEL II 

MP/M FOR INTEL MDS 

HARD DISK INTEGRATION MODULES 
CORVUS WITH APPLE II SOFTCARD 
CORVUS WITH S100 AND TRS-80 
MODEL II 

ICON 4511/PERTEC 03000 
KONAN PLUS CDC PHOENIX 
XCOMP SM/S PLUS CDC PHOENIX 
XCOMP DFC10 FOR PERTEC 03000 

SYSTEMS TOOLS 
BUG ANO uBUG 
DESPOOL 
DISILOG 
DISTEL 
EDIT 
EDIT-80 
FILETRAN 
IBM/CPM 
MAC 
MACRO-80 
PASM 
PLINK 
PMATE 
RAID 
RECLAIM 

SID 
TRS-80 MODEL II 
CP/M 
CUSTOMIZATION 

UNLOCK 
WORD-MASTER 
XASM-18 
XASM-48 
XASM-65 
XASM-68 
XMACRO-86 
ZOT 
Z80 DEVELOPMENT 
PACKAGE 

ZSID 

BSTAM BSTMS 

LANGUAGES 
ALGOL-80 
APL/V80 
BASIC-80 
(COMPILER) 

BASIC-80 
(INTERPRETER) 

BDS C COMPILER 
CBASIC-2 
CIS COBOL 
COBOL-BO 
FORTRAN-80 
JRT PASCAL 
muLISP 

muSIMP 
NEVADA COBOL 
PASCAL/M 
PASCAL/IF 
PASCAL/MT+ 
PASCAL/Z 
PL/I-80 
S-BASIC 
TINY C 
TINY-C TWO 
WSMITHS 
COMPILER 

XYBASIC 

LANGUAGE AND APPLICATIONS TOOLS 
BASIC UTILITY MDBS.ORS 
DISK 

DATASTAR 
FABS 
FORMS 1 FOR CIS 
COBOL 

FORMS 2 FOR CIS 
COBOL 

MAGSAM III 
MAGSAM IV 

MDLIS.RTL 
M/SORT FOR 
COBOL-8D 

PEARL 
PSORT 
OSORT 
STRING BIT 
STRING /80 
SUPER-SONT 
ULTRASORT II 

WORD PROCESSING SYSTEMS AND AIDS  
MAGIC WAND TEX 
LETTERIGHT TEXTWRITER III 
MICROSPELL WORDSTAF. 
SPELLGUARD WORDINDEX 

DATA MANAGEMENT PACKAGES 
CONDOR MOBS 
HDBS MOBS ORS 

GENERAL PURPOSE APPLICATIONS 
CBS SELECTOR IV 
SELECTOR III-C2 

MAIL LIST APPLICATIONS 
MAILING ADDRESS (PTREE) 
MAILMERGE FOR WORDSTAR 
NAD 
POSTMASTER 

BUSINESS APPUCATIONS 
ACCOUNTS PAYABLE (PTREE) 
ACCOUNTS PAYABLE (SSG) 
ACCOUNTS RECEIVABLE (PTREE) 
ACCOUNTS RECEIVABLE (SSG) 
GENERAL LEDGER II (CPAIDS) 
GENERAL LEDGER (PTREE) 
GENERAL LEDGER (SSG) 
GLECTOR FOR SELECTOR III-C2 
INVENTORY (PTEEE) 
INVENTORY (SSG) 
PAYROLL (PTREE) 
PAYROLL (SSG) 

NUMERICAL PROBLEM-SOLVING TOOLS  
ANALYST STATPAK 
FPL 1/MAKER 
muMATH 

OTHER SPECIALIZED APPLICATIONS 
DATEBOOK 
ESO-1 
PAS-3 DENTAL 
PAS-3 MEDICAL 
PROPERTY MANAGEMENT (PTREE) 

BOOKS ANO PERIODICALS 
APL—AN INTERACTIVE APPROACH 
ACCOUNTS PAYABLE & ACCOUNTS 
RECEIVABLE CBASIC 

8080/Z80 ASSEMBLY LANGUAGE 
THE CP/M HANDBOOK 
THE C PROGRAMMING LANGUAGE 
CRASH COURSE IN MICROCOMPUTERS 
FIFTY BASIC EXERCISES 
GENERAL LEDGER-CBASIC 
INTRODUCTIChil TO PASCAL 
LIFELINES 

THE PASCAL HANDBOOK 
PASCAL USER MANUAL AND REPORT 
PAYROLL WITH COST ACCOUNTING-
CBASIC 

STRUCTURED MICROPROCESSOR 
PROGRAMMING 

USING CP/M-A SELF-TEACHING GUIDE 

ACCESSORIES 
CC 300 DATA CARTRIDGE 
HEAD CLEANING DISKETTE 
FLIPPY DISK KIT 
FLOPPY SAVER 

Program names and computer names are 
generally trademarks or service marks of 
the author or manufacturing company. 

All software products have specific 
requirements for hardware and additional 
associated software (e.g. operating system 
or language). 
All products are subject to terms and 
conditions of sale. 

Prices and specifications are subject to 
change without notice. 

All Lifeboat software requires CP/M unless 
otherw;se stated. 
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ORDERING INFORMATION COMPUTERS 
SUPPORTED INCLUDE: 
ADDS Multivision RI 
AVL Eagle RB 
Altair 8800 B1 
Altos Al 
Apple CP/M 13 Sector RO 
Apple CP/M 16 Sector RR 
BASF System 7100 RD 
Blackhawk Micropolis Mod II 02 
CDS Versatile 38 01 
CDS Versatile 4 02 
Columbia Data Products A1 
COMPAL-80 02 
CSSN Backup Ti 
Cromenco System 3 Al 
Cromenco System 2 SDSS R6 
Cromenco System 2 DOSS AX 
Cromenco System 2 ODDS AY 
Datapoint 1550/2150 Single Sided AA 
Datapoint 1550/2150 Double Sided AB 
Delta Systems A1 
Digi-Log Microterm II RD 
Digital Microsystems Al 
Durango F-85 RL 
Dynabyte 088/2 R1 
Dynabyte 088/d Al 

Exidy Sorcerer + Lifeboat CP/M 
Exidy Sorcerer + Exidy CP/M 
Heath H8 + H17/H27 disk 
Heath H89 + Lifeboat CP/M 
Heath H89 + Magnolia CP/M 
Heath H89 + Heath CP/M 
Helios II 
ICON 2411 Micro Floppy 
ICON 3712 
COM 3812 
COM 4511 5440 Cartridge CP/M 1.4 
COM 4511 5440 Cartridge CP/M 2 2 
MS 5000 
MS 8000 
MSAI VDP-40 
MSAI VDP-42 
MSAI VDP-44 
MSAI VDP-80 
SC Intecolor 8063/8380/8963 
ntertec Superbrain DOS 0.1 
Menu Superbrain DOS 0.5 
ntertec Superbrain DOS 3.x 
ntertec Superbrain OD 
Kontron PSI-80 
MITS 3200-3202 
MS0 5.25 in 
Meca Delta-1 5.25 in. 

02 
RW 
P4 
P4 
P7 
P7 
82 
R3 
Al 
Al 
D1 
02 
RA 
Al 
R4 
R4 
AS 
Al 
Al 
R7 
RJ 
AK 
RS 
RF 
81 
RC 
P6 

Micromation 
Micropolis Moc I 
Micropolis Moc II 
Morrow Discus 
Mostek 
NEC PC-800I 
North Star Singe Density 
North Star Double Density 
North Star Ouad Density 
Nylac Micropolis Mod II 
Ohio Scientific r2 
OKI IF-800 
Onyx C8001 
Pert« PCC 2000 
Processor Technology Helios II 
Quay 500 
Quay 520 
RAIR Single Density 
RANI Double Density 
Research Machines 5.25 in. 
Research Machines 8 in. 
SD Systems 525 in 
SD Systems 8,n. 
Sanco 7000 5.25 in. 
Spacebyte 
TEl 5.25 in. 
TEl B in. 

Al 
01 
02 
Al 
Al 
RV 
PI 
P2 
P3 
02 
A3 
AZ 
72 
Al 
82 
RO 
RP 
R9 
RE 
RH 
Al 
R3 
Al 
RO 
Al 
R3 
Al 

TIP 
TAS-80 Model I STANDARD 
TAS-80 Model I + FEC Freedom 
TAS-80 Model I + Micromation 
TAS-80 Model I + Omikron 5 25 in 
TAS-80 Model I + Omicron 8 in 
TAS-80 Model I + Shuffleboard 8 in. 
TAS-80 Model II 
TAS-80 Model III 
Vector MZ 
Vector System 2800 
Vector System Et 
Vector VIP 
Vista V-80 5.25 in. Single Density 
Vista V200 5.25 in. Double Density 
Zenith Z89 + Zenith CP/M 
Zenith Z89 + Lifeboat CP/M 
Zenith Z89 + Magnolia CP/M 

T3 
R2 
RN 
A4 
AM 
Al 
Al 
Al 
RU 
02 
Al 
02 
02 
R8 
P6 
P7 
P4 
P7 

SS = single sided SD = single density 
DO = double sided DO = double density 

The list of available for-eats is subject to 
change without notice. In case of 
uncertainty, call to confirm the format code 
for any particular equipment. 

LIFEBOAT WORLDWIDE 

Lifeboat Inc 
3-23-8 Nishi-shinbashi 
Minato-ka. Tokyo. 105 Japan 
Tel: 03-437-3901 
Telex: 2422723 (ASRTYOJ) 

Lifeboat Associates. Ltd. 
PO Box 125 
London WC2H 911.1. England 
Tel: 01-836-9028 
Telex: 893709 (LBSOFTG) 

Lifeboat Associates GmbH 
PO Box 168. Aegeristrasse 35 
CH 6340 Baar. Switzerland 
Tel: 042-31-2931 
Telex: 865265 (MICO CH) 

Intersoft GmbH 
Schlossgartenweg 
D-8045 Ismaning, W. Germany 
Tel: 089-966-444 
Telex: 5213643 (ISOFD) 

Lifeboat Associates 
Software with full support. 

Lifeboat Associates, SARL 
10, Grande Rue Charles de Gaulle 
92600 Asnieres. France 
Tel: 1-733-08-04 
Telex: 250303 (PUBLIC X PARIS) 
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Probing the news 

Displays 

LCDs lead flat-panel display derby 
Japanese companies are showing prototypes of handheld TV sets 

using liquid crystals, though Sinclair's flat CRT shines 

Of all the approaches to a low-power, 
flat-panel display suitable for hand-
held television sets—which are ex-
pected to begin appearing in 1982— 
liquid-crystal displays appear to be 
the long-term winner. Already pro-
totypes of LCDs with several thou-
sand picture elements (pixels), all 
from Japan, have combined good 
contrast and size with their inherent 
low-power advantage. Still, other 
technologies cannot yet be ruled out, 
and one—actually a flat cathode-ray 
tube—has aesthetic advantages in its 
brightness and product maturity. 

In Japan, the Tokyo-based Hita-
chi, Sharp, and Toshiba are in the 
forefront with LCD developments. 
Also, Shinsu Seiki Ltd. of Hirooka, 
which also owns Seiko Ltd., the 
watch manufacturer, unveiled at the 
National Computer Conference in 

Chicago earlier this month a 1-by-
11/4 -inch LCD panel with a 210-by-
200-pixel array. 
The display is only 3 millimeters 

thick, and the maximum fall time of 
a dot signal is 100 milliseconds. The 
combination provides a good black-
and-white video image with no 
noticeable .ghost. The NCC display 
worked from a videotape player with 
a second panel in a transistor-
radio—sized package, which included 
the tuning electronics, receiving lo-
cal commercial television. The panel 
draws only 10 milliwatts and has 
excellent contrast. Though only a 
prototype, it shows how far LCD 

technology has come. 
Many connections. One of the 

problems with LCDs lies in the num-
ber of interconnections that must be 
made to the panel—hundreds of 

rows and a comparable number of 
columns. Hitachi Ltd., which dem-
onstrated its 45-by-60-mm (equiva-
lent to a 3-in.-diagonal measure-
ment) LCD panel at the Society for 
Information Display meeting in New 
York last month, relies on a multi-
plexing scheme to keep the number 
of interconnections manageable, but 
also maintains that matchi4 the 
resolution of conventional TVs is not 
necessary: in fact, its 120-by-160-
pixel panel has only one sixteenth 
the resolution of conventional TVs. 
Eiji Kaneko of the company's 
Central Research Laboratory ex-
plains that "the reduced number of 
pixels is acceptable because the 
human eye cannot clearly discrimi-
nate among pixels in a display of this 
size." Nevertheless, in attempting to 
produce a more natural image, Hita-



chi uses a technique called gamma 
compensation. 
The Hitachi display is actually 

part of a complete prototype televi-
sion measuring only 146 by 95 by 30 
mm and weighing with its four pen-
light batteries a mere 480 grams 
(about a pound). Total power dissi-
pation of the unit is 1.3 watts. 

Perhaps the best picture at the SID 
show appeared on the screen of Clive 
Sinclair's flat CRT. Sinclair, the driv-
ing figure behind the stream of mini-
aturized products from Sinclair Re-
search Ltd., Cambridge, England, 
showed a tube with a picture diago-
nal of 2 in. and a depth of 0.75 in. To 
achieve so narrow a profile, the 
tube's electron beam is fired from 

one side of the display area. Initially, 
the trajectory of the beam is parallel 
to the plane of the display; it is 
angled downward by an ingeniously 
simple set of electrostatic deflection 
plates that require one tenth the 
power of conventional, magnetically 
deflected c RTs —30 mw. 

Doubly bright. The beam passes 
between a metal-backed phosphor-
coated screen and a transparent 
repeller electrode of equal area. The 
picture is viewed through this elec-
trode so that the image is seen from 
the same side as the electrons im-
pinging on the phosphor. The result, 
says Sinclair, is twice the picture 
brightness for a given beam current, 
compared with a standard tube. 

Less promising flat-panel technol-
ogies include light-emitting-diode 
arrays and vacuum fluorescent pan-
els. Though interesting in the way it 
sandwiches 6,144 red and green 
LEDs into an array that offers images 
in shades of red, yellow, and green, a 
panel shown by Sanyo Electric Co. 
at the SID can draw several amperes 
and so will be limited to graphics 
terminals. A 128-by-128-pixel vacu-
um fluorescent display from Ise 
Electronics Corp. in Ise, Japan, also 
shown at SID, had only fair bright-
ness and, according to its inventors, 
potential for better resolution, but 
draws 676 milliamperes of heater 
current to get its 76.6-by-71.8-mm 
display area. El 

Picture show. Flat-panel displays shown to those who took in the recent Society for 

Information Display meeting in New York were, left, a cathode-ray-tube model from Sinclair 

that is only 0.75 inch deep; above, one from Toshiba that uses liquid crystals; and, below, a 

version from Sanyo that sandwiches 6,144 red and green light-emitting diodes into an array. 

Fiber Opbcs 

and 

Lightveve Comuneaborts 

kxabulary 

149.e„eknm ie 

FIBER OPTICS 
VOCABULARY 

The basic reference document 
on fiber optic and lightwave 
communications for those who 
design, develop, operate, use, 
manage, or manufacture 
communications or data 
processing equipment and 
components. 

• 1400 entries, with 

• inversions and cross-
references 

• index of terms 

Order your copy today' 

Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 
Tel. 609/448-1700, ext. 5494 lull I 

Send me copies of Fiber Optics and 
Lightwave Communications Vocabulary @ 
$12.95 plus applicable sales tax. McGraw-Hill 
pays regular shipping and handling charges on 
pre-paid orders. 

C Payment enclosed D Bill firm D Bill me 

Ten-day money-back guarantee. 

Name 
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Company 

Street 

City State Zip 
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Probing the news 

Memories 

Removable cartridges inch up on disks 
Innovative media schemes and positioning technologies appear 

as memories seek to back up or replace Winchester drives 

by Tom Manuel, Computers & Peripherals Editor 

Driving for denser and roomier 
removable-medium magnetic-stor-
age devices as backups or alterna-
tives to the rapidly proliferating 8-
inch and 51/4-in. Winchester disk 
drives, manufacturers are inventing 
new media schemes or positioning 
technologies. In the spotlight at this 
month's National Computer Confer-
ence in Chicago were a 1-in, tape-
cartridge, an 8-in, high-energy flop-
py-disk cartridge, a 5'/4-in. Winches-
ter disk cartridge, and a 31/4-in. flop-
py-disk cartridge. 
Among the most interesting of 

these new products is the Alpha 10, 
a drive that stores 10 megabytes of 
formatted data on 8-in, flexible disk 
cartridges. Introduced by Iomega 
Corp. of Ogden, Utah, it uses a pat-
ented media-stabilization and 
read/write head technology, along 
with a track-following embedded 
servo-positioning system to pack 300 

tracks/in. and 24,000 bits/in, on one 
side of an 8-in, high-energy floppy-
disk cartridge from 3M Co. Average 
access time is 35 milliseconds. 
The Iomega technology is a non-

contact, flying technology—not un-
like Winchester disk technology, 
which has the medium fly over the 
head instead of the reverse. Pre-
viously, all floppy-disk technologies 
involved head-to-medium contact. 
The diskette spins close to a Bour-

noulli plate, where the balance of 
pressure and air flow stabilizes the 
disk into a flat, almost rigid, surface 
flying 0.08 in. above the plate. The 
read/write head, mounted on a rota-
ry actuator, protrudes through a slot 
in the plate. The shape of the head 
and its mounting are designed to 
extend the Bournoulli flow in the 
vicinity of the head to make a close 
coupling of the head and medium, 
producing an air bearing between 

Lid off. Under the hood of PerSci's floppy-disk drive is a track-following embedded servo 

mechanism that increases density to 150 tracks/inch. The usual figure is 48. 

the read/write gap and the disk of 
just under 10 microinches. 
The repeatable stability of the 

very low-flying height is achieved 
aerodynamically. While the low-fly-
ing medium allows more bits per 
inch, a sectored servo pattern of 70 
servo fields on each track provides 
the closed-loop servo system with the 
information to overcome the dimen-
sional instability caused by tempera-
ture fluctuations. The result is a 
spacing that is 300 tracks/in. 

Spares. The data is formatted into 
306 tracks, each with 64 data sectors 
and the 70 servo fields. Each data 
sector holds two 256-Kbyte records. 
To overcome defects in the medium, 
the Alpha 10 has four spare tracks 
and five spare sectors on each track. 
One sector on each track is used for 
writing error-checking and -correc-
tion codes. The error-correction code 
can correct up to one complete sector 
of data. The ECC and spare sec-
tor/track scheme achieves a nonre-
coverable error rate of less than 1 in 
10 12 —comparable to Winchester 
disk rates. 
The Alpha 10 storage subsystem, 

which will be available in limited 
quantities for evaluation in August, 
with volume shipments beginning in 
October, consists of the drive, an 
integral controller based on large-
scale integrated circuits and with a 
high-level intelligent host interface, 
and a disk cartridge. In quantities of 
500, the drive will be priced at 
$1,250; the controller, which can 
control up to four drives, at $950; 
and the cartridges at $39.50 each. 

Another unique media scheme is 
used by Pragma Data Systems Inc. 
of Sunnyvale, Calif., in its model 
2000 direct-access tape-cartridge 
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You're On The Right Track 
I with CEC/Bell & Howell Recorders 

CEC/Bell & Howell manufactures a complete 
line of DATAGRAPH recorders for the com-
mercial, industrial, scientific or military 
specialist . . . one who demands the finest 
quality, the last word in technology, and a name 
he can trust. 
Our all-new HR2000 Datagraph is the world's 

first all solid state recorder. It contains a unique 
programmable light gate array, which produces 
unexcelled linearity on direct print photo 
sensitive papers ranging in size from 35/8" to 
12" in width. Up to 28 channels of signal' inputs 
are provided for maximum flexibility. 

Other models are engineered to meet a wide 
spectrum of requirements in channel capability, 
frequency response, paper width, price and 
portability. 
Ask us for Datagraph details. Compare. 

You'll find you're on the right track! 

CEC2 a registered trademark of Bell & Howell 

CEC Division 
360Sierra Madre Villa, Pasadena, California 91109 

In BELL E HOWELL 

Circle 107 on reader service card 

25 :Imes larger than life 

A great capacity for punishment 
Designed to meet the requirements of the hybrid 
circuit manufacturer, the Tansitor chip tantalum 
capacitor is completely encapsulated in a metal case 
ard is able to withstand handling and reflow solder-

Tansitor solid tantalum chip 

ing at high temperature. This chip can be mechanically 
orientated and is consistent in size. Available in 6 sizes, 
with a capacitance range of 01 to 220 mfd; 2 to 
50 Volt. Write or 'phone for further data. 

Tansitor Electronics, Inc. 

S Vermont 05201 Phone (802) 442-5473 
West Road, p 0. Box 230, Ben nington, 

TWX (710) 360-1782 

Tansitor - reliable in so many ways 

Electronics/May 19, 1981 Circle 129 on reader service card 107 



Probing the news 

drive. The 2000 stores 80 megabytes 
of formatted data on a 1/2 -in, mag-
netic-tape cartridge, the first to use 
1/2 -in. tape. The cartridge tape for-
mat is 615 blocks, each containing 
131-K bytes. Data reading and writ-
ing are done on each block, while the 
tape is held still, by two diametrical-
ly opposed heads on a servo-con-

trolled rotating drum scanner. The 
heads are offset by 16 tracks; as the 
scanner is moved longitudinally 
along the block of tape, two tracks 
are accessed. 
The scanner can be positioned 

transversely across the tape in 16 
track positions, for a total of 32 
tracks, with each track within a 
block storing 4,096 bytes. Track 
switching is done in 9.4 ms, average 
latency (within a block) is 10 ms 

Get your Green 
Book now—free. 
Valuable dis-

count coupons 
worth $3000 to-
ward the purchase, 
lease or rental of 
scopes, recorders, 
meters and more. 
Without it your 

next test equipment 
acquisition could 
cost you more than 
it should. Lots more. 
USIR can provide 

you with any test 
instruments you 
need. With service 
nobody can beat ... 
And now the Green 
Book saves you thou-
sands of dollars! 
You get it all from 

USIR: top brands, 
nationwide service, 
guaranteed deliver, 
and flexible financ-
ing. Including our 
new Extended Term 
Rental program 

that combines the 
convenience of rent-
ing with the lower 
rates of leasing. 
Send the coupon 

today and get the 
best possible deal 
on test equipment. 
From USIR. 

United States 
Instrument Rentals, Inc. 

, US LeasIng Canpany 

Save up to 
1,000 

this year on 
test instruments. 

Don't buy, rent or lease any 
test equipment without 
the USIR Green Book. 

ma, 
O.K. USIR, send me 
your free Green Book, with 
$3000 worth of discount coupons. 

Name 

Title 

Company M.S. 

Phone 

Street 

City/State/Zip 

USIR, 2988 Campus Drive, San Mateo, CA 94403, 
(415) 572-6600. ELEC 5/19/81 
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and the time required to switch 
blocks is 250 ms. To its host comput-
er system, the model 2000 appears to 
be a 32-head disk with 615 cylinders, 
where each cyclinder contains 131-K 
bytes and has access characteristics 
that are similar to those of a Win-
chester disk. In quantity, the 2000 
will cost about $2,000. 

Choice trio. Three other remov-
able-media storage products shown 
at the NCC offer unique choices for 
the system designer. For example, 
PerSci Inc. of West Los Angeles, 
Calif., announced a floppy-disk drive 
that uses a track-following embed-
ded servo mechanism to increase 
density to 150 tracks/in. (the usual 
figure is 48), providing an unformat-
ted data capacity of 8.4 megabytes 
on both sides of two 8-in. diskettes. 
The model 899 uses completely stan-
dard media. 

In addition, Sony Data Products 
division of Sony Corp. of America, 
Paramus, N. J., showed its 3.5-in. 
microfloppy-disk drive, which can 
store 218.8-K bytes (single density, 
unformatted) and 437.5-K bytes 
(double density, unformatted) on 
3.5-in, floppy disks mounted in rigid 
plastic cartridges. 
A removable 51/4 -in. Winchester 

disk cartridge also entered the mar-
ket at the Chicago show. New World 
Computer Co., Costa Mesa, Calif., 
continuing its development of high-
speed multiple-head small Winches-
ter disk drives, brought out the 
Mikro-Disc 5, a 51/4 -in. model with 
both fixed and removable Winches-
ter disk cartridges. Each removable 
cartridge contains a proprietary low-
mass multihead assembly, a digital 
linear positioner that raises the 
heads when powered down, and the 
disk in a sealed cartridge. The car-
tridges can be either an 8-head mod-
el, which writes on one side of the 
disk and stores 2 megabytes of 
unformatted data, or a model with 
16 heads that stores 4 megabytes on 
both sides. In quantities of 500, the 
cartridges will cost $300 for the 
smaller and $500 for the larger 
capacity unit. The drive is available 
in five models: from the 2/0, with 
just 2 megabytes of fixed storage, to 
the 4/4, with 4 megabytes of fixed 
capacity and 4 megabytes of remov-
able storage. The prices in lots of 
500 range from $496 to $1,196. 
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Compare 
CalComp Graphics COM 
for better price/performance. 

High quality, high throughput, big savings. 
The performance of CalComp graphics COM measures up to 
the rest...for less. Compare our 80 lines/millimeter resolu-
tion, 16K x 16K addressable point matrix and 400,000 incre-
ments per second plotting speed. You get the high quality and 
high throughput you want at a price that can save you *50,000 
or more. 

Whether your application is producing aperture cards, roll film 
or microfiche, CalComp graphics COM systems can meet 
your needs. 

Plus features that are CalComp's alone. 
Compare cameras. The CalComp Universal Camera saves 
you time and money. Our single camera can accommodate 
16mm, 35mm and 105mm film. Prefocused lenses and uni-
versal film canisters allow you to change formats in minutes 
without lengthy set-up procedures. 

Ease of operation can mean increased productivity for you. 
CalComp controller software performs extensive error checking 
before each job starts to assure the correct size film, lens and 
other operator-dependent set-ups correspond to job parameters. 

Operator error is virtually eliminated so you save time and 
money by significantly reducing job re-runs. 

CalComp compatibility with most systems. 
CalComp graphics COM can be interfaced easily into your 
graphics operations. Data input is via magnetic tape —the 
same compact data format used by our pen plotters. And to 
facilitate conversion to CalComp COM, simulators are avail-
able to process Stromberg-DatagraphiX® SC4020 and 
SC4060 format tapes. 

CalComp service...compares to no other. 
With our unique one year warranty on parts and labor — plus 
the largest team of systems analysts and field service engineers 
in the industry —you know you're assured of prompt, quality 
product support. 

Compare CalComp graphics COM with the rest. Learn how 
CalComp can give you quality, in-house graphics COM and 
increased productivity at significant cost savings. Contact 
your nearest CalComp sales office, or 
write: California Computer Products, 
Inc., 2411 West La Palma Avenue, 
Anaheim, CA 92801 

CALCOMP 
A Sanoms Grano«, Company 

El SANDERS 
2411 West La Palma Avenue, Anaheim, CA 92801 

(714) 821-2011 TWX 910-591-1154 
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Probing the news 

Companies 

Millennium goes on the offensive 
Hit by loss of its biggest customer, maker of development 

systems goes to market with its own line 

by Richard W. Comerford, Test, Measurement & Control Editor 

What does a manufacturer of micro-
processor development systems do 
when the customer that accounts for 
about 80% of sales decides to make 
its own? The answer for Millennium 
Systems Inc. is to hit the market 
with a new line. 
The dilemma arose when the cus-

tomer, Tektronix Inc., felt that it 
would have to build its own system 
[Electronics, Sept. 25, 1980, p. 33] to 
bring digital technology in house 
rather than depend on an outside 
supplier. That decision came after 
Millennium, which is in Cupertino, 
Calif., had been supplying the 
8001/8002 Microprocessor Develop-
ment Lab to be sold under the name 
of the big instrument maker from 
Beaverton, Ore., since 1977. The 
industry's knee-jerk reaction was, 
understandably, that for Millennium 
the day of judgment was at hand. 

Yet when the agreement between 
the two companies formally expired 
on April 1, there was Millennium off 
and running on its own with a new 
development system series [Electron-
ics, April 7, p. 178]. So far, the com-
pany has brought out two products 
in the line it calls 9500, a designation 
based on the Tektronix label for its 
new family: 8500. 
One of the new products is the 

9508, a stand-alone emulator for 
8-bit machines such as the 8085 and 
6800 types, among others. Designed 
for use with the other new machine, 
the 9520 software-development sta-
tion, the 9508 does all the debug-
ging, leaving the 9520 free to focus 
on such tasks as text editing, assem-
bly, compilation, and simulation. 
And since the 9520 is a multitasking 
system, two persons can use it simul-
taneously—while one debugs a hard-

PROGRAMMABLE 
READ-ONLY 
MEMORY 

PROGRAMMER 

9520 
SOFTWARE 

DEVELOPMENT 
SYSTEM 

9508 
STAND-ALONE 
EMULATOR 

CATHODE-
RAY-TUBE 
DISPLAY 

9580 
MULTIUSER SOFTWARE 
DEVELOPMENT SYSTEM 

WITH HARD DISK 

I 9516 
16-BIT STAND-ALONE 
EMULATION SYSTEM 

CRT DISPLAY 

LINE 
PRINTER 

---1 CRT DISPLAY 

9516 
STAND-ALONE 
EMULATION 
SYSTEM 

CRT DISPLAY 

ware prototype, the other can be 
writing software. This brings the sys-
tem cost down to about $7,000 per 
user, well below the all-important 
$10,000 level, plus the cost of the 
video display terminal. 
Thought process. The conception 

and targeting of the 9500s represent 
some clear thinking under pressure 
by Millennium. In 1979, because of 
its association with Tektronix, the 
company found itself with an im-
pressive base of development-system 
know-how. And though that union 
ended with Millennium entitled to 
use any emulator designs and cross 
assemblers developed by either firm 
through 1980—providing Millen-
nium with an excellent support-soft-
ware foundation—it left the Califor-
nia firm without a marketing pres-
ence in development systems. 

But the situation was not totally 

Family tree. Millennium's 9500 development 

system series takes advantage of the com-

pany's know-how gained from making such 

systems for Tektronix starting in 1977. The 

blocks in color above indicate products that 

will be introduced within a year. 
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Logic Analysis System 
The PI-540 packs virtually every measurement function 

you'll need in a single, easy-to-use instrument. 
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accommodate 3 resident 
disassemblers. 

50 MHz Timing Section 

Independent, 8-channel, 1000-
word timing analyzer with 5 ns 
glitch capture. Also prcvides 5 
state display formats. 
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Performance Monitoring 

100 MHz counter/timer measures 
hardware and software execution 
times. Includes industry standard 
signature analyzer. 

Waveform Recording Section 

50 MHz and 1000 samples. 
Waveform can be linked to 
other analysis sections for 
tracing analog and digital 
interactions. 
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RS-232 Serial Testing 

Model 70 probe converts P/-540 
into powerful serial 
communications analyzer. 
Receive, edit, and transmit 
messages at rates up to 19.2 K b. 

Want a closer look? Call 800-538-9713 (outside California) or 408-263-2252. TWX: 910-338-0201 

ti PARATRONICS INC. 
2140 Bering Drive San Jose, California 95131 

Leading the Way in Analysis Technology 

The P/-540 resides in the 
expandable System 5000 
mainframe. RS-232 and 
IEEE-488 interfaces are available. 

For additional information 180 For a demonstrat.on: 274 



may cause malfunctioning and damage to 
computers, microprocessors, digital circuits, 
controllers and many other electronic devices. 
Testing with NSG 430 will insure that your 
equipment will be immune and still properly 
operating. 

NSG 430 features: 
• adjustable discharge voltage from 2-16.5 kV 
• single shot and repetitive operation 
• test according to latest standards 
• high reliability and reproducible testing 
• adjustable discharge distance 

SCHAFFNER AG 
CH-4708 Luterbach 
Switzerland 
Tel. 065 42 3131/Telex 34491 

SCHAFFNER EMC Inc. 
377 Route 17 
Hasbrouck Heights 
New Jersey 07604 
Tel. (201) 288-6860/Telex 134247 

Trust the professionals 

SCHAFFNER 

Circle 112 on reader service card 

The magazine 
you're reading now 
could be your own. 
Drop off the routing list. Get your own fresh. unclipped copy mailed 
to your home or office. Turn to the subscription card in the back of 
the magazine. It somebody has beat you to it, write: Electronics, 
P.O. Box 430, Hightstown, N.J. 08520. 

Probing the news 

bleak. Millennium had, under its 
own name, built an extensive sales 
base as it carved out a reputation 
with its Microsystem Emulator. So it 
had not only a foot in the door with 
owners of those systems, but a body 
of real knowledge of debugging as 
well as of how to get a system from 
design to production. 
As Dave West, business director 

for laboratory products, puts it, this 
represents a "flanking maneuver" 
for his company. "It gives us a path 
back into the laboratory through the 
add-on in-circuit emulation that can 
be used both with our own develop-
ment system and with other current-
ly available development systems." 
Way to go. The separation of 

hardware debugging from software 
development in the 9500s also gives 
the user an economical path, a cir-
cumstance that is not lost on Millen-
nium's marketers. 

Item: In time for Wescon (to be 
held Sept. 15-17 in San Francisco), 
the company plans to have available 
the 9516, a stand-alone emulation 
system that will tie into the 9520 via 
an IEEE-488 port. Not only will that 
station support 16-bit processors 
such as the 68000, but it will also 
run the 9508's 8-bit emulators. 

Item: With the 9520 already sup-
porting two users, a large multiuser 
software-development system, the 
9580, is being put together. It will 
work with hard disks to provide 
archival storage at a central point, 
and it will have a Unix-based operat-
ing system. The 9520 and 9580 will 
communicate over a high-speed link, 
an RS-422, for fast up- and down-
loading. Millennium now offers a C 
compiler as well as a Pascal compiler 
for its 9520. 
Good directions. Thus, the compa-

ny is chugging along on two tracks. 
As West sees it, Millennium is on a 
direct path back into development 
systems, a direction in which it was 
headed before it started making the 
systems for Tektronix. It is also tak-
ing a new approach with its add-on 
emulators for the end user. "In each 
case," says West, "we've leveraging 
our capabilities in in-circuit emula-
tion and debug to give us a strong 
position in the 1980s." LI 
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SEMICONDUCTOR NEWS FROM THE PRACTICAL WIZARDS OF SILICON VALLEY 

Where Data Acquisition 
technology is going. 

NATIONAL'S BROAD LINE OF DEVICES LEADS IN 
PRICE/PERFORMANCE ANI) EASE OF USE. 

The industry's 
most popular 
8-bit A/Ds 

Practical analog 
I/O boards 

Get 12-bit 
DACs for less 

Low-cost 
references 
for 12-bit 
systems 

SPECIAL DATA CONVERSION/ACQUISITION ISSUE 

The complete Data 
Conversion/Acquisition 

library 

More free 
literature from the 
National Archives 

Digitally 
programmable 
gain amps 
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Low-cost A/D solutions 
to Data Acquisition problems. 
National's line of 8-bit A/D converters 

offer the best price/performance 
in the industry. 

A lot of people in the semiconductor 
industry sell low-cost 8-bit A/D converters. 
But National was the first to offer the ADC0808, 
ADC0809, ADC0816 and ADC0817—a whole 
series of self-contained 8-bits A/Ds that com-
bine superior performance and low unit cost. 

This combination has worked so well, 

in fact, that two other suppliers have already 
second-sourced this industry standard series. 

A/Ds that feature: 

• :i 1/2 LSB and ± 1 LSB total unadjusted 
error (max). This error term includes 
full scale and zero scale errors as well 
as the linearity error with no adjust-
ment required. They are also guaran-
teed to have no missing codes. 

Wor s ahead in ata 
Conversion/Acquisition technolog 

National Semiconductor, the Practical 
Wizards of Silicon Valley, is the world's largest 
supplier of Data Conversion/Acquisition com-
ponents. Over the last year, for example, they 
shipped over 5 million A/Ds—more than any-
one else in the industry. 

The key to their lead over the rest of the 
pack is their high volume production capabili-
ties and extensively broad line, and their 
commitment to high performance at a low 
cost. With all of their transducers, amplifiers, 
filters, MUXs, sample and hold circuits, refer-
ences, A/Ds and D/As, there's a National part 

for every application. 
In addition, they're the only supplier 

utilizing technologies of bipolar, CMOS, NMOS 
and hybrid along with thin-film resistors and 
laser trim. 

This is just a glimpse into what they're 
up to—designing high technologies into 
practical high performance data acquisition 
components. 

National, the dedicated leader in Data 
Conversion/Acquisition technology and 
components. 

TA 

'cc 

CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
CH8 

LOW-COST RATIOMETRIC A/D CONVERSION NO ZERO OR FULL SCALE ADJUST IS REQUIRED 
THESE ERROR TERMS ARE INCLUDED IN THE TOTAL ACCURACY SPECIFICATIONS 

• ¡LP compatibility, including latched 
TTL TRI-STATE outputs and a multi-
plexer with latched control logic. 

• 100µsec conversion time. 

• OV to 5V analog input range with a 
single 5V supply. 

• 15mW power consumption 

High performance means high ver-
satility. The sum total of these and other per-
formance features designed into these A/Ds 
comes down to ease and versatility of use. 

Consider some of the interesting design 
ideas that the practical Wizards have come 
up with for their high performance A/Ds. 

Analog Self-Testing. More and more digi-
tal systems perform a self-test. To take this 
concept one step further, National's 8-bit A/D 
converters can be used to encode the analog 
voltages in a system—power supply volt-
ages, comparator set points, reference 
voltages, etc. 

This way, the microprocessor can ensure 
that all of the components are operating 
properly. 

A ¡JP-Compatible Comparator. At $.45* 
per channel in 100 unit quantities, the 
ADC0809s serve ideally as cost-effective 
µP-compatible comparators or even digital 
data acquisition components. Digital inputs 
can be connected to a channel to eliminate 
both an I/O port and the associated logic 
necessary to interface to a microprocessor. 

The diagrams shown below illustrate 
two more ways to use these highly versatile 
components. 

How to get a free sample. National 
Semiconductor, the leader in innovative, cost-
effective Data Conversion/Acquisition prod-
ucts, now offers the best price/performance 
of any A/D available. In 100-piece lots, the 
ADC0809 (with 8-channel multiplexer) 
costs only $3.60* and the ADC0817 (with 
16-channel multiplexer) is a low $795* 

To receive a free sample of the popular 
ADC0809 — plus data sheets, application 
notes and other useful information—simply 
check boxes 051 and 200 on this issue's 
National Archives coupon. Your business card 
or company letterhead must accompany a 
request for the sample to ensure delivery. 

Once again, Practical Wizardry puts 
National way ahead of the rest of the industry. 

TEMPERATURE SENSING. THE COMBINATION OF THE LM335 AND THE A/D DIGITIZES TEMPERATURES 
EASILY AND ACCURATELY. 4-CHANNEL DIFFERENTIAL OPERATION IS CONTROLLED BY SOFTWARE. 

'Prices shown are U S prices only 
TRI -STATE is a registered trademark of National Semiconductor 
Corporation 



Low-cost precision references for 
12-bit systems. 

National Semiconductor, the leader in 
linear technology, is offering their LH0070 
and LH0071 buffered voltage references to 
designers of precision 12-bit D/A and A/D 
systems. 

The LH0070 has a 10.000V nominal 
output for BCD applications. The LH0071 
provides a stable 10.240V reference for binary 
applications. These low-cost, totally self-

contained components also feature: 
• 12.5V to 40V input voltage range 
• ±0.05% output accuracy (TA=25°C) 
• ±0.05%/year long term stability 
• ±0.04% output voltage change with 
temperature 
• —55°C to +125°C operating 
temperature range 
• 20µV peak-to-peak output noise voltage 

Both of these precision references are 
actively laser trimmed using ultra-stable thin 
film resistors. In fact, National actually guar-
antees the long term stability of the LH0070 
and LH0071 for one full year. 

Check box 071 on this issue's coupon 
for complete LH0070/71 information. w 

Get Data Conversion/Acquisition input. 
National's Data Conversion/Acquisition 

Data Book is a complete 958-page single-
volume library of technical data and applica-
tion information on the industry's broadest line 
of Data Conversion/Acquisition components 
and systems. 

And each and every one of them com-
bines state-of-the-art performance features in 
easy-to-use devices. 

This $700* product reference includes 

National's standard-bearing A/D and D/A con-
verters, analog-to-digital displays, voltage 
references, analog switches/multiplexers, 
S&H circuits, amps, resistor arrays, active fil-
ters, successive approximation registers and 
board-level systems. 

To get a copy, check box 051 on the 
National Archives coupon. No technical library 
is complete without it. 
'U S price on14 

LH0084-The logical choice in 
instrumentation amps. 

The LH0084 programmable gain instru-
mentation amps were designed specifically for 
data acquisition systems where settling time 
and input impedance are critical to the sys-
tems' integrity. As a result, the LH0084s settle 
to 0.1% in only 4/..tsec or less and offer 
500pA input bias current and a typical input 

impedance of 10111. 
Gains for the LH0084 are set internally 

in two stages. The first stage is software pro-
grammable in highly accurate gain steps of 1, 
2, 5, or 10. This stage, controlled by a 2-bit 
TTL-level input word, allows software to set 
gains dynamically within the system. 

For additional flexibility, the second 
stage can be pin-strapped to gains of 1, 4, 
or 10. So it's easy to see why the LH0084 
is truly the logical choice when it comes to 
instrumentation amps. 

Check box number 032 on the coupon 
for complete information. 

Board level practicality for process control. 
The BLC-8737 —the quick and easy link 

between analog and digital. 
National's MULTIBUS' compatible 

BLC-8737 I/O board handles the complete 
analog conversion and scanning control for a 
data acquisition system. All data is converted 
with 12-bit resolution and a high -±0.05% 
accuracy. 

Thanks to the BLC-8737's simplicity, the 
system software need only tell the board what 
gains it wants for each of the input channels: 
16 single-ended (8 differential) that are 
easily expandable to 32 single-ended 
(16 differential). 

And with two analog output channels 
available, the BLC-8737 serves as an ideal 
central supervisor for complex process control 
systems. 

That's impressive capability for such an 
easy-to-use board. 

For more information, check box 
001 on this issue's coupon. 

MULTIBUS is o trodemark of Intel Corporation. 

The BLC-8715's onboard intelligence 
smooths out process control. 

The BLC-8715 Analog Input Board was 
specifically designed for industrial data acqui-
sition and process control systems. This new 
//P-based interface offloads all of the analog 
data pre-processing functions normally 
performed by the host CPU. 

Based on National's proven BiFET'm 
technology, the 8-bit BLC-8715 performs 
highly accurate A/D conversion in a scant 
8msec. 

The BIC-8715 takes care of "front end" 
measurement and control functions for 16 
analog processes plus 22 TTL-compatible 
functions. 

Check box number 039 on this issue's 
coupon for additional information on the 

Practical Wizards' intelligent control board. 

BiFET is o trademark of Notional Semiconductor 
Corporation. 



10- and 12-bit CMOS DACs from National. 
Get the best for less. 

National's DAC1218 12-bit binary 
multiplying D/A converters offer better 
performance than the AD7541 Series 

at about half the price. 
The Practical Wizard's 10- and 12-bit 

CMOS DACs offer pin-compatibility plus sig-
nificantly improved performance features over 
those of the nearest competition. Yet they cost 
up to 50% less. 

Their DAC1218, for example, features 
both -t 1/ LSB linearity and monotonicity that 
are guaranteed across the entire temperature 
range. And so is its differential non-linearity 
(:+: 1/2 LSB max), making it a superior choice 
for closed loop systems. 

But National's performance advantages 
don't stop there. 

Rather than take the impractical "Best 
Straight Line" approach to linearity, the 
DAC1218 uses the "End Point" approach. 

So instead of wasting valuable time fid-
dling with adjustments to obtain the specified 
linearity, all that's required with the DAC1218 
is to set the zero and full-scale adjustments 
and the linearity spec is met automatically. 

And to make adjustment even easier, the 
DAC1218's unadjusted gain error is guaran-
teed to —0.2% to 0.0% of full-scale. 

Also, their unique digital input circuitry 
maintains TTL-compatible (1.4V) input 

threshold voltages over the full 5V-15V oper-
ating supply voltage range. 

For complete details on the DAC1218 
and all of National's superior 10- and 12-bit 
DACs, check box 072 on the coupon below. 

And get the best for less from the 
Practical Wizards of Silicon Valley. 

DAC SUPERIOR REPLACEMENTS 
AD7520 DAC1020 
AD7521 DAC1220 
AD7530 
AD7531 
AD7533 
AD7541 

DAC1020 
BAC] 220 
DAC1020 
DAC1218 

Data Acquisition-A National perspective. 

LX05XX 
LX06XX 
LX14XX 
LX16XX LM1 0 
LX18XX LM11 
1m334 LH0038 

LM335 

AF100 
AF150 
AF151 

LF13508 
LF13509 
CD4051 
C D4052 

LF411 
LF412 
LF356 
H0084 i86 

LF398 

ADC0801/2/3/4 
ADC0808/9 
ADC0816/17 
ADC1210/11 
ADC3511/3711 

INS8070/2/3 
INS8048/49 
INS8050 

LM329 
LM336 
LM385 
LM399 
LH0070/71 

DAC0830 
DAC1006 
DAC1200 
DAC1230 

irm What's new from the National Archives? 
001E1 BLC8737 Data Sheet 
032 El LH0084 Data Sheet 
039E BLC8715 Data Sheet 
051111E:du Conversion/Acquisition 

Data Book ($700) 
07111I LH0070/71 Data Sheets 

072111CMOS BAC Data Sheets 
073 Re Data Conversion/Acquisition 

Brochure 

200E Free ADC0809 Sample 
(enclose your business card or 
letterhead to ensure delivery) 

Enclose check or money order based upon appropriate currency. Make checks payable to National 
Semiconductor. All prices shown are U.S. prices only. Add applicable state and local sales tax to 
your order. Allow 4-6 weeks for delivery. This coupon expires on September 30, 1981 

NAME   

TITLE  

COMPANY 

ADDRESS 

LITY 

PHONE 

For desired information, mail coupon to: 

National Semiconductor Corporation 
2900 Semiconductor Drive 
Mail Stop 16251 
Santa Clara, CA 95051 

In Europe, mail coupon to: 

National Semiconductor GmbH 
Industriestrasse 10 
D-8080 Fürstenfeldbruck 
West Germany 

  MNational 
Semiconductor 

STATE ZIP  

The Practical Wizards 
of Silicon Valley 

Copyright 1981 Notional Semiconductor Corporation National Anthem is a registered trademark of National Semiconductor Corporation Printed in USA 



POSITIVE SPRAY DEVELOPING HAS JUST BEEN PERFECTED. AND HERE'S PROOF POSITIVE. 
GCA has eliminated the negatives of As part of the total GCA Wafertrac K re uzl i ngen , Switzerland, Tel: 
positive spray developing with the wafer processing system, the Model 41-072-71-1585. 
Wafertracn" Model 9110 Positive Spray 9110 makes it easy to maintain highly 
Develop Module. accurate control over your complete 

In fact, it produces exceptionally fine develop process. You'll also appreciate 
lines in a production environment with the fact that it can be quickly field retro-
-± 0.05 micrometer uniformity across an fitted to any Wafertrac system ever built. 
entire 100mm wafer. If you'd like more proof on how to per-

It's also the first positive spray de- fect your wafer processing operation, 
velop module to offer high throughput send for our new Positive Develop 
because it's completely automated. application notes. Write: GCA Corpora-

But most importantly, the Model 9110 tion, California Operations, 3570 Ryder 
eliminates all the previous drawbacks of Street, Santa Clara, CA 95050, (408) 
positive spray developing, including 743-6750. GCA is represented in the GCA CORPORATION 
floating crystals, salt buildup, misting, Far East by Sumisho Electronic Sys- IC Systems Group 
condensate drip, and temperature tems, Inc., Tokyo, Tel: 03-234-6211 and OA Wafertrac Products 
variations caused by the equipment. in Europe by GCA International, 217 Humboldt Court 
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1. The high yield Wafertracis a completely auto-
matic, microprocessor-controlled wafer process-
ing system. It gives you total process control, and 
its modularity lets you design your own system. It 
can perform a variety of wafer processes 
simultaneously. 
2. Our WafertracPositive Develop Module incor-
porates low pressure spray nozzles and an open 
bowl design which eliminates many former limita-
tions of positive spray develop. 
3. / .0 grn to 2.0 pm lines and spaces cleared by 
Positive Develop Process (1000x). 
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The future 
belongs to those who 

reach for it fastest. 
To own the future, you must 
reach for it now. 

Your company must 
find better ways to do what 
you're doing today to assure 
its survival. And you must 
find the best ways to do 
things tomorrow to assure 
its success. 

With the aid of a 
Calma computer-aided 
design and manufacturing 
system, all manner of ways 

to advance your firm are 
made possible. 

Ways that will impro, 
quality. Cut costs. Eliminate 
errors. Speed throughput. 
Boost productivity three 
times, eight times, even as 
much as 30 times. 

That's why all kinds 
of manufacturing concerns 
throughout the world are 
using Calma computer-aide( 
design and manufacturing 

© 1981 Calma Company 



systems: to make significant 
advances in what they're 
making. 

We're one of the lead-
ing suppliers of CAD/CAM 
systems. And we are the rec-
ognized technology leader, 
for we make the most ad-
vanced CAD/CAM systems 
available today. 

We're committed to 
making even better CAD/ 
CAM systems for the future. 

As a General Electric 
company, we're the supplier 
with the strength and re-
sources to do it; to assure 
the advances in technology 
and continuing service and 
support you need now, and 
must have tomorrow. 

The future is there for 
the making. A Calma system 
could help make it yours. 
Please contact us, so we may 
show you how. 

MUM 

Circle 121 on reader service card 

For tnnret infnrrnntinn or an 11 v 14 nrint nf thic Pot," Thrnor nhntnorrenh nr r,,11 11C nt SlCS C11,1 Irnneirlac nrivo Cnntn f'd ovxn ¡Amu 797_n/C1 
I / Y 



"Fast A-D Conversion With 12-Bit Accuracy" 
cThat PMI's Message About Its 

Glncomparable Comparator; the CMP-05 

0 PM1 1981 

"Another sandwich!" said the King. 
"There's nothing but hay left now," the Messenger 

said, peeping into his bag. 
"Hay, thee the King murmured in a faint whisper. 

"There's nothing like eating hay when you're faint:' 
he told Alice. 

"I should think throwing cold water over you would 
be better," Alice suggested. 

"I didn't say there was nothing betten" the King re-
plied. "I said there was nothing like 

In Linear Wonderland, many manufacturers are 

always quick to let you know there is nothing like their 
product on the market, which often is fortunate for the 
customers since the product isn't worth doing once, let 
alone twice. But in saying there is nothing like it, they 
hope you'll think that means there is nothing better on 
the market. 

PMI's Messenger, the busiest little bunny in the 
Valley, has a real double whammy to deliver about 
PMI's newest high-precision product: the CMP-05, a 
voltage comparator that is truly incomparable because 
it provides for the first time, the high accuracy, low 



drift, and speedy response time needed for full 12-bit 
analog-to-digital conversion in the microsecond region. 

This time PMI can say with certainty, there is no-
thing like it on the market and there is also nothing 
better on the market. 

If you've been designing A-D converters, where you 
require 12-bit resolution you're already aware of the 
problems the CMP-05 can solve. Simply stated, the 
fastest way to obtain that performance is with a three-
IC approach, with a DAC, a successive-approximation 
register, and a comparator. While there are 12-bit DACs 
available that can offer 200 or 25Ons settling time to Y2 
LSB, the problem has been in the comparators trying 
to sort 12 bits at those speeds with sufficient accuracy. 
About the only way you can accomplish it is by exter-
nally nulling Vos, which almost always causes further 
problems with Vos tempco. The CM P-05 eliminates this 
problem. 

Of course, if all you want is raw speed, fast com-
parators are available. Problem is, they are so fast they 
do sloppy work! None of them will convert to better 
than I9-bit accuracy. 

If that doesn't put the message across, study the 
superb specs for the CMP-05, truly a high-speed pre-
cision comparator with latch circuit. It gives you 
low offset voltage (100µV), and speedy response (35ns 
with 5mV overdrive and 48ns with only 1.2mV over-
drive). Moreover, in successive-approximation convert-
ers making 12 bits from a full-scale step input of 4mA 
at 10V, the total error contributed by the CMP-05 is 
typically less than 0.1 LSB and invariably less than 
0.22 LSB. 
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You can truly have the CMP-05 however you want 
it, in a TO-99 or 8-pin hermetic minidip package, or in 
die form if you prefer. And from PMI you can also get 
all the other components you need to utilize it in any 
system design requiring high speed and excellent low-
level analog signal resolution. That includes such ap-
plications as zero crossing detectors, logic threshold 
detectors and fiber-optics receivers, as well as in 12-bit 
successive approximation A-D converters. 

If you're beginning to get the message now, just 
fill out the coupon and our Linear Wonderland Messen-
ger will rush you a sample that will prove what we say 
is true. There is nothing like the CMP-05, and there is 
nothing better than the CMP-05. 

If someone beat you to the coupon, write to us or 
circle #200 for literature. 

e  PM I] Precision Monolithics, Incorporated 
1500 Space Park Drive 
Santa Clara, California 95050 

(408) 246-9222 TWX: 910-338-0218 Cable: MONO 

In Europe contact: 
Precision Monolithics, Incorporated 
do BOURNS AG 
ZUGERSTRASSE 74, 6340 Baar, Switzerland 

Phone: 042/33 33 33 Telex 78722 

Please have your Linear Wonderland 
Messenger rush me a sample, proving 
that what you say is true. 

CMP-05 LI Literature El 

Mail to: Precision Monolithics, Inc. 1525 Comstock Avenue, 
Santa Clara, CA 95050 

or Precision Monolithics, Inc. do BOURNS AG 
Zugerstrasse 74, 6340 Baar, Switzerland 

Name  

Title  

Company  

Dept  

Address  
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What's TRW up to now? 

A new breed. 
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The GP 1/4 dual rated general 
purpose metal film resistor 
for 1/4 W and 1/2 W applications. 

A cost-technology breakthrough in general 
purpose resistors. 

You've never seen a general purpose resistor like 
this one before ... because it's metal film ... not 
carbon. But, it's designed and manufactured to 
compete in the general purpose ±5% and ±2% 
markets. 

You get metal film load life stability, TCR, VCR, 
very low current noise, and an attractive price. 
The unit is dual rated to handle both 1/4 W and 
1/2 W applications. 

And you get it from TRW/IRC, the original world-
wide metal film supplier. With the technology and 
manufacturing process controlled right here in 
the U.S. 

Consider it your domestic alternative, or use it 
simply because it's a better resistor at a very fair 
price. 

For more information, contact TRW/IRC 
Resistors, an operation of TRW Electronic 
Components, 401 North Broad Street, Phila., 
Pa. 19108. Or call (215) 922-8900. TWX-710-
670-2286. 

TRW IRC RESISTORS 

Circle 124 on reader service card 

ANOTHER PRODUCT OF A COMPANY CALLED TRW 



A SPECIAL RFPORT 
The drive for quality and reliability, 

Part 1 
Propelled by aggressive competition and customer demand, 

equipment and component makers are pushing to upgrade their products 

by Jerry Lyman, Packaging & Production Editor, and Alfred 

D A mammoth effort to improve the 
quality and reliability of its products is 
under way in the U. S. semiconductor 
industry. Often resulting in radical 
changes in the way companies operate, 
the effort seems well on the way toward 
the goal demanded by the industry's top 
customers—namely, quality so high 
and taken so for granted that incoming 
parts can move right to the assembly 
line to be built into equipment. Incom-
ing inspections will become a thing of 
the past. 
"We want to test the parts when 

they're already on the chassis," says 
Manuel Hunter, general manager of 
the engineering department of General 
Electric Co.'s Television Business divi-
sion, Portsmouth, Va. "And we want 
quality levels measured in the parts-per-million range." 
GE is not alone. Equipment makers generally are 

demanding better quality levels for their semiconductor 
suppliers. And they want the new, better levels fast. 

But what, exactly, is meant by the two words that are 
now the battle cry of chip makers—and indeed of many 
other electronics firms as well? "Quality," explains 
Joseph L. Flood, director of reliability and quality assur-
ance for Motorola Inc.'s Bipolar lc division in Mesa, 
Ariz., "is the measure of a component's compliance with 
specifications before it is assembled into equipment. 
Reliability, on the other hand, measures a component's 
performance over time under conditions in which the 
equipment will be used." 

Achieving the higher quality now being called for is no 
mean task. It requires a multipronged approach geared 
to the idea that it is easier to produce quality parts by 
designing quality in from the beginning rather than by 
testing quality in later. It is an idea the Japanese have 
been promulgating for some time. The "brute force" 
screening and burn-in approach, used in the military 
arena, with its relatively short runs of technologically 
sophisticated devices, is definitely to be avoided. 

But there is more to producing quality parts than 
merely deciding to add it at the design level. Companies 

Rosenblatt, Managing Editor, Technical 

must also change their mode of opera-
tion. Quality is no longer the responsi-
bility of the quality control manager 
alone. In fact, consciousness of the need 
for quality is being instilled at every 
level, beginning with top management 
(see "Quality begins at the top," 
p. 127) and working on down through 
middle managers to all types of engi-
neers, production-line workers, sales 
people, and on out to even the branch 
sales offices, where care must be taken 
to ensure that orders are written up 
correctly. 
Too often, companies have found, 

parts are returned not because they 
failed to meet their electrical specifica-
tions, but because of clerical error: the 
parts sent were not the ones ordered. 

The customer, however, perceives these errors as poor 
quality as well. 

Organizations also are experimenting with the ways 
they relate to their employees, trying to encourage sug-
gestions for improvements and to pay greater heed to 
complaints. The Japanese idea of quality circles, in 
which workers discuss their work among themselves and 
with their supervisors, is being tried in the U. S. in 
myriad variations. 

Manufacturers are taking pains as well to make their 
work environments more pleasant and to give employees, 
particularly on the production line, a better understand-
ing of how what they do affects the final product. 

Closer relationships 

Increasingly, too, the semiconductor makers are find-
ing that they must work closer than ever before with 
their customers. Relationships are taking on a new char-
acter of trust and helpfulness. Failure analyses, per-
formed at expensive facilities installed by both semicon-
ductor maker and customer, are supplying critical infor-
mation for device designers on why parts failed. 
To an extent, the semiconductor makers are reacting 

to the reputation for quality gained by the Japanese— 
not just in semiconductors, but in the consumer electron-
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ics and automotive fields as well. They were particularly 
stung last year by the bombshell hurled at a quality-
control seminar in Washington, D. C., sponsored by the 
Electronic Industries Association of Japan [Electronics, 
April 10, 1980, p. 81]. Tests of 4-K and 16-K random-
access memories by Hewlett-Packard Co. showed that 
Japanese integrated circuits were "consistently better," 
said Richard W. Anderson, general manager of HP's 
Data Systems division in Cupertino, Calif. He termed 
the test data "a frightening set of statistics" for U. S. 
semiconductor makers. Such statistics and the inroads 
made by the Japanese on their customers have galva-
nized the industrywide efforts to meet and match the 
Japanese at their own quality game. 

But U.S. lc firms are doing more than just hastening 
to catch up with the Japanese. In reacting to the 
demands of their customers, they have also come to 
realize what the Japanese began learning some 30 years 
ago—namely, that quality can be profitable. 

The bottom line 

That quality adds dollars to the bottom line becomes 
clearer when the definition of quality as "conformance to 
specifications" is fixed firmly in mind. If parts meet the 
specs set for them, then there are no bad parts to be 
thrown away, no parts to be reworked, none to be sent 
back by a customer. Productivity is raised. Moreover, 
there is no business lost because a customer, unhappy 
with the last shipment, goes to another supplier. 

All these things—absent if the parts were made right 
the first time and conformed to spec—cost money. Elim-
inate them and the extra costs are eliminated. Hence 
quality can be profitable. 

Another driving factor in the move to designing in 
quality is the development of very large-scale integrated 
circuits. Much harder to make than Ls!, such parts run 
the risk of very low yields unless the design and produc-
tion are done right the first time, says Jack E. Halter, 
senior vice president for the Bipolar Digital Products 
Group of Signetics Corp., Sunnyvale, Calif. 
At present, quality assurance people at many electron-

ics manufacturers concur that the quality of U. S.-built 
semiconductors has improved markedly over the past 
year or two. Hewlett-Packard's Anderson now places 
American suppliers of RAMS in positions No. 3 and 4 

1. Silicon strain. Plastic packages tend to 

shrink as they cure, stressing their contents. 

Texas Instruments therefore em-

ploys this strain-gage chip to measure strain 

as a function of chip position. Diffused resis-

tors (the black bars) in Wheatstone-bridge 

configurations are used as strain sensors. 

Measurements are taken on uncased and 

plastic packaged chips. 

where they have nosed out two Japanese suppliers. He 
calls the gains "remarkable" (see "HP'S Anderson calls 
quality competition a 'horse race,' " p. 128). 

But semiconductor RAMS, which have borne the bulk 
of the invidious comparisons vis-à-vis the Japanese, still 
have a way to go, according to some major users. 
"The best U. S. devices are about the equivalent of 

average Japanese products," says Ezra H. Sheffres, 
director of corporate quality assurance at Data General 
Corp. in Marlboro, Mass. "Good Japanese lots run at a 
rejection rate of about 0.03%, whereas a good U. S. lot 
shows about 0.3% — a factor of 10 worse. That's why the 
only RAMS we are not burning in are Japanese ones." 
Some suppliers—in particular, several of the Japanese 

companies— have been able to meet reliability require-
ments with just their standard products, points out Rog-
er Dunn, manager of Ls! memory components engineer-
ing for Xerox Corp.'s Electronics division in El Segundo, 
Calif. (However, he declines to name them.) "Some 
American manufacturers have established special quali-
ty process flows, which they use to deliver better-quality 
products," he adds. Xerox's best 16-K RAMS are arriving 
with failure levels of less than 0.1% and "some are 
approaching 0.05%." 

The pressure from VLSI 

Many expect quality and reliability to become even 
greater issues in the VLSI marketplace. "That's where 
the Japanese are focusing their efforts," points out Tom 
S. Griffiths, vice president for quality assurance and 
reliability at National Semiconductor Corp.'s Semicon-
ductor division, Santa Clara, Calif. "Customers are now 
speaking out for more 'bang for the buck,'" he adds. 
"We have to rise to the occasion to capture market share 
or someone else will." 

Semiconductor makers are making great efforts to 
overcome the general perception in the marketplace that 
Japanese products are better. Accordingly, American 
Micro Devices Inc., Sunnyvale, Calif., for one, has 
launched a program that bears the Latin aphorism secun-
dus nulli, which means that it plans to offer quality 
"second to none." Thus, as of April 1, AMD has been 
guaranteeing its customers an acceptable quality level 
(AoL) of 0.1% for mos read-only memories and RAMS; 
0.2% for bipolar logic and interface devices; and 0.3% for 
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Quality begins at the top 
"Why are we doing it? Because quality is going to improve 
our profitability and improve our market share. It's not 
motherhood we're talking about, but the hard facts of 
what it takes to get quality improvement in all of our 
products." So says J. Fred Bucy, president and chief 
operating officer for Texas Instruments Inc., Dallas, con-
cerning his company's commitment to a quality improve-
ment program begun in December. 
Bucy echoes sentiments heard from top executives 

throughout the integrated-circuit industry and from the 
highest echelons of semiconductor users. The theme is the 
same—without top-level endorsement, quality programs 
will not fly. 

Alfred J. Stein, vice president and assistant general 
manager of Motorola Inc.'s Semiconductor Group in Mesa, 
Ariz., puts it in equally strong terms. "It's a matter of 
survival," he says, "a part of the equation of doing 
business and a key item in the semiconductor industry." 

Claims that the quality of American products are declin-
ing "are not applicable to the U. S. semiconductor indus-
try," comments Charles E. Sporck, president of National 
Semiconductor Corp., Santa Clara, Calif. On the contrary, 
he says, "the quality of U. S. semiconductor components 
has been improving at an outstanding rate." Today, there 
is a "massive reliability and quality improvement effort 
throughout the U. S. semiconductor industry that," he 
continues, "is top priority and operates across all levels of 
each company's organization." 
To most semiconductor managers, the competitive 

pressure for better quality has come from Japanese sup-
pliers. As a result, Japanese quality levels are the targets 
in the cross hairs of American sights. It is certainly the 
driving force behind the program launched at Advanced 
Micro Devices Inc. of Santa Clara, Calif., by president and 
chairman W. Jerry Sanders Ill. "The program is a good 
way of saying, 'equal to the best,' " he states. 

Others, however, maintain that top-level involvement in 
quality programs is in response to customer demand. 
Whatever the reason, it is difficult to dissociate the two 
factors. And in either case, top managers say, relations 
with customers have changed, for users anticipate compe-
tition over quality in their end products. 

In contrast, the Japanese firms have always had a very 
close relationship with their customers, which are usually 
other parts of a larger, vertically integrated company, and 
that aspect does not get enough attention, according to 
TI's Bucy. "That's why we have made our customers 
aware of the program, so we can use their feedback." 

Perhaps'the dominant concern of industry top brass is 
the need to make their quality commitment stick —to instill 
the attitudes and values dubbed the "quality culture" into 
their employees. But will the next major upturn in the 
market subvert the quality culture? "You cannot afford to 
launch a major effort as we have done without taking it as 
a serious long-term change in business," answers Charles 
V. Prothro, chairman of Mostek Corp., Carrollton, Texas. 
"Employees will see right through that. And customers will 
see through it, too." -Gerald M. Walker 

linear devices, LS1 logic, and other memories. 
To achieve the desired quality, manufacturers are 

putting a greater emphasis on automation, computer 
control, and the collection of data all along the ic 
fabrication process. Furthermore, as another aspect of 
that effort, by the beginning of 1982 most semiconductor 
makers worldwide will measure quality in part failures 
per million (ppm) rather than in the current acceptable 
quality level, or AQL, measured in percent —partly 
because, in psychological terms, 200 ppm, say, sounds 
much worse than 0.02%. Pressures from large tc users, 
demands of VLSI and the U. S. government's Very High 
Speed Integrated Circuits (vHstc) program, and the 
presence of a large and successful quality-conscious Jap-
anese 1c industry have brought this on. To reach those 
goals, the semiconductor industry is attacking the nitty-
gritty aspects of technology, engineering, and manufac-
turing at every point in tc fabrication. 
The six major parts in the Ic fabrication process are 

design; wafer, or front-end processing; assembly; packag-
ing; testing; and failure analysis. Major efforts are under 
way at each of these steps. Some, such as the use of 
electron-beam lithography, involve high technology; oth-
ers, the introduction of automation; and still others, 
simple manufacturing improvements. 

Perhaps the most important step in producing a quali-
ty ic is its initial design. Until fairly recently, many chip 
makers tried to achieve quality and reliability by testing 
them in. The attitude now, fostered in part by the 
example set by Japanese manufacturers, is that it is 
more cost-effective to do it right from the beginning. All 

large semiconductor firms are now trying to tighten up 
the design tolerances of their large computer-aided 
design systems to make devices more uniform. They are 
creating lc software models that closely correlate with 
the finished product; designing in on-chip process and 
reliability monitors; and, for VLSI circuits, designing in 
on-chip testability. 

Designing quality in 

One example of a turn to CAD to raise Ic quality is the 
First Time Design program recently instituted at Gener-
al Instrument Corp., Hicksville, N. Y., as part of its 
overall Twelve Point Quality program, which covers all 
phases of IC design, manufacturing, testing, employee 
involvement, customer support, and reliability. The first 
element in the design program is greater use of advanced 
computer transient and logic modeling. 
Andrew Sass, group director of business and technical 

research at o!, notes that "CAD tools have for a long time 
lagged the industry's capability for manufacturing cir-
cuits. Only recently have they become capable enough to 
handle the kinds of complex designs we are into." 
"Now," he says, "instead of designing by the seat of 

our pants, we are in the process of checking our designs 
using logic, circuit, and device simulations and basically 
running our designs on a computer to a much greater 
extent than we did in the past." (Programs that check 
logic as well as masks have been developed, for example, 
by Phoenix Data Systems Inc., Troy, N. Y., for sale to 
the semiconductor makers [Electronics, Jan. 27, p. 42].) 
Next year, 01's designers will check a design with a 
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HP's Anderson calls quality competition a 'horse race' 

Richard W. Anderson, general manager of Hewlett-Pack-
ard Co.'s Computer Systems division, is the man who 
caused a stir among semiconductor companies with his 
revelations that Japanese-made 16-K dynamic random-
access memories shipped to HP have been consistently 
superior in quality to those it receives from U. S. firms. 

More recently, however, he reports that the differences 
are narrowing. Japanese suppliers still rate No. 1 and 2 in 
quality performance at the Santa Clara, Calif., division. 
However, the suppliers now ranked No. 3 and 4 are 
American. Suppliers No. 5 and 6 are Japanese, and sup-
plier No. 7 is American. Thus two U. S. producers have 
passed the Japanese since Anderson's last report in 
November [Electronics, Nov. 6, 1980, p. 46]. 

"There has been no change in Japanese quality over 
all," Anderson remarks, "but there have been remarkable 
gains by U. S. memory makers. Their response has been 
admirable." 

Although hard numbers are not yet available from Hew-
lett-Packard for 1981, here are Anderson's estimated 
figures on failures comparing January to June 1980 with 
July to December 1980. After 72 hours of burn-in at 

125°C, in terms of failures per 10,000 parts: 
CI U. S. supplier A went from 60 to 35. 
• U. S. supplier B, from 120 to 20. 
O U. S. supplier C, from 110 to 50. 
▪ Japanese supplier I, from 6 to 4. 
13 Japanese supplier II, level at 13. 
D Japanese supplier Ill, level at 40. 
D Japanese supplier IV, level at 40. 
Anderson notes that the competition among the third-

to seventh-ranked suppliers is now a "horse race" 
because of the gains by U. S. firms. Regarding the prob-
lems that American 16-K RAMs have evinced, Anderson 
comments, "Down deep in my stomach, I can't help but 
feel that the whole decision to go to off-shore assembly 
was in the long run a mistake because of its impact on 
quality." He notes that HP has a plant located one mile 
from his office, and "we do not get over there as often as 
we should to keep tabs on operations. What happens at 
the companies with assembly plants 7,000 miles away?" 

While continuing to examine memories, Anderson is 
already zeroing in on another component with a big effect 
on end-product performance—logic arrays. -G. M. W. 

software package that will permit them to reconstruct a 
logic diagram from the IC's layout. Since ic design 
proceeds from a logic or block diagram to a circuit 
layout to a mask layout, "it's like adding up a column of 
figures a second time, from the bottom, to see if you get 
the same answer both ways," Sass explains. 
Among the other points in the CAD system are a 

routine that checks to see that design rules have not been 
violated and another that does the same for the guard 
bands—the operating parameters that characterize a 
device. In addition, all new circuits will be designed for 
ease of testing. 
Under the First Time Design program, engineers will 

be rated and rewarded on how few design revisions their 
device goes through before it goes out the door. Like 
other semiconductor manufacturers, GI has noted a cor-
relation between the number of design revisions and 

2. Flying bonds. At Electronic Arrays, this computer-controlled machine, from parent Nippon 
Electric, wire-bonds dice to their lead frames faster and better than manual bonders. 

outgoing quality: the fewer iterations, the better. 
Many ic firms also are designing circuits with wider 

guard bands, giving process engineers a wider tolerance 
to work with. For example, widening resistor tolerances 
from ± 10% to ± 15% has been shown to increase the 
safety margin between design and processing by 
damping out the effects of process variables and thus 
results in better ICs. 

Design standardization can be used to promote 
improved quality and reliability, as, for instance, 
Tokyo-based Hitachi Ltd. has found. A file of unit cells 
is maintained, and designers strive to use cells with a 
known history. This technique is applicable to memories, 
for example, because the same memory matrix can be 
used for memories with a bit organization of 1 K by 1, 2 
K by 8, and 4 K by 4. In qualifying the design of new 
parts, reliability information on the cells used is con-

sulted during the design review. 
Like Motorola and others, Texas 

Instruments Inc. of Dallas has a 
thoroughly characterized design-rule 
set that can be employed to achieve 
designs having a wide tolerance. In 
addition, its Central Research Labo-
ratories has devised a model for a 
charge-shared mos field-effect tran-
sistor that has yielded a highly accu-
rate prediction of VLSI MOS FET 
operation. MOS FET transfer charac-
teristics have been computed with 
the aid of this software model to 
within 5% of actual device charac-
teristics. 

Previously, TI had experienced a 
large difference in parameters be-
tween mos FET models and actual 
devices. One of the first ICs designed 
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Analyzing failures with SEMs and TEMs 

In their paper "Electron Microscopy and Failure Analysis," 
given in Orlando, Fla., Robert B. Marcus and Tan T. Sheng 
of Bell Laboratories, Murray Hill, N. J., have highlighted the 
many applications of the scanning electron microscope 
(SEM) and the transmission electron microscope (TEM) in 
analyzing integrated-circuit failures. 
As line widths in ICs fall below 3 micrometers, the SEM 

is taking over from the optical microscope. With the even 
finer lines of very large-scale integration, high-resolution 
microscopy of vertical cross sections becomes an impor-
tant need. Here, the TEM, with even higher resolution than 
the SEM, moves in. As the table shows, the TEM has a 
drawback —sample preparation is difficult and may take 
more than a day. 
The authors point out that both types of microscope 

have important diagnostic uses in failure analysis other 
than that of providing images of surfaces and sections. For 
example, junctions can be delineated on cross-section 
slices and the delineated regions studied either in the 
scanning type using secondary-electron imaging or in the 
transmission type. Also, the crystalline phase of thin layers 
and small regions can be identified through the use of 
electron diffraction with the latter. Furthermore, X-
ray-emission spectroscopy and electron-energy-loss 
spectroscopy can be performed by either tool to provide 
qualitative and quantitative chemical analyses. 
The electron beam in an SEM may be employed as a 

probe in a variety of ways to locate leakage sites using the 
electron-beam-induced-current (EBIC) mode and to make 
quantitative and qualitative measurements of surface 
potential using the secondary-electron mode. Together, 
they are known as the voltage-contrast modes. 

In practice, surfaces that differ by more than 1 volt can 
be distinguished by their secondary-electron images. In 
one case, a charge-coupled-device IC that had failed for 
unknown reasons was photographed (by means of sec-
ondary-electron imaging) with its surface aluminum elec-
trodes held at + 25 V. A single electrode was seen that 
was clearly at a more negative potential. An enlargement 
of the voltage-contrast image of the floating electrode at 
the image discontinuity (a) and a secondary-electron 
image at higher magnification at zero bias (b) showed that 
the cause of the failure was a break in the electrode 
caused by a surface scratch. 

Although voltage-contrast images can often be 
obtained by applying a static bias to a circuit element, 
there are situations where that cannot easily be done or 
where it would be undesirable to do so. For example, 

interior nodes of a circuit are often most easily biased 
through normal dynamic operation of the circuit. Also, 
simultaneous voltage-contrast imaging of a two-dimen-
sional array of circuit elements over a large area during 
chip operation is more efficient than a serial study of those 
elements. 

Voltage-contrast images of dynamically operating cir-
cuits can be taken either when the clock frequency is far 
lower than the line-scan frequency of the SEM, so that 
large areas of essentially static voltage contrast are seen 
on the screen at the same time, or when the clock 
frequency is an integral multiple of the line scan. The latter 
condition also requires that elements appear in striped 
contrast or the SEM's electron beam is strobed synchron-
ously with the chip driving circuit so that the circuit 
elements under test will be visible only when they are 
expected to be in a particular state. 
As the SEM beam raster-scans across the surface of a 

device structure, a variety of interactions occur that can 
provide useful information if properly detected. The minori-
ty carriers generated near a pn or a Schottky barrier 
junction produce a current as they sweep across the 
depletion zone after drifting to the region, and the current 
can be used to modulate the intensity of a synchronously 
sweeping cathode-ray tube. 

This electron-beam-induced current is strongly modu-
lated by defects or by local change in the ability of the 
beam to penetrate to the semiconductor. In the former 
case, defects can easily be "seen" in an EBIC image; in 
the latter case, minute holes in the silicon dioxide that 
permit the formulation of local regions of pn junctions (by 
impurity diffusion) can easily be detected. Other features 
can give rise to current-enhancement effects that produce 
a more intense signal at the site of the disturbance. -J. L. 

COMPARING MICROSCOPY METHODS 

Microscopy 
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with this simulation was the TMS 7000, an 8-bit micro-
processor containing over 20,000 transistors. The first 
prototype TMS 7000 was 98% functional, and the sec-
ond worked completely. This close correlation between 
model and device allows the effects of process variations 
to, be simulated exactly, which in turn permits tighter 
process monitoring. 

Industrywide, the basis for most quality and reliability 
analyses is data gathered from outgoing testing by the lc 
manufacturer and from incoming testing and inspection 
by the user. However, these measurements— known, 
respectively, as concurrent and lagging measurements — 
are not the most helpful when it comes to raising quality. 

What are needed, according to C. Morris Chang, 
named in December as Ti's vice president for corporate 
quality assurance, are measurements at the wafer level 
that can be stored in a data base for monitoring quality 
trends and for predicting long-term reliability. Chang 
calls these measurements leading indicators. They con-
sist of data collected from on-wafer sensors monitoring a 
multitude of wafer-processing, material, chemical, 
mechanical, optical, and electrical parameters. 

Ti has already started programs using leading indica-
tors. Data from packaged parts that have been rejected 
at outgoing testing or have been returned from the field 
are being studied and correlated with the stored mea-
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Japanese use U. S. burn-in services 

Many Japanese integrated-circuit manufacturers do not 
like to talk about it, but burn-in is rapidly becoming a 
routine part of their processing, says Joe Lawrence, man-
ager of engineering at Reliability Inc. in Houston. 

"They like their image of high reliability, of course," 
comments Lawrence, who recently visited Japan. "They 
also enjoy their reputation for excellent processing tech-
niques, but it is clear that they are beginning to depend 
more and more on burn-in to weed out the infant failures." 

At least three Japanese semiconductor manufacturers 
have purchased burn-in and test equipment from Reliabili-
ty. The firm has also burned in Japanese units at its 
Houston facility. 
"On balance, I would say that they have higher-reliabili-

ty parts compared with the average U. S.- or European-
made devices," Lawrence says. "You could draw distribu-
tion curves of reliability and they would overlap, with the 
means of the Japanese companies being better than 
those of the others." 

Processing is the Japanese key, he says. "It is the 
Japanese character to be very meticulous. In fact, it goes 
back to their culture," Lawrence explains. "Of course, we 
have good engineers in this country, but there is a tenden-

cy in the Western cultures to take more chances." 
According to a study by his firm, the best place to look 

for improvements is in the manufacturing process. The 
second-best area is improvement of production equip-
ment. Next is conducting more tests, and then condition-
ing and stress, such as burn-in. 

"Obviously, you cannot put quality into a device just by 
testing," states John Redrupp, vice president and director 
of marketing at Reliability, which employs 500 workers 
worldwide. He says that "the Japanese have set a new 
standard as a result of their entrance into the U. S. market 
a couple of years ago." 

Another factor in the recent quality blitz has been sup-
ply and demand. "Quality has generally been inversely 
proportional to the demand," he notes. "Demand goes 
up, quality goes down. Demand .drops, quality rises." 
Manufacturers as well as users tend to cut corners when 
there is an IC shortage, he says. Test times are often 
abbreviated in an attempt to get the parts out of the door 
or make a larger profit in a seller's market. 
To improve reliability, burn-in is a must, "because it 

causes latent failures to become actual failures," Law-
rence points out. -J. Robert Lineback 

surements taken on the same wafer during fabrication. 
For instance, a large number of failures at incoming 
testing might be related back to a critical drift noted in 
measuring a particularly critical circuit voltage, or a 
large increase in field failures due to thermal drift might 
be related to a decline in oxide integrity measured on the 
wafer. In both cases, corrective action could then be 
taken at the front end. 

Leading indicators are measured at test sites on the 
wafer. These sites—known variously as test patterns, test 
chips, test bars, plug bars, and test-element groups — 
have been designed onto semiconductor wafers for some 
time and are used worldwide today. They consist of 
chip-sized patterns, actual circuits, and/or components 
whose electrical output is measured when the wafer is 
probed. 

Early test chips were either simple resistive patterns or 
discrete devices. Now they have evolved into complex 
multipurpose structures such as a large mos modular 
test bar designed at TI. This unit has seven electrical 
outputs for monitoring wafer strain, alignment, transis-
tor-channel inversion, metal continuity, humidity, charge 
spreading, polysilicon continuity, contact integrity, and 
polysilicon insulation resistance. 

Bipolar test chips can be used to measure some 30 
parameters ranging from oxide thickness and contact 
resistance to implant and diffusion doping. For mos 
devices, Hitachi, for example, uses test devices that 
consist of active and%parasitic mos FETS, memory and 
shift register cells, and various contact-to-conductor 
structures. These test-element groups monitor electrical 
parameters such as threshold voltages, FET transconduc-
tance, leakage currents, output voltages, ohmic contact 
resistivity, and step coverage. 

Generally, leading indicators are gathered from a test 
bar rather than a production chip. However, there are 

exceptions. Motorola's mos operation in Austin, Texas, 
for instance, redesigned its 16-K RAM after problems 
were discovered a year ago. It reworked the part to 
include on-chip stress pads (mos capacitors), which are 
probed to check dielectric stress level at the wafer stage 
but are not connected to the final package's lead frame. 

Packaged test chips 

Design engineers at ITT Semiconductors Ltd., Foot-
scray, Kent, England, perhaps Europe's largest memory 
maker, have expanded the use of test patterns to beyond 
the wafer level. ITT removes process-validation modules 
(test chips) from the wafer, packages them, and subjects 
them to thermal and electrical step stress and overstress 
in its initial qualification of a process. With the data 
gathered from this work, the maximum likely drifts in 
the various electrical and material parameters over an 
extended period of device operation (say, 10 or 20 years) 
can be predicted. The effect of these drifts on the 
performance of a particular memory can then be deter-
mined and suitable checks made to ensure that in the 
worst case a device will still have adequate operating 
margins at the end of its life. 

Test chips can also be used to check the effects of the 
packaging process and the package itself on long-term 
reliability. For example, during fabrication, the shrink-
age of a molded-plastic package can stress the silicon 
chip to its breaking point or cause piezoelectric effects. 
Moreover, the more stress applied to the chip during 
packaging and maintained thereafter, the more will its 
life be shortened. 
One approach to this problem, tried by TI, Hitachi, 

and others, is to design test bars out of diffused silicon 
resistors— in effect, strain gages —capable of being 
probed at the wafer stage, with bonding pads for con-
necting the bar to a lead frame. Using the bars, the 
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3. Die attachment. This automatic machine, 

currently in use at both Electronic Arrays and 

NEC, continuously locates dice, picks them 

up, and places each one precisely in the 

center of its lead frame. An operator simply 

loads and unloads cassettes of lead frames. 

effects of stress on the chip caused by the molding and 
curing of the plastic can be monitored and an optimum 
molding compound selected. 
One of Ti's latest strain-gage test bars is shown in Fig. 

1. Here a Wheatstone-bridge arrangement allows stress 
to be sensed in both the X and Y axes. 
At the front end, automated processing, precision 

lithography, and process improvements are the three 
main thrusts being tried by manufacturers to improve 
quality and reliability in the 1980s. 
The object of automated processing is to take the 

human element, with its inherent errors, breakage, and 
even contamination, out of processing and to substitute 
computer control and automatic handling equipment. 
Most firms are highly secretive about their facilities, but 
IBM, TI, Hewlett-Packard [Electronics, June 5, 1980, 
p. 151], and Toshiba all have revealed details of their 
automated lines. 

International Business Machines Corp.'s Quick Turn 
Around Time (QTAT) line, at work at its General Tech-
nology division in East Fishkill, N. Y., consists of more 
than 100 automated tool subsystems grouped into eight 
sectors [Electronics, Jan. 27, 1981, p. 121]. The line, 
including electron-beam equipment used to personalize a 
master slice's circuitry, is controlled by a large distrib-
uted computer network. 

In operation, wafers are moved on jets of air, in 
enclosed tracks, from one automated tool to another 
within a QTAT processing sector. The air tracks minimize 
friction and hence damage to the wafers. Filtered air 
within the air tracks and automated tools provide essen-
tial contamination control by limiting the airborne mat-
ter larger than 0.5 micrometer in size to fewer than 50 
particles per cubic foot. Machines on the QTAT line 
perform photoresist application, baking, exposure, and 
development, as well as evaporation, sputtering, and 
etching, with many of the operations monitored by a 
central computer. 

In another example, Toshiba Corp. in Kawasaki, 

Japan, recently adapted an automated manufacturing 
system for its chip-making process that links microcom-
puter-controlled diffusion ovens, photolithography, and 
etching to a central microcomputer. 

Zeroing in on lithography 

Lithography, which exposes and develops ultradense 
line patterns on a resist-covered wafer, is one of the most 
critical steps in fabricating ics. Any errors or defects in 
the mask details or mask-to-wafer alignment or any 
contamination of the wafer is carried right through the 
entire lc process and cannot be corrected. Obviously 
therefore, anything that will lessen errors at this step will 
have a great effect on chip quality and reliability. 
Many firms are now attacking the quality problem in 

the lithography area with automated mask-inspection 
equipment. In such a machine—like the KLA 100, from 
the KLA Instrument Corp. in Santa Clara, Calif. — 
alternative die sites on a mask are compared for confor-
mity as the mask is stepped past dual microscopes. Any 
deviation in detail represents a mask defect and is stored 
in a data base for retrieval later. Besides ensuring that 
masks meet specs, automated inspection allows the 
screening out of small defects right down to the microm-
eter range, increasing overall lc quality. 
As Dean Toombs, manager of design and internal 

business at Ti, points out, "Precision lithography should 
not only allow fine resolution but should also allow 
precise registration." A major problem for mos circuits 
in yield and reliability is the ability to align and register 
successive mask levels. If a misalignment exposes gate 
oxide, a serious long-term reliability problem, like excess 
leakage, can occur under thermal stress. At present, only 
the scanning electron-beam lithography system that 
aligns at every chip site has the accuracy to surmount 
this problem, particularly with LSI and VLSI designs. 

Process improvements, too, are helping the lc compa-
nies to achieve better yields. Most have now either 
partially or completely switched from wet to dry (plas-
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ma) etching. Besides cutting down on contamination and 
uniformity variations, this technique permits finer lines. 

Another new processing step being accepted industry-
wide is the use of silicon nitride, which by nature is free 
of pinholes, as a passivation layer, rather than phospho-
silicate glass (PsG). A layer of SiN2 prevents contami-
nants from getting into the silicon. In addition, this type 
of passivation resists humidity better than PSG and so is 
suitable for chips housed in nonhermetically sealed plas-
tic packages. 

In Phoenix, Ariz., Motorola's Semiconductor Group 
has had several unusual front-end manufacturing pro-
grams. One is the use of a three-metal composite (cop-
per-silicon-aluminum) to replace aluminum in order to 
correct a hillock problem over the last two years; these 
hillocks, where silicon pops through the metalization, 
occurred only when aluminum was used and caused field 
problems with electrical characteristics of multilevel 
devices. In addition, the three-metal composite makes 
possible higher current densities. 

Motorola also pioneered another material innova-
tion—substituting silicon nitride for oxide in capacitors. 
This substitution has two advantages: it prevents sodium 
contaminants from entering active areas, and it gives the 
capacitor a higher breakdown voltage. 

Yet another material advance at Motorola is the use 
of polyimide for dielectric passivation and top covering. 
This material is self-leveling, which smooths out circuit 
layers so that line widths and interconnections can be 
reproduced better. Polyimide dielectrics have been used 
at Texas Instruments and in Japan as well. The material 
is also being employed as protection against alpha parti-

cles, which cause soft errors in memory chips. 
"In the last two years, Ic packaging problems have 

become far more significant," says Joseph Brauer, chief 
of the reliability branch of the U. S. Air Force's Rome 
Air Development Center, Rome, N. Y. "The increase in 
packaging problems on military ics shows that chip 
makers are not paying enough attention to assembly and 
packaging. They have done a good job in improving the 
reliability of the chips; now they must do the same for 
the package." 

Package failures 

Brauer's engineers have seen package failures in mili-
tary ics that include poor seals, cracking of sealing glass, 
and corrosion of lead frames. Bob Thomas, chief of 
product evaluation at RADC, says more attention should 
be paid to the compatibility of package materials with 
each other and they should be subjected to stringent 
thermal and mechanical tests. Quality must be kept up 
through the entire assembly and packaging sequence. 
As in wafer processing, the key to raising quality in 

assembly and packaging is automation. Advanced Micro 
Devices, for instance, is pressing ahead with automated 
assembly techniques to improve yield. For example, with 
fully automatic bonders, the firm anticipates having 
wire-bond yields in excess of 99%, versus 97% to 98% 
with current semiautomatic techniques, which require an 
operator for alignment. "That might not sound like 
much of an improvement," says George M. Scalise, 
senior vice president and chief administative officer at 
AMD, "but when you're talking about 1.5% of tens of 
millions of devices per year costing $2 apiece on the 

Willoughby wants commercial parts for the Navy 
Ever since Willis J. Willoughby joined the U. S. Navy in 
1975, he has been the subject of controversy among 
segments of the electronics industries, notably semicon-
ductor makers, as well as among some of his counterparts 
in other services, particularly the Air Force. For, as deputy 
chief of naval material for reliability, maintainability, and 
quality assurance, Willoughby is trying to change the 
system by getting manufacturers to design reliability into 
products first and then have the user—the military's prime 
contractor—responsible for the reduced parts screening 
that will presumably result. 
A product of the National Aeronautics and Space 

Administration and its lunar landing program, Willoughby 
is an advocate of reliability by design. Moreover, he favors 
reorientation of military specifications of standard parts to 
permit use of commercial parts that pass electrical verifi-
cation at temperature extremes and loose-particle detec-
tion by random vibration (so-called PIND testing). 

While agreeing that designed-in reliability is desirable, 
one Air Force critic, Joseph Brauer, chief of the reliability 
branch at the Rome Air Development Center in Rome, 
N. Y., disagrees sharply with some of Willoughby's either 
views. Brauer notes that the fact that budgets for acquisi-
tion and support (which includes testing) are separate and 
subject to pressure to hold costs down goes counter to 
the proposed additional cost of users' screening of com-
mercial parts. This practice would also make the original-
equipment manufacturer a supplier of microcircuits for the 

life of its equipment —an undesirable situation. In addition, 
Brauer points out that the validity of PIND test results is 
highly questionable. Finally, he cites USAF data showing 
that nonstandard microcircuit spares bought by OEMs 
cost eight times more than Joint Army-Navy parts and 
cause a high rework rate. 

Nevertheless, Willoughby persists. Defect rates of inte-
grated circuits and transistors meeting military specifica-
tions are far too high, he says, and his approach to 
screening out faulty parts before they are built into mod-
ules and equipment has attracted much interest within the 
Department of Defense. He also has the support of the 
Navy, which is moving to install it within its major systems 
commands—Air, Sea, and Electronics. 

In his effort to implement his program, Willoughby is 
disappointed by the semiconductor industry, which he 
finds "not very responsive at all." The reason is that the 
DOD's leverage is limited because it buys only 2% to 4% 
of the industry's output for mil-spec ICs, accounting for 
only 10% of the industry's dollar volume. With heavy 
financial obligations in other highly competitive markets, 
semiconductor makers find the military market "more 
trouble than it's worth." 

Willoughby also is discouraged by "the lack of good 
engineering talent" within the Government, where the 
profit incentive does not exist. Industry has its own shor-
tage of talented engineers, too, he notes, but "it is not as 
severe" as in Government. -Ray Connolly 
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average, that's a lot of money you're banking." 
"We couldn't stay competitive if we kept doing things 

with our old methods and equipment," says Michael R. 
McCoy, who was recently appointed to the new post of 
vice president of reliability and quality assurance at 
Electronic Arrays Inc., Mountain View, Calif., a subsid-
iary of Japan's Nippon Electric Co. Electronic Arrays 
has transferred some—but not all—of NEC'S manufac-
turing methods to its facilities. One, for example, is at 
wafer probing, where dice are checked for electrical 
parameters. Rather than inking those dice that are out of 
spec, as is common, the company now follows NEC'S 
practice of scratching them so that they cannot possibly 
be used later. 
As for differences, McCoy says that NEC uses very few 

in-line quality-control inspections and relies heavily on 
automated equipment, but that EA is not so confident 
about them. It is therefore using a hybrid approach with 
a fair number of in-process inspections. It is planning, 
however, eventually to adopt NEC'S approach. 

It has, on the other hand, adapted much of NEC'S 
automation equipment in transferring 16-K RAM produc-
tion to the U. S. Included are: automatic wire bonders 
(Fig. 2); automatic die attachers (Fig. 3); and semi-
automatic inspection systems for first (wafer), second 
(die), and third (before precapping) visual inspection. 
Previously, EA used manual bonders that were much 
slower. It had even attempted to use automatic bonders, 
but it could not make them perform satisfactorily and 
had to return them to the supplier. "The NEC bonder is 
the fastest available," McCoy states. "More important-
ly," he adds, "it has been in production for four years, 
and it is very reliable." 
NEC is just one example of the high degree of automa-

tion in the assembly portion of its semiconductor manu-
facturing for which Japan has come to be noted. 

Furthermore, Japanese assembly and packaging lines 
are run at a level of cleanliness approaching that of the 
front end. The same does not always apply to companies 
in the United States and Europe, which may rely on chip 
passivation for protection during assembly. 

An example 

Toshiba can serve as an example of the Japanese 
approach to automated assembly and packaging. There, 
one flow-through machine does all die bonding, wire 
bonding, molding, solder dipping, cutting and separation, 
and marking. This high-speed system has a big effect on 
reliability because it drastically reduces the number of 
necessary employees and machines, both of which 
increase the number of defects, and cuts time as well. 

In its quest for quality, National Semiconductor, too, 
is increasing its use of automated assembly techniques. It 
is paying particular attention to tape automated bonding 
(TAB), a technique whereby specially bumped chips are 
automatically mass-bonded to special insulating tapes 
with IC patterns plated on [Electronics, Dec. 18, 1980, 
p. 100]. A hands-off method up to and including mold-
ing, it results in enormously more reliable bond leads. 
For example, National has mass-bonded 450 million ICs 
(small-scale integrated rrL) with TAB, with only 29 
bonding failures. It is now in the process of expanding 

Mint MIA 

4. Double-bonded. An expanded view of an IC I/O pad shows a 

wire bonded to a previous bond pad. Although this IC passed 

electrical tests at Matsushita Electronic Corp., it was rejected 

because the company felt that with time it would be unreliable. 

TAB to linear and interface ICs. 
National is also trying to automate handling at the 

end of its complementary-MOs, linear, and bipolar logic 
lines, just as it does in its plating and dipping operations. 
In addition, it has gone through the production line and 
determined where materials containing chlorine can be 
removed. To reduce other contaminants that might later 
affect device reliability, National is looking to eliminate 
the tin plating of lead frames on the production line and 
instead use a preplated frame. Finally, it is trying to get 
away from solder dipping, which unnecessarily stresses 
parts internally. 

Texas Instruments is one company looking into lead-
frame problems. It has found that external silver leads 
on its standard full-silver lead frames are a potential 
long-term problem: if they are not stored in a sulphur-
free environment, tarnish can form, affecting solderabili-
ty. Consequently, a program is under way to convert Tes 
full silver lead frames into spot silver ones with solder-
coated external leads. 

TI also has developed a two-tone lead frame to elimi-
nate the solder coat and the associated chemical pro-

Electronics/May 19, 1981 133 



cesses required to activate package leads prior to solder 
dipping or plating. Its fix is to selectively plate the lead 
frames for bonding and then solder the external leads. 
Thermosonic bonding takes place at 200°C, a low enough 
temperature to avoid solder melting. 
Much of today's packaging failures occur in the popu-

lar low-cost plastic dual in-line package, or DIP. The 
causes are corrosion, package cracking, lead shorting, 
and circuit malfunction. 

Plastic problems 

Corrosion is caused by moisture and contaminants. It 
may be corrected by changing the mold compound or 
chip passivation material, the lead frame design, or one 
or more front-end steps. 

Package cracks are caused by the lead frame and by 
mold compounds that stress the package. Strain-induced 
parametric shifting can result from stressing of the sili-
con by the mold compound. Cracks, too, can be cor-
rected with an alternative mold material. 

Since plastic packages are the most popular in the 
U. S., these problems are a major concern. For instance, 
at Motorola, 6 improved plastic materials are being 
evaluated. Texas Instruments has a major program in 
which 20 molding compounds are being evaluated for 
moisture performance, life-test performance, package 
cracks, chip strain, and contaminant levels. 
One measure taken for the past several years to keep 

out moisture is the addition of a phosphosilicate glass 
coating over the aluminum interconnection layer. But 
that alone is insufficient; a good molding material must 
be used whose characteristics do not vary, and that 
requires close communication with plastic manufactur-
ers. It also is necessary to store the molding material 
such that it is protected from moisture. 

Hiroyuki Kumagaya, reliability and quality manager 
at Nippon Electric's ic division, for one, believes that 
moisture passes through the bulk of the plastic rather 
than along the lead frame, since corrosion occurs on the 
chip surface rather than on the leads. Therefore, surface 
passivation is important. Silicon nitride would provide 
even better humidity protection than PSG, but the chip 
surface may be damaged by the necessary plasma etch-
ing. This problem must be solved for even greater reli-
ability, but at present NEC'S customers are satisfied 
without a nitride coating. 

Nitride passivation 

For linear bipolar parts, at least, nitride passivation is 
a factor in another aspect of reliability —radiation hard-
ening. Precision Monolithics Inc. in Santa Clara has 
been covering all its chips (linear ICs and digital-to-
analog converters) with a silicon nitride overcoat for 
some time to protect the chips from contaminants and to 
extend the life of the chips in plastic packages. Because 
of comments from customers who noted that nitride-
passivated units seemed to resist radiation, PMI decided 
to evaluate the nitride coating for radiation tolerance. 

It manufactured a lot of PM-108 operational ampli-
fiers with and without nitride passivation and submitted 
them to the Jet Propulsion Laboratory, Pasadena, Calif., 
for radiation testing. in's results showed that the 

nitride-passivated op amps had three to five times the 
radiation tolerance of the unpassivated units, confirming 
the customers' comments. 
Of course, eliminating or reducing failures means 

knowing why they occur. Failure analysis has gone from 
the simple procedures of the early days of IC fabrication, 
in which package lids were removed and semiconductors 
simply examined under a microscope, to a sophisticated 
measurement technology based on a battery of expensive 
and sophisticated tools such as scanning, transmission, 
and Auger electron microscopes and X-ray fluorescence 
analyzers. The results of failure analysis are fed back to 
design, front-end, and packaging and assembly stations, 
resulting in higher quality and better reliability. 

Analyzing failures 

At present, all U. S. and overseas companies have 
large failure analysis labs, as do many government agen-
cies. Of all the American firms, Intel in particular has 
stressed quality improvement based on rigorous failure 
analysis, and it has done so for some time. That helps 
explain why, unlike many other U. S. semiconductor 
manufacturers, it is not jumping on the reliability and 
quality bandwagons that have recently been sent rolling. 
"We've always been there," says Eugene J. Flath, vice 

president and assistant general manager of Intel's Com-
ponents Group in Santa Clara, Calif. "We got there by 
driving from a totally different direction. We took the 
approach that if we're going to build a very high-speed 
device, for example, we don't want it in the hands of the 
customer if it doesn't work. Performance without reli-
ability is nothing." 
Thus the firm's emphasis is, and has been, on under-

standing the physical mechanisms that cause device fail-
ures and then designing the failures out by improving the 
technology and processes with which a device will be 
built. Typically, that is done no less than one year before 
a device is in production and available to customers. 

Unlike quality, which can be built into a device with 
refinements in design, process control, manufacturing, 
assembly, and testing, "reliability is limited by the tech-
nology," explains Ron Smith, quality assurance manager 
at Intel's Memory Products division in Aloha, Ore. "It 
has latent defect limitation," he explains. "The design of 
a device can't make it defect-insensitive." 
The company's failure analysis labs use some complex 

analytical instrumentation. For example, the Auger elec-
tron microscope shown in Fig. 6 —manufactured by 
Physical Electronics Industries Inc. and costing approxi-
mately $250,000 —is used on ICs and their packages to 
detect surface defects or contamination in elements like 
silicon that might have been missed previously by a 
nondispersive electron microscope. 

According to Smith, this investment in reliability engi-
neering facilities and equipment is paying dividends. 
"On a per-chip basis, we have achieved the same reliabil-
ity on each generation of product, from a 256-bit RAM 
on up, and that should include the next-generation 256-K 
RAM," he says. "What's more, the reliability figure of 
merit on a per-bit basis has seen orders of magnitude 
improvements." Overall, that figure for such memories, 
which are the vehicles Intel uses to debug a process 
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technology before applying it to electrically erasable 
programmable Roms, microcomputers, and peripheral 
chips, in that order, "is approaching 0.1% failure per 
1,000 hours." 

Similarly, Intel boasts of some significant improve-
ments in device quality. "In the 1973-74 period, we were 
shipping products with outgoing defective parts in the 
neighborhood of 0.6% to 1%. Now we are down to 0.1%, 
or at the 1,000-defects-per-million level, across the board 
in memory products," Smith states. 
Of course, all major chip makers in the U.S., Japan, 

and Europe and most large IC users have extensive 
failure analysis facilities. Ti's failure analysis flow is 
probably typical. It uses the scanning electron micro-
scope in three modes—as an electron microscope, in the 
electron-beam—induced-current mode, and in the volt-
age-contrast mode (see "Analyzing failures with sEms 
and TEMs," p. 129)—and like Intel, an Auger electron 
microscope for surface analysis. X-ray backscattering 
measurements are employed to look for contamination. 

Often, analysis of apparently good semiconductors 
turns up surprising results. For instance, to ensure reli-
ability, Japan's Matsushita Electronic Corp. also ana-
lyzes good devices, including opening and visually 
inspecting samples of each batch. It rejected one entire 
batch of a device, assembled by a semiconductor manu-
facturer's subcontractor in the Philippines, in which 
bonds were made on top unsuccessful bonds (Fig. 4), an 
inherently unreliable procedure. 

Outgoing quality 

Two of the biggest factors lowering outgoing ic quali-
ty levels do not result from technology, as Fig. 5 illus-
trates. This pie chart shows that a staggering 40% of all 
customer returns to Ti's Digital Circuits division in Dal-
las are caused by clerical errors and another 25% by test 
correlation differences (differences between the vendor's 
and the user's test equipment and disagreements over 
test specifications). Actual out-of-spec electrical parts 
account for only about 15% of the returns. 
To achieve the desired quality, all the major U. S. Ic 

companies are in the midst of large programs to rid 
themselves of the first two types of error. At TI, for 
example, customer service teams have been assigned to 
monitor key aspects like customer's purchase orders, 
entry checks, entry time, and purchase order changes to 
eliminate errors. 
The attack on correlation errors is proceeding along 

the same lines. For instance, Intel has a major program 
to cut this type of error. "The biggest obstacle to elimi-
nating the lack of correlation," says Ron Smith, "is 
getting all parties involved to agree on a teamwork 
concept rather than taking the idea that it's not 'my' 
problem but 'yours.' It's really an industrywide issue that 
requires the customer and vendor working together." 

Already, Intel's Memory Products division correlates 
test data with its memory systems operation, which 
essentially does no incoming inspection of memory 
devices. "We have identified correlation differences 
between our component tests and their system tests," 
Smith notes. That was done by "engineering the prob-
lem," he explains—that is, by backing off to a board-

5. Unnecessary returns. A pie chart of customer returns for 1980 

from Ti's low-power Schottky department shows that the two largest 

causes of returns are lack of test correlation and clerical errors. All IC 

firms are working to reduce or eliminate these problems. 

level test, running test patterns, and noting the different 
margins with respect to timing and voltage levels at 
various data points, then backtracking and duplicating 
the same procedure at the component test level. 
"We need to resolve correlation issues with our cus-

tomers as well," Smith continues. "If we can correlate 
our component tests with their system tests, the solution 
to improved quality can be achieved much quicker. 
There's no reason for the customer to 100% test incom-
ing units. One of us, obviously, doesn't have to test 
them." Further, he notes, such can be the case if the 
customer and vendor build trust in each other. 
At Ti, test teams have been established specifically to 

deal with the correlation problem. For example, in one 
case involving the TMS 1000 microprocessor, a custom-
er (a nonelectronics firm) was actually furnished func-
tional test sets for his incoming lot acceptance, thus 
minimizing differences in their test results. In another 
TMS 1000 program, TI found that many of the custom-
er's returned parts had failed from electrostatic dis-
charges. In this case, Ti actually educated the customer 
in proper handling procedures. 

Eliminating discharge 

Ti's case history of customer returns caused by electro-
static discharge is by no means unique. For instance, 
many burn-in failures actually are due to electrostatic 
damage associated with the additional handling required 
by burn-in testing. 

Steven Halperin, executive vice president of AnalyÉ-
cal Chemical Laboratories, Elk Grove Village, Ill., 
points out that electrostatic-sensitive semiconductor 
devices are in danger at many areas—at the component 
manufacturer's test area and shipping facility, in transit, 
at the customer's incoming inspection and testing, at the 
customer's burn-in, on the assembly line, and finally in 
the field. Poor receiving control, poorly designed control 
procedures during production and testing, inadequate 
packaging, and lack of customer education are the root 
causes of electrostatic damage. 

Halperin notes that, over all, the U. S. electronics 
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6. Trace detector. Intel uses this Auger electron spectrometer to detect trace elements on the surface of ICs and their packages. Its 

ultrahigh-vacuum system provides clean conditions for detecting concentrations as low as 1,000 ppm within the top few atomic layers. 

industries are averaging losses amounting to 10% to 18% 
losses daily because of static. Over a year, that comes to 
a total of about $10 billion worth of electronics lost, 
reworked, or serviced. 
At the end of every test position in large ic manufac-

turing facilities are test handlers that sort out different 
grades of good devices, plus out-of-spec and failed 
devices. Formerly, the accuracy of the handlers was 
completely neglected, but now TI, National Semiconduc-
tor, and other firms are paying more attention to this 
simple task. 
As W. T. Greer, operations manager of it's low-power 

Schottky department in Dallas, points out, "Missorting 
of tested devices is a major cause of defect levels 
perceived by the customer. Commercial test handlers 
currently used by TI have missorted up to 1,000 ppm 
[equivalent to a 0.1% AQL]." 
Because of this situation, TI has devised its own test 

handler. Designed to absolutely not missort, it will be in 
place by midyear. 

National Semiconductor lowered its outgoing rejec-
tion rate for digital ics to 0.1% in 1980, owing mostly to 
the use of automated assembly and bonding. However, 
according to Tom Griffiths, the firm's vice president for 
quality assurance and reliability, "we found that the 
device handlers would occasionally malfunction and not 
drop a part into the appropriate sorting bin after the 
device was tested. Now we have a sensor that shuts down 
the handler if the part doesn't make it into the appro-
priate bin." 

Temperature testing 

The Japanese have been temperature testing and 
burning in their ICs for some time, and that is one factor 
accounting for the high AQLS of these devices. In gener-
al, most U. S. firms were not following these procedures 
until recently. Now they are instituting progams to do 
the same thing for all digital parts. 

4 

For instance, one of the 12 points of General Instru-
ment's quality program is testing at rated temperature. 
Here, 100% final testing will be done at the specified test 
temperature limit, and earlier, where technically feasi-
ble, the wafer will be probed at the same temperature. 
At Intel's Special Products division in Santa Clara, 

approximately 10,000 devices per week are dynamically 
burned in to maximize the infant mortality rate. This 
test, which exercises the parts at elevated temperatures, 
typically accelerates oxide-breakdown failures. Often, 
potentially defective devices are also screened out by a 
cell stress test that raises the power supply and input 
voltages to much higher than normal levels and exercises 
the device with a standard pattern for a second or two. 
High-temperature bias testing similarly helps screen out 
potential defective parts. 
A few U. S. companies like Mostek Corp. and Motor-

ola have programs involving double testing. For instance, 
Carrollton, Texas—based Mostek has initiated what it 
calls a Q-flow on a small portion of its 4116 dynamic 
RAM process to produce the highest-quality parts regard-
less of cost. Robert B. Palmer, vice president of manu-
facturing, says that the Q-flow "has redundancy 
throughout. Everywhere you would do one burn-in, 
you'd now do two." Many of the Q-flow redundant tests 
will eventually be eliminated, he says, since the second 
test is often less stressful than the first. 

Motorola's quality assurance staff continues to devise 
more rigorous screening and testing, too. One experi-
mental program instituted for operational amplifiers and 
regulators doubles the screening for standard parts. 
After the usual 500-piece sample of a full lot has been 
subjected to tests at dc, ac, and three temperatures 
( — 55°, + 25°, and +70°C), half of the entire lot is 
screened at high temperature and half at dc; then a 
500-piece sample from each half is run through all the 
dc, ac, and temperature tests. The result is a 50% reduc-
tion in defect density. 
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Part 2: 
Makers organize 
for quality 

At every stage from design 

to delivery, component makers 

are reexamining their operations 

and reorganizing them for quality 

An assortment of organizational structures is being tried 
to imbue the U. S. ic industry with the "build it right" 
precepts of the quality culture. Some, at companies like 
American Micro Devices and Fairchild Camera & 
Instrument Corp., are modeled on the Japanese quality-
circle concept. Some are based on the work of Philip B. 
Crosby, whose book, "Quality Is Free," outlines the 
benefits to be gained by emphasizing quality in manu-
facturing operations, as well as presenting an organiza-
tional approach for achieving it. Other approaches, at 
the likes of Intel, RCA's Solid State division, GI's Micro-
electronics division, Harris Semiconductor, and Analog 
Devices, have been in place for so long, according to the 
companies, that they are taken for granted. 

Texas Instruments, for one, has developed a matrix 
approach that attacks quality problems by bringing 
together people from different disciplines. Quality is 
achieved through a blend of a teamwork and individual 
incentives [Electronics, March 24, 1981, p. 95]. 

Different cultures require different approaches, points 
out Ti's Morris Chang, whose operations in the Far East 
have implemented quality circles with great success. 
"We do not think quality and reliability are as much a 
part of our system and part of our [American] culture as 
we want them to be. I think that, typically, many Japa-
nese companies have so far relied on a national charac-
teristic. They have done good things with it. But I have a 
feeling that the direction we [at Ti] are going in will 
leapfrog them." 

Quality teamwork 

Ti's team network covers everything from technical 
and administrative areas to fostering an awareness of 
quality among workers at all levels. The plan also boosts 
quality incentives by offering higher pay for skilled 
workers in critical processing operations. In addition, the 
company began grading managers on quality perform-
ance—in many cases, 30% of a job review hinges on the 
ability to meet specific product-quality goals. 

TI officials are pointing to the Digital Circuits division 
as having the most developed quality-team network in 
the corporation. The division, which inaugurated the 
program at TI in April 1980, maintains six functional 

teams serving its seven profit-and-loss centers, called 
product customer centers (Pccs). The functional teams 
are: product and process design; front-end; assembly and 
packaging; testing; customer service (nonelectrical); and, 
for education and awareness programs, quality culture. 
These teams consist of representatives from each of 

the division's Pccs, as well as quality assurance officials, 
says John S. Wiley, who is coordinating the division's 
program. "Those teams also include people from central 
organizations, like the company's test-equipment design 
group," he explains. "They normally meet once a month. 
Each team may have subgroups, which will meet more 
frequently on specific problems—they are also special-
ists. So you've got the top people from across the compa-
ny on these teams." 

Open up channels 

Wiley says that the No. 1 purpose of the teams is to 
establish formal channels of communications among PCC 
operations: "PCC members communicate with each other 
and generally do things like find out what one group may 
be doing to solve quality problems. That keeps a PCC 
from going off and reinventing the wheel." 
"Another function of these teams is to formulate 

policies for improvement," he adds. "Once they've 
kicked around a problem, they are then chartered to go 
and define what the plan is to solve it." 
At Motorola's Semiconductor Group, top managers 

are also the force behind a quality program that not only 
is changing the physical look of the plants but also is 
trying to radically reorient workers' attitudes. The objec-
tive is an Americanized version of the Japanese approach 
to quality, of which the quality circle is only a fairly 
small part. 
The technology of improving quality is not being 

downplayed by any means, but manager after manager 
at Motorola points out that technology is not the key 
issue, because most U. S. firms are the equals of the 
Japanese in that respect. It is in the contribution of 
people that Motorola has fallen behind, and that was not 
recognized until 1979. It showed in the high turnover, 
absenteeism, and lack of interest of its labor force. These 
problems translate into very high training costs, lost 
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production, and lower product quality. Motorola's man-
agement realized that they had to be addressed if the 
goals for 1980 were to be met. 
"The quality issue permeates the entire Bipolar 1c 

division," says Henri A. Jarrat, division vice president 
and general manager. The most important aspect is "our 
people, to whom," he admits, "we were not very attentive 
in the past." 

Get them involved 

What must be done, say Jarrat and Joe Flood, the 
division's director for reliability and quality assurance, is 
to change workers' attitudes, get them involved, give 
them a reason to want to do their best work. Breaking 
down the barriers that currently exist in order to get this 
involvement was, in the broadest sense, Motorola's goal. 

Specifically, 20 months ago the Bipolar ic division 
began putting together a program based on three levels 
of teams in each product line. The most important is the 
lowest level, the direct-labor employees with similar jobs, 
who talk over their work, ask questions, belly-ache, and 
make suggestions for improvements. This is the level that 
must be instilled with the spirit of participation and 

problem solving. Next comes the level of production 
supervisors, engineers, and quality assurance personnel; 
then, monitoring and directing it all, a steering commit-
tee. 

Motorola officials admit that the impetus to keep the 
program going must still come from management. But 
results in quality and much lower turnover justify what-
ever it takes to forge ahead, they say. 

Programs are also under way that educate workers 
about where they fit in the flow of a product from wafer 
fabrication to end use. Many did not know, for example, 
where their devices went. Displays of goods like General 
Motors cars with electronic controls and computer mod-
ules were brought in. 

Improving the environment 

The look of the Motorola plant is also much more 
pleasant than two years ago. Recruiters can start selling 
the same campuslike setting that Silicon Valley firms 
have, company officials claim. Instead of drab walls and 
a warehouse appearance, bright paint and large graphic 
presentations are splashed throughout. 

Also aiding participation in improving quality is the 

A view from an American in Japan 
For Western manufacturers with plants in Japan, the les-
sons learned and the perspective gained from doing busi-
ness there are indeed valuable. According to Jim Adams, 
president for the last four years of TI Asia Ltd. in Tokyo, 
Japanese manufacturers, including his organization, find it 
easier to achieve high-quality products than the average 
U. S.-based firm. There are a number of reasons for that, 
says Adams, who joined Texas Instruments Inc. in 1959 as 
a quality engineer before going to Japan in 1974 as 
operations manager for its Japanese subsidiary. 
He cites the nature and dedication of the people to 

quality, as well as the high average level of education of 
production-line workers. New college graduates, for exam-
ple, may be used initially as senior technicians and then as 
junior engineers, he points out, making for high-quality 
personnel in those positions and, eventually, engineers 
with plant experience. Moreover, a lower turnover in Japan 
than in the U. S. promotes higher average experience, also 
conducive to higher-quality output. 

In addition, Adams says a quality discipline tends to be 
important in all functions, not only for persons responsible 
for quality control. Generally, there also is more testing all 
along the line and more rigid testing at that, he continues. 
Furthermore, Japanese manufacturers make extensive use 
of so-called leading indicators of semiconductor failure, 
and they tend to have more demanding.customers. 

Although many persons look for technical advantages 
to explain Japan's reported higher quality, Adams does 
not see it that way. Most of the reasons are strategic 
rather than technical. The emphasis on long-term rather 
than short-term results is important, too. 
The Japanese are not doing anything that could not be 

done in the U. S., Adams says, but it may be easier for 
them to buy expensive production equipment. That is 
indicated by reports that the semiconductor industry's 
capital investment this year will be $920 million, about 
15% more than last year, despite a relatively flat total 
market. Japanese companies are using more domestically 

produced equipment, but they still buy a significant 
amount of advanced American equipment such as direct 
step-on-wafer aligners from GCA Corp. 
Adams observes that the Japanese tend to use very 

rigid criteria to place designs safely within product specifi-
cations. Also, they tend to be more conservative on prod-
uct layouts, whereas in the U. S. the drive is to smaller 
chips with higher technology. In addition, when the Japa-
nese second-source a product, they usually upgrade per-
formance or add something extra, he notes. 
A large proportion of the strong Japanese competitors 

are part of vertically integrated companies that are both 

manufacturer and user. Thus the manufacturer has not 
only a very good but also a very demanding—and com-
municative—customer, and this relationship tends to drive 
quality up. Feedback provides better understanding for 
both manufacturer and customer. 
Adams says that people in Japan have looked for a 

number of years on quality improvements as a means of 
reducing cost. In general, he says, high yield and high 
quality tend to generate high reliability. 

If, instead of screening out parts that do not measure 
up, a process is modified in order to meet specifications, 
higher yield, higher quality, and lower costs should result. 
Since higher yield tends to go along with higher quality, a 
situation exists in which the product engineer, manufactur-

ing engineer, and quality engineer all have the same goal. 
Adams notes that TI Japan, as it is called, has used the 

number of failures in 109 device hours (FIT) for a good 
while to express reliability and that this measure works 
with quality levels expressed in parts per million rather 
than as acceptable quality levels (AQL) expressed as 
percentages. However, he says that the switch to ppm is 
primarily motivational. 

Finally, he points out that he does not know any firm in 
the Japanese IC industry that tests only samples. All of 
them test 100% at least once. -Charles Cohen 
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7. Guiding force. At Motor-

ola's Bipolar IC division, vice 

president Henri A. Jarrat gave 

direction to a quality program 

aimed at a sweeping reorienta-

tion of the worker culture. 

Now, he says, "the quality 

issue permeates the division." 

monthly competition be-
tween product groups. 
These are played up with 
trophies and awards. 
To date, about 1,000 

division people have gone 
through training and are 
at some stage of being 
phased into the pro-
grams. The goal is 2,000 by year-end, out of 3,300 in the 
division. 

Major successes of a quality-awareness program in 
one of its wafer-fabrication areas, known as FAB Il, 
encouraged Mostek to broaden its quality team program 
to involve employees on all levels, from the chairman's 
office on down to the line worker. 
The initiative for the company to get its quality act 

together came from the top. As early as 1977, Mostek's 
founder and then-president, L. J. Sevin, identified the 
importance of quality in meeting Japanese competition. 
He also recognized the fact that upper- and middle-level 
managers had to be committed to the program for its 
success. 
One Mostek executive remembers that when Sevin 

was at Texas Instruments during the 1960s, line manag-
ers made jokes about the zero defects program pushed by 
Government contractors. "There was little understand-
ing of cooperation and the program was sabotaged," he 
reports. "L. J. told us that if he found anyone at Mostek 
undermining his quality program, that person was gone." 
To speed up the process of introducing its quality 

program, Mostek last year sent 103 executives to an 
organization called the Quality College. Located in Win-
ter Park, Fla., it is part of the services of Philip B. 
Crosby Associates Inc. Crosby, a consultant on introduc-
ing quality consciousness into organizations, says in 
"Quality Is Free" that it is profitable to do things 
right the first time, and his message is getting around 
(see "Quality pays," p. 140). At a total cost reaching 
about $2,000 a student, it was expensive. But it was 
worth it to Mostek, which wanted to get its quality 
program off and running quickly. 

Going to college 

Bob Donnelly, Mostek's director of quality, notes that 
production managers were not the only Mostek officials 
to attend. Finance, design, and indeed all of the compa-
ny's operations were represented. 

In his view, "instead of some central productivity or 
quality group, it [the program] has got to be adminis-
tered by each manager so that it will take off under his 
direction. Otherwise he will be waiting for someone to do 
it for him." 

Asked why Mostek did not just require managers to 
read "Quality Is Free," Donnelly responds: "It's like 
reading a diet book and then putting it down. I'm not 
saying that you cannot be motivated by a book to 
improve quality, but we felt that it takes a little more to 
get a large program like ours off the ground." 

Teaming up 

Awareness teams, organized by operation areas and 
containing from 5 to 30 people, now meet once a week at 
Mostek to discuss ideas for higher quality. The teams are 
backed up by special engineering task forces, created on 
the spot to solve specific problems falling outside the 
awareness group's area. Once the problem is taken care 
of, the task force is dissolved. 
The teams, though voluntary, now cover all operations 

in the corporation. Once a month, they view video-taped 
quality messages from top management that Mostek 
chairman Charles V. Prothro believes are essential for 
making management highly visible in the quality push. 
Such management visibility is one of Crosby's first rules 
for a successful program. 
The quality-awareness drive on the FAB il line pre-

dated the Quality College program. Tony Jurvetson, 
then the line's manager and, as a result of its success, 
since promoted to general manager in charge of the 
fabrication area, read Crosby's book, bought several 
copies for his supervisors, and formed quality teams. 

Initially, FAB Il teams were primarily concerned with 
reduction of waste and reworks, says Jurvetson. "The 
team discussions were later expanded to cover reliability, 
and now anything that's bothering the employees can be 
discussed. Other things also began to happen. Turnover 
dropped because many felt they at least had a say in 
what happened to their work environment." 

Money talks 

However, the biggest selling point was the money 
saved because of the quality program. Donnelly says that 
the cost of quality can equal 25% of Mostek's total sales 
dollars. "Some are looked upon as good costs—like 
testing; others are negatives—like scrapped and 
reworked parts. Unless you do this parallel accounting 
system, you can never put things in their right perspec-

tive. We are just begin-
ning to appreciate the 
value of it." 

Motorola in Phoenix is 
one of a host of U. S. 
electronics organizations, 
semiconductor makers in 
particular, trying ver-
sions of the quality-circle 

8. More spirit. For Motorola's 

Joseph L. Flood, the road to 

quality lay in changing work-

ers' attitudes, getting them 

more involved, and giving them 

reasons for wanting to do their 

best work. The effort, he says, 

must be continuous. 
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Quality pays 
Quality may be free, as Phil Crosby believes, but it is also 
paying off handsomely for him as clients beat a path to his 
door to hear his ideas. A self-styled "quality professional" 
for 28 years and the author of "Quality Is Free," Crosby 
says that his consulting group, Philip B. Crosby Asso-
ciates, and the associated Quality College, both in Winter 
Park, Fla., have never been busier since their startup in 
mid-1979. Their charter is to consult on and teach quality 
for all kinds of businesses. 
Crosby went out on his own after a 14-year stint as 

corporate vice president charged with instituting quality 
programs throughout ITT Corp. He is credited with the 
zero-defect concept applied in the 1960s at many elec-
tronics manufacturers, as well as the idea that quality is 
free once its cost is offset by the cost of making up for 
poor work. 
Crosby now has some 70 organizations "in a lot of 

industries" as clients, half of them in the electronics field. 
Others, like Texas Instruments, Analog Devices, and Hew-
lett-Packard, have bought copies of his book —which is 
immensely readable—and are studying it avidly. 

Things have changed since he got into the quality field. 
"The big difference now is that the senior management at 
many companies is taking charge of quality," he says. 
"Management is realizing that quality is too important to 
leave to the quality assurance people alone." 
The important point to recognize is that quality is not 

"goodness and desirability" but performance that meets 
requirements, he continues. That is why he would say a 
Cadillac and a Mustang both can be thought of as quality 
products—if they each meet their own specifications. 

"Traditionally, electronics companies have set quality 
levels as varying degrees," he says. "That is no longer 
acceptable, because you wind up with a lot of parts that 
are not so good. Companies should decide on specs and 
try to meet them. Management must establish require-
ments clearly." 
Crosby blames management squarely for poor quality. 

"Until senior management stops supporting 'quality levels' 
and insists on getting things done right the first time, there 
will be no sincere corrective actions, only patchwork." 

In the semiconductor field, the cost of solving quality-
related problems can mount to as much as 50% of sales, 
he asserts. "That's why the best way to increase profita-
bility is to increase quality and productivity." 
At the Quality College course, which lasts several days 

and can cost more than $1,000 per student, Crosby will 
start with top management and establish clearly in their 
minds the importance of quality and how its costs can be 
measured. In his book he outlines a 14-step quality-
improvement program that goes from items like obtaining 
a commitment to quality, forming quality teams, and ways 
to measure quality to setting goals, recognizing those who 
meet the goals, and step No. 14, doing the whole thing all 
over again. 
The typical program at a company takes anywhere from 

a year to 18 months to implement, according to Crosby. 
By that time, turnover and changing situations will have 
wiped out much of the education effort. "Repetition 
makes the program perpetual and thus part of the wood-
work," he says. "If quality isn't ingrained in the organiza-
tion, it will never happen." -A.R. 

approach [Electronics, Dec. 4, 1980, p. 95]. Some are 
introducing quality-circle ideas they found successful in 
their Far East operations. Almost all have adopted their 
own variations, and their own names, as they try to 
arrive at a system that meets their particular needs. 
Motorola's mos operation in Austin, for example, has its 
Participating Management Program; National Semicon-
ductor refers to its "circles concept" and "quest groups"; 
and Signetics and American Micro Devices rely on, yes, 
quality circles and quality teams. 

Speak up 

The aim of each program is to encourage employees to 
discuss among themselves and with supervisors problems 
they encounter in the workplace. Line workers—and 
managers and executives, too—are encouraged to take 
on greater responsibility for building quality into prod-
ucts. Education about the costs of nonquality is also 
important. So is mutual trust and loyalty between work-
ers and the company. And management makes every 
effort to heed the suggestions of workers when it makes 
sense to do so. 
"We want to let them know that management will 

either back their reasonable, rational solutions or give 
them a solid reason why it won't," explains D. C. 
McKenzie, director of corporate reliability and quality 
at Signetics. He also points out that the company pro-
vides its quality teams with training and tools for dealing 
with reliability problems. These include courses in statis-

tics and cause-and-effect analysis. 
So far, the groups, ranging from a handful of people to 

20 or 30 in number, are reported to be producing good 
results. Morale generally increases, and so does the 
quality of parts produced. 

There are some companies, besides Texas Instru-
ments, with experience in quality circles in the Far East 
that fear moving too fast in introducing quality circles to 
the U. S. "We're trying to understand the concept before 
proceeding," says Electronic Arrays' president, Charles 
Wood. Indeed, EA'S parent, Nippon Electric, has encour-
aged its U. S. subsidiary to go slowly in implementing 
the circles. "We don't want to jump in too quickly, fail, 
and have to start all over again," Wood explains. 

Recruiting aims higher 

Attracting better-educated people is also receiving 
attention. Texas Instruments, for instance, has gone to 
the colleges for production-line workers. Students, 
majoring not only in technical subjects but also in liberal 
arts, are told of the company's quality push and of the 
importance it is placing on its wafer fabrication process. 

Front-end workers, whose skills are regularly certified, 
must maintain low absenteeism and are paid an average 
of 10% more than employees in other operations. Pro-
ductivity has climbed: based on parts per man-hours, 
throughput has increased 19% and yield has climbed 
33% in the Digital Circuit division between the last 
quarter of 1979 and the end of 1980. 
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Part 3r 
Users push 
for quality 

Meeting the upsurge in demand 

for quality calls for new 

and closer relationships with 

suppliers, equipment makers find 

Equipment manufacturers became aware early on of the 
"cost of nonquality," as RCA Corp.'s Solid State division 
in Somerville, N. J., explains it to its employees. That is 
because an equipment maker's expenses are so much 
greater when a faulty part passes incoming inspection 
only to fail on a circuit board, in a chassis, or worst of 
all, in a customer's computer or automobile. Costs of 
repair or replacement go up dramatically as the part 
moves further along in the manufacturing cycle. 
The concern for quality caught on first at equipment 

makers partly as a reaction to the example set by the 
Japanese. Certainly, a quality product helps a company 
compete. To that end, for example, the computer service 
group at Hewlett-Packard's Computer Support division, 
Cupertino, Calif., introduced its Guaranteed Uptime 
Service in December. They promise that if the computer 
system is not operating 99% of the time over a 24-hour 
day, seven days a week, the customer need not pay the 
service fee for that month. 

Betting on quality 

At the other end of the scale is a small company like 
ims International Inc., a Carson City, Nev., maker of 
microcomputer boards. It had sales of $8.5 million in 
1980, and it expects to double that this year. ims recent-
ly put itself on the line with a two-year warranty on all 
products, decidedly more impressive than the 90-day 
warranty usual in its business. 
"We believe that if we use the best components availa-

ble and insist on the highest possible standards for both 
engineering design and manufacturing, a two-year war-
ranty is economically feasible," says Don Lehr, president 
and cofounder of the firm. From an installed base last 
year of almost 30,000 boards, only 116 were returned for 
repair or replacement—and some of these were found to 
be functioning properly, according to Lehr. 

"In many companies, top management preaches quali-
ty, hangs up banners, and gives pep talks for the first 12 
weeks of each quarter. But the pressures of meeting 
quarterly shipping quotas or earnings forecasts can cause 
this attitude to change during the final week," Lehr says. 
He believes that these shifts cause a tremendous amount 
of frustration and confusion for workers and avoids it. 

Engineering design is another key element. For exam-
ple, I Ms uses sockets for ICs, although the popular belief 
is that sockets not only raise costs but decrease reliability 
as well. "There is a vast range of socket quality that is 
not obvious from skimming manufacturers' spec sheets," 
he says. 1ms spends a lot of time choosing reliable 
sockets. As a result, stuffing errors can be corrected and 
defective ICs changed at the test station, eliminating a 
rework step. Also, field repairs are greatly simplified. 
Moreover, overall product reliability actually increases 
because ics are not subjected to thermal stress during 
soldering, Lehr points out. 
The company's design philosophy is to perfect a circuit 

and then use it wherever possible in its product line. 
Manufacturing people get to know boards very well 
when they see them year after year, Lehr says. And 
assemblers know that if everything is not just right, the 
job will be rejected. 
As for ics, "today nobody beats the Japanese when it 

comes to manufacturing memory products," ims's 
cofounder, Al Fiegehen, believes. "Our failure rate on 
incoming test of c-mos chips is less than 1 in 5,000. 
However, there's been a noticeable improvement in 
domestically manufactured c-mos in the last six months. 
We've begun buying more of it." 

Keeping track 

Although, as Fiegehen points out, it is impractical for 
ims to test extensively at the part level, it can follow its 
semiconductors closely. It knows the failure rates for 
each vendor's part at the board level. Each board is 
tested to the full temperature cycle and any failed com-
ponent identified. If memory failure rates drop to 1 in 
500 (from the usual 1 in 5,000), that is grounds for 
dropping the vendor, and this has occurred. 

"I guess we have a luxury bigger companies don't 
have," says Fiegehen, smiling. "If something's not right, 
we stop everything and correct it." 

Just how expensive poor quality can be was discovered 
a number of years ago— for example, by Hewlett-
Packard. In the wake of an analysis of its operations, 
"we estimated that 25% of all floor space, one third of 
our manpower, and half of our inventory were needed 
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because of bad quality—that is, not doing things right 
the first time," says Raymond M. Demere Jr., vice 
president for corporate manufacturing services in Palo 
Alto, Calif. This unnecessary overhead involved office 
workers, field sales personnel, and product development 
and manufacturing operations, among others. "We real-
ized that we could free up a lot of assets if we all 
concentrated on doing things right the first time." 

Until recently, most managers viewed quality as a 
"housekeeping, rather than a strategic, activity. But they 
are beginning to change their minds," notes HP'S corpo-
rate assurance manager, Paul Baird. "They are begin-
ning to see that they can make tremendous strides in 
profitability if they improve quality." 

Baird is speaking, of course, not for IIP managers 
alone but for the electronics industries in general. These 
industries are coming to realize that doing it right the 
first time saves money. That is not the only goad to top 
executives, however. 

"I'll be frank and tell you two reasons why we are 
demanding higher quality," says James Cogan, vice 
president of computer systems at Datapoint Corp., San 
Antonio, Texas, a maker of small-business computer 
systems. "One, there is a lot more competition in [our] 
industry, and customer service and quality are becoming 
key sales techniques. People are looking for products 
that are going to work. Two, electronics customers like 
us are getting more knowledgeable about integrated 
circuits, and with that growing sophistication we are able 
to say, 'We demand quality.'" 

Another reason for the increasing desire for quality 
ics is the shift to VLSI devices. "We can't afford to put in 
the equipment necessary to test the very complex VLSI 

circuits," says General Electric's Manuel Hunter "We 
will have to rely more and more on our suppliers. Com-
plexity and growth in the number of VLSI devices we use 
will mandate essentially perfect components." 

In January, Hunter returned from visiting semicon-
ductor companies in the U. S. and Japan. In every case, 
he says, he found that significant strides had been made 
in implementing programs to improve quality. He bases 
that judgment on the types of quality programs outlined 
by the semiconductor company managers and the data 
on the parts produced that they are collecting. He 
expected the good quality programs in effect in Japan. 
But he also likes what he saw at the U. S. companies. 

How GE handles it 

Though General Electric now sees the situation chang-
ing in the United States, frustration in obtaining devices 
was particularly keen at its Television Business division. 
"We made a swing to all our semiconductor vendors a 
couple of years ago and we told them we were serious: we 
want quality, we need it, we're willing to pay extra to get 
it," recalls the division's manager of quality control, 
Fred Aaron. "'Get with it,' we said. 'The Japanese are 
beating your socks off.' 
"The guys really didn't act as if they had heard us. 

Typically, we might get a marketing guy to come in and 
tell us a lot of good things, but we never saw any action. 
Some guys just said, 'Forget it,' " 

According to Aaron, Japanese quality levels are even 
now 10 times better than U. S. levels and 15 times better 
than the European. He speaks of levels across the board 
for the range of active components the division uses. 
These parts include microprocessors, complex linear cir-

Tracking failures by the thousands 

One of the more extensive systems for keeping track of 
failed components is operated by the Direction Générale 
des Télécommunications, the government agency that 
runs the French telephone network. A computer system 
analyzes hardware failures of transmission equipment and 
switching gear throughout the network. It spots, among 
other things, failure modes and substandard performance 
down to the component level. By comparing actual with 
predicted rates, the DGT gets an early warning on poten-
tial rashes of failures. 
The system started up three years ago at the Lannion, 

Brittany, facility of the Centre National d'Etudes des Télé-
communications, the research establishment of the DGT. 
It has since been turned over to the long-lines operating 
division and has proved so successful that the CNET is 
developing a second one just for switching gear. The initial 
system will then be used only for transmission equipment. 
Code-named SADE (for Système d'Analyse des Défail-

lances en Exploitation), the existing system employs a 
Solar 16 minicomputer with disk storage of 200 mega-
bytes, produced by the SEMS division of Thomson-CSF. It 
keeps tabs on 6,400 types of printed-circuit cards at 
1,900 locations. These contain up to 2,000 different com-
ponents used in 60,000 circuit-board part designations. 
Raw data for SADE comes from out-of-order reports 

that DGT maintenance men or equipment suppliers file 
every time they make a repair. The reports identify every 

piece of equipment, its location, the faulty circuit card, 
and the culprit components. Failed integrated circuits are 
shipped to the Lannion facility so that the causes of 
failures can be diagnosed. 
SADE sifts and correlates the raw data in many ways 

exploiting some 60 programs to do so. It can total all the 
faults at a geographical location, for example, or all the 
failures for a component type throughout the system. It 
can even compare the performance of identical circuit 
cards made by different suppliers. 

In some cases, the printouts trigger procedures painful 
for suppliers of below-par equipment. So far, the most 
startling example involved a simple bipolar circuit having a 
complexity of some 20 gates, used extensively in a digital 
transmission system. Approximately 3,000 of the pack-
ages failed within two months. The CNET traced the 
trouble to inordinately high phosphorus doping, which led 
to corrosion of the metalization layer because of humidity 
leakage into the plastic package. The fault, then, stemmed 
from the semiconductor maker's process, meaning every 
one of the packages was a candidate for early failure. 
The equipment maker in this instance had to replace 

300,000 packages on 22,000 circuit boards, and the 
semiconductor vendor was struck off the DGT's list of 
approved suppliers. But with the fault pinpointed, the 
supplier was able to alter the process and since has been 
returned to grace. -Arthur Erikson 
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cuits for things like chroma control and intermediate. 
frequency strips, simple operational amplifiers, and fre-
quency synthesizers. 
Aaron continues, "As a TV set manufacturer, we came 

to recognize earlier than others that our Japanese com-
petitors were winning on quality. We didn't make any 
progress until we recognized that." 

Expensive solution 

GE solved its quality semiconductor problem in two 
ways. First, it decided to test all incoming parts itself. 
"We got into testing everything ourselves and it was very 
expensive. We put money into things like burn-in ovens, 
automatic handling equipment that tested at high tem-
peratures, temperature cycling. At the same time, we 
were also aging our completed product, the TV receiver. 
The testing itself was expensive: power costs kept going 
up, and we had to have an enormous inventory." 

General Electric also moved toward Japanese and 
away from U. S. suppliers. "You hear about them dump-
ing, but they're not. True, you may get a better price, 
but you get the quality edge to boot," Aaron says. "We 
try to get our engineering to design in the Japanese 
devices where we can, because from a manufacturing 
standpoint it's a lot cheaper." 
He continues: "We ourselves have taken millions of 

dollars away from U. S. vendors. But we still do a lot of 
business with them because they have a lot of things we 
can't get anywhere else." He singles out items like 
control systems, where, he says, the U. S. and the 
Europeans tend to be more innovative. "But it's costing 
us. We're 100% testing them, and in some cases we're 
also paying for high-reliability testing. We don't 100% 
test any Japanese device." 

For General Electric, its decision to obtain high-
quality parts for its TV sets has had a striking effect. 
"We turned our image around and doubled our market 
share," asserts Aaron. "The sharper IC guys are picking 
up on this. We see even our problem suppliers getting a 
lot more serious." 

Interestingly, he points out that GE often paid a premi-
um for high-reliability screening by U. S. vendors, and 
"in many cases we still had to 100% test ourselves, 
because we weren't getting what we paid for." He also 
says that there is never a correlation problem between 
GE's and its Japanese suppliers' tests, although it does 
turn up with the American and European firms. 

Measure up 

GE also has a new way of dealing with its suppliers, 
Aaron says. "We're not even talking to these guys in 
terms of what their contract is. We're doing a compara-
tive thing. We can measure them and say: 'Hey, I've got 
three suppliers, same product. Two of them are giving 
me 550 ppm; you're giving me 2,000 ppm. Why should 
we buy from you?' And if he says, 'But the contract says 
I only have to give you 3,000 ppm,' we say, 'So what? 
Look, you're way up here. Do you want to come along 
with us or don't you?' " 
Aaron is encouraged by what he regards as a recently 

changed attitude on the part of U. S. semiconductor 
manufacturers to reach for quality. "We've got as much 

9. Lees overhead. Doing it right the first time was the way Raymond 

Demere Jr. predicted Hewlett-Packard could free up a lot of assets. 

ingenuity and technology as anyplace else in the world," 
he says. "Once the [American] managers get turned on 
and understand that their performance is being mea-
sured on quality as well as on cost and quantity, they'll 
adjust. They'll figure out how to do it. They've got the 
talent. Quality just hasn't been perceived as a real issue 
until recently." 

Also pleased by what he sees is Achille Pollino, direc-
tor of the qualification and receiving department of 
Control Data Corp., the mainframe computer and 
peripherals manufacturer in Minneapolis: "In the past, 
I've always had to push the U. S. suppliers to establish 
aggressive goals [for quality]. But now, I don't have to 
push them anymore. They've all got very aggressive 
goals and they're telling me where they're going to be 
year by year in parts per million and how they're going 
to do it. They also have programs already set up. They're 
talking about being in the neighborhood of 20 ppm or 
less by 1985." Indeed, Pollino says that one U. S. semi-
conductor maker is talking in terms of a long-term goal 
of 1 ppm. 

Control Data actually kicked off a zero-inspection 
program only on May 1. Directed by Pollino, it initially 
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Parts screening can be elaborate 

The systems for screening incoming parts by high-volume 
semiconductor users are becoming elaborate. Such is the 
case at Japan's top maker of industrial measuring instru-
ments, Yokogawa Electric Works Ltd. With sales in the 
hundreds of millions of dollars, the Tokyo firm buys about 
10 million integrated circuits per year, including gate and 
logic circuits, read-only and random-access memories, 
microprocessors, and linear ICs. Buys from the U. S. fluc-
tuate between 20% and 30% of its total. 

All incoming components are inspected visually and 
mechanically, largely to make sure that no extraneous 
parts have found their way into the lot. After screening, 
the parts are electronically tested according to MIL-STD-
105D. This procedure provides tables designating appro-
priate sampling rates based on lot size and quality stan-
dards for various functions. For parts categories with 
relatively many rejections, Yokogawa uses the "severe" 
chart, which essentially calls for higher sampling rates; for 
categories with normally very high quality, it uses the 
"loose" chart. For all others, it uses the "normal" chart. 
Yokogawa also tests different part functions at different 

frequencies, depending on how critical the function is. For 
ICs, for example, its standard is a 0.1% failure rate for 
critical functions, 0.65% for lesser functions under dc 
tests, and 1.0% for lesser functions under ac tests. An 
example of a critical function is noise level in linear 

devices. Any lot of linear ICs whose test samples show 
more than 0.1% failure is rejected. 
Components for common usage are then logged into an 

inspection data file and sent to the warehouse. Those 
requiring especially high reliability —as for instrumentation 
destined for explosives plants, process control systems, or 
atomic power plants—are completely reinspected. In 
addition, they are subjected to various high-temperature 
or shock treatments or both, depending on their applica-
tion, before being completely visually and, for a third time, 
electrically inspected. 
About once a month, company officials meet separately 

with representatives of each supplier to review parts 
defects turned up by Yokogawa's screening and testing 
process. The maker subsequently examines each defec-
tive item and submits a report to Yokogawa. Hideyoshi 
Tsubota, manager of the incoming inspection group at 
Yokogawa's quality-control and administration depart-
ment, volunteers that the defects sometimes are caused 
by poor handling at his firm. 
"One reason we don't buy more from foreign suppliers 

is that regular information exchange is very difficult," 
Tsubota says. "Also, U. S. makers don't give us sufficient 
[failure] analyses. Japanese makers, on the other hand, 
are very detailed in their analysis." -Robert Neff, 

McGraw-Hill World News 

involves only one of the 12 domestic divisions that Polli-
no's department services. Eventually it will be phased in 
for all divisions. 

Using selected parts and vendors with a strong quality 
history, receiving inspection will be eliminated entirely. 
Instead, defective components are being analyzed for 
their modes of failure when detected on the manufactur-
ing floor at the board-checkout, system-checkout, or 
product-testing level. 

Down an order of magnitude 

In 1981, the goal is 200 ppm for as many device lines 
as possible. By 1985, Pollino wants to move to 10 to 20 
ppm. "We're phasing nicely into parts per million now, 
instead of using AQLs and lot acceptance as the perform-
ance criteria," he says. "We're not talking about how 
many lots are rejected or accepted, we're talking about 
how many bad devices you have in a million parts that 
you shipped me. 

"In the past, when we did it on the lot basis, we might 
reject a lot that had 2% defective devices or it might 
have 50% defective parts. We're changing the way we're 
thinking, and I feel that that has been brought about by 
the Japanese." 

In April, Control Data met with its two top vendors to 
learn what levels they were achieving on certain product 
lines. It will now verify the levels by testing 10,000 to 
30,000 devices. If these tests show that the vendors are at 
the level of 200 ppm or less that they claim, CDC will 
forgo incoming tests on those devices unless certain 
agreed-to thresholds are reached. For example, if a 
device type is running at 200 ppm and it jumps to 1,000 
ppm for a particular week, both the vendor and CDC will 

take certain steps. (The 200-ppm goal refers to a part's 
meeting electrical specifications, not visual and mechani-
cal specs, for which there is another ppm goal.) 
"Maybe for the next two weeks the vendor is going to 

have to look at it more closely. If he's still at 1,000, then 
maybe he'll have to do more inspection until he finds out 
what the problem is and solves it," Pollino says. When 
necessary, receiving inspection on a device will be re-
sumed until the problem is corrected. 

Control Data will also do occasional audits. In these, 
two or three lots of a particular device will be pulled for 
100% testing to see if the vendor is actually meeting the 
ppm commitment. 
As the new system is phased in, the old one will con-

tinue in use for a number of device types. Correlation of 
CDC's test results with the vendors' for the ppm system 
will take time, and new devices will require receiving 
inspection until a quality history can be built up. 

Learning from history 

In some device lines where the confidence level is high 
enough in view of the history of a part, Control Data is 
already skipping electrical testing on some lots. When a 
device type passes the 0.1% AQL requirement for 20 lots 
in a row, CDC automatically goes to testing only every 
fifth lot on that particular device from that vendor. If the 
fifth lot fails, the company goes back to full testing until 
the part makes the level of 20 in a row without the 
failure of a lot again, according to Pollino. 
With this approach, Control Data saved 31% in test-

ing costs last year at one division alone, and "our quality 
didn't go down," Pollino boasts. "So quality is free, as 
Crosby says." Pollino estimates that the company skips 
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electrical testing on 15% to 20% of incoming lots. 
CDC provides its vendors with monthly detailed reports 

on device defects based on its failure analysis. As for 
reliability data, Pollino says that CDC does not yet have a 
program in place to get much data on failures in the 
field. "That would be the next step. There's really such a 
wealth of information at the manufacturing floor level 
that we haven't tapped yet, and I really feel strongly that 
when we start looking at these devices and start feeding 
things back to suppliers, they're going to correct their 
processes and that's going to improve our reliability." 

'Very, very close' 

Already under way is the program at General Motors 
Corp.'s Delco Electronics division in Kokomo, Ind. 
which is "very, very close" to accepting its first active 
components under its so-called No Inspection Verifica-
tion, or NIV, program, according to Bernard W. Pierce, 
general superintendent of vendor quality. 
By the end of this year, Delco hopes that 20% to 30% 

af all purchased ics will have been placed on NW. Like 
CDC and numerous others, it is pushing for quality levels 
below 0.1% AQL, where the measure will be in ppm. 
Once the AQL falls below 0.1%, the usual sampling 

techniques no longer apply. In fact, the numbers virtu-
ally dictate a no-inspection policy. Delco's Pierce 
explains: "The real crux of the situation is that we're 
trying to find on a percentage basis so few discrepant 
parts. Most of the things you do in receiving inspection 
degrade the lot and do damage to more parts than the 
number of ones that were already bad to begin with. 
How many parts do you have to inspect before you can 
find a failure rate of a couple of hundred ppm? A hell of 
a lot of parts. 
"Once you get much below 0.1% AQL, the convention-

al statistical techniques don't hold anymore. So you've 
got to go to a program for watching how your staff goes 
down the line and how the end product works in the 
plant and then carefully monitor what happens in the 
field, because that's where the real money is." 

Delco eventually wants fewer than 100 ppm for active 
components, says Robert B. Costello, Delco's director of 
materials management. For passive components, the 
ppm count should be less than 1. 

Costello's target is the end of 1983 for eliminating 
receiving inspection on all procured ICs except for new 
device types for which the company has no history. This 
year, new device types might be as high as 50% of all ics 
purchased, says Costello, since General Motors' new 
custom microprocessor chip set will be phased in heavily 
for model year 1982 cars [Electronics, Nov. 20, 1980, 
p. 113]. But even in a more representative year, as much 
as 30% of all ICs bought may typically be new devices 
that will require some incoming inspection even after the 
No Inspection Verification program is fully phased in. 

Part way 

Although the NW concept has been in planning for a 
number of years, it was not until 1980 that the division 
actually began its first purchases of electronic devices — 
actually passive components—under the program. Now, 
four or five of Delco's six major merchant IC suppliers 

10. Advantage. At a small company like microcomputer maker IMS 

International, which offers a two-year equipment warranty, cofoun-

ders Al Fiegehen, right, and Don Lehr know they have a special 

luxury. "If something's not right, we stop everything and correct it." 

are expected by the end of 1981 to be furnishing at least 
some parts under the NW program. 

Costello points out that Signetics has set up a special 
ppm line in South Korea. He also notes that the same 
concept of separate lines for the auto industry is in place 
at Texas Instruments. 

However, there is trouble brewing for at least one 
member of Delco's supplier family. On the record, Cos-
tello will say only that for the 1982 model year one of the 
six vendors will be shipping substantially less to the 
division. (Delco began to issue purchase requirements in 
March 1981 for the 1982 model year and will begin 
receiving parts in late May or June.) 

Less than adequate quality performance is not the 
total reason for cutting back on orders to the vendor. 
Costello says it has more to do with the company's 
failure to function as a team with Delco the way other 
vendors do. "We feel that it's sort of an antagonistic 
attitude; everything is a fight with them." 

The deal at DEC 

Further insight into the cooperation needed between 
user and supplier comes from Digital Equipment Corp., 
Maynard, Mass., as it presses to omit incoming testing 
and ship directly to stock. "There is no limit or goal as 
such for an ultimate AQL —it may be asymptotic, but we 
will still try to improve it." The computer maker has 
established a vendor test program that fosters close 
cooperation between it and its semiconductor suppliers. 
"Long before a DEC product is announced, we are heavi-
ly involved with the vendors who will supply the neces-
sary ICs," points out Prakash Bhalerao, engineering 
business manager, who works at DEC's Westboro, Mass., 
operation. "We want no surprises." 

Hence DEC does the usual thing: rejects designs with a 
history of problems and selects vendors with the best 
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11. Turn for the better. Achille Pollino of 

CDC does not have to push U. S. semicon-

ductor makers as hard on quality as he used 

to. "They've all got very aggressive goals 

and they're telling me where they're going to 

be year to year in parts per million and how 

they're going to do it." He sees quality levels 

of 20 ppm or better by 1985. 

manufacturing programs and those with the largest data 
bases. "Once we have selected a part—which really 
amounts to choosing a vendor as well—we begin the real 
process involved in the vendor test program," Bhalerao 
says. "First we establish a base line. We attempt to make 
sure that both DEC and the vendor use the same test 
equipment, test programs, and test conditions. We have 
gone to the length of supplying DEC-generated test pro-
grams to vendors for their use to be sure we are using the 
same yardstick. 

"This alignment of hardware and software forms the 
first two parts of the vendor test program. The third may 
consist of DEC's obligating itself to purchases in suffi-
cient quantities to guarantee the process and the prod-
uct. That may at times encourage a vendor to continue 
producing a part not otherwise attractive to it. 
"But far more importantly, we are able to get vendors 

to agree to notify us every time the smallest aspect of an 
IC's design or processing changes. Sometimes such 
changes force us to requalify a part from the beginning; 
sometimes the effort involved is less than that. But 
invariably, we know what is being delivered to us," 
Bhalerao says. 
DEC tries in various ways to be helpful. "We give away 

test programs we may have generated ourselves, we try 
to help vendors understand unfamiliar pieces of test 
gear, we share data from our failure analysis and test 
labs—generally, we give a valued vendor any support we 
reasonably can," he continues. One example he cites is 
DEC'S work with Texas Instruments, which uses different 
test equipment from DEC's. DEC took it upon itself to 
emulate TVs test gear and to share the emulation with 
the semiconductor vendor. 

Close cooperation is especially needed when an equip-
ment maker comes up with its own lc design. DEC now 
routinely designs a fairly large amount of custom LSI 
and VLSI devices. Naturally, it does not want to be the 
sole source for these ICs and therefore goes outside, 
designs in hand, to choose a supplier. 

That may involve some frank conversation about just 
how things are done, and sometimes DEC and its vendor 
can get into areas that the vendor considers proprietary. 
But, according to Bhalerao, "we tell them everything 
about our processes, and we therefore expect them to be 
as open with us. Most firms are." 
When parts fail, DEC collects data on the failure, 

analyzes it, and contacts the vendor, as well as DEC's 
own semiconductor manufacturing people, to see how 
serious the problem is in context. Often, its experts will 
evolve a solution. DEC will then try to help work through 
the problem if the vendor needs assistance. But for the 
semiconductor makers, relying on returns alone is an 
insufficient means of developing a data base, says Neill 
McCormack, manager of quality assurance and reliabili-
ty for DEC'S semiconductor manufacturing facility in 
Hudson, Mass. Measurements should be made on 
devices coming off every assembly line and charted to 
keep track of quality. 

Making a family 

It soon becomes apparent in conversations with man-
agers concerned with boosting the quality of their prod-
ucts that relations with their vendors are key. Terms like 
"family," "trust," and "team" quickly emerge in conver-
sation. Close cooperation, of the kind that exists in Japan 
among vertically integrated divisions of the same large 
company, is paramount, and that is especially needed 
when things go wrong. 

Like others, Hewlett-Packard prefers to work closely 
with a small number of trusted vendors and offers a good 
reason for doing so. "You can't keep track of a Lot of 
suppliers, but you can work closely with a small number 
and establish relationships where the suppliers are 
almost members of your own family," says HP's Paul 
Baird. Then, when a semiconductor manufacturer ships 
tested parts, "you can accept his evidence, rather than 
recreate it at incoming inspection when the parts arrive 
at your plant." 
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Cooperation as close as that means the semiconductor 
manufacturers are also playing a different—a more 
involved—role than before. "I've been screening ICs for 
over 10 years now, and my impression is that in the past, 
suppliers have not worked hard enough on reliability. 
Since the Japanese have begun to dig in, however, the 
U. S. companies have been much more willing to discuss 
reliability," says Lee Ritchey, test engineering manager 
at Magnuson Computer Systems Inc., San Jose, Calif. 
"In past years, the attitude of some vendors has been, 
'you bought them, you eat them.' That seems to have 
changed once they had the Japanese snapping at their 
heels." 

Attitudes to sharing 

How do vendors regard the efforts of their customers 
to open communications and share information? 

"It's a darn good way of doing business," declares 
Jeffrey R. Riskin, manager of product assurance at 
Analog Devices Semiconductor division in Wilmington, 
Mass. In this statement, he sums up the feeling of many 
other vendors. 

Riskin is particularly pleased with the relationship 
being established with Hewlett-Packard, which was 
invited in March to Analog Devices' plant to present its 
case for higher quality. "We're attacking the problems 
together instead of attacking each other," he explains. 
"HP has been very helpful to us. They came into our 
plant and sat down with our manufacturing, quality, 
advanced development, engineering people—everybody. 
They left a trail of business cards behind them and urged 

12. Close. The first active components are 

soon to be accepted under Robert Costello's 

No Inspection Verification program at GM's 

Delco Electronics division. By the end of 

1983, he hopes to eliminate receiving 

inspection on all procured ICs except for new 

device types with little or new history. 
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us to call them with any problem." 
In effect, HP told Analog Devices: "We'll tell you 

when you're making mistakes. We will be glad to share 
what we have learned from the failure of your devices." 
Riskin believes that that cannot do anything but help his 
organization perform better. 

Furthermore, as they work more closely together, 
Riskin points out, the customer comes to a better under-
standing of the vendor's concerns. "They realize what 
they're asking for may not be a short-term solution. Both 
high quality and reduced price take a while. Costs will go 
down, but specs may also have to be reduced as well. 
That may just mean we're both getting more realistic—a 
converter specified at 12 bits may really be better 
spec'ed at 11, given the price that's desired." 

Typical of the great effort needed to feed back data on 
failed parts is that of B. N. (Mike) Svendsen, director of 
Sperry Univac's semiconductor control facility in Min-
neapolis. Svendsen rides herd over centralized device 
procurement and quality control for Sperry Univac 
plants worldwide. About 100 million devices are pur-
chased annually from the outside. 

Feedback on failures 

With today's more complex devices, feedback from 
Sperry Univac plants—in terms of whether they are 
having problems during manufacturing or at board- and 
system-level testing—is much more critical than it used 
to be, Svendsen points out. With diodes and other less 
complex devices, it was relatively easy to determine what 
kinds of tests were necessary. But with the complex 



VLSI demands collaboration 
between IC and test makers 
by Kenneth R. Willey 
Data General Corp., Westboro, Mass. 

Very large-scale integration issues nothing less than a 
mandate for test planning. For those faced with test-
ing the new VLSI-packed boards, that means they must 
work more closely than ever before with automatic-
test-equipment and VLSI makers. One hope is that 
efforts will be made to supply components specifica-
tions sufficient for the new parts to be modeled for 
testing. Along with that, there are other issues to 
consider. 

Self-testing. Built-in, on-chip test systems are po-
tentially a real leg up, and in fact it may not be pos-
sible in the future to get ATE gear to work on devices 
without it. But can manufacturers be made to agree 
on standard self-test methods so that ATE can be 
produced to make use of them? 
CAD/CAM versus simulators. Computer-aided design 

systems, basically set up to help in the design of VLSI 
devices, do not concern themselves with testing prob-
lems; likewise, the computer-aided manufacturing 
portion of these systems does not deal with testing but 
instead with assembly. Test simulators, on the other 
hand, focus on testing but do not address assembly. 
Users of these combined systems are thus faced with a 
dilemma: either choose one system to do both 
CAD/CAM and test simulation or go to separate simu-
lators, which requires duplicate modeling of devices. 
Somehow, the two sides should work together to 
smooth out some of the major differences. 

Test models. Just how much testing is needed on a 
product that has gone through CAD? To test for every 
possible combination of faults would take days or 
months with even the most sophisticated testers. In 
light of that, the question then becomes: should a 
device be modeled for standard applications, with the 
hope that that will give a reasonable confidence level 
at the next test level, or should it be modeled for a 
specific application? 

Also, some high-level languages are now available 
or under development for creating functional models 
of upcoming VLSI devices, but will the model's timing 
be the equivalent of the actual device? 

High-speed functional testing. The maturing of 
CAD/CAM should eliminate the race conditions and 
timing-related faults that we now find with high-
speed functional testing. But there are other ques-
tions: are we all speaking the same language when we 
talk about speed, or is a board manufacturer talking 
about the clock rate of the unit under test while a 
tester manufacturer is talking about data and pattern 
speed? And just how much testing is needed on a 
product that has gone through CAD? 
New testers are very expensive—in the range of 

$250,000 to $800,000 per system. What percentage 
and what types of failures missed today by slower 
testers will be caught by these new testers? Is the 
answer to improve their timing resolution rather than 
going for full, at-speed functional testing? 

Another concern with VLSI on a board is the prob-
lem of multiple faults within a test sequence. Either 
probing algorithms must become more sophisticated 
or testers will have to return to a single probe rather 
than use a clip, thereby increasing probing time sig-
nificantly. The solution has been to use more patterns, 
which lengthens test time. 

Controllability. Each VLSI device on a board must 
be controllable from an outside source, either by 
three-stating the outputs or by controlling the devices 
to produce the desired pattern to test the surrounding 
support circuitry. Otherwise, the devices must be 
removed when using ATE, or patterns must be 
"pumped" through the VLSI to test downstream logic. 
There are many other topics to be dealt with, 

including the size and speed of pin electronics, the 
balance of analog and digital capabilities in the test-
ers, ease of programming and interfacing, the applica-
tion of automatic-learning modes and data-capturing 
techniques, tester modularity, signal termination, the 
cost of training and maintenance, and the use of 
IEEE-bus instruments. Test engineering groups and 
ATE manufacturers, as well as integrated-circuit 
designers, will have to work together as never before. 

devices, "you could test forever and not hit the right 
thing" that might be important for system-level opera-
tion, he says. 

Svendsen's program for achieving quality involves 
feeding back quality data to the vendors each month by 
device and assembly location. "That gives the vendor a 
comprehensive running report of how we feel about his 
products," he explains. Such ranking, including quality, 
delivery, and price—also done by other equipment mak-
ers —"puts pressure on the supplier to ship the best 
product he can as cost-effectively as he can," he notes. 
Some recognize that keeping track of where failures 

occur in their equipment will be never-ending. Magnu-
son Computer is one. As Lee Ritchey explains, "We 
target a 2,000-hour mean time between failures for our 

systems, each of which contains about 9,000 ICs." That 
works out to a requirement of 18 million IC-hours 
between failures, which is why, according to Ritchey, 
Magnuson "tracks its product forever." LI 

Contributing to this report were James B. Brinton, Boston; 
Wesley R. Iversen, Chicago; Bruce LeBoss and Martin 
Marshall, Palo Alto, Calif; Larry Waller, Los Angeles; 
Terry Costlow, Costa Mesa, Calif; J. Robert Lineback, 
Dallas; Ray Connolly, Washington, D. C.; Kevin Smith, 
London; Arthur Erikson, Paris; John Gosch, Frankfurt; 
Charles Cohen and Robert Neff Tokyo; and Gerald M. 
Walker. 

Reprints of this special report will be available for $6 each. Write to Electronics Reprint 
Dept., P. D. Box 669, Hightstown, N. J. 08520. Copyright 1981, McGraw-Hill Inc. 
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Your IC fab line costs you 
more than $500,000 a month in 
debt service, depreciation and 
overhead. 

Unflat wafers don't carry their 
share of this cost. Get them out 
of the line. 

Our new Flatgagem scans a wafer 
—even a patterned wafer— 
in 20 seconds and tells you if it is 
flat enough to continue in your 
process. 

There's a lot more. Write for 
technical data or call Tencor 
Instruments, 2426 Charleston 
Road, Mountain View, CA 94043. 
(415) 969-6767. 

INSI MME N IS 

deZAT IS BEAUX.W\ 

.4150 £55 ENIX. 
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Designer's casebook  

Nov. 20, 1980, P. 128] may be implemented in a higher-

Enhancedl multiplier speed TTL version that costs less and has fewer parts. 
Butler's circuit reduced the original four-latch outputs 

to three lines so an eight-channel analog-multiplexer can 
be used. But the price paid was a space-consuming 
exclusive-OR package. 
The TTL design implements the multiplier's common 

edge detector with a 74379 quad D-latch connected as 
shown in Fig. la. Furthermore, the 74159 4-to-16-line 

The encoder-pulse—feedback multiplier circuit proposed decoder enables it to use all four latch outputs, eliminat-
by Frank Amthor [Electronics, Sept. 11, 1980, p. 139] ing the exclusive-OR package. 
and later simplified by Michael M. Butler [Electronics, Another plus for the TTL design is its versatility, which 

cuts parts count 
by Guy Ciancaglini 
Fellows Corp., Springfield, Vt. 
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Two versions. The encoder feedback multiplier (a) uses transistor-transistor logic to save printed-circuit board space. The TTL PROM version 

(b) costs a bit more, handles positive or negative true logic, and needs even less board space. Both circuits are programmable. 
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A B 

TRUTH TABLE FOR ENCODER 

NO. 

MULTIPLI1ER 

Up* Down* 
Error* 

Latch output 

Old A New A Old B New B X1 X2 X4 X1 X2 X4 

0 0 0 0 0 0 0 1 1 1 1 1 1 1 

O t 0 0 I 0 1 1 1 1 1 1 I 1 0 1 

0 1 1 0 

' 

0 1 0 2 1 1 0 1 1 1 1 

0 1 0 0 1 1 3 1 1 1 1 , 1 1 I 1 

t 0 0 1 0 , 0 4 0 0 0 1 1 1 1 

0 1 0 
1 

1 5 1 1 1 r 1 1 1 0 

1 1 0 1 1 0 6 1 1 1 1 1 1 0 

1 1 0 1 1 1 7 1 1 1 1 0 0 1 

1 0 1 0 0 0 8 1 1 1 0 0 0 1 

1 1 I 1 0 0 1 9 1 1 1 1 1 1 0 

1 1 1 1 0 1 0 10 1 1 1 1 1 1 1 1 0 

1 1 1 ‘ 0 1 1 11 1 0 0 1 1 i 1 1 

1 0 1 1 0 0 12 1 1 1 1 1 1 1 

1 1 1 1 0 1 13 1 1 0 1 1 1 1 

1 1 1 1 1 0 14 1 1 1 1 1 0 1 

1 1 1 1 1 1 15 1 1 1 1 1 1 1 

For PROM version: when address E is tied high, all output states are inverted. 

it owes to the fact that the collector outputs of the 
decoder are now open and may be hooked together in a 
wired-OR configuration. By including four jumpers or a 
dual—in-line—packaged switch, these outputs may be se-
lected for one, two, or four times the original encoder 
feedback (see table). Since the decoder has a slower 
propagation delay than the latch frequency, the latch 
clock rate is limited to at most 25 megahertz. 
Use of a PROM programmer can save even more space, 

but at a slightly higher cost. By replacing the decoder 
with a 32-by-8-bit TTL programmable read-only memo-
ry, the package is reduced in size and in pin count from 
24 to 16 pins. The output pull-up resistors are also 
eliminated because of the PROM's three-state outputs. In 
this design variation, the X 1, X 2 and X 4 outputs are on 
individual lines. By making use of the fifth address input 
to the PROM, the output polarity may be set to positive or 
negative true logic using jumpers (Fig. 1 b). 

Power-fail detector 
uses chip's standby mode 
by Jerry Winfield 

Mostek Corp., Carrollton, Texas 

As microprocessors are used more frequently for con-
sumer and industrial applications, the need to preserve 
data and program status during power outages has 
become increasingly important. Until now, this function 
has been implemented with a small, outboard comple-
mentary-mos random-access—memory battery-charging 
circuitry, power-fail circuitry, and a battery. 
The MK3875, one of the MK387X family of single-

chip microcomputers, simplifies the job of providing a 
battery backup system by incorporating 64 bytes of 
standby RAM and the battery-charging circuit onto the 
microprocessor chip. The only external components 
required are a battery and the power-fail circuit. 

Figure 1 shows a simple, low-cost power-fail—detection 
circuit that can be designed with readily available parts.  
Figure 2 details the timing relationship between RESET 
and V. for enabling and disabling the standby RAM 
function. Simply stated, RESET must be low when V. is 
below its specified voltage, which is 4.75 volts for a 5% 

part and 4.5 NI for a 10% part. 
The circuit shown in Fig. 1 detects power failures and 

resets the device automatically at power-on and manual-
ly during operation. The circuit monitors the unregu-
lated voltage that feeds the V. regulator and compares 
this voltage against a voltage reference. When the volt-
age drops below the reference, the RESET line is pulled 
low. Hysteresis is designed into the comparator to pre-
vent the oscillation caused by slow rise and fall times. 
The trimming potentiometer, R11, should be adjusted 

so the negative threshold voltage Vth— is greater than the 
minimum input voltage of the V. regulator. Adjusting 
the threshold voltage above the minimum will yield 
additional time before the RESET line goes low should 
the external interrupt be used for saving variables. 
As mentioned earlier, the circuit also functions as a 

power-on or manual reset. The power-on reset is created 
by the addition of C2 and DI, and the manual reset is 
created by the addition of R2 and SW1. 
The power-fail circuit can also be configured to gener-

ate an external interrupt to the MK3875 to save vari-
ables before the RESET line is activated. Adding capaci-
tor C3 allows time for executing the save routine before 
the RESET line is pulled low; the external interrupt 
should also be programmed as an active-high input. 
The MK3875 was designed primarily for use with a 

small 3.6-v nickel-cadmium battery and will automati-
cally supply a maximum charging current of 19 mA at 
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Memodyne Corporation, 
the data logging people, proudly introduce 

a brand new 20 column 
ALPHANUMERIC THERMAL PRINTER 

Model MAP-20S. 
• Simple 2 wire data input 

• Isolated 20 mA current loop and RS232C 
interface 

• Baud rates from 75 to 9600 
• Internal/External Baud Clock 
• 96 Character print set 
• Print rate of 2 lines per second 
• Internal self test program of all characters 

• Programmable controls for: 
Text or lister printing 
Character size — normal or extended 
Baud rate 

• Complete with microprocessor 
electronics and AC power supply 
• Small size measures 4.4" W x 2.75" H 
• Fits in panel 4.5" W x 2.78" H 
• Weighs 4.2 lbs. 

Price 8725.00 each in single quantities. 

Write for our complete 8 page color brochure. 

L'Peele cesE 
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EV STOCK! 

Mennodyne 
CORPORATION 
220 Reservoir Street Needham Heights, MA 02194} 
(617) 444-7000 Telex 92-2537 

85' High 
Time 8 

Temperature 
Display, 

Birmingham, 
England 

152 Circle 

HIGH VISIBILITY 
DISPLAYS 

They are crisp and clear close in...and 
can be legible up to a thousand feet away, 
even at wide viewing angles. 
They cut energy consumption sharply... 

current is drawn only at the instant of 
change. 
They can be used indoors and out...in 

temperatures as high as 75°C or as low as 
-40°C. 
They are reliable, sturdy and virtually 

maintenance free...there are no bulbs or 
LED's to replace. 
They are SIGNALEX ELECTROMAG-

NETIC READOUTS...available in sizes 
from 11/2" to 24" high. 

Signalex displays are used around the 
world...in industrial scales, truck weigh-
ing indicators, timers and a wide variety of 
applications. They can improve your 
product, too. 

For more information on Signalex 
numeric and alphanumeric displays, 
contact: The Stayer Company, Inc., 
51 Saxon Avenue, Bay Shore, N.Y, 11706 
516-666-8000 Copyright 1981 

S I dNi A Li'El 
HIGH VISIBILITY DISPLAYS 

131 on reader service card 

Truck Weighing 

Indicator 

op3 
9à0 

lent 
Digital 
Display 

t 
14 

UM,  

Oil Drill Monitor 

1111115X1=113» 
164261 
122 161 

485300 

17101.0 

IGEBEZEMEMS 

..n 11:10-1n; 
1234-

9826 18 t 
9 masin-e 1339- 19 

Prize Money Indicator 

Variable Speed Limit Sign 

Electronics/May 19, 1981 
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1. Please stand by. Though primarily for detecting power failures, this circuit also adds power-on and push-button reset functions to the 

MK3875 microcomputer, which has 64 bytes of standby RAM and a battery-charging circuit for implementing a standby power mode. 

2. Wave goodbye. Where a save routine is 

needed to preserve critical data before pow-

er is lost, the external interrupt must be 

toggled before the reset line, during which 

time the routine is executed. The time 

allowed to save the data is determined by 

the value of C3. 

VCC 

MAIN POWER SUPPLY 
FAILURE DETECTED 

Vcc SUSTAINED BY CAPACITOR OR 
BA1TERY UNTIL RESET IS BROUGHT LOW 

EXTERNAL 
INTERRUPT/ 

RESET 

DATA 
SAVE 
MUST 
BE 14---

DONE 
HERE 

ACCESS TO I EXECUTION 
RANDOM-ACCESS I BEGINS AGAIN 

MEMORY 
INHIBITED 

3.2 V and a minimum trickle charge of 0.8 mA at 3.8 V. el-cadmium batteries could be used with the MK3875 
The size of the battery will depend on the length of are Varta, Yuasa, General Electric, Gould, Sanyo, and 
required standby time. (With a Vcc variation of 4.75 to Panasonic. 
5.25 v, the standby current for the RAM will vary   
between 3.7 mi.. to 6 mA.) Designer's casebook is a regular feature M Electronics. We invite readers to submit original 

and unpubl'shed circuit ideas and solution, to design problems. Explain briefly but thoroughly 
Among those battery manufacturers whose small nick- the circuit's operating principle and purpose. We'll pay $75 for each item published. 
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OEM Systems Designers... 

YOU ARE MISSING 
A GOLDEN OPPORTUNITY!! 

ItrAJEMIMA 
INTERNATIONAL 
EXHIBITION 
ELECTRIC MEASUREMENT & CONTROL INSTRUMENT AUTOMATION EXHIBITION, 
AND SEMINARS ON NEW TECHNOLOGY 

19th (Mon) 23rd ( Fri) Oct.1981 
Tokyo International Trade Center, Japan 

MAIN EXHIBITS 
Indicating Meters 
Electricity Meters 
Test and Measuring Equipment 
Process Measuring & Control Instruments 
Monitoring Instruments for Environmental Quality 
Nuclear Instruments 
Electric Measuring Instruments for Medical Application 

PARTICIPATING COUNTRIES 
Austria, Denmar k, Netherland, Switzerland, UK, U.S.A., 
W. Germany and Japan 

INPMA 

JAPAN ELECTRIC MEASURING INSTRUMENTS MANUFACTURERS ASSOCIATION 

MERE WE COME 

TO PROMOTE BETTER ONDERS74101116 

GET IT UP AND RUNNING 
MicrobencliuDevelopment Software 

Complete development packages for: 
• INTEL 8086/8088 

8080/8085 
8048/8748 

• ZILOG Z8000 Z80 
• MOTOROLA 6809 6800 to 6803 

Includes: 
• Cross Assembler • Linker 
• Librarian • Downloader 

Operates with DEC operating systems on: 
• PDP-11 • LSI-11 • VAX 

Also: FORTRAN-77 for the 
INTEL 8086/8088 

Cost effective with prices starting at only 
$1,695. 

Udinfli_ SYSTEMS 
1500 Newell Avenue, Suite 406 

Walnut Creek, CA 94596 
(415) 935-4944 

The state of the art in microprocessor software 

Circle 132 on reader service card 

FREE! • 
(FOR LIMITED TIME ONLY1 

W Bishop Graphics 
PRINTED CIRCUIT A 
DRAFTING TECHNICAL $7.50 
'MANUAL & CATALOG Value! (Includes Product Samples!) 

Over 190 Pages Packed 
With Time-Saving PC Design 
Products,Tips & Techniques. 

Printed Circud 
Drafting Technical 

Manual & 
Catalog 
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• NEW, expanded 
TECHNICAL MANUAL 
including "how to use" 
overlay drafting to create 
Pc artwork masters 
• OVER 20,000 PC 
DRAFfING SYMBOLS & 
TAPES . the world's 
largest selection 
• NEW DIAZO drafting 
ACCU FILMA 
• NEW Glass OPTO-SCALE' 
• NEW Overlay Drafting System 
• NEW DIP FEED-THRU patterns 
• NEW SOLDER MASK patterns 

• NEW TEMPLATES 
• NEW "D" Subminiature 
CONNECTOR PATf ERNS 
. . . and much, much more! 

Call or Write Your Local 
Bishop Dealer Or Contact. 

eBishop Graphics, Inc. 
5388 STERLING CENTEF1 DRIVE • P.O.BOX 5007 

'' W ESTLAKE VILLAGE, CA 91359 • (213) 991-2600 
TELEX 66-2400 
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EE-PROM goes to work 
updating remote software 

Analog signals transmitted over telephone-line data links 

alter on-site memory for microsystem upgrading and maintenance 

by Randy Battat and John F. Rizzo, Intel Corp., Santa Clara, Calif. 

D Microprocessor system software needs frequent revi-
sion, which is inconvenient, difficult, and costly. But 
because it combines the nonvolatility of ROM and the 
flexibility of random-access memory, an electrically 
erasable programmable read-only memory at the micro-
processor site allows remote software changes to be 
made through a telephone-line data link, eliminating 
field service expenses. 
As technology progresses, design and service costs are 

coming to determine—more than component costs—the 
cost of microprocessor systems (see "The cost of soft-
ware service"). Intel's 2816 EE-PROM not only solves the 
service problems, but it also makes existing designs more 
functional since they need only be updated, not replaced. 

Memory requirements 

In a remotely controlled EE-PROM, the memory must 
be nonvolatile, retaining data even when the host system 
is powered down. Furthermore, with today's high-speed 
microprocessor systems such as the Intel 8086-2, the 
Zilog Z$000, and the Motorola MC68000, only fast 
memory devices can achieve full throughput. For exam-
ple, a high-performance 8086-2 system with a zero time 
wait-state operation requires a memory-read access time 
of 250 nanoseconds. 

Also, as software costs rise, high-level languages will 
often be used to reduce design time. These languages are 
memory-intensive, requiring high-density memory chips 
to effectively contain dedicated system programs without 
sacrificing printed-circuit board space. 

Finally, a remote link-addressable EE-PROM must have 
read-mostly operation. Normally program memory and 
certain types of data memory are accessed in a read 
mode. At times, however, it is necessary to reload an 
entire program (as in the case of a software revision) or 
to reconfigure portions of data storage (when only cer-
tain parameters need to be changed). Then the ability to 
write into the memory in the circuit is essential. 
The 2816 fills all these user requirements. It is nonvol-

atile, having greater than 20-year data retention. Its 
access time of 250 ns is compatible with today's high-
speed microcomputer systems. The chip is also electri-
cally erasable on a per-byte or per-chip basis—a true 
read-mostly memory. It offers users 16,384 bits of stor-
age organized as 2048 8-bit bytes. 
The EE-PROM allows in-circuit erase and write, opera-

tions so it can be written into from many information 
sources. But because it is an excellent medium for stor-
ing nonvolatile programs and data, it is particularly 
suited to downline loading—in this case, in changing 
memory contents at remote sites via a data link. 
The telephone is ideal for transferring information 

The cost of software service 

Servicing a software change in a field application today 
averages about $100 per hour. By 1985, assuming an 
inflation rate of 15%, these costs will approach 
$200 / h. A typical microprocessor system (2,000 in the 
field) requires a service time of 2 h. If each system 
needs to be updated a minimum of two times during 
the product's life, the cost is at least $400 per system. 
That means $800,000 for the total retrofit. If a doubling 
of the cost of labor in the next five years is assumed, 
the new retrofitting cost comes to $1.6 million. 
By installing a remote-software serial link, software 

can be updated over telephone lines. Adding a 2816 
EE-PROM and a remote link to the system will cost about 
$50, a mere one sixteenth the 1985 service cost. 
Today, as seen in the figure, a 40% savings can result. 
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1. Easy downloading. A microprocessor at a remote site with an 

EE-PROM as a peripheral may have its software changed by means of 

a telephone data link (a). An acoustically coupled modem is required 

with an interface (b) that is simple to implement. 

since it is readily available and requires no special inter-
face. Using an acoustic coupler, serial binary data is 
converted into high- and low-frequency tones that are 
then transmitted over a worldwide link. Modems inter-
face easily with microprocessors, and, in addition, the 
software overhead for such a downline-loading operation 
is minimal. 

Mixing and matching 

Programs downline-loaded into EE-PRoms find many 
applications in both large and small microcomputer sys-
tems. But regardless of size, all configurations require a 
modem to interface electrical signals from a host proces-
sor with the acoustically driven telephone. Automatic 
modems are usually dedicated to a specific telephone line 
and are completely operated by a host processor. Manual 
modems are usually portable, relying on an operator to 
place a telephone receiver in an acoustic-coupler cradle, 
thereby closing the communication loop. Both automatic 
and manual modems can be used in EE-PROM telephone 
communication systems in four possible configurations. 
The first configuration uses a manual receiver, manual 

transmitter design—a cost-effective solution when tele-
phone transmission is not performed often enough to 
warrant a dedicated telephone line and microprocessor 

system. Applications include infrequent field updates of 
program storage when a field system user calls a central 
factory to have 2816 memory devices reloaded. 

In the manual receiver, automatic transmitter config-
uration, an automatic transmitter is connected to a 
microprocessor system that answers the telephone with 
an automatic-answering modem and then transmits 
information to 2816s located in remote areas. Applica-
tions include field updates, as previously discussed, 
though an operator on the transmitting end is not 
needed. This is advantageous when many field systems 
will be calling the central factory. 

For automatic receiver, manual transmitter opera-
tions, a microcomputer system automatically answers 
the phone to receive information that will eventually be 
loaded into EE-PROM devices. This configuration is used 
in unattended systems, where, for example, a processor 
controls remote communications switches or repeaters. If 
parameters need to be changed, the remote switching 
processor is telephoned and new parameters transmitted 
to the EE-PROM in the system. This application exploits 
the byte-erase feature of the 2816. Only those EE-PROM 
locations that contain parameters to be changed need be 
rewritten. 
The last configuration, with automatic receiver and 

automatic transmitter, eliminates the operator. Here an 
automatic-dialing modem is used. A central computer 
could be requested to call many remote units to automat-
ically update programs or data in the EE-PROM memory 
without human intervention. 
The hardware elements of an automatic receiver and 

an automatic transmitter are the same, so describing a 
system with a manual receiver and an automatic trans-
mitter can help explain all four configurations. Here the 
human operator on the receiving end initiates transmis-
sion by dialing the transmitter and placing a telephone 
receiver in an acoustic-coupler cradle. The transmitter 
answers the telephone and transmits data to the receiver. 
This data is eventually loaded into EE-PRoms. 
The significant elements in this configuration are the 

modem and modem interface, the receiver central pro-
cessing unit and associated software, and the 2816 and 
its controller (Fig. la). The receiver CPU is connected to 
a simple modem that converts serial binary data into 
acoustical tones. The standard Bell 103 modem or equiv-
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2. Controller. The circuit shown is typical of the several configurations that an EE-PROM may use to receive data. Here, the controller makes 

the 2816 resemble a slow-write random-access memory. Other configurations may be used depending on the data link's architecture. 

aient provides a host system with serial input/output 
data and various status indicators (such as carrier-
detect, which is active when a remote-modem carrier 
signal is detected). The hardware required is minimal — 
a standard modem can be readily purchased. An RS-232 
interface is needed to interface 5-volt TTL signals from a 
CPU I/O port (or serial data line) with the ± 12-v RS-
232—compatible signals of the modem. Software handles 
the rest of the downline loading operation. 

Figure lb shows a simple modem interface. The 
MC1489 converts RS-232 levels into TTL levels, while 
the MC1488 converts TTL signals into RS-232. Here, 
serial data vo lines can be passed directly to a universal 
asynchronous receiver transmitter (uART) for serial-
parallel data conversion. If an 8085 processor is used, the 
serial i/o lines can be connected to the 8085's serial 
out-data (soD) and serial in-data (sm) ports. Another 
option is to perform the serial-parallel conversion in 
software. The receiving CPU need only receive data bytes 
(possibly after a transmitter identification message is 
received) and program the EE-PROM. 
The actual reception of data is simple. The processor 

first transmits an identifier message sent from the 
remote transmitter. This latter message may consist of a 
sequence of binary or ASCII data detailing the location of 
the transmitter, date and time of transmission, the num-
ber of bytes to be transmitted, and the address in EE-
PROM of the data to be located. Next, the processor 
receives a data byte that may be immediately pro-
grammed into the 2816 or saved temporarily in RAM. If 
software performs serial-to-parallel data conversion, 
data received must be saved in RAM. The 2816 cannot be 
programmed as each byte is received, since the processor 
must devote most of its time to receiving data bits and 

converting them into parallel form. However, if a UART 
circuit does the data conversion in hardware, data bytes 
may be saved in EE-PROM memory as soon as they are 
received. 

In this process, if data is transmitted at 300 bits per 
second and if each character consists of 1 start bit, 8 
data bits, 1 parity bit, and 1 stop bit, there will be 11 bits 
per character and a character will be received every 36.7 
milliseconds. After every character a 2816 byte must be 
erased (10 ms) and written (10 ms), leaving 16.7 ms of 
free time until the next byte is received. 

A typical controller 

The final consideration in the downline load receiver is 
a 2816 controller circuit. Figure 2 shows a block dia-
gram of a typical circuit. The read operation for the 
interface is identical to that for E-PROMS. To read data, 
chip enable ("-É) and output enable (c.) are taken low 
after addresses are set up. 
To write into the 2816, the host processor simply 

writes into memory. The controller circuit pulls the 
processor ready line low, stalling the CPU and stabilizing 
addresses and data for the 10-ms write interval while the 
programming pulse (V) is active. With the controller, 
the 2816 resembles a slow-writing RAM except that it 
needs byte erase prior to writing. 
The transmitter consists of a dedicated microcomputer 

connected to an automatic-answering modem, which is 
in turn attached to a telephone line. The transmit com-
puter software loops while waiting for an incoming call. 
When a call is received the modem is signaled to answer 
the telephone. Information, in the form of data bytes, is 
received and transmitted in the same fashion as on the 
receiving end. Essentially, all the user's transmitter sta-
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3. Base station. To transmit software changes to a remote-site EE-PROM, a base station (a) might use an 8085 microprocessor, with a 

keyboard display to help the user keep track of changes. Standard gates on the modem interface (b) furnish the required control signals. 

tion must do is look for a remote-processor identification 
message, send its own identification message, transmit 
data serially, and hang up the telephone. Additional 
features may be implemented, such as a log of all calls 
received and their origins. 

Figure 3a contains a block diagram of a transmitter 
base station system. An 8085 processor is used, with an 
additional 512 bytes of RAM and 4-K bytes of E-PROM. A 
modem interface is shown, in addition to a key pad and 
display for local-user operation and a real-time clock for 
logging date and time information. 

In this design, the E-PROM memory contains informa-
tion program storage and transmittal. This is the data 
that is to be transmitted to remote processor sites. Note 
that the data transmitting E-PROM could be replaced by 
an EE-PROM device to allow for frequent changes in 
transmission data without requiring the physical replace-
ment of the transmit-data store. RAM is used to save 
logging information, temporary program data, and a 
character input buffer that stores received characters 
when a specific message is sought. 
The key pad and display module enables a local base-

station operator to interrogate the base station and reset 
date or time, or access a call log. The clock module is 
used to keep track of current date and time. Such data 
may be transmitted to remote processors or may be used 
locally as a part of the information logged pertaining to 

each call received. 
The modem interface for the base station is very 

similar to the receiver modem circuit. Figure 3b contains 
a circuit diagram of an automatic-answering modem 
interface. The circuit provides all signals and takes care 
of the ring indicator signals. The first is given by the host 
processor and tells the modem when to answer and hang 
up the phone. The second is active when the phone is 
ringing and is used to interrupt the processor. 

A real circuit 

A base station similar to the one described has been 
constructed at Intel. It is used to transmit information to 
remote 2816s for demonstration purposes. In this unit, 
the software has three operating modes. The first, the 
interactive mode, is the default, in which the processor 
displays the time of day while waiting to enter either the 
dial-in or local-user mode. 
The dial-in mode is entered whenever a call is 

received. The processor answers the line, looks for a 
remote-processor identification message, and transmits 
its own identification header, followed by text data to be 
loaded into EE-PROM memory. The telephone is hung up 
as soon as transmission is completed and the inactive 
mode is entered. The local-user mode contains software 
implemented through the local keypad-display to allow a 
local user to reset. El 

158 Electronics/May 19, 1981 



Looking for low profile, highly 
reliable PCB relays? Check Omron. 
You'll want to look closely at our G2E relay. It's the 
world's smallest consumer relay, measuring 0.1 
cubic inch. But don't let its small size fool you, it 
can switch 1A at 24 VDC or 0.3A at 120 VAC. 
Our newest PCB relay additions, G2N and G2F, 

boast both high sensitivity and dielectric strength 
and are TTL compatible. In an IC styled 0.5" pitch 
PC rack-mountable package these relays are 
especially versatile. 

If you're wondering about switching dry circuit 
loads, as low as 100 µA 100 mV, the LZN and G2V 
series do it easily. In addition, LZN's multi-pole 
format and G2V's unique DIP package clearly give 
you a design advantage. 
The G2L is suited for space saving applications. 

Flat-pack type for headroom space when mounted 
between PC boards and the vertical configuration 
for saving valuable FC board real estate. Not to 
mention the high power switching capability for 
both of 8A AC240/DC24. 
Then there's our model G2U which features 

economy without sacrificing high performance. Its 

sugar cube size of .85 inches high and switching 
capability of 5A loads makes il ideal for many 
applications. 
And you don't have to worry about contamina-

tion from automatic soldering and cleaning. Most 
Omron PCB relays offer sealed construction. 

So, even though Omron PCB relays have been 
proved worldwide through tested use, you don't 
have to check the world. Just 
check for the name of your 
nearest Omron distributor, „ 
by writing Omron Electron-
ics, Inc., 650 Woodfield, 
Schaumburg, IL 60195. Or 
call (312) 843-7900. 

For a universe of exceptionally reliable components. 
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If you've been edgy about the quality of 
your PCB connectors, here's some 
good news: 
The new Spectra-Strip IDC Card 

Edge connector is the one you've been 
waiting for. 

Designed to the relevant portions of 
MIL-C-83503 and MIL-C-21097, the 
807 Series is priced so that you can 
improve performance in even your most 
cost-sensitive systems. 
With it, you can reliably terminate up 

to 60 wires at a time using our Twist 'N' 
Flat 3C® Color Coded and economical 
Spectra-Zip® cables. PCB contacts are 
bifurcated for reliability, you have a 
choice of three mounting configurations 
and covers are easily removable for 

daisy-chaining (cover removal tool 
optional). 
And maybe best of all, the Spectra-

Strip 807 Card Edge connector is avail-
able off-the-shelf from your nearest 
Spectra-Strip distributor. 

While you've got him on the line, you 
might want to ask about our other IDC 
connectors, flat cables and assemblies. 
Then relax. 
Spectra-Strip, 7100 Lampson Ave., 

Garden Grove, CA 92642, telephone 
(714) 892-3361 and 720 Sherman Ave., 
Hamden, CT 06514, telephone (203) 
281-3200. 

In Europe, Spectra-Strip, Ltd., 
Romsey, Hampshire, England, 
telephone (0794) 517575. 

Advanteclge 



Special-purpose processor makes 
short work of host's I/O chores 

An unusually smart controller with a dual-ported memory streamlines the link 

between the 68000 microprocessor and its input/ output devices 

by Mike F. Wiles and Sharon Lamb, Motorola Inc., Austin, Texas 

El An increasingly popular way of speeding up a com-
puter system's throughput is to offload its input/output 
chores onto special peripheral controllers. In the case of 
a microsystem, the job has usually been given to general-
purpose microprocessors because they can handle a wide 
variety of peripherals. However, they need a lot of extra 
circuitry to coordinate the timing between the host and 
the vo devices as well as to provide the vo ports 
themselves. 
The Motorola MC68120 intelligent peripheral con-

troller (iPc) is a special-purpose processor designed to 
handle these vo chores with minimal additional circuit-
ry. Built around the modular core of the MC6801 micro-
computer, it interfaces with the MC68000 at the system 
level and with the MC6800 family of peripheral chips 
through a local bus. Its extremely powerful set of inter-
nal resources includes 2-K bytes of read-only memory, 
128 bytes of dual-ported random-access memory, a max-
imum of 21 parallel vo lines with two control lines, a 
three-function 16-bit 
timer, and a full-duplex 
serial communications 
interface. State-of-the-
art high-performance 
mos (H-mos) technology 
packs all these resources 
onto a single piece of sili-
con (Fig. 1) in a 48-pin 
package that significant-
ly reduces the system's 
total parts count and 
cost. 
The ¡PC can operate in 

any one of three modes: 
single-chip, expanded 
nonmultiplexed, and ex-
panded multiplexed (Fig. 
2). In the single-chip 
mode, the number of vo 
lines available to the pe-
ripheral controller is 
maximized at 21, includ-
ing two handshake lines. 
This mode should be used 
for small systems em-
ploying only digital vo 

1. Modular die. The intelligent peripheral controller, or IPC, is built 

around the core of a 6801 microcomputer. It adds a dual-ported 

random-access memory (lower left) and semaphore registers. 

and not requiring off-chip memory. In the expanded 
nonmultiplexed mode, some of the vo lines are traded 
off to generate a nonmultiplexed local bus, thus provid-
ing 256 bytes of external addresses that could be used for 
memory or 6800 family peripheral devices. The 
expanded multiplexed mode multiplexes the local bus, 
which can therefore address 64-K bytes of memory as 
well as numerous vo devices from the 6800 family 
(given the addition of a TTL latch to demultiplex the 
bus). 

Check the modes 

The operating mode defines the memory map as well 
as the vo configuration. The table shows the location of 
internal registers, on-chip dual-ported RAM, on-chip 
Kám, interrupt vectors for each mode, and available 
external memory space. 

Compatibility between the 68000 and 6800 families is 
provided by a shared resource—the mc's dual-ported 

RAM (Fig. 3). The sys-
tem bus interface forms a 
data path, complete with 
handshake control, for 
the 68000 to the dual-
ported RAM via the IPC's 
internal local bus. The 
dual-ported RAM in turn 
interfaces (again via the 
¡PC's internal local bus) 
with the external local 
bus leading to the 6800 
peripheral devices. (The 
¡PC has access to both 
internal and external 1/0 
and system resources.) 
Through the shared 
RAM, the two processors 
can transfer data and 
control messages to each 
other. Each may read the 
data from the same RAM 
location simultaneously, 
but they are not allowed 
to write data into the 
same location simulta-
neously, as that would 
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2. Distributed processing. The IPC can operate in three modes, all designed to offload from the host processor tasks involved in 

communicating with I/O devices. It serves as the intelligent interface between the host microprocessor and specialized I/O controllers. 

cause undefined data to be written. This write action is 
therefore controlled by software with the aid of sema-
phore bits. 
Semaphore bits are the perfect tool for controlling 

access to common resources. They are flags that signal 
when a resource is in use. A block of six semaphore 
registers is integrated into the IPC. They are accessible to 
the IPC on the local bus in the internal register map and 
to an external processor via the system bus. 

The semaphore bits' roles 

A semaphore bit is assigned by software to a specific 
resource. Before using that resource, the processors must 
check the semaphore for its availability. A zero (0) 
semaphore normally means the resource is available, a 
set (1) semaphore indicates the resource is busy, or 
unavailable. When the processor no longer needs the 
resource, it clears the semaphore by writing it to mark 
the resource as available once again. 

Another bit in the semaphore register —the ownership 
bit —indicates whether it was the IPC or the external 
processor that last set the semaphore bit. An application 
program may need to know when the other processor has 
had access to a shared resource. It also may be desirable 
for the processor on the system bus to wait for the IPC to 
receive a message via dual-ported RAM before transmit-
ting another message. 

But the most important use of the semaphore bits is 
when both processors want a resource at the same time 
and simultaneously read the semaphore assigned to it. 
The IPC hardware controls the result of this contested 

access of a semaphore by making one processor read it as 
saying the resource is available and the other processor 
read it as saying the resource is unavailable. 
The system bus interface on the IPC works with either 

a synchronous processor like the 6809 or an asynchro-
nous one like the 68000. 

For synchronous processors the chip-select input to the 
IPC selects the RAM's internal semaphore register indi-
cated by the address lines SA0—SA, on the ¡PC. The data 
lines from the synchronous processor are directly con-
nected to SDo—SD, on the IPC with the read/write signal 
(s-R/W) controlling the direction of the data transfer. The 
data-transfer-acknowledge (DTACK) pin is unused and 
tied low in a synchronous configuration, while the iPc's 
other pins supply peripheral interface, timing, and con-
trol functions. 

Interfacing asynchronously 

When the system bus interface is configured to oper-
ate in the asynchronous mode, the DTACK signals when 
data is valid for a read cycle and when data has been 
received on a write cycle. This signal is sent asynchro-
nously to the processor and allows the IPC to operate at 
an independent frequency. The DTACK signal is gener-
ated as a response to a chip-select (-.) signal indicating 
that the asynchronous master desires to read or write to 
the IPC. At the end of the cycle, when is taken high, 
the DTACK output will also be driven high and then put 
into a high-impedance state to allow an external pullup 
resistor to be used to wire-OR the DTACK line. 
The local bus of the IPC is pin-programmable into one 
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MEMORY MAPS FOR THE INTELLIGENT PERIPHERAL PROCESSOR'S MODES 

Hexadecimal 
address 

Mode 0: 
multiplexed multiplexed 

test 

Mode 1: 
multiplexed 

Mode 2: 
multiplexed, 
no read-only 
memory 

Mode 3: 
multiplexed 
MDOS- 

compatible 1  

Mode 4: 
single-chip 

test 

Mode 5: 

multiplexed 

Mode 6: 
multiplexed 

Mode 7: 
single-chip 

0000 

001 F 

internal 
registers 

internal 
registers 

internal 
registers 

external 
memory 

internal 
registers 

internal 
registers 

internal 
registers 

internal 
registers 

external 
memory 

external 
memory 

external 
memory 

unusable unusable external 
memory 

unusable 

—0080 —I 
internal 
dual-ported 
random-access I 
memory 

internal 
dual-ported 

RAM 

internal 
dual-ported 

RAM 

L 

internal 
dual-ported 

RAM 

internal 
dual-ported 
RAM 

internal 
dual-ported 

RAM 

— OOFF 
external 
memory 

external 
memory 

external I C000—001F 
i memory internal 

registers 
I 

0100-01F F 
external 

I memory 

external 
memory 

unusable 

— BF FO 
external 
vectors external 

memory I 
I 

— BF F F 
external 
memory 

C080—COFF 
internal dual-
ported RAM 

— F800 
internal 
read-only 
memory 

internal 
ROM 

external 
memory 

internal 
ROM 

internal 
ROM 

internal 
ROM 

— F F FO 

FFFF 

external 
vectors 

external 
vectors 

external 
vectors 

XX80—XXF F 
internal dual- 
ported RAM 

internal 
vectors 

internal 
vectors 

internal 
vectors 

1 MOOS: Motorola Disk-Ope ating System 

of the device's three basic operating modes—single-chip, 
expanded nonmultiplexed, or expanded multiplexed. 

In the single-chip mode the local bus is all internal to 
the iPc and gives it access to on-chip resources only. This 
setup configures the ports for the maximum number of 
21 vo lines, plus two handshake lines—the input strobe 
(TS) and output strobe ($::6). 

In the expanded nonmultiplexed mode, some of the 
single-chip 1/0 lines become address and data lines, 
expanding the local bus to address 256 bytes externally 
at locations 010016 through 01FF16 for additional vo 
devices or memories. This local bus is directly compati-
ble with all 6800 family peripherals. In this mode, one 
port provides eight data lines and another provides eight 
address lines, while a read/write (RtW) output and an 
input/output-select (Kés) line indicate that the local bus 
is active. 
The local bus may also be configured in the expanded 

multiplexed mode. In this mode, the local address space 
is expanded to 64-K bytes, with one port providing eight 
of the lower address lines on the multiplexed bus while 
the upper address lines emerge from another. An address 
strobe must be supplied to the ¡PC for demultiplexing the 
address/data bus in this mode. 

Modularity to the fore 

The tested and accepted central processing unit of 
6801 design is the mc's computing module. The 8-bit 
processor's easily learned instruction set is an enhance-
ment of the 6800's. Throughput is better since key 
instructions like load, store, push, pull, and branch now 

require fewer cycles and hence execute faster. One new 
instruction provides 8-by-8-bit hardware multiplication; 
others perform 16-bit (double-accumulator) arithmetic, 
data transfers, and shifting. The double-accumulator 
instructions function with the same addressing modes as 
their single-byte counterparts. 
The main difference from the 6800 is the concatena-

tion of the A and B accumulators to form the 16-bit D 
accumulator. Several improvements ease indexing, 
among them being instructions that add an accumulator 
to the index register and that stack and unstack the 
index register. 
As for its control lines, the iPc's processor includes 

clock inputs for system timing and a reset line for 
initializing the 1PC to a known state and latching the 
mode from port 2. Also, the processor can be interrupted 
by either the maskable T line or another pin, which 
functions either as a nonmaskable interrupt (1.--ffl or 
halt line, as dictated by software. 

Communicating serially 

The IPC includes a full-duplex asynchronous serial-
communications interface (sci) for use with peripherals. 
The sct operates in two basic formats: mark/space non-
return-to-zero (NRz) or biphase. Software controls the 
bit rate generated within the IPC. The sci also has an 
internal wake-up feature that makes it possible for the 
1PC to ignore the data on the serial interface until it 
receives a string of 10 consecutive 1 s. This is particularly 
useful in a system of multiple iPcs since they can each 
ignore all data transfers on the serial bus until their 

Electronics/May 19, 1981 167 



e 

L
O
C
A
L
 B
U
S
 F
O
R
 P
E
R
I
P
H
E
R
A
L
S
 

ADDRESS STROBE, AS 

READ/WRITE, R/W 

A0/00- A7/07 

A8 - A15 

E 

.1-- RAT/ 

44 00 - 07 

OM A0 -  A7 

DATA-TRANSFER 
ACKNOWLEDGE, 
DTACK 

S
Y
S
T
E
M
 B
U
S
 F
O
R
 H
O
S
T
 

3. Dual-ported. Communication between the host processor and peripherals is mediated by the IPC's internal dual-ported RAM. Messages 

can be left in this RAM to direct the activities of peripheral control and semaphore registers prevent simultaneous access to the shared RAM. 

wake-up code comes along. The basic data format used 
in the sci is 1 start bit, 8 data bits, and 1 stop bit, which 
is used in both the NRZ and the biphase modes. 
The serial communications interface contains six 

internal registers, two of which —the receive-data and 
the transmit-data shift register —are used only by the 
hardware and are not directly accessible by the internal 
processor. (Note that the internal bit-rate generator se-
lects its clock from either the system clock or an external 
clock connected to a port 2 pin.) The rate-and-mode-
control register controls the mode in which the SC! 
operates, either biphase or NRZ, as well as the bit rate 
for both the transmitter and receiver. The transmit/re-
ceive control and status register enables the transmitter 
and receiver, the wake-up function, and the automatic 
generation of interrupts. This register also reports the 
status of both the transmitter and the receiver. The 
receive-data register double-buffers data from the 
receiver shift register and is a read-only register. 
The transmit-data register is the buffered input to the 

transmit shift register for the sci and is a write-only 
register. The transmitter and receiver are interfaced to 
the outside through two pins on port 2. 

Three timing functions 

The 1Pc's programmable timer performs three func-
tions for the user. It can generate a pulse-width-
modulated output; it can measure a pulse-width-modu-
lated input, and it can generate a periodic timer function 
using the overflow of its counter. In addition to the 
counter, the programmable timer includes an output-
compare register, an input-capture register and a timer-
control-and-status register. 
The compare feature allows complete control of the 

voltage level of the timer's output independently of the 
period. It is used by writing a value into the output-

compare register on the internal bus. When the output-
compare register matches the value in the free-running 
counter, a pulse is generated that sets the output-
compare flag (ocF) and also clocks the output-level 
register, bringing the next value of the output to the 
output-level register. An enable-output-compare inter-
rupt (Eoci) bit controls whether or not the output com-
pare function also generates an interrupt. An overflow-
detect register generates an active signal each time the 
16-bit counter rolls over, thus setting the time overflow 
flag (T0F). If the enable-timer-overflow mask bit is 
clear, then an interrupt (OTOI) is also generated. 

Edge detection 

The edge-detect logic monitors an external input. If 
the appropriate edge is present as defined by the input-
edge register, then this logic causes the value of the 
counter to be copied into the input-capture register, 
where it can be read by 1PC and used to measure or 
adjust the input pulse width. The edge-detect logic also 
generates a signal that sets the input-capture flag, which 
may cause an interrupt when the enable-input-capture-
interrupt (Etc° bit is set. The input-edge-detect-and-
capture register is very useful when it is necessary to 
measure input pulse widths. 
The modular architecture of the 68120 is an excellent 

foundation for future, more ambitious versions of the 
IPC. By taking advantage of progress in the scaled tech-
nology of H-MOS, it will be possible to integrate even 
more functions onto the ¡PC. 

Candidates for this building-block approach are more 
RAM, more ROM, enhanced vo functions, and possibly 
an erasable programmable ROM version. Also, standard 
software packages in the on-chip ROM could supply users 
with system building blocks like the 68122 clustered 
terminal controller. 111 
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We don't claim leadership 
in microcomputer software. 

We earn it. 
Every day. We think that supporting software is as impor-
tant as developing it. Six years ago, we put BASIC on the 
first microprocessor based computer. Today, Microsoft 
BASIC is running on over 700,000 systems. Worldwide. 
Because we never stopped improving it. It's an everyday job 
at Microsoft. 

Languages. BASIC for 8-bit microcomputers was our first 
language. Today we offer a full range of languages: BASIC, 
COBOL, FORTRAN and Pascal for both 8-bit and 16-bit 
microcomputers. Fully supported languages that meet 
industry standards. Plus enhancements we add to increase 
their utility. Languages that provide transportable applica-
tions software between microprocessors. Synergistic lan-
guages that provide feature-for-feature compatibility 
between 8-bit and 16-bit machines. 

More than languages. In addition to languages, Microsoft 
has utility programs and end-user system software. Micro-
soft developed XENIX!'" our impiementation of UNIX for 
16-bit microcomputers. It isn't "UNIX-like:' it's fully sup-
ported UNIX for the 16-bit world. 

Partnership. When you put Microsoft proaucts on your 
system, you enter an on-going partnership with some of the 
industry's foremost experts. We continually research hard-
ware and software technology in an effort to develop new 
products, and, to improve our present products. And when 
those improvements are made, the updated products are 

made available to our customers. That's a nice thing to know 
when you're developing systems. 
Easy to OEM. Our royalty plan for licensing software 
allows you to add Microsoft software to your system with a 
very low initial investment, paying royalties on a when-sold 
basis. And if you're on a sensitive schedule, remember most 
of our products are available off the shelf. No waiting. 

Questions? Call our OEM Accounts Manager. We'd like to 
show you why buying leading edge software is a lot less 
expensive than writing it. And remember, Microsoft is "One-
stop Shopping" for your system software needs. 

Microsystem specialists. Microsoft led the industry into 
the 8-bit world. Now, we're leading it into the 16-bit world. 
With fully supported and maintained software. The kind of 
software that gives our customers a lead on the competi-
tion. Today, people say we're the leading microcomputer 
software source. It's the kind of reputation people give you 
only when you earn it. 

CR 
10800 N.E. 8th St., Suite 819 
Bellevue, Washington 98004 

(206) 455-8080 • TLX: 328945 
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Engineer's notebook  

Subroutine tests RAM 
nondestructively 
by Steve Strom 
Motorola Inc., Semiconductor Group, Phoenix, Ariz. 

LI Nondestructive test patterns for random-access mem-
ories make it possible to check data on line even while 
executing programs. The RAM subroutine described 
here, which runs on the Motorola MC68000 16-bit 
microprocessor, tests a read/write memory of any length 
and requires only the starting and ending addresses of 
the storage block under scrutiny. 
The program is said to be linear 

because thc time required for the 
test goes up in a linear fashion as the 
number of locations increases. A lin-
ear pattern can never be as thorough 
as a higher-order test using, say, an 
N' pattern. But since the complexity 
of an N' pattern rises as the square 
of the input, testing time may 
become intolerably long. Quad-
rupling the size of the RAM increases 
the time for an N2 test pattern by 16 
but only by 4 for a linear pattern, 
possibly saving seconds to test a chip 
or minutes to test a larger system. 
The test passes over memory three 

times. On the first pass, the subrou-
tine calculates a checksum by exclu-
sive-oRing each byte with data regis-
ter Do. The final result is kept in 
another data register, D2. 

In the second pass, another such 
checksum is taken, but the result is 
left in Do. Also on this pass, after 
each byte is read, it is comple-
mented, read again, and compared 
with the complement to insure that 
each location can store its own com-
plement. When the top of memory is 
reached, the checksum is compared 
with the one taken on the first pass. 
The last phase of the test is identi-

cal to the second, except that the 
program begins at the top of memo-
ry; as before, its checksum is com-
pared with that obtained on the first 
pass. In the end, every location has 
been returned to its original state. If 
a failure was encountered during the 
second pass, the test routine sets a 
flag but continues testing to search 

RA MIST 

EXOR 

LOOP1 

PASS1 

END1 
LOOP2 

PASS2 

END2 

NONDESTRUCTIVE RAM TEST SUBROUTINE 

MOVE.L AO,A2 

CLR.L 07 
CLR.W DO 
MOVE.W (A2)+,01 
EOR.W 01,00 
CMP.L Al,A2 
BNE.S EXOR 
MOVE.W 00,02 

MOVE.L AO,A2 
CLR.W DO 

MOVE.W (A2),01 

EOR.W 01,00 
NOT.W DI 
MOVE.W D1,(A2) 

CMP.W (A2)+,1:11 
BEQ.S PASS1 
TST.L D7 
BNE.S PASS1 
MOVE.L A2,D7 
CMP.L Al,A2 
BNE.S LOOP1 
CMP.W 00,02 
BEQ.S END1 
TST.L 07 
BNE.S END1 
MOVE.L A2,07 

CLR.W DO 
MOVE.W -(A2),D1 
NOT.W DI 
EOR.W 01,00 
MOVE.W D1,(A2) 
CMP.W (A2),01 

BE Q.S PASS2 
TST.L 07 

BNE.S PASS2 
MOVE.L A2,D7 
CMP.L AO,A2 
BNE.S LOOP2 
CMP.W 00,02 
BEQ.S END2 
TST.L 07 
BNE.S END2 
MOVE.L A2,D7 

MOVE.L D7,A2 
TST.L 07 
RTS 

ENTRY REQUIREMENT: 

AO = BEGINNING ADDRESS OF RAM TO BE TESTED 

Al = ENDING ADDRESS + 1 OF RAM 

RETURN CONDITIONS: 

IF NO ERROR ENCOUNTERED—ZERO FLAG SET 

IF ERROR ENCOUNTERED- -ZERO FLAG NOT SET 

& A2 = FAILED ADDRESS 

TYPICAL CALLING ROUTINE: 

LEA 

LEA 

BSR 

BNE 

RAMBEG, AO 

RAMEND+1, Al 

RAMTST 

ERROR 

USE A2 AS A POINTER 

USE 07 AS AN ERROR FLAG 
USE DO TO CALCULATE RAM CHECK SUM 
GET A BYTE FROM MEMORY 
EXCLUSIVE-OR IT TO DO 
SEE IF AT END OF MEMORY 
CONTINUE UNTIL END OF MEMORY REACHED 
SAVE EXOR RESULT IN 02 

GO BACK TO BEGINNING OF MEMORY 
GET READY TO RECALCULATE CHECK SUM 
GET A BYTE FROM MEMORY 
EXCLUSIVE-OR IT TO DO 
COMPLEMENT THE DATA 
WRITE IT BACK TO MEMORY 
SEE IF IT WAS STORED 
IF GOOD, THEN JUMP AROUND ERROR LOGGING 
SEE IF THERE WAS A PREVIOUS ERROR 
IF SO, THEN JUMP AROUND ERROR LOGGING 
RECORD FAILED ADDRESS 
SEE IF AT END OF MEMORY 
IF NOT, THEN STAY IN PASS1 LOOP 
SEE IF CHECK SUM CORRECT 
IF GOOD,THEN JUMP AROUND ERROR LOGGING 
SEE IF PREVIOUS ERROR ENCOUNTERED 

IF SO, THEN JUMP AROUND ERROR LOGGING 
SAVE FAILED ADDRESS 

GET READY FOR NEXT CHECK SUM CALCULATION 
GET A BYTE FROM MEMORY 
COMPLEMENT THE BYTE 
EXCLUSIVE-OR IT TO DO 
WRITE IT BACK TO MEMORY 

SEE IF IT GOT THERE 
IF GOOD, THEN JUMP AROUND ERROR LOGGING 
SEE IF THERE WAS A PREVIOUS ERROR 

IF SO, THEN JUMP AROUND ERROR LOGGING 
RECORD FAILED ADDRESS 
SEE IF AT BEGINNING OF MEMORY 
IF NOT, THEN STAY IN PASS2 LOOP 
SEE IF CORRECT CHECK SUM 
IF SO, THEN END OF TEST 
SEE IF THERE WAS A PREVIOUS FAILURE 
IF SO, THEN STOP HERE 
SAVE FAILED ADDRESS 

POINT A2 TO FAULTY ADDRESS 
SET CONDITION CODES 
RETURN TO CALLER 
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for any additional faults downstream. 
The program sets a flag whenever a failure is encoun-

tered. Before returning to the calling program, the sub-
routine tests the error flag and sets condition codes 
accordingly. Pinpointing the faulty component usually 
requires additional, off-line diagnostics. 

Calculator notes 

With minor modification, the routine could provide 
some diagnostic information. For example, it could store 
the address of each faulty location, as well as the data 
written into and read from the RAM. In fact, the 
program listing provided stores the first bad address in 
an error register. El 

HP-41C generates 
a pseudorandom sequence 
by Ian Patterson, Chemical Engineering Department, 
Ecole Polytechnique, Montreal, Quebec, Canada 

In much the same, time-honored way as a shift register 
whose output bit is exclusive-oRed with a selected bit in 
the register and fed back as input, this HP-41C program 
will generate a pseudorandom binary sequence that is 
useful for statistical communications analysis. This one 
provides a sequence ranging in length from 3 (22— 1) to 
1,023 (2'° — 1) bits. 
The program is based upon determining tne value of 

the register bit to be exclusive-oRed and fed back from 
the relationship: 

nr = INT(R/2 1-°) MOD 2 

where 
/ = the register length 
n -= the bit position of the bit to be exclusive-oRed in 
the feedback loop 
R = the register value (the contents, decimal equiva-
lent, of the register). 

Only the register length and a seed (the initial value in 
the register) must be provided. The program is executed 
by keying XEQ PRBS. The user then responds to the 
prompt, "No. of bits?" with the register length (from 2 
to 10), and then with the seed, which can be any positive 
integer. The feedback bit position, n, is calculated by 
subroutine 10 (LBL lo) in the program, using the method 
detailed by Davies'. 

Having the required information, the program then 
derives the sequence, with the calculator then generating 
a high tone when each stepped output bit is a 1 and a low 
tone for 0. The tone output may be suppressed and the 

Line 

HP-41C 
BINARY 

Code 

PROGRAM FDR 
SEQUENCE 

PSEUDO RANDOM 
GENERATION 

30 8 60 ' 90 TBAD LENGTH 

01 LBLT PRBS 31 - 61 RCL 02 91 AVIEVV 

02 CF 10 32 x = 0? 62 2 92 GTO TPRBS 

03 TNO. OF BITS? 33 SF 10 53 / 93 LBL 08 

04 PROMPT 34 LBL 03 64 INT 94 RCL 02 

05 STO 01 35 FS? 10 65 + 95 4 

06 2 36 GTO 08 66 STO 02 96 / 

07 RCL 01 37 RCL 02 67 RCL 04 97 INT 
GB ytx 38 2 68 7 98 2 

09 1 39 RCL 01 69 • 99 MOD 

10 - 40 RCL 03 70 TONE IND X 100 RC L 02 

11 INT 41 - 711 RCL 04 101 8 

12 TSEED? 42 y t x 72 GTO 03 102 / 

13 PROMPT 43 / 73 LBL 10 103 INT 

14 LBL 01 44 INT 74 3481121110 104 2 

15 x < y? 45 2 75 RCL 01 105 MOD 

16 GTO 02 46 MOD 76 1 106 + 

17 2 47 LBL 04 77 - 107 RCL 02 

18 / 48 RCL 02 78 CHS 108 16 

19 INT 49 2 79 10 t X 109 / 

20 GTO 01 50 MOD 80 • 110 INT 

21 LBL 02 51 + 81 10 111 2 

22 x < 07 52 2 82 / 112 MOD 

23 XEll 10 53 pm 83 FRC 113 + 

24 STO 02 54 STO 04 84 10 114 GTO 04 

25 XEQ 10 55 2 85 • 115 END 

26 FIX 0 56 RCL 01 86 INT 

27 RCL 03 57 1 87 STO 03 

28 x=0? 58 - 88 RIN 

29 GTO 09 59 Y t x 89 LBL 09 

value displayed by deleting instructions 68 to 71 and 
substituting a pause (PsE) or STOP instruction in their 
place. 

References 

W. D. T. Davies, "System identification for 11-adaptive control," John Wiley & Sons. New 
York, 1970. 

Counter-timer resolves 1 bis 
over extremely wide range 
by M. Antonescu 
Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland 

Providing much greater resolution and range than even 
the circuit proposed by Pinchak [Electronics, Nov. 6, 

1980, p. 130], this timer-counter delivers programmable 
markers for periods of 1 to 120 x 106 seconds in 
1-microsecond steps. The duty cycle is also selectable 
over a range of ratios from I: :06 to 106:1. 
As seen in the figure, the 8640B time standard from 

Suwa Seiko, which has a built-in quartz-crystal oscilla-
tor, can be programmed by means of switches SI and S2 
for any of 64 output periods in the 1-µs-to-120-s range. 
When used in the timing mode, this oscillator drives the 
Toshiba TC 5070P counter, which is similar to Intersil's 
ICM8240 but has six digits and can drive a common-
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TEN THINGS TO DO WITH YOUR HANDS... 
while operating the SYSTEM 620 data acquisition system. 

Today's technology demands more complex, more accurate 
measurements than ever before. But even with a high-

performance system, you can't be sure of measurement 

accuracy until you've first calibrated and verified the 
performance of each transducer. At today's prices, the cost 
of these operations can be staggering if they are manual. 

In our System 620, these pre-test adjustments are 
automated and brought on-line. That's what we mean by 

'hands-off' operation. 
Among the selection of sophisticated options for System 

620 are computer-controlled system calibration, transducer 
calibration and automatic transducer balancing. With these 
features, there's no need to fiddle with zero pots, tweak 
balance controls or fumble with lengthy calibration pro-
cedures. In the world of hands-off data acquisition, you can 

take data immediately and with confidence. 

Hands-off data acquisition is only one feature of the 
versatile System 620 that enables us to build a system to 

your exact requirements...custom systems from standard 
products. 

We have a custom system for you. Ask us about it. 
Call us on one of our toll-free lines: (800) 423-7151, outside 

California; in California, call us collect on (213) 357-7151. 

EFF 
INSTRUMENT CORPORATION 

700 South Myrtle Ave., Monrovia, CA 91016 
TWX 910-585-1833 

FM°  1 d.1_.I./ 11 0 1 Ilielebr 

IM1/14111111111 EMIL 

OiNglIFIV II lailnallk I 

Neff. Custom Systems from Standard Products. 
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COUNTER 

TIMER 

-4—COUNT IN— 

DOWN UP 

10 
kl2 

4 

7 x 100 52 

BINARY-CODED 
DECIMAL 

12i 131 14i 151 
A D 

5-

I n I I 
LI CI CI CI CI 0 

NC 

391 25-30 
NC NC 

161 31 2 

75492 

DIGIT OUT 

ttffit 

7 

LL 

13 

OUTPUT 
SEGMENTS 
A-G 

COUNT 

CARRY LSO MS0 STORE SET V.. 
OUT 

TC 5070P 

COUNTER 

COUNT 
INHIBIT ZERO EQUAL 
38 

CLEAR CA 

31 
32 
4 

_L 0.02 

SCAN 22 

CD RA R. 
17 

5 V 

•-1-44 
L 

• • 

13 
14 

40 

3 2 

24 211 20 

41 6 
CLEAR CLK D PR 

74C74 
CLK - 0 PR 

8 

o 

f OUT 

10 14 16 

12 lo 

COUNT TEST RESET OUT 
SELECT 86408 

QUARTZ STANDARD 
e 

BCD SWITCH (2) 

500 S2 

GATE 

10 kS2 
o START-

CLEAR 

I L 

36 33 

OUT (PULSE) 

23 
pF 

4x 1 kS2 

e— 

01 IZILZ E X I 024 

1 2 

MOST 
74C901 SIGNIFI 

CANT 
DIGIT 

4 

S8 

COMMON 

BCD SWITCH (61 LEAST 
SIGNIFI-
CANT 
DIGIT 

1. Show time. Start- and end-count numbers are loaded into a TC 

5070P counter chip from switches S3—S8. For timing applications, 

another switch-selectable IC, the 8640B quartz standard, provides an 

accurate time base for marking precise intervals. 

cathode light-emitting-diode display. 
In the counter mode, switches S3 through S8 are used 

to set the start- and end-count numbers. Push-button 
switch Lc loads the counter with the start-count number, 
and switch Lg loads a register with the end-count num-
ber. When the latter is reached, the counter generates an 
"equal" signal that sets a flip-flop, and the setting is 
detected at the flip-flop's output through a buffer. A 
second signal clears the flip-flop when the count passes 
through zero, and this event is detected at the same 
output buffer. Both up and down counting is possible. 
When timing, the 5070 counter chip counts the timing 

pulses from the 8640 time standard. Again, the equal 
and zero counts are used to toggle a flip-flop, but in this 
use the action occurs over a specified time span, rather 
than a specified number of counts. The time span 
marked by the counter is adjustable, from a period of 
one clock pulse up to that of a million clock pulses, 
yielding a maximum period on the order of years. 

Both normal and complementary outputs are gener-
ated along with a visual indication of the gate period 
from the LED labeled "gate." 
The timer has two modes, depending on the state of 

start/clear switch. Holding the switch on causes the 
counter to run continuously and reset itself every gate 
period, whereas a momentary depression of this switch 

s,1 

Multip ier 

setting o 2 3 4 5 6 7 

pin 2 H H H H 

pin 3 H H H H 

pin 4 H H H H 

ratio 1/1 1/10 1/2 1/3 1/4 1/5 1/6 1/12 

s2 10 102 163 104 165 106 to' 

cycles it through a single time period, stops the counter 
at the end, and displays the elapsed period. 

For a gate time of 1 s, the time standard should be set 
for 2 s; that is, programming pins 3, 6, and 7 should be 
set high. The gate duration is the second half of the time 
period—in this example, 1 s — and is unaffected by the 
length of time the start/clear switch is closed. 
The display output is multiplexed across the six seven-

segment numerals. Switch settings are channeled to the 
display through a network of 24 diodes, providing a 
visual check of the setting. 

Total current consumption with a fully lit display is 
about 40 milliamperes at 5 volts. With the display 
switched off, it falls to 7 or 8 mA. Overall accuracy is 
better than 10 parts per miilion. 

Finally, an external clock can drive the time-standard 
chip so that special counting rates such as accelerated 
countdowns can be accommodated. CI 

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other ideas for 
saving engineering time or cost. Well pay $75 for each item published. 
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Engineer's newsletter 

Unstress 

that op amp 

If the output of one of your de amplifiers has drifted unaccountably, the 
cause could be mechanical stress transmitted to it through its pins by the 
board it is mounted on, warns Dale Hileman of Sphygmetrics Inc., 
Woodland Hills, Calif. For instance, the IC's pins could have been bent 
when the board was flexed slightly in being fastened to a chassis. Flexing 
also can be caused by the various tolerances of the automatic insertion 
tools that place ics on circuit boards. When he experimented with a 
LM324N quad operational amplifier, Hileman found a change in the op 
amp's dc output that was equal to a 0.5-mv shift in its offset—but he also 
found he could reduce the effect by 90% if he inserted the lc in a socket to 
minimize the mechanical coupling between it and the board. 

All you need to know Venture capitalists financed Apple Computer, perhaps the most famous 
high-technology startup of recent years. Out from a garage, Apple has 

about venture capitalists grown into one of the largest personal computer companies in the world. 
The founders of Apple were fortunate. Engineers who are interested in 
forming their own company usually lack the necessary business expertise 
in starting a business and gathering the necessary capital. They need to 
understand the relationship between the venture capitalist and the entre-
preneur. One way to do this is by reading the fifth edition of the "Guide to 
Venture Capital Sources" just published by Capital Publishing Corp. The 
book includes 23 chapters on all aspects of venture funding and directories 
of money sources and small company underwriters. Contact Jane Koloski 
Morris at (617) 235-5405 for further information, or write to her at P.O. 
Box 348, Wellesley Hills, Mass. 02181. 

Learn to implement the The popular IEEE-488 general-purpose interface bus can be implemented 
IEEE 488 i in several ways, none of which is simple. To help designers, Intel Corp. 

- nterface bus  gives a four-day workshop on the subject. According to Ben Catanzaro, 
who teaches the course, it is geared toward Intel's chips, but the discus-
sion of interfaces, the bus itself, and its applications is of a general 
nature. It's not just a theoretical workshop— participants will build a 488 
bus talker-listener system. The cost is $795 per person, which does not 
include hotel stay or meals. The next session starts Aug. 10 in San 
Francisco, although on-site workshops can be arranged. If you need to 
know more, write to Catanzaro at 1350 Bordeaux Dr., Sunnyvale, Calif., 
or call him at (408) 734-8102. 

IEEE seeks people The standards subcommittee of the Institute of Electrical and Electronics 

to devis memory test Engineers' Test Technology Committee is interested in finding people to e -  help create a standard for a memory-test programming language. The 
language standard language is expected to be based on Pascal. The overall effort will be 

carried out by two subgroups: a working group of five to eight people will 
prepare drafts of the standard and a larger group of up to two dozen people 
will review the drafts. The working group will probably meet at least once 
a year at the Cherry Hill, N. J., test conference. Individuals who wish to 
serve with either group or who would like to lead the working group should 
contact J. Reese Brown Jr., Burroughs Corp., 330 South Randolphville 
Rd., Piscataway, N. J. 08854. -Harvey J. Hindin 
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Iskra - specialized and worldwide in electronics 

Let us show 
how we can help you 
solve your problems 

e5 7 1er1111 -.1 
simiumme 

We develop, design, manufacture, suppty, install and maintain 

Communication equipment and systems 
Computer and related equipment 
Automation of traffic, power generation/distribution and industrial processes 
Test and measuring equipment/instruments 
Active and passive electronic components 
Electromechanical devices, components and sub-assemblies 
Electrical and electronic equipment for motor vehicles 
Consumer products 

Offered: licences, partnership, patents, joint venture, know how, co-production 
Make your choice of these lines to get complete information and offers 

Facts about lskra 
30.000 employees 
2000 research and development engineers 
90 factories, research, marketing and other organizations; turnover $ 1.316 billion last year 

24 trading companies, representative offices and production plants in 18 countries 
all over the world 
In period 1976-1980. Iskra's export increased by 142% reaching $ 145 million in 1980. 

In 1981, the export is expected to be $ 200 million and in the period 1981-1985 
over $ 1.5 billion. 
Ask for a free copy of our brochure. Annual Report '80. catalogues. literature. 
See us at the International Fairs in Paris. London, Birmingham Hannover. Basel. 
Leipzig, Munich. Káln. Milan, Moscow. Poznan, Budapest. Brno. Ljubljana, Zagreb. 
Belgrade, Bagdad 

For nore information call or write lskra 
skra Commerce. Trg revolucije 3. 61001 Ljubljana, Yugoslavia. Telephone-International. • 38 61 324 261. 
Telex: 31 356 yu iskexp. or contact our subsidiaries in Brussels. Paris. Gonesse Pans. Milan. 
Barcelona. Solothurn (Switzerland) Coulsdon London. Syosset N Y Stuttgart. Munich. 
Manheim-Neckerau. Prague. Cairo. Tehran. Berlin. Warshaw. Bucaresti. Istanbul. Caracas. Moscow Quito Stockholm 
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ZEBRA' 
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1111KF Rh OTHER Lim 

SANDWICHED BETWEEN LCD AND PC-BOARD 
CONNECTORS OUT-PERFORM CONVENTIONAL CONN 

Tomorrow's microcircuit technology will require more numerous and 
tightly packed contact points. Conventional connectors will no longer 
be able to do the job in terms of size and performance. ZEBRA elasto-

meric connectors will—with a simple, cost effective connection between 
the contact pads of the printed circuit boards and the liquid crystal displays. 

ZEBRA Elastomeric connectors provide 
these electrical and mechanical design 
advantages: 

• Greatest design flexibility. Connections 
with any size LCD, flat or angle-mounted. 

• High density interface between LCD and 
PC board connections. 

• 1Flexible surface prevents damage to LCD 
and PC board contacts. 

• Reduced assembly and disassembly 
costs. No heat or soldering required. 

• Long-lasting contact integrity. 

• Decreased assembly susceptibility to 
shock, vibration and environmental 
factors, such as moisture and corrosion. 

*Call or write TECKNIT for information 
on your LCD application 

and a free ZEBRA connector sample. 

The ZEBRA elastomeric connector consists 
of alternating layers of conductive and 
non-conductive silicone rubber. It is made 
conductive by using carbon fillers. Al least 
one conductive layer will connect oppos-
ing contact pads, and at least ore 
insulating layer will separate adjacent 
pads. The ZEBRA elastomeric connector 
is available in an infinite number of sizes 
to meet design requirements. 



4;(11/111CTURS 
10111111ECTORS OBSOLETE 
CONTACTS, VERSATILE ZEBRA° ELASTOMERIC 
ECTORS AS MICROCIRCUIT TECHNOLOGY ADVANCES. 

DESIGN VERSATILITY MAKES ZEBRA CONNECTORS THE LOGICAL CHOICE FOR EVERY LCD APPLICATION. 

FLUKE DMM 

John Fluke Mfg. Co., hic. chose to use 
ZEBRA elestorneric connectors for the 
latest model of their popipar CMM. 
These connectors were used between 
the angle-mmted LCD terminal area 
and flex-cable interface to ensure 
survival im hash environments, and to 
endure shock and vibration. 

TA _ME I Ci• 

TOKHEIM MEMS II FUEL 
MONITOR SYSTEM 

•Aihen 7okleir Corporation designed their 
new MDcdular Electronic Marketing System 
MENIS I ) for selfservice gas statons, LCD's 
were chosen for better disibility and redLced 
power consu -option. A connector that would 
provide reliable contact to the large-area LCD 
was required. Because conventional con-
nectors Dresented assembly alignment end 
field serdice problems, Tokheim chose ZEBRA 
elastomeic conrectors. 

TECKN1T, Inc., 129 Dermody Street, 

Cranfo'd, NJ 07016 (201) 272-5500 

TWX (710) 996-5951 TELEX 685 3079 TCKNT 

MILTON-BRADLEY VIDEO GAME 

Milton-Bradley Co., required a high-
density, right-angle connector for the 
...CD portion of the dot matrix display 
at theio Microvision video game. The 
ZEBRA elastomeric connector 
versatility provided design flexibility 
for bar parallel end right-angle connections 
to satisfy requirements al this large volume 
production application. 

ef 'ZEBU 
• THE NEW CONNECTOR 

TECHNOLOGY 
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The Gould family of test 
and measurement instruments 

keeps growing, and 
so does its reputation. 
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Our big family of test ano measurement instruments is getting bigger every day. And 
any friend of one of the family knows what to expect from all the rest: rugged performance 
and reliability. 

Our instruments are built to some of the toughest quality standards in the industry. 
Logic analyzers Oscilloscopes. Fixed linear array recorders. Oscillographic recorders. 
Signal conditioners. Biophysical instruments. Digital multimeters. Analytical instruments. 

Whatever your need, we can prov de the right instrument to do the job. It's all in 
the family. 

For more information, call or write Gould Inc., Instruments 
Division. Operations in Santa Clara, Carfornia; London, in> 0 U LO 
England; Paris, France; Frankfurt, Germany; and headquarters 
at 3631 Perkins Ave., Cleveland, Ohio 44114. An Electrical/Electronics Company 

Circle 233 on reader service card 



The instruments that you 
available from the 

Leader offers you 
more than 50 
instruments that 
deliver better cost-
performance than you 
ever thought possible. 

Surpris_ing fact: Leader's 
50-MHz oscilloscope 
outperforms all competitors. 
Costing substantially less than the best 
selling competitive model, the LBO-517 
is more sensitive, has a higher 20-kV 
accelerating potential for brighter 
displays, and permits simultaneous 
main and delayed time-base 
presentations. In fact, ff has more 
features than any other 50-MHz 
oscilloscope at any price. In all, there 
are 12 Leader oscilloscopes.., each 
offering more performance for less cost. 

Surpirsing fact: Leader "easy-
reading" frequency counters are 
preferred for many industrial 
applications. Built for continuous 
day-in, day-out use, Leader 80, 250, 
and 520-MHz frequency counters are 
production-line proven. All three units 
feature large, bright fluorescent digital 
displays for easy reading. 

Surprising fact: Leader offers a 
big line-up of professional video 
and TV instruments. There are 
over 12 units in all. NTSC, PAL and 
SECAM sync and test signal 
generators, RF and IF alignment 
sweeprmarker generators, CATV field 
strength meters... and more on the way. 

Surpriiirg fact: Leader audio 
instruments have a worldwide 
reputation for excellence. Design 
labs, production lines and service 
departmerts in over 80 countries rely 
on Leader audio instruments... 
frequency response recorders, 
speaker analyzers, precision sine and 
square-wave generators, distortion 
meters ahenuators, one and two-
channel ac millivolt meters, FM stereo 
generators, wow, flutter, and drift 
meters Over 17 off-the-shelf units. 

Surprieing fact: Leader general-
purpose instruments grow ever 
more popular. VOM's, digital 
and FET multimeters, LCR bridges, 

semiconductor testers and curve 
tracers, audio and RF generators, 
function generators... all feature 
human-engineered control layouts, 
up-to-date capabilities and sturdy, 
attractive enclosures. All offer optimum 
reliabdity at realistic costs. 

Surprising fact: Additionally, over 
100 other Leader instruments are 
available for production-test and special 
applications. Call or write for detailed 
information on these. 

Surprising fact: Leader 
instruments are built to 
withstand extreme 
environments. Every unit is 
designed and tested for extremes of 
temperature, humidity, vibration and 
shock ...and all production runs are 
tested to maintain Leader's high 
standards of environmental integrity. 

Surprising fact: No waiting for 
Leader Instruments. Immediate 
deliveries from agents located around 
the world. 

Consult the leader today. Get all 
the facts on the finest instrument line 
and the name of your local Leader 
agent. 

ILJEADER 
Leader Electronics Corporation 
2-6-33 Tsunashima Higashi, Kohoku-ku 

Yokahama, Japan Phone: (045) 541-2121 
Telex: J47780 JPLEADER 

In the U.S.A. contact: 
Leader Instruments Corporation 

380 Oser Avenue, Hauppauge, NY 11787 U.S.A. 
Phone: (516) 231-6900 

Telex: 510-227-9669 LEADER HAUP 
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Key characteristics 
of the SM Relay: 

- Extremely small 
dimensions: 
15,7 x12,8 x 9,5 mm 

- Various rated 
voltages from 
5,12, 24 to 48 V 

- Reliable switching 
from dry circuit 
to 30 VA -

- Large voltage rance: 
3,55...100 Vat 20 C 

- Wide ambient 
temperature range: 
-40...+85 C 

- Outstanding component 
climatic category 
40/085/56 

- High shock resistance: 
half-sine shock, 
duration11ms . '15 g 

- Superb vibration 
resistance: 
sinusoidal vibration 
between 10 and 500 
Hz: 15 g 

- Top mechanical 
endurance: 
.2 x10 8 operations 

*Sealed in epoxy resin 

211 No problem 
with automatic 
wave soldering 

»l Best protection 
against flux 

»I Makes PC board 
cleaning an easy job 

»I Reliable performance 
even under unfa-
vourable environmental 
conditions 
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ITT Components Group 

Standard Telephon und Radio AG 
Components Division 
Brandschenkestrasse 178 
CH-8027 Zurich 
Tel. 01 201 42 55 • Telex 52 595 

Ringelimperialf ish 
«Pomacanthus annularis» 

ITT 
Components 



New products. 

Automatic unit troubleshoots systems 
With probe plugged into microprocessor socket, tester generates 

address map of system, checks bus, RAM, ROM, and I/O 

by Bruce LeBoss, San Francisco regional bureau manager 

Whereas microprocessors are height-
ening the performance capabilities 
and shortening the hardware design 
cycles for many commercial, indus-
trial, and consumer products, they 
are also adversely affecting the test-
ing and repair of such microsystems. 
Conventional digital instruments re-
quire users to have a thorough 
understanding of the design and 
operation of microprocessor-based 
systems, as well as a goodly amount 
of software documentation. Now a 
new series of troubleshooting tools 
from John Fluke Manufacturing Co. 
automatically "learns" and rapidly 
tests microprocessor-based boards 
and systems. 
The 9010A Micro System Trou-

bleshooter "is the first piece of test 
equipment ever designed with a pow-
erful algorithm to test the micropro-
cessor bus and all bus-connected 
devices without any programming 
whatsoever," says Don Cassas, prod-
uct manager for digital service prod-
ucts. It will automatically trouble-
shoot the entire kernel—power sup-
ply, clock, random-access and read-
only memory, and input/output of 
the microsystem through the micro-
processor socket, usually in less than 
five minutes, he claims. Results are 
shown on the instrument's 32-char-
acter, 14-segment alphanumeric dis-
play. 

According to Cassas, the design of 
the 9010A includes algorithms that 
automatically examine and define all 
digital locations and functions of the 
microsystem kernel from a working 
board. Operating in the learn mode, 
the 9010S's algorithms find the 
major components in the microsys-
tem's address space and establish the 
reference test parameters. For exam-

ple, if the 9010A reads back a signa-
ture that corresponds with the signal 
written to a given address, then the 
address range is categorized as a 
random-access memory. If the re-
sponse is different from the stimulus 
routine, then the address range is 
categorized either as ROM or an I/O 
port, depending upon whether the 
range is greater or less than 64 bytes 
in length, respectively. 

After identifying all of the micro-
system's digital locations and func-
tions, the 9010A generates a memo-
ry map for all of the devices found, 
as well as signatures for devices cate-
gorized as ROM. The data is stored 
in the 12-K bytes of dynamic RAM 
available to 9010A users for the 
day's work. Also, the data can be 
stored in the 9010A's minicassette 

for permanent storage so that the 
learn procedure need only be per-
formed once for a given system. 

"Thus, the toughest and most 
time-consuming failures to trouble-
shoot, namely, those occurring in 
bus-connected devices outside of the 
microprocessor itself, may be found 
within minutes by a fast and totally 
self-generating test program, put to 
work literally the same day the 
instrument is received in a factory or 
field-service facility," Cassas states. 
Additional algorithms are available 
in the 9010A for working outside the 
kernel where peripheral devices re-
side, among them character genera-
tors, keyboards, readouts, and other 
types of electronic and electrome-
chanical controls, he adds. 
The Micro System Troubleshooter 
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When you 
have a 

static 
problem 
Can you locate 
and measure it? 

Can you eliminate it? 
Analytical Chemical Laboratories can 
provide the materials, instruments 
and consulting services to answer 
these questions. 

Maticidera 
...a unique topical anti-stat that 
eliminates static for long periods of 
time on any material. It is especially 
useful where non-conductive 
surfaces and continuous static 
generation occurs. 

Staticide is an easily applied coating 
that is widely used to eliminate 
static on electronic components, 
subassemblies, equipment and 
environmental surfaces. Product 
packaging, production assembly 
and data processing areas can be 
rendered static-free with Staticide. 

Staticide brand anti-stat complies 
with the electrostatic decay 
requirements of MIL-B-81705B and 
NFPA-56A. It is non-toxic, 
non-flammable, biodegradable, 
EPA registered, inexpensive and 
performance guaranteed. 

Instrumentation 
A full line of static measurement and 
detection devices, from hand-held 
types to continuous monitoring 
systems are produced. 

Consulting 
...Internationally recognized 
authorities in static control are 
available to analyze your problem 
and propose the best solutions. 

Write or call for information on how 
Staticide can solve your static 
problems. 

Analytical 
Chemical Laboratories 
1960 Devon Avenue 
Elk Grove Village, IL 60007 
312/981-9212 

New products 

uses a 6-MHz Zilog Z80A 8-bit 
microcomputer as the master con-
troller for the basic monitoring pro-
gram and to execute, for example, 
the preprogrammed tests. The 
9010A also contains two Intel 8741 
8-bit universal-peripheral-interface 
microcomputers for control of such 
functions as the instrument's tape 
drive and display. Six Intel 2764 
64-K erasable programmable Roms 
carry the system program. 

Conventional digital trouble-
shooting instruments employ costly 
design techniques and hardware 
adapters to access test points of a 
unit under test, but the 9010A elimi-
nates this requirement. The 9010A 
interface pod, which both simulates 
actions of the uurs microprocessor 
and provides a window into the real-
time operation of the microproces-
sor-based system, plugs directly into 
the microprocessor socket. 
Each interface pod contains a 

microprocessor, the same as that in 
the UUT. Initially, Fluke will offer a 
family of pods to support popular 
8-bit microprocessors, such as 8080, 
8085, Z80, 6800, 6502, and 16-bit 
processors such as the 9900. The 
capability to support 32-bit micro-
processor architectures in the future 
is built in. 
The 9010A's keyboard initiates all 

functions and reduces complex oper-
ations to a single keystroke. The key-
board includes grouped trouble-
shooting key functions for automatic 
patterns and digital exercises. These 
range from simple read or write data 
operations to automatically gener-
ated patterns, such as walking is and 
Os and digitally incrementing ramps. 
Also grouped are the mode controls 
that allow the operation to be 
repeated, looped, stopped, or contin-
ued as needed. A similar grouping of 
keys is provided for functional tests 
of RAM, Rom, and vo 

According to Cassas, "many of 
the problems that occur in micropro-
cessor-based products result from 
bus, memory, and failures" that 
are often difficult to identify and 
even harder to isolate. To ensure 
that these types of failures are quick-
ly found, he says, the 9010A auto-
matically tests these major system 

components with a set of comprehen-
sive test routines containing diagnos-
tics for fault isolation. Testing 
begins automatically by pushing a 
single key that specifies the type of 
system component to be checked. 
To illustrate, the bus test quickly 

verifies the electrical integrity of 
UUT control, address, and data 
buses, and a Rom test uses the stored 
addresses of all Rom elements cate-
gorized during the learn mode to 
compare signatures and verify cor-
rect operations. There are two RAM 
tests, one for quickly locating hard 
memory failures such as unreadable 
or unwritable bits and decoding 
errors, and a more extensive test to 
put the RAM through its paces to 
isolate pattern sensitivities or soft 
failures. An vo test checks registers 
for correct read-write operations, 
and an auto-test button causes all 
tests to be run automatically. 

Synchronized trigger. Among oth-
er key elements of the 9010A is its 
versatile troubleshooting probe, 
which counts transitions, takes sig-
natures, shows logic levels, and 
injects states, as well as 1-kHz- or 
clock-synchronized bits. Another 
convenient item not found in other 
currently available microsystem test-
ers is a clock-synchronized oscillo-
scope trigger, which makes possible 
jitter-free display of microprocessor-
timed events. 
Weighing 11 lb, the 9010A will be 

priced at $3,795. The associated 
interface pods will cost $695 for 
each 8-bit device, $1,495 for each 
16-bit microprocessor. Pre-introduc-
tion sales of the 9101A are such that 
initial deliveries are currently run-
ning at approximately 60 days after 
receipt of order. A model 9005A 
having fewer programming keys but 
with the same cassette tape drive 
and RS-232-C communications in-
terface available in the 9010A will 
be available in the fall for $3,495. It 
will be followed in the first quarter 
of 1982 by the 9020A, which will not 
have the cassette tape drive but an 
IEEE-488 interface for remote pro-
gramming of the instrument. 
John Fluke Manufacturing Co., P. O. Box 

C9090, Everett, Wash. 98206. Phone (206) 

342-6300 [338] 
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Best news in recent memory: 
New 8K PROMs. Plus fresh redesigns. 
The big family from lèxas Instruments. 
New 8K PROMs that are speedier, that 
save space and power. Redesigns that 
significantly improve system per-
formance. TI, a major PROM supplier, 
gets your day started right. 

Three 8K headliners 
For outstanding speed, try these TI 
8K PROMs: the TBP24S81-55 and 
TBP28S86-60. Typical address access 
time: 35 ns; max address access times: 
55 ns and 60 ns, respectively. 
To conserve space, TBP24S81-55 

comes in a 300-mil wide, 18-pin package 
requiring 60% less board room than the 
industry-standard 600-mil wide, 24-
pin package. 

To save power, TI's TBP28L86 8K 
features typical power dissipation of 
only. 275 mW — about 50% less than 
TI's standard high-speed PROMs — 
yet is one-third faster than similar de-
vices currently on the market. 

Five banner improvements 
Redesigned lower-density PROMs now 
offer up to 20% faster max address ac-
cess times and reductions of as much as 
35% in power consumption. Included 
are TI's popular 1K; a low power 2K; 
two 512x8 4Ks; the 1024x8 24-pin 8K, 

Extra! Easy programming 
Programming problems are fewer, 

costs lower with TI PROMs, since only 
one programming configuration is 
needed for all our devices from 1K 
through 8K. 

More news in the making 

On the way from TI: 16K PROM with a 
typical address access time of 35 ns, 
as well as Registered Output and 
Power-Down PROMs. For all the news 
about TI's big PROM family, call your 
TI distributor, or write f1 o 
Texas Instruments In-
corporated, P. 0. Box 
225012, WS 308, Dallas, 
Texas 75265. 

©1981 Texas Instruments Incorporated TEXAS INSTRUMENTS 843281 

ARGENTINA 748-1141 • AUSTRALIA (02) 887-1122 • BELGIE BELGIQUE (02) 720.80.00 • BRASIL 518423. DEUTSCHLAND 08161/801 • FRANCE (3) 946 97 12 • ITALIA (0746) 69034 
JAPAN 03-498-2111. MEXICO 567-9200 • NEDERLAND 020-473391 • SCHWEIZ SUISSE 01 740 22 20 • SVERIGE (08) 23.54.80 • UNITED KINGDOM (0234) 223000 
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ANALOG 

VIDEO CASSETTE TAP 

DATA RECORDER REPRODUC 

Can make a big difference 
in your measurement. 
Working with a slim 1/2" wide Video 
Cassette Tape, this new instrumen-
tation recorder weighs only 17 kgs 
(37.5 lbs). and lets you set up shop 
practically anywhere. Yet, it gives 
you a reel-to-reel recorder's SN 
ratio, linearity, drift, flutter and 
skew. With the head structure con-
forming with the ISO standards, it 
allows simultaneous monitoring of 
recording/reproduction. 
Uniquely high operationability 
owes to the built-in microcomput-
er:The Auto Range function, 
for example. It needs no more than 

10 seconds to automatically set the 
optimum recording level for all 
channels—through Amp-to-Amp 
operation, too. 
Another feature is the Self-testing 
capability, whereby it self-tests 
over ten items on its own hard-
ware, including ROM and RAM, 
tape transport mechanism, power 
and amplifiers—all in 60 seconds 
preceding measurement. So, you 
are assured of a correct measure-
ment every time. 
Once measurement starts, you 
command the recorder as easy as 

*Argentina/Sirex Sociedad de Responsabilidad Limitada/393-4585 *Australlaffownson & Mercer (Distributors) Pty, 
Ltd./736-2088 *Austrlallogel Industrie-Elektronik Ges.robH10222-948653 *BrasIliPanambra Industrial E Tecnica 
S.A./227-6722 *Canada/Associated Test Equipment Limited/416-497-2208 *Denmark/Instrutek A/S/455-611100 
*Finland/0y Honeywell AB/90-80101 *France/G.E.C. Componsants/(1)7906215 *Germany (Federal Rep. of) * Piz-
Gebiet 6/Messdata GmbH/06184 *Piz-Gebiet 4 U. 5/Digilog Mess- und Datengerâte/826804 *Piz-Gebiet 8 U.1/Manfred 
Dingeldein Ing.-BrO für elektronische Messtechnik/2658 *Piz-Geblet 2 U. 3Noss Datentechnik GmbH/924003 
*Greece/NeotechO.E./Esperou 19, Palaion Feliron, Athens/(01)9818432 *Holland/Depex B.V. At d. Instrumentatie/ 
030-7631^ 1 *Indla/The Industrial Gases Ltd./26,2920 *hereaUlmport, Building & Trading Co., Ltd./829901 *Italy/ 
E.C.T.A. S.a.s./2895978 *Korea/Kong Yeong Trading Co., Ltd./776-7631 *Mexlco/Mecanismos Y Controles, S.A./ 
515-25-86 *New Zealancemithaiolab Ltd./483-039 *South Africa/Peter Jones Electronic Equipment (Pty) Ltd./ 
37-7943 *Spaln/Ahise Of iciana Tecnica/2505610 *Sweden/Atlas Copco ABEM Ab/08-7300804 *SwItzerland/Traco 
Electronic AG/01-201-0711 *Talwan/San Lien Development Co., Ltd./5610552 *United Kingdom/Graham & White In-
struments Ltd./61110 

/ *Country/Representative/Phone 

with a desk-top computer. If you 
care for computer-aided data acqui-
sition/analysis, the GP-IB interface 
is the answer. Vibration resistance? 
It clears ±-3G with a 40dB SN 
ratio and is rigidly tested in con-
formity with MIL STD-810C. Six 
tape speeds (1:32 time conversion) 
and 208 minutes of continuous 
recording. 
To convince yourself of the unique 
value of the recorder, contact your 
nearest Kyowa representative or 
Kyowa directly. 

Whenever strain is measured, look to— 

KYOWA ELECTRONIC INSTRUMENTS CO., LTD. 

Address: 3-8, Toranomon 2-chame, Minato-ku, Tokyo, Japan 
Phone: Tokyo 03-502-3551 

Cable Address: KYOVVASTRAINGAGE TOKYO 
Telex: 222 3854 KYOWAT J 
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Design your 
own v.21 and v23 
modems with 

chip sets 
from Cermetek. 
We offer two different types 

of modem chip sets for the Euro-
pean designer, both complete, 
and both with features that you 
can't get from any other 
supplier. 

Our CCITTv.23 compatible 
1200-baud modem is half-
duplex-1200 bps on the for-
ward channel and 75 on the re-
verse. We also make CCITTv.21 
compatible 300-baud modem 
chip sets. You can get up to nine 
variations on these to fulfill your 
precise design requirements. 
And our modular design makes 
it easy for the first-time modem 
designer to integrate these func-
tions into existing systems for 
typically one-third the cost of a 
packaged modem. 

Because the v.21 and v.23 
sets are integrated hybrid cir-
cuits, they take up less space 
than a separate modem unit or 
discrete designs. Maybe best of 

all, they're field-proven. 
Cermetek has been selling 
modem chip sets in Europe for 
over five years. So we don't just 
give you chips—we give you a 
lot of design and engineering 
experience. 

We're a reliable supplier. 
And a complete supplier as well. 
We'll give you engineering aid 
to guide you through the initial 
steps of system integration. 

The modem chip set can 
add value to your products by 
offering your customers a more 
complete system with a resident 

Cermetek ,.._6 microelectronics 
A subsidiary of Timeplex, Inc. 

modem. To find out how, just 
wrte for one of our Evaluation 
Kits. Clip the coupon and send it 
to Cermetek Inc., 1308 Borregas 
Ave., Sunnyvale, CA 94086, 
USA. TVVX 910-379-6931. 

Please send me the: 
E/I51981 

CCITTv.21 Modem Evaluation Kit for 
$150 F.O.B. Sunnyvale, Calif. 

CCITTv.23 Modem Evaluation Kit for 
$150 F.O.B. Sunnyvale, Calif. 

Data sheets and application notes 
on all Cermetek 300-baud modem 
chip sets. 

Data sheets and application notes 
on all Cermetek 12C0-baud modem 
chip sets. 

Have local representative call. 

Name  

Title  

Company  

Address  

City/Country  

Phone( )  

Dealer inquires invited 
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Analyzer fills debugging gap 
Trigger trace analyzer can handle more complex software 

associated with new families of 16-bit microprocessors 

by Bruce LeBoss, San Francisco regional bureau manager 

As systems designers migrate from 
8- to 16-bit microprocessors, they 
are quickly finding that most tradi-
tional hardware-software integration 
tools are incapable of debugging the 
significantly increased amounts of 
operating system code, among other 
more complex problems, associated 
with 16-bit prototype systems. To fill 
that gap, engineers at Tektronix Inc. 
have developed a trigger trace ana-
lyzer (TTA) that, they say, "gives the 
user the high-resolution debugging 
capability necessary for successful 
16-bit design." 
The new tool is specifically 

designed for 16-bit emulators, such 
as those for the Zilog Z8000, Intel 
8086, and Motorola 68000 16-bit 
microprocessor families. It is an 
option for both the 8550 single-user 
Microcomputer Development Lab 
introduced by Tektronix last fall 
[Electronics, Nov. 6, 1980, p. 98] and 
for the 8540 integration unit, coming 

later this year, that will provide 
hardware-software integration in 
conjunction with a host computer. 
An enhancement of the real-time 

prototype analyzer option for the 
8550 introduced last fall, the TTA 
has a trace acquisition memory 255 
words deep by 62 bits wide that "al-
lows us to bring virtually as many 
signals as we desire to the analysis 
process," according to Robert D. 
Hunter, microcomputer development 
products marketing manager. In all, 
it will accept 24 address, 16 data, 
and 14 emulator-dependent inputs 
from an emulator, as well as 8 inputs 
from probes tied to points outside 
the processor, "far more than was 
possible with the real-time prototype 
analyzer," he notes. 

For triggering storage, the TTA 
provides four independent trigger 
recognition channels—twice as 
many as the analyzer. Each channel 
has a word recognizer, consisting of 

a number of comparators, that can 
accept the full range of address, 
data, emulator-dependent, and ex-
ternal probe signals that can be 
stored, as well as one input from a 
separate BNC port. It can trigger on 
such signals singly or in various com-
binations. Further, each channel also 
has a 16-bit counter that can gate 
the output of the word recognizer, 
thus allowing the storage process to 
begin only after a number of trigger-
word occurrences or a discrete peri-
od of time, if the user desires. 

According to Hunter, the TTA has 
triggering capabilities for address 
and data comparators that include 
"equal to," "not equal to," "don't 
care," "ranging," and "range exclu-
sion." The comparator on the exter-
nal probe input can trigger "equal 
to" and "don't care," while the con-
trol signal comparator can trigger 
only "equal to." In addition to trace 
triggering, the TTA provides four 
external ports through which it can 
trigger other design tools such as 
logic analyzers and oscilloscopes. 

Pick and choose. With an empha-
sis on operating in a real-time envi-
ronment, the TTA features the ability 
to qualify storage in the acquisition 
trace memory. "The user can take 
off the bus only those things he real-
ly wants or all things if desired," 
Hunter says. For example, the user 
can look up all "stack writes" or 
"reads." "This helps the user to de-
bug the more sophisticated soft-
ware," he continues. 

Furthermore, to accommodate 
newer very fast 16-bit microproces-
sors, the TTA has 125-ns (8-MHz) 
bus-cycle resolution both for the 
word recognizers and the acquisition 
trace memory. The maximum clock 
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GRAYHILL KEYBOARDS: 
DIFFERENT STROKES 
FOR DIFFERENT FOLKS 

SERIES 88 A short stroke sealed keyboard 
with excellent audible and tactile feedback 
Colorful standard or custom-made graphics 
integrates this keyboard into your front 
panel Coded outputs and low bounce char-
acteristics easily mate with logic circuitry. 
Circle No 191 

SERIES 82 Long stroke high profile, wiping 
contacts 1, 2, 3 and 6 button modules can be 
arranged for your specific needs SPST to 
4PST circuitry under each button, also avail-
able with coded outputs Circle No 192 

• 

rii) Fri E-2-1 
ET-11 r-51 
Cn3r-9-1AB 

CDEF 

• 

• 

SERIES 83-84-86 Short stroke standard 
3x4 and 4x4 keyboard configurations Choice 
of 1/2 Inch or 3/4  inch button centers and post or 
flange mounting. Standard coded outputs— 
easily interfaces with logic circuitry . Excellent 
audible and tactile feedback. Circle No. 193 

SYSTEM 87 Short stroke low profile, snap 
dome contact system provides tactile and 
audible feedback. Modular units-1 thru 6 
buttons and 3x4 and 4x4 pads can provide 
any conceivable button arrangement. 
Circle No. 194 

Available locally through these representatives 

BELGIUMLUXEMBOURG—Rodelco SAiVN Electronics B-1140 Brussels, Tel: (02) 2166330 
DENMARK—E. V. Johanssen Elektronik A-S OK-2200 Copenhagen N. Tel: (01)83 90 22 
FINLAND—DY Flinkenberg & Co. MB SF-00121 Helsinki 12. Tel 7(0) 630 686 
FRANCE—Radio Teievisiori Francaise F-92200 Nevilly-Sur-Seine, Tel: (01) 747-11-01 
GERMANY—Data PAodul GnaMi D-81100 Munchen. 21, Tel: (089) 55-20-53 
ISRAEL—Rapac Electronics Ltd. Tel Aviv 61180, Tel: (23) 477115 
ITALY—Micrnelit sri .-20 Mdanc,, Tel (02)46-90-4i:4 
JAPAH—Jepico Corp. Tokyu Tel 03 (354) 4661 
NETHERLANDS—Ftodelco 8V Electronics 2280 AG Rijswijk, Tel: (070) 995750 
NORWAY—Hans H. Schive A.S Oslo2. Tel: (02i 55 76 92 
SPATI—Unitronics SA Maied, 13, Tel: (01) 242 52 04 
SWEDEN—Bo Palmblad AB S-16I 13 Bsomma, Tel: (08; 252720 
SW1117EALAND—Walter Blum Ltd. CH-8337 Zurich, Tel:(01) 42 23 42 
UlerED KINGDOM—Highland Electronics, Ltd. Brighier BNI 1EJ Tel: (0273)893688 

Your product 's distinctive, and 
thus your keyboard needs are alsc 
likely to be unique. That's why 
Grayhill offers you four different 
keyboard families, with a host of 
options in each. We'll help you ar-
rive at the keyboard solution that's 
most practical, attractive, and cost 
effective. Two of our four families— 
Series 83-84-86 and Series 88— 
are built around the popular 3 x 4 
and 4 x 4 keyboard configuration; 
the other two—Series 82 and 
System 87--are modular, allowing 
you to create any unique keyboard 
arrangements. 

Other features and options 
include: 
• up to 3,000.000 
operations per button 

• standard or special 
coded outputs 

• sealed or unsealed 
• high or low Drofile 
• short stroke or long 
stroke—dotne or 
wiping contacts 

• excellent audible and tactile 
feedback in dome contacts 

• post, flange or PC mount 
• 1/2-,11/16 ,, or 34 " button centers 
• wide choice of 
legending modes 

• color choices 

For detailed informaticn on 
Grayhill Keyboards, consult EEM, 
ask your local distributor, send 
for a copy of the Grayhill Keyboard 
Catalog or call us with your 
questions at (312) 354-1040. 

«Vide/ 

the Difference Between Ettcellent ase Acequate 

561 Hillgrove Avenue • LaGrange, IL 60525 U S A 

Phone 312/354-1040 • TWX 910-683-1850 



HOW TO COPY THE 
MICROPOLIS 8" RIGID DISK DRIVE. 

It's bound to happen sooner or later. Someone will decide to copy 
our 8" rigid disk drive. It happens to all industry-standard products. 

So we're going to save someone the trouble and tell exactly how we 
built our 8" drive. But we're not worried. Because, frankly, we don't think 
anyone else will want to go to the trouble we did to give you such a product. 

First of all, our family of 8" rigid disk drives (9 to 45 megabytes) 
comes with features you simply can't find in the competition's products. 
Such as our low-cost intelligent controller board, designed to allow swift 
integration into your existing system. 

In addition to low power dissipation and fastest access time, we 
also included a Quartz-locked, direct-drive, brushless DC motor. We gave 
our rigid disk a braking mechanism, too. It extends the life of the disk by 
not allowing the head to act as the brake. That's a longer disk life for you, 
and a higher MTBF in the critical clean area. Next, we included our 
balanced rotary voice coil positioner, which, together with the closed-loop 
servo, absolutely protects against unexpected jolts, bumps, and shocks 
during write operations which might otherwise result in off-track writing. 

We enclosed the heads, platters, and positioner assembly in a 
sealed clean area. No other drive has all active components outside the 
clean area, for easy access and maintenance. So we can offer the longest 
drive warranty in the business. 

All this adds up to unprecedented quality, reliability, and stability. 
And our 8" rigid disk fits into the exact same space as an 8" floppy drive — 
they even use the same screw holes. 

So if you want the best 8" rigid disk drive, call us. We deliver. 
If you want to try and copy it, good luck. You'll need it. 

21329 Nordhoff Street 
Chatsworth, California 91311 
213/709-3300 • Telex 651486 

Circle 237 on reader service card 



New products 

rate for counting or timing, however, 
is 5 MHz (200 ns). 
Up close. The TTA also improves 

the electrical interface to the proto-
type microsystem. To do this, Tek-
tronix engineers designed the probe 
so that the hybrid circuits that pro-
vide active buffering are at the probe 
tip. "This allows us to get the TTA's 
electronics as close as possible to the 
prototype, so as to eliminate signal 
delays," Hunter says. 
Among other features of the TTA 

are a microcomputer-specific user 
interface for 16-bit emulators; defi-
nition of an additional breakpoint 
for the emulator by each trigger; 
consecutive event detection; and 
sequential triggering detection. 

Priced at $4,150, the TTA will be 
available in October, as will the new 
Z8000 emulator, with probes for the 
Z8001A and Z8002A segmented 
and nonsegmented microprocessors, 
respectively. Compatible with TTA, 
the Z8000 emulator offers full-
speed, completely transparent emu-
lation of both the Z8001A and 
Z8002A at up to 6 mHz with no wait 
states," Hunter says. The full 48-
megabyte addressing range—six 64-
K-byte spaces for the Z8002A —is 
supported by the emulator. 
Two break points. To simplify 

software debugging, two emulation 
breakpoints are contained in the 
Z8000 emulator, along with sym-
bolic debugging. The emulator can 
disassemble instructions in both the 
segmented and nonsegmented modes 
as well as detect clock failures in the 
prototype microsystem. 

Unlike other emulators that have 
a built-in trace analysis capability, 
the Z8000 emulator need not oper-
ate with the TTA. Thus, it has its own 
low-profile microprocessor probe. 
Among other important features are 
memory mapping and write protec-
tion, both with 4-K-byte resolution. 
The Z8000 emulator will be 

priced at $4,050, and the Z8001A 
and Z8002A probes will cost $1,850 
each. They can be ordered now for 
delivery in the fall when Tektronix 
will introduce emulators for the 
8086 and 68000 16-bit processors. 
Tektronix Inc., Box 500, Beaverton, Ore. 

97077. Phone (505) 644-0161 [339] 

CMOS 
analog 1/0 

Microboards 
as low as $99. 

Six new 8-bit RCA 
Microboards offer you all of 
the advantages of CMOS 
with these features: 
• A/Ds include 16 single-
ended or 8 differential 
inputs. 

e Temperature range from 
-40°C to +85°C. 

• ± 2.5V for input and output 
signals on bipolar boards. 

e 0 to +2.5V on unipolar 
boards. 

• Operation from single 
+5V power supply. No 
external reference 
voltages required. 

• Low power consumption 
(see table below). 

• High noise immunity. 
• Suitable for battery 

operation. 
Par more information on 

these boards or any of our 
extensive line of over 40 
CMOS Microboards, contact 
any RCA Solid S:ate sales 
office or appointed 
distributor. 

Or contact RCA Solid 
State headquarters in 
Somerville, N.J. Brussels, 
Belgium. Hong Kong. Sao 
Paulo, Brazil. 

Or call Microsystems Marketing toll-free (800) 526-3862. 

'U.S. optional d stributor resale 

Microboard 

CDP 18S658 

CDP 18S657 

CDP 18S654 

CDP 8S648 

CDP 18S647 

..cpP 18S644 

A/O, unipolar 

2 D/As, unipolar 

A/D + 2 D/As, unipolar 

AID, bipolar 

2 D/As, bipolar 

AID + 2 D/As, bipolar 

Another reason to 
switch to CMOS. 

Typical +5V 
current 

Price 
(100+)* 

RCA 
Circle 273 on reaaer service card 



New products 

12-bit cl-a converter settles in 35 ns 
High-speed digital-to-analog converter is compatible 

with emitter-coupled logic, uses only 15 chips 

by Larry Waller, Los Angeles bureau manager 

Burr-Brown Research Corp.'s first 
ultrafast digital-to-analog converter, 
the hybrid 12-bit DAC63, has a 35-
ns typical settling time, 45 ns maxi-
mum. The unit's output is accurate 
to ±0.012% of full scale. The emit-
ter-coupled-logic—compatible con-
verter's highly integrated design cuts 
the active-chip count to less than 15, 
improving temperature and time sta-
bility. It comes in two versions, the 
DAC63CG and the DAC63BG. 

Stephen R. Harward, data-con-
version products marketing manager 
for this Tucson, Ariz., company 
attributes the converter's perform-
ance to a 12-bit switch chip and a 
thin-film-on-sapphire resistor net-
work. Having all the current-switch-
ing transistors on one chip permits 
close thermal tracking and elimi-
nates the possibility of thermal-tail 
settling problems. 

Linearity is guaranteed to be with-
in ± V2 of the least significant bit 
over the specified temperature range 

of —25° to +85°C; that is, the con-
verter's analog output will not vary 
by more than ±1/2 LSB for the CG 
version (± 1 LSB for the BG model) 
from an ideal straight line drawn 
between the end points. Gain drift is 
±30 ppm/°C maximum. Bipolar 
offset drift is ± 10 ppm of full scale 
per °C. For operation at its maxi-
mum conversion rate, the DAC63 
should be used without an external 
operational amplifier. When so used, 
it may be connected for either bipo-
lar voltage output or positive unipo-
lar output and has a range of —0.5 
to +2.0 V. To extend this range, an 
external operational amplifier must 
be used. A spare resistor on the sap-
phire ladder chip can be used with 
the external amplifier. 
The converter addresses applica-

tions such as electronic countermea-
sures and driving displays that need 
speed and high accuracy. A major 
competitor in this market is the Ana-
log Devices HDS1240E, which sells 

for at least $30 more than the con-
templated Burr-Brown price. It and 
others have substantially higher chip 
counts than the DAC63. 
Among the characteristics of the 

DAC63 (which comes in two mod-
els) is low glitch energy of 250 LSB-
ns, making it useful where switching 
noise is troublesome. Other features 
include: adjustable logic threshold 
for ideal switching, internally by-
passed supply lines to minimize set-
tling time, and an internal feedback 
resistor for thermal tracking. 

Specifications for the DAC63-
CG's drift over a — 25°-to- +85°C 
range are: total linearity error, 
±0.012% of full scale; and total dif-
ferential linearity error, ± 0.025% of 
full scale. Another model, the 
DAC63BG, has a total linearity 
error of ± 0.025% and total differen-
tial linearity error of ± 0.05% of full 
scale. Power dissipation is 960 mw 
typical, 1,160 mw maximum. The 
housing is a 24-pin dual in-line bot-
tom-brazed package. 

Pricing of the DAC63BG starts at 
$108 in quantities of 1 to 24; from 
25 to 99, it is $89; and 100 and up, 
$83. The CG version costs slightly 
more. Sample quantities are off the 
shelf: 25 pieces take two to four 
weeks for delivery. 
Harward says the speed, tempera-

ture stability, and price combine for 
a devastating entry in the high-speed 
d-a converter business. The firm is at 
present working on a military ver-
sion, hermetically sealed, and having 
a —55° to +125°C temperature 
range. 
Burr-Brown Research Corp., International 

Airport Industrial Park, P. O. Box 11400, 

Tucson, Ariz. 85734. Phone (602) 746-1111 

[340] 
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the 
right 

direction 
Every year Italian electronics 

equipment makers use 300 million US $ 
worth of components and subassemblies. 
Their prime concerns are the quality and 

reliability of these parts, the technology behind them, 
delivery times, price, service, and customer back-up. 

Dozens of such devices, 
or thousands, may go into a single piece 

of equipment, and the equipment manufacturer's success 
is obviously crucially dependent on his component makers. 

ADELSY SpA chooses for its manufacturers only those 
components and subassemblies which are of advanced 
technology, of the highest quality, and of proven reliability. 
From houses such as AMPHENOL, ARCO PLESSEY, 
CAMBION, C.ITOH, DATA GENERAL, 
GENERAL INSTRUMENT, GEN RAD, LITRONIX, 
NATIONAL SEMICONDUCTOR, NEOHM, RUBYCON, 
RYKIU, SILICONIX, TOSHIBA, UNION CARBIDE. 
Computer-aided deliveries come direct from 
Adelsy's own stores, 
and the Company's highly qualified staff provide 
the consultancy and service which every 
customer has the right to expect. 
Whether it's resistors - or microprocessors - 
or computers - Adelsy has a complete 
range at the right prices. 
And a distribution and service network 
for components and subassemblies 
which is run by professionals. 

ADELSY spa 
I CONSULENTI 

MILANO 20153 Via Novara 570 
tel. (02) 4524651/2/3/4/5 - telex: 332423 Adeley I 

Ancona - Bologna - Genova - Milano. Padova - Roma - Torino - Udine 

Circle 238 on reader service card 





BUT 
WE CAN GIVE YOU 

HIM GOOD REASONS. 
It's not any single feature that makes MCT the 
best-selling IC handler. It's a combination of many 
features. 

In fact, MCT handling systems combine more 
reliability, versatility and efficiency than any other 
handler. That's what makes MCT the most 
cost-effective handler you can buy. 

Take our "dead bug" handling approach for 
example. It significantly reduces jamming and 
downtime while allowing MCT handlers to handle the 
widest range of package types in the industry. 

Or consider our superior contacts. They're made 
from gold-platinum for greater durability and better 
contact integrity. 

And consider our efficient. human engineered 
design or our range of speeds up to 10,000 DPH. 

Above all there's our professional service network 
— offering the most comprehensive installation, parts, 
service and training 
capabilities in the industry. 

We could list at least 
fifty more reasons why 
MCT handling systems are 
the best you can buy. But 
we don't have room for 
them in this ad. 

So, instead, we've put 
together a brochure that 
explains our reasons in 
depth. To get a copy just 
call (612) 482-5170, or 
write MCT today. 

THERE'S MORE 
TO AN 

MCT HANDLER 

Micro Component Technology Inc. 
P.O. Box 43013, St. Paul, Minn. 55164 

• ENGLAND: Millhouse, Boundary Road, Buckingham Shire. Loudwater, High Wycombe, Tel: Bourne End 28231-5, Telex: 848798 • FRANCE: 

32, Place De LaLoire, Silic 441,94593 RUNGIS Cedex, Tel: (Paris) 687 32 30, Telex: 842/26092 ITS-RUNG • WEST GERMANY: 
Lnadsberger Strasse 439. Munich 60, Tel: (Munich> 089/71-44-021, Telex: 841/5212560 ITS D. 
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Clamping 
Ideas from 
Weckesser 

Nylon FLEX-CLIP 
Slip wires in or out for changes 
or removal. Contour of clip plus 
spring-back flexibility of nylon 
provides easy assembly, yet 
holds bundles securely. 

Nylon PRESS CLIP 
Peel off... press and it's on to 
stay. Adhesive-back provides 
fastest way yet to install clips. 
Four sizes for bundles from /' 8" 
to 1/2" dia. 

\ \ \ - i 

\ ‘ 

\k 
PRESS CLIP 

for flat cable 
One size nylon clip for any 
width flat or ribbon cable. Used 
along edges, provides unlimited 
flexibility in mounting arrange-
ments. Adhesive-back or screw 
mounting hole. 

Write for catalogs. 

COMPANK Inc. 
4444 W. Irving Park Road 

New products 

Microcomputers & systems 

Faster 1802 
is up in yield 

Redesigned C-MOS processor 

has lower price and 

transparent enhancements 

The first and most widely available 
all-complementary-mos micropro-
cessor, RCA's 1802, has had a face 
lift. The 1802A is a completely rede-
signed integrated circuit that is fast-
er and more cost-effective than the 
1802, while retaining plug-compati-
bility with the current model. The 
clock rate has been pushed from 2.5 
to 3.2 MHz, and selected parts can 
easily achieve 5-MHz operation. The 
chip's design rules have been re-
duced by approximately 10% (from 
6-am features) to bring the die area 
down from 41,652 to 33,971 mil'. 
The 1802A is priced at $3.98 each in 
lots of 1,000, a 40% price reduction 
from the 1802, which goes for $6.50. 
The large price drop (relative to 

the die-area reduction) can be attrib-
uted to the increase in yields the 
1802A enjoys. During the redesign, 
close attention was paid to adjusting 
critical timing paths and other close-
tolerance features so it would be eas-
ier to manufacture the part. 

Several user-transparent enhance-
ments have also been implemented— 
for instance, a Schmitt trigger on the 
reset input makes it possible to use a 
simple RC network in the power-
on/reset circuit. The drive capabili-
ties of all the output transistors have 
been beefed up and the input buffers 
have been more carefully balanced, 
so circuit-board design with the 
microprocessor is less critical. 
The undedicated register architec-

ture of the 1802A is one of its attrac-
tions: the program counter, for 
instance, can be specified to be any 
of the 16 16-bit internal registers. 
An on-chip direct-memory-access 
address generator can reduce the 
parts count of an 1802A-based prod-
uct, as can the use of RCA's custom 
read-only memories: mask-pro-
grammed address response makes 
chip-select circuitry unnecessary. 
RCA Solid State Division, Route 202, Somer-
ville, N. J. 08876 [371] 

Entry price falls for 

HP 1000 computer system 

The HP 1000 model 5 microsystem 
is the lowest-priced member of the 
HP 1000 computer family, costing 
under $10,000, or 40% less than the 
previous entry-level. family member. 
A model 5 combines the 1000 L 
series microcomputer, two 270-K-
byte 51/4 -in, floppy-disk drives, a 
cathode-ray tube, and a keyboard. It 
can use minicomputer-level software 
and a wide range of input/output 
interfaces and peripherals. 
The system may be ordered with 

the 2621A terminal, the 2624 block-
mode terminal with user-definable 
soft keys and form-generating set, or 
the 2626A multiple-workspace 
(split-screen) terminal. It supports 
two multiuser, multitasking real-
time operating systems. One, the 
RTE-L, is a low-priced execute-only 

operating system for computers with 
up to 64-K bytes of memory. The 
other, the RTE-XL, is an operating 
system for up to 512-K bytes of 
memory and includes full program-
development capabilities. Languages 
available to the 1000 model 5 

Chicago, Illinois 60641 (312) 282-8626 
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The Solartron1200 Signal Processor. 
MEASUREMENT 

Two channel, floating. 
Autoranging: 10mV to 300V. 
Resolution: 11 bits.. 
Windows: rectangular, flat-top, Harming. 
Integration, differentiation. 
Engineering units. 
Acoustic weightings. 
Triggers, pre-triggers. 
Synchronisation. 

ANALYSIS 
Resolution: 500 lines, 2mHz. 
Bandwidth: 30kHz. 
Linear, log, 'A-and full octave. 
Zoom: x2, x5. Expand: 4 decades. 
Noise source: multi-sine, prbs, impulse. 
Storage: analysis settings, data. 
Auto- and cross-power and correlation. 
Transfer function. Coherence. 
Cepstrum. Synchronous spectrum. 
Computed power and noise bandwidth. 

DISPLAY 
High resolution, 9-inch, raster scan. 
Single: any function, waterfall, 

two functions overlaid. 
Dual: two independent functions. 
Bode, Nyquist, co-quad plots. 
Full cursor control. Variable resolution. 

INTERFACES 
IEEE 488 and plotter output. 

Quite a list — and all features are 
standard. No need for add-on options; this 
is how the 1200 gives you more. A product 
designed with the engineer in mind and 
which has unrivalled ability to take maxi-
mum advantage of dynamic measurements, 
whether in the time or frequency domain. 

Brilliant ergonomic design enables 
simple operation. A minimum of main 
controls supplemented by soft-keys' guide 
you to just the settings you need. 

The 1200 provides a capability 
which gives unrivalled analysis of dynamic 
performance. 

No other unit can offer such features 
as standard and at such a realistic price. 

Please phone and find out how the 
1200 Signal Processor can benefit you. 

SOLARTRON 

Schlumberger 

John Shave, Product Manager, 
Solartron Electronic Group Ltd., 

Farnborough, Hampshire, England GU 14 7PW. 
Tel; Farnborough 44433 (STD 0252) 
Cable: Solartron Farnborough, Hants. 

Telex: 858245 Solfar G. 

ARGENTINA Buenos Aires 362-7770, AUSTRALIA 
Sydney 439 3288. AUSTRIA Wien 835628. 

BELGIUM Bruxelles 3847309. CHILE Santiago 82691, 
DENMARK Hilerod 2955522. EGYPT Cairo 705' 21. 

FINLAND Hekinki 738265, FRANCE Villacoublay 946 9650. 

GERMANY Munchen 854 3071, GREECE Pireaus 423471, 
INDIA Bangalore. 52321, ITALY Milano 366000. 

JAPAN Tokyo 790789. KOREA Seoul 566131, KUWAIT 
Safat 433526, MALAYSIA Kuala Lumpur 482226, MEXICO 
536 09 10. NETHERLANDS Rijswijk 996360, NORWAY 

Oslo 141290. PAKISTAN Karachi 514523, PORTUGAL 
Lisbon 370317, SII•ICAPORE 2927645, SOUTH AFRICA 

Johannesburg 220269, SWEDEN Lindingo 7652855, 
SWITZERLAND Zurich 528880. TAIWAN Taipei 3910822, 
THAILAND Bangkok 251 9770. TURKEY Istanbul 8300303, 

UAE Dullau 32229. USA Los Angeles 641 7137. 
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A FAST SOLUTION FROM ITT JENNINGS: 

THE RJ2B. 
30A, AT 2.5MHz, 
UP TO 1010/...AND 
10 DAY DELIVERY. 

Here's a reliable tool for your most demanding relay applications—a vacuum 
relay that offers high power capability in a small, rugged package. The RJ2B. 

It will carry 30A at 2.5 MHz and withstand voltages up to 10KV. This 
lightweight relay (3 oz.) has a very low contact resistance, and is designed 
to outlast any conventional relay in applications such as antenna switching, 
antenna coupling, and pulse forming networks. 

The RJ2B will operate 
at high altitudes, under 
pressure, at high tempera-
ture and vibration levels, 
and in many extreme 
environments. Because of 
the vacuum, its contacts 
are sealed for safe opera-
tion under volatile condi-
tions. 

Now the best part. It is 
available for quick delivery 
(10 days in most cases). 
Check with our applica-
tions department at 970 
McLaughlin Avenue, San 
Jose, CA 95122, or call us 
at (408) 292-4025 and find 
out more about the RJ2B 
vacuum relay. 

JENNINGSITT 
D:VISION OF INTERNATIONAL TELEPHONE AND TELLGRAPH CORPORATION 

Circle 139 on reader service card 

• ..en-tme, 

FIBER OPTICS VOCABULARY 
The basic reference document on fiber optic and 
lightwave communications for those who design, 
develop, operate, use, manage, or manufacture 
communications or data processing equipment 
and components. 

• 1400 entries, with • inversions and 
cross-references • index of terms 

Order your copies today! 

$12.95 each, discounts of 10% on 
orders of more than 10. 

Ilfirj Electronics Magazine Books 
P.O. Box 669 
Hightstown, NJ 08520 
Tel. 609/448-1700, ext. 5494 

New products 

include HP Pascal, Fortran, assem-
bler, and Basic. 

HP'S Distributed Systems Network 
software may link the computer to a 
local or global computer network, 
and Image/1000 provides efficient 
data-base management. Graphics 
peripherals are supported, as is 
Graphics/1000-II software. 

Original-equipment—manufactur-
er and volume discounts are availa-
ble; deliveries are in eight weeks. 
Hewlett-Packard Co., Inquiries Manager, 

1507 Page Mill Rd.. Palo Alto, Calif. 94304 

[374] 

In-circuit unit emulates 

both Z8001 and Z8002 

An in-circuit emulator for Z8001 
and Z8002 16-bit microprocessors 
from Zilog is compatible with the 
firm's EZ-PRO modular development 
system. Like other emulators de-
signed for the system, it runs at the 
microprocessor's full rated clock fre-
quency and is transparent to the tar-
get system. A relocating macro-
assembler, a linking editor, a debug-
ger, and demonstration software are 
supplied with the $1,995 emulator. 
The Ez-PRO system supports over 

30 8-bit microprocessors with $995 
emulators. A basic fixed-word-
length system with printer, video ter-
minal, and operating software sells 
for $7,490. Bit-slice development 
systems start at about $11,000. 
American Automation, 14731 Franklin Ave., 

Tustin, Calif. 92680 [375] 

32-K-byte magnetic-bubble 

subsystem fits 11-in.2 module 

A 32-K-byte magnetic-bubble mem-
ory subsystem highlights National 
Semiconductor's BLX family of 
board-level expansion modules. The 
module family is plug-compatible 
with Intel's SBX expansion modules; 
members of the family plug directly 
into any host board with this type of 
expansion bus and connector. The 
BLX-9252 bubble module is less 
than 11 in.2 in area, offering incre-
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o -OUtOflow 
RAM's Where 'you are: GTE MicrocircvuitiStatic - 
.RAM'S are available of-the-shelf in both .Prototyping 
and production quantities from 78 distributor loca-
tions throughout the United States and Canada plus 

• 22 More world wide. Which mean that oür RAM's 
are probably already where you are. 
Quality. We're in a tough business. Claiming quality 
isn't enough. Delivering it is what we do. On time. 
To speâficafion.• In quantity. Al competitive prices. 
2.1.14%; Some people call 2114's jellybèans. We call 
them oUr bread and butter. In fact, we Make 1024 x 

4) 2114siatic RAM's in 23 separate 
speeds, power require-
ments and packages, 

Including MIL-STD-
883. All with 

Microcircuits 

a sirrlen1:-

By!e-ift.ridés for ihres:-
2K 3539C (256 x 8).and.zeie4 6" e« . 
like our 8112's are içleatfôr -Miçroproce'à;_Pr, 

:systems de;/elopment. To &lake develoPrnt even 
-easier, the GTE 8112 is pin-for-pin compatible with 
2716 EPROM's and features a common t/0 bus with 
our 8104's and 8114's. 

Now, ROM's. The very things that make for qual-
ity in GTE static RAM's make for quality-in ROM's. 
Our 2332's are here-waiting for your final mask. 
Our 2316's and.2364's aré bn the way.' ., 

More than promises. When You go out of the' • 
country for static RAM's you get promises. When you 
go to your GTE distributor for static RAM's, you 
get static RAM's. Quality RAM's. In.prototyping. or 
production quantities: Now. . 

For additional information contact GTE Microcircuits, 2000 W. 14th Sr, 
Tempe, A2 85281, U.S.A., or-contact one of the following distributors: 
AUSTRALIA: Ampec 818-1166. BELGIUM; Famatra 031-513251. 
• DENMARK: J. fienckel (03) 385791. ENGLAND: Theme 084-42J-3146 or 
Dage Euroserri 44-01-868. FINLAND: Turion ,90-377787/371151. 
FFIANCEI`Alinex'666 21 12. GERMANY: Perna 089-288018. 
HONG KONG: Trans-Pearl 5-234367/5-226003. INDIA: Zenitl% 384214. 
ITALY: Eltronic 313364. ISRAEL:•R. N. Electronics (03) 471659. 
JAPAN: Nissho (03) 644-8311. KOREA: Duk Sung 856-9764/854-'5047 ' 
NETHERLANDS: Famatra 076/133457. NORWAY: Henaco (02) 157550. 
SPAIN: Semiconductores 218 09 60f 218 02 17. 
SOUTH AFRICA: S. Continental 48-0515. SWEDEN: AB Betoma 08-820280. 
SWIT2E R LAND: Rotronic (01)-523411. TAIWÁN: Hermes 
(020) 562-5851/5114519. • 
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The Indicators 
With A Memory 

Ferranti-Packard's memorizing 
indicators offer visibility, reliability 
and save energy too! 

POPULAR FEATURES: 
• Long life (100 million 

operations minimum) 
• Zero power consumption 

• Rugged construction 
• Excellent visibility (light-

reflecting disc) 
• Choice of 5 fluorescent disc 

colors 

• P.C.B. or Panel Mount 
Ferranti-Packard indicators are ideal 

for Transient Recorders, Industrial 
Process Displays, Contact Status 
Indicators and Field Equipment. 
Remember the indicators 

with a memory. Specify: 

PACKARD 

FERRANTI' Ferranti-Packard Limited 
Electronics Division 
6030 Ambler Drive, Mississauga, 
Ontario L4W 2P1 Canada 
Telephone: (416) 624-3020 
Telex: 06-961437 

Circle 200 on reader service card 

Pompton Plains, New Jersey Palm Bay, Florida 

Ipt 

(617)272-0972 
is a profitable number for 
semiconductor users and 

manufacturers for increased 
reliable yield. Keep device 

failures out of your 
product or system. 

swio 

Pat 

letttsnror, 
: ;•• C) 
ffffff   P.:14 

sus Complete testing and reporting from a 
pioneer in active component testing, 
and the largest facility in the 
northeastern United States for "turn 
key" semiconductor evaluation. Test 
as though your profit depended on it! 
It does! Find out quickly, easily with a 
test job. 

 L Solid State Testing, Inc. 
56 Middlesex Turnpike • Burlington, Massachusetts 

 / (617) 272-0972 • TWX 710-332-1620 

New products 

mental expansion of on-board non-
volatile memory at a price of under 
$1,000 in 100-unit lots. 
The BLX-9252 dissipates less 

than 5 w. It can detect error bursts 
up to 12 bits long and can correct 
error bursts up to 3 bits long. A 
compatible 1-megabit BLX-9012 
bubble-memory module is planned 
for release later this year. 

Other BLX modules include the 
281 speech synthesis module, the 
321 analog-output module, the 331 
fixed- or floating-point math mod-
ule, the 332 floating-point math 
module, the 350 parallel input/out-
put module, the 351 serial 1/0 mod-
ule, and the 391 prototyping module. 

National is also offering a BLC 
family of board-level computers. The 
BLC 86/12B is a I 6-bit microcom-
puter board that is plug-compatible 
with Intel's SBC 86/12; the BLC 
80/11A is likewise compatible with 
the SBC 80/10B; the BLC 80/116 is 
an 8-bit unit with 16-K bytes of ran-
dom-access memory. All three have 
two BLX expansion connectors each. 
National Semiconductor, 2900 Semiconduc-

tor Dr., Santa Clara, Calif. 95051. Phone 

(408) 737-5312 [376] 

8086-based boards carry 

up to 128-K bytes of RAM 

The GPC 86 series of Multibus-
compatible single-board computers 
is available with a 5-MHz or 8-MHz 
8086 central processing unit and 0, 
32-K, or 128-K bytes of on-board 
random-access memory. The micro-
computers are software-compatible 
with Intel's SBC 86/12A and fully 
compatible with RS 86 and Debug 
86 support packages from Microbar. 

Each GPC 86 board has sockets 
that allow the user to plug in up to 
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TH S NEW CIATA le 6800 FAMILY TESTER 
CAN SAVE IOU A LOT MORE THAN IT COSTS. 

Reject bad devices before they 
get into your production Hine. 
Everytime a :.-aulty microprocessor or 
peripheral chip slips into one of your 
products it costs you profit in 
troubleshooting and replacement. 

With :he new Data I/O Model 
1500A, you can set up a low-cost 
incoming inspection program to detect 
faulty 6800 family devices before they 
rint loaleci into boards. 

Comprehensive testing detects 
problems in 6800, 68A00, 
68B00, 6802, 6808, 6810, 6821 
and 6850 devices. The Data I/O 
6800 family tester performs a full-
functional test on devices uncle worst 
case load and supply voltages at real 
time speed in less than one second. 

The test may reveal, for ex-
ample, that he clock is inactive, or 
a line on the address bus is not 
working, or the internal RAM 
is defective. 

Circle 142 on .r ervice 

Easy set-up and 
operation. Simply plug 
the correct :est adapter into 
the tester and you're ready to 
begin. No need to hire skilled personnel 
to write test programs, specify test 
vectors or parameters. It's all contained 
in a pre-written test sequence. 

To operate, sii r ply place the 
device in the socket and press the 
button. A ween light identifies a 
functional part. A bad cart triggers a 
three-digit code. which identifies the 
specific problem. 

Reduce parts shortages and 
ease device returns. You don't 
have to -eject an entire lot because 
of a few bad components. 

Wth the 6800 family 
tester you can quickly 

and efficiently screen all 
devices to make the best use of the 
components you have. 

Most device vendors require 
proof of faiLre before they will accept 
rejects. The failure code provided by the 
6800 family tester identifies the problem 
and wilt speed up the process of 
returning faulty parts. 

Backed by Data I/0's 
commitment to quality and 
performance. We've put the same 
care and engineering skill into the 
Model 1500A that we put into our entire 

range of PROM and logic device 
programmer products. The Model 
1500A has been evaluated by 
device manufacturers and 
recognized as a viable test 
method. Each unit is backed by 
Data 1/0`-s worldwide network of 
sales and service personnel. 

F nd out more about this 
remarkable new approach to 
testing by circling the reader 
service number or contacting 
Data I/O RO. Box 308, Issaquah, 
WA 98027. Phone 206/455-3990 
or TOLL FREE 800/426-9016. 

DATA I/0 
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Waters built in 40> 
servo-feedback elements simplify design and cut costs. 

Why box yourself in with "packaged pots" — and linear-to-rotary conversions, 
and linkages, and costly housings, shafts and bearings you don't really need? 

Design your system your way — with our long-lasting, low-noise, custom-made 
feedback elements. We can supply squares, circles, strips — any geometric 

shape you need in linear and non-linear plastic elements. You'll save time. 
Cut costs. And chances are you'll improve performance. 

Send today for full information. Or call (617) 358-2777. 

Waters Manufacturing, Inc. 
Longfellow Center, Wayland, MA 01778 (617) 358-2777 • Telex 948-441 

AtAAJA 
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LET YOUR FINGERS DO THE TALKING... 

With the touch of a finger on tim Elographics EflO Position Sensor, the coord.nates of the 
touch point are transmitted to your terminal or computer for limitless menu and graphic 
applications. Replaces light pens and joy sticks. Opens new applicabons where finger touch 
simpl city is a must. 

Th a E270 is a transparent formfitting sensor mounting directly on CRT's thilivng modern 
continuous thin film coatings, the E270 gives high resolution coordinates. A variety of controller 

table the OEM or s stem builder to interface easil to 1111Cres and 

minis 

• POINT MODE 
• STREAM MODE 
• MODELS TO FORNIFIT 
VARIETY OF CRT's 

• RESOLUTION TO 003" 
• HIGH RELIABILITY 
• LOIN PROFILE 
• EASY TO INSTALL 

The E270 offers a uniquely simple and flexible way to communicate with computer systems. 
Human engineered foi all types of computer systems, from word processing to process control. 
Let Elographies solve your man-machine interface problems 

New products 

32-K bytes of erasable program-
mable read-only memory using 64-K 
chips. A socket is also provided for 
an 8087 floating-point math proces-
sor. The microcomputers have 1 ser-
ial port and 24 parallel program-
mable input/output lines. 
The GPC 86-8128 (the 8-MHz 

version with 128-K bytes of RAM) is 
priced at $2,925 in single quantities. 
The 5-MHz, 32-K-byte GPC 86-532 
is $1,845; the GPC 86-832 and 
-5128 are $2,095 and $2,695, respec-
tively. Delivery is from stock and 
takes up to 30 days. 
"licrobar Systems Inc., 1120 San Antonio 

Rd., Palo Alto, Calif. 94303. Phone (415) 

964-2862 [377] 

Disk controllers interface 

Winchester and SMD drives 

The SBC 215 and 220 are Multibus-
compatible disk-drive controller 
boards for Winchester and SMD-
type (storage module drive) disk 
storage, respectively. The SBC 215 
interfaces up to four 8- or 14-in. 
industry-standard Winchester 
drives, which can range in capacity 
from 4.5 to 26.7 megabytes unfor-
matted, for a total possible sup-
ported capacity of over 100 mega-
bytes. By supporting up to four 
SMD-compatible drives, the 220 can 
interface from 12 megabytes to 2.4 
gigabytes of storage. 

Both controllers perform direct 
memory access using an 8089 
input/output processor, both can 
address up to 1 megabyte of system 
memory, and both carry enough ran-
dom-access memory to buffer one 
full data sector. A 32-bit Fire code is 
added to data fields to identify error 
bursts up to 32 bits long and correct 
those up to 11 bits long with on-
board logic. 
The SBC 215 is available in two 

models: the 215A for use with drives 
employing open-loop positioning of 
the heads and the 215B for use with 
closed-loop positioning. Both ver-
sions of the 215 cost $2,000; the 220 
sells for $2,500. 
Intel Corp., 5200 N. E. Elam Young Pkwy., 

Hillsboro, Ore. 97123 [378] 

1976 OAK RIDGE TURNPIKE OAK RIDGE, TENNESSEE 37830 (615) 482-4038 
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"FEME means reliability" 
an opinion that always accompanies us. 
It is not a simple slogan but a principle to which 
Feme conforms. 
Yesterday, today and tomorrow. 
The reliability arised from our design and 
manufacturing expertise, use of 
the latest technology, thorough quality 
assurance in production and finally 
technical customer service. 

50 years of Feme production 
50 years of Feme reliability 
A gold plate to prove it. 

qrse 
20149 Milano 
Viale Certosa, 1 - ITALY 
Tel. 390.021 - Telex 331217 
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New products 

Instruments 

Six-point probe 
reads resistivity 

Meter measures wafer's sheet 

resistivity to 10 11 e/square, 

takes leakage into account 

As the semiconductor industry 
:achieves thinner layers of deposited 
:materials, the accurate measurement 
'of a• key parameter of those deposi-
tions, sheet resistivity, becomes more 
difficult. Layers less than 3,000 X 
thick are common in integrated cir-
cuits, transistors, and solar cells; 
with these thin layers of material, it 
is hard to control the leakage of test 
current through the substrate. 

Four-point probe meters, which 
have been used to determine sheet 
resistivity, cannot detect this leakage 
and incorporate it into the formulas 
used to determine sheet resistivity. 
Now, however, the leakage factor is 
taken into consideration by the mod-
el 101 six-point-probe meter devel-
oped by Four Dimensions Inc. 

Although none of the four-point-
probe meters on the market claims 

to measure sheet resistivities above 5 
X 105 9/square, model 101 claims a 
measurement range from 10-' to 
10" St/square, with accuracies rang-
ing from to within ± 1% at the low 
end to within ± 15% at the high end. 
According to company president 
James T. C. Chen, this accuracy is 
made possible by the fifth and sixth 
probes, which detect that part of the 
test current leaking through the 
opposite-type substrate due to injec-
tion of minority carriers by the for-
wardly biased current probe. 

In dealing with very thin layers, 
previous test probes may themselves 
have contributed to inaccuracies, 
because their 20-g or more probing 
force could cause the probe to pene-
trate the layer, resulting in the leak-
age of the test current through the 
substrate. Probes on model 101 are 
adjustable down to 10 g of probing 
force, which should help alleviate the 
leakage problem. 

Point to point. A typical four-
point-probe meter passes a known 
current between two of the points 
while the voltage between the other 
two points is measured. The six-
point probe employs two probe 
heads. The first probe head has four 
linearly aligned electrodes in contact 
with the top surface of the semicon-
ductor layer. Circuitry connected to 

the first probe head performs the 
traditional four-point measurement. 
The second probe head is aligned 
with the first head on the opposite 
side of the wafer. Its two electrodes 
are in contact with the bottom sur-
face of the substrate and help deter-
mine the magnitude of the leakage 
current. This setup also permits 
assessment of the quality of the pn 
junction between the thin layer and 
the substrate. 
The probes can handle a maxi-

mum of 60 v during testing, with a 
potential probe input impedance of 
10'4 St at 30 picofarads. The poten-
tial probe bias current is a mere 0.01 
picoamperes. Deliveries of the model 
101 are in three months, and its 
price is $8,200. 
Four Dimensions Inc., box 3365, San Mateo, 

Calif. 94403. Phone (415) 574-0266 [351] 

Rf voltmeter 
has rotating 

analog display 
LCD usually stands for liquid-crystal 
display. In the case of Racal-Dana's 
9303 radio-frequency millivoltmeter, 
however, it also stands for liquid-
crystal d'Arsonval movement. The 
unique display on the very wideband 
(100 kHz to 2 GHz) instrument com-
bines analog and digital readout. 

For typical rf measurements on, 
say, a filter, an analog presentation 
has always been the quickest way of 
finding peak and null points. With 
the LCD display built by Racal's 
microelectronics center, measure-

ments can be manipulated digitally 
and still be presented in an analog 
format. The top part of the analog 
portion of the display gives 10% res-
olution and the lower, rotating part 
1%. For absolute measurements, 
four digits to the right of the analog 
display provide direct digital read-
outs. The 9303 measures from 300 
IAN, to 3 v root mean square in nine 
ranges all told. 

Since measurements can all be 
handled digitally, the microcomput-
er-based 9303 is actually two instru-
ments in one: an rf millivoltmeter 
and a power-level meter. When the 
9303's watts key is depressed, its 
microcomputer squares the rms volt-
age reading and divides it by what-
ever value is stored in the ohms ref-
erence memory; the unit powers up 

with 50 S2 stored there, but that can 
be changed by a user for a particular 
application. Using the 50-fl factor, 
the meter covers 18 pw to 180 mw 
in nine ranges. 
The unit also combines features 

previously seen in the company's 
analog and digital meters. It uses the 
sampling technique introduced in the 
analog 9301A rf millivoltmeter to 
obtain high-frequency rms measure-
ments and a patented noise-cancel-
ing circuit, which, by measuring 
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Now there's one source for 
the finest in semiconductor 

processing equipment. 
Perkin-Elmer introduces its new 
Semiconductor Operations, your 
single-source for advanced semi-
conductor processing products and 
services. Under one umbrella 
Perkin-Elmer now offers systems 
for projection mask alignment, 
electron beam mask fabrication, 
deposition and etching, together 
with the analytic capabilities you 
need to optimize their performance 
in your application. 

Practical mask generation 
at submicron line widths. 
The one practical tool for gener-
ating masks below 1gm line 
widths is Perkin-Elmer's MEBES' 

it can also be used for writing directly 
on wafers. Line widths are uniform 
over the entire area and can be as 
fine as 0.5gm. For reticle generation, 
MEBES" provides fast turnaround in 
addition to precise overlay. 

The industry standard in 
projection mask alignment. 
Using the performance-proven 
concept of 1:1 reflecting optics, 
Perkin-Elmer's Micraligne projection 
mask aligners have revolutionized 
the manufacture • of integ rated 
circuits. Wafers with smaller 
and smaller geometries 
become possible without sacri-
ficing production economies. 

11.111il2. 
manufacturing electron-beam 
exposure system. Not only is it ideal 
for creating high-resolution masks, 

A complete family of models 
ranging from the basic 100 Series 
to the state-of-the-art 500 Series 
meets every requirement. 

The best way to control 
deposition and etching. 
Process flexibility, precision and 
cleanliness permit sophisticated chip 
designs to become practical prod-
ucts. Perkin-Elmer's 4400 family of 
plasma deposition and etching 
systems provides unique capabilities 
for the commercial fabrication of 
wafers of every degree of 
complexity. And, proces 
pre-characterization 
matched to each sys-
tem gives you a head 
start in reaching 
production yields 

For information, 

-71 

write Perkin-Elmer, Semiconductor 
Operations, 50 Danbury Road, 
Wilton, Connecticut 06897. 

PERKIN-ELMER 
Responsive Technology 
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Continuing Education in 
Engineering and the 
College of Engineering 

University of 
California, Berkeley 
announce an intensive short course 

Analog MOS 
Integrated 
Circuit 
Design 
September 21-22, 1981, 
San Francisco Airport Hilton 

For engineers in design, production, 
marketing, planning and utilization. 
Course faculty Robert W. Brodersen, 
Paul R. Gray and David A. Hodges 
of UC Berkeley will cover important 
topics in the design of analog circuits 
in NMOS and CMOS technology. 

For details call (415) 642-4151 or 
write to Continuing Education in 
Engineering, Dept. HB-8, University 
of California Extension, 2223 Fulton 
St., Berkeley, CA 94720. 

Circle 206 on reader service card 

WHEN YOU NEED 

DEC ... 
TERMINALS 

• VT-100 • VT-103 
• LA34 • LM 20 

• LA180 

PDP 11/03 
PDP 11/23 
SYSTEMS 
LSI/11 MODULES 
Demand. ..Delivery 
Demand. ..Discounts 
Demand.. .UNITRONIX 

O 811111101111 
CORPORATION 

(201) 231-9400 
197 Meister Ave. 

Somerville, NJ 08876 
TELEX: 833184 

New products 

internally generated noise between 
actual measurements, eliminates any 
measurement noise due to the instru-
ment. Added to those functions are 
an IEEE-488 interface, so the rf 
meter can be part of a system, and 
automatic self-calibration, both of 
which have previously been seen in 
digital multimeters. 
The calibration of the 9303's sam-

pling tee heads—two can be con-
nected to the instrument at once—is 
also automated. Using the internal 
0-dBm calibration signal, each tee 
head can be calibrated and a correc-
tion factor stored that is automati-
cally applied to each measurement 
made with that head. Each tee head 
also has a calibration curve for fre-
quency printed on it that can be 
entered into the instrument. 

In a system, the dual heads com-
bine with the instrument's comput-
ing functions for sophisticated oper-
ation. A reading taken at one head 
can be stored and used as a reference 
for a reading taken at the other 
head. Gain or attenuation, for exam-
ple, can be measured in this way and 
presented in decibels. Power ratio 
and percentage difference measure-
ments can also be made in this way, 
or all three types of measurements 
can be made using manually entered 
measurements constants. A null 
function is also provided. 

Input impedance of the unit is 50 
S2 nominally and it has a voltage 
standing wave ratio of 1.1:1 up to 1 
GHz and 4:1 to 2 GH z. Voltage and 
power accuracy at calibration fre-
quency are ±(l% of reading + 20 
µv) and ±(2% of reading + 10 
pw), respectively. Delivery takes 60 
days, and the unit is priced at under 
$3,000. 
Racal-Dana Instruments Inc., 18912 Von 

Karman Ave., Irvine, Calif. 92715 [352] 

Performance during power 

surges and sags tested 

EMC Power is offering a power-
line—disturbance generator-monitor 
that allows manufacturers to test 
equipment susceptibility to transient 
voltage sags and surges during 

brownouts and power surges. 
The one-year-old firm is targeting 

its Powerglitcher 1.2 at original-
equipment manufacturers concerned 
about the performance of their prod-
ucts in a world of uncertain electri-
cal energy supplies. 

Powerglitcher 1.2—which costs 
$2,500 and can be delivered within 
12 to 15 weeks after orders are 
received—can be set up to produce 
voltage sags or surges of up to 70 v 
root mean square in 10-v increments 
for durations of 1 to 999 half cycles. 
The unit can apply single or repeti-
tive sags or surges. It can also deliver 
up to 2 kvA continuously and as 
much as 4.5 kvA during maximum 
surges. Total dropouts to 0 v are also 
selectable. The phase angle at power 
turn-on to any of the 14 selectable 
voltages can be set from 1° to 360° 
with a 1° resolution. 

Features include an external trig-
ger to allow for use in semiauto-
mated test sets, normalized outputs 
for externally monitoring current 
and voltage waveforms, and elec-
tronic fault-current protection. 

Powerglitcher, which carries a 
two-year warranty, can monitor ex-
ternally originated power-line volt-
age transients, as well as those it 
generates itself. The unit measures 
6.5 by 16 by 12 in. and weighs less 
than 60 lb. 
EMC Power, P. 0. Box 2311, Garland, Texas 

75041. Phone (214) 278-3133 [353] 

Automatic unit counts 

frequency to 110 GHz 

A new microwave counter makes 
possible automatic frequency mea-
surement up to 110 GHz. EIP Micro-
wave's model 548A can cover fre-
quencies of 10 HZ to 110 GHz with 
accurate readout up to 12 digits at 
all frequencies in about a second 
when equipped with a $3,700 inter-
nal option 06 frequency-extension 
module and an external model 590 
frequency-extension cable kit, which 
costs $200. 
The counter uses an automated 

heterodyne technique in the down-
conversion process. Without the op-
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TURN ANY COMPUTER INTO A 
POWERFUL MEASUREMENT 
AND CONTROL SYSTEM. 

MACSYM 20 
OFFLOADS YOUR HOST 
AND ALSO STANDS ALONE. 
MACSYM 20 is the measurement 
and control front end with a dif-
ference. Its superior intelligence 
frees up your host computer for 
other important tasks. And 
because it's programmable, 
MACSYM 20 can function on its 
own should your host go down. 

MACSYM 20 
CONNECTS DIRECTLY 
TO YOUR SENSORS. 
Select the functions you 
need from our extensive 
family of I/O cards, and 
connect MACSYM 20 
directly to the sensors. 
MACSYM 20 can accom-
modate up to 500 differ-
ent1/0 channels, and the 
signal conditioning is 
already done. 

MACSYM 20 OPERATES 
IN HARSH ENVIRONMENTS. 
MACSYM 20 can operate even in 
rugged environments because ETC. 
no movable mass storage 
devices are used. You have 
your choice of downline load-
ing programs from your 
host computer into RAM 

memory on MACSYM 20, CONTROLVAUES 
or burning the programs 
into PROM. 

To get more information on 
MACSYM 20, simply fill out and 
return this coupon, or call your 
nearest Analog Devices office 
listed below. 

111111111111'11111111111111111111111 

1111111111111111111 

fris..ym 20 

IL 

IVIACTZ1V1 20 
1 have an immediate need for 
intelligent I/0 front ends. 

E Please send more 
information. 
E Please have a system spe-
cialist call. 

Name 

fOrganization 

Title Phone 

Address 

City 

;tate Zip 

Send to: Bill Miller, Analog 
Devices, 4 Technology Center, 
Norwood, MA 02062 

MIT SWITMAES 
4-20 mik 

ANALOG 
DEVICES 

TIERMOCOMI% 

Analog Devices, Inc., Box 280, Norwood, MA 02062, Heudauarters: (617( 329-4700; CalifOmia:1714) 842-1717, (4081947-0633; Illinois: (312Y653-5000; Ohio, (614i 764-8870; 
Pennsylvania: Q151643-7790; Texas: (7131664-5866; Beigiuni: 031/37 48 03; Denmark 02/84 58 00; France 01/687 34 11, Holland: 20-51080; Isnel: 3/052-21023. Japan: 03/263 6826; 

Sweden: 08-282740; Switzerland: 022/31'5769 United Kingdom:01;941 0466; West Germany: 089-530319; and representatives around the world 
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Circuit Board Terminals 
• Stamped pins and receptacles in quantity in strips, on 

reels or loose. 
• Your designs. competitive types, or our more cost-
effective designs. 
• In-house high-speed presses assure quality and 

reliable delivery at lowest possible cost. 

PLUS 
• Universal's automatic pin and terminal insertion 
machines and systems custom tooled to install them in 
your boards at rates up to 10.000/hour. 

0U Call or write: 

niversaL universal instruments r"P°rati°n 
Box 825. Binghamton. New York 13902 
Tel 607/772/7522 TWX: 510/252/1990 

Subsidiary of DOVER CORPORATION 

Circle 208 on reader service card 

BOLD 
LED INDICATORS 

Quality LED indicators with refreshing bold appearance. 

The large dome or cylindrical shape allows the widest 
viewing angle possible without the necessity of a bezel 
hinderance. LED brightness is enhanced by use of a 

fresnal lens system. Mounting hardware provides a 
positive means of fastening. Your choice of red or 
green LED's or with a red LED flasher in either dome 

or cylindrical style housing. Flashers have built-in IC 

providing a light pulse about three times a second. 
These SLD Series feature a 5/16" mounting. Call or 
write Customer Service today for further details and 

ask for our new 164-page catalog. 

AtIGAT* 
ALGO ELECTRONIC PRODUCTS, INC. 
1551 Osgood St., No. Andover Ma 01845 USA 
Tel: (617) 685-4371 TWX: 710 342-0552 

Canada. Kaytronics, 375 Norman St. Ville St. Pierre, Que. HIP 1A3 
Europe, Augat France SA (Z.1. Scants) B.P. 440-CEOEX 94263 Fresnes, 

New products 

tions, its range extends to 26.5 GHz. 
In order to get to 110 GHz, a second 
internal down-conversion stage is 
added. 

This added stage, combined with 
remote sensor options ranging in 
price from $500 to $2,600, achieves 
26.5-to-40-GHz, 40-to-60-GHz, 60-
to-90-GHz, and 90-to-I 10-GHz mea-
surements. Price of the basic 548A is 
$6,300. Delivery is 16 weeks from 
receipt of order. 
EIP Microwave Inc., 2731 N. First St., San 
Jose, Calif. 95134. Phone (408) 946-5700. 

[354] 

Analyzer covers the 

10-MHz-to-22-GHz range 

The model 8569A spectrum analyzer 
from Hewlett-Packard covers the 
10-MHz-to-22-GHz range and can be 
extended to 170 GHz with external 
mixers. Its frequency performance is 
achieved by an advanced mixer 
design that provides sensitivities of 
— 113 dBm (at a 1-kHz bandwidth) 
for fundamental mixing and —95 
dBm at 18 GHz; a frequency response 
of ± 3 dB to 18 GHz; an 80-dB 
dynamic range to 1.8 GHz; and a 
clean, stabilized local oscillator that 
allows close-in high-resolution mea-
surements with 10 resolution band-
widths of 100 Hz to 3 MHz. 
The spectrum analyzer has a 

microprocessor-controlled digital 
display system that provides two 
independent traces, each with 480-
point horizontal and 800-point verti-
cal resolution. The traces allow the 
user to store trace data and at the 
same time to monitor signal changes. 
A built-in HP input/output capabili-
ty allows full read/write and sweep 
triggering and computer-aided data 
logging. 
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Where in the World 
is Trio-Tech?  

Environmental Test Equipment and Screening Services since 1959. 

2040 N. Lincoln St., Burbank, CA 91504, (213) 846-9200 
TLX 194811 (TTI INTL BUBK), Cable. TRIOCAL 
Mountain View • Singapore • London • Manila 

We're in 39 countries 
serving 545 companies 
with Environmental Test 
Equipment and Compo-
nent Screening Services. 

Since 1959, billions of 
electronic components 

have been tested by many 
cost-conscious companies 
using our Burn-in Systems, 
Hermeticity Testing Equip-

ment and Centrifuges ... and 
our complete Test Lab Screen-

ing Services. 

Find out how a little testing can 
make a big difference in component 

reliability .... and your reputation in the 
marketplace. 

MX ME 14111.1MMURPRIF-

I want to know more about component testing and what 
it can do fcr me. 

Name  

Title  

Company  

Address  

City  

State   Zip 

Phone 

TRIO-TECH INTERNATIONAL 
2040 N. Lincoln S ÇA,91504 
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Round chips provide 
small size and better stress 
distribution 

Bonded construction, 
Chips are joined by an 
eutectic alloy, not just lead 
older. 

\ One-inch leads. 

018 dia 14 

t 

Cutaway View 
Sub-miniature size. 
Actual size 

1.0 . -fie-
0.110 

LOW COST MINIATURIZED 
SILICON RECTIFIER DIODES 
Here's a line of inexpensive silicon rectifiers that 

features extra small, hexagonal cases and one inch leads 
to simplify construction into multipliers, assemblies and 
printed circuit boards. 
The EDI "DL" Series is available from 3 to 15 KV, 25 mA, 

with fast 300 ns. recovery time. 
Also available in DC series: 0.6" x 0.160" dia. 

Write, outlining your OEM ap-

FREE SAMPLES specification, and prices. plication for samples, full 

Buy from the specialists 

e,1 21 Gray t Oaks Ave.,I Yonkers, N.Y. 10710 
(914) 965-4400, TWX710 560-0021 
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ENCAPSULATED 
PART AFTER 
APPLICATION 'Z't% yet. 
OF HEAT --)e- I° 

HEAT -SHRINK TUBING 
OF MN* 

Beats Hell, High Water and the Acid Test 
Now your wires, cables, connectors, etc. can survive extremes of heat, 
(up to 500°F) corrosion, shock and moisture. A brief application of 
heat molds Zeus Heat-Shrink Tubing snugly around intricate shapes 
to form a skin-tight jacket, impervious to the worst kind of critical 
conditions. Provided in expanded state! Shrink ratios up to 4 to 1. 

Send for Data Sheet. 

ear ZEUS INDUSTRIAL PRODUCTS, INC. 
Foot of Thompson St., Raritan, NJ 08869 
201-526-0800 (in NJ) • TWX 710-480-9346 

Call Toll Free 800-526-3842 
• DuPont's registered trademark for its fluoropolymer resins. 

New products 

The model 8569A is priced at 
$26,500 in the U. S. 
Hewlett-Packard Co., 1507 Page Mill Rd., 

Palo Alto, Calif. 94304 [355] 

Parametric testing is done 

on VLSI wafer test patterns 

Keithley Instruments has expanded 
its system 300 parametric test sys-
tem to include the 300 parametric 
test series and the systems 323, 334, 
and 344. These testers analyze mea-
surements on very large-scale inte-
grated wafer-test patterns and are 
capable of handling up to four sta-
tions with up to 144 pins per station. 
The system 323 is controlled by a 

PDP-11/23 computer from Digital 
Equipment Corp. The system in-
cludes the voltage and current forc-
ing and measurement functions, as 
well as the capacitance measure-
ments necessary for parametric test-
ing. Prices start at $60,000. The sys-
tem 334, a TTL-based processor, 
includes a central processing unit, 
128-K bytes of memory, floating-
point processor, dual RLO1 hard-
disk drives, and a cathode-ray-tube 
console. Prices start at $80,000. The 
system 344, which starts at 
$100,000, is a low-power-Schottky 
TTL-based minicomputer using dual 
RLO2 disk drives for 20.8 megabytes 
of mass storage. 
Keithley Instruments Inc., 28775 Aurora Rd., 

Cleveland, Ohio 44139 [356] 

CM: 
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Announcing a Silicon Wafer Inspection System 
that can show you how reliable the human eye isn't. 

• Automatic flaw detection capability down to one micron. 

• Automatic sort for accept, reject, repolish, or reclean categories. 

• On-line throughput capability up to 600 wafers per hour. 

• High consistency and resolution of laser scanning technique assures the 
highest pass/no-pass reliability levels. 

Put our Wafer Inspection System to the test. Bring your sample wafers for a test 
demonstration to Ford Aerospace & Communications Corporation booth no. 2284 at 
Semicon West May 19 through May 21. For more information and an appointment, call 
Mr. Jerry Alford, Process Control Products Operations, Charlotte, North Carolina. 
Telephone: (704) 394-8391 

Ford Aerospace & 
Communications Corporation 
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New products 

Communications 

Rf amplifier 
delivers 1,000 W 

Solid-state amp uses 

hybrid coupling to achieve 

0.3-to-35-MHz bandwidth 

The A-1000 from Electronic Navi-
gation Industries is the first solid-
state amplifier to offer a continuous-
wave output of 1,000 w from 0.3 to 
35 MHz. This hybrid-coupled class A 
amplifier evolved from the firm's less 
powerful A-500, says chief engineer 
Ron Sonkin, adding that it can han-
dle amplitude-modulated, frequen-
cy-modulated, and single-sideband 
signals with equal ease. "It is uncon-
ditionally stable and protected 
against both overdrive and overload, 
so nonlinear loads won't cause any 
problems," he goes on. 
The A-1000 produces 60 dB gain 

with a variation of only ± 1.5 dB 
over its bandwidth. At 800 w, all 
harmonics are more than 25 dB 
below the fundamental. Harmonics 

are even lower at reduced power lev-
els. With nominal input and output 
impedances of 50 Q (using type N 
connectors), the amplifier is said to 
exhibit voltage standing-wave ratios 
of less than 1.5 and 4.5 at input and 
output, respectively. It does this 
while maintaining a noise figure of 
less than 12 dB. 
The 370-lb unit owes its power 

and bandwidth to its hybrid cou-
pling. The output from a group of its 
transistors is properly combined with 
respect to amplitude and phase by a 
group of passive devices (the hybrid 
couplers). The passive components 
are used, as the need arises, as either 
power combiners or dividers. 

Says Lee Salmen, vice president of 
ENI, it is possible to couple A-1000s 
together and achieve higher-power 
outputs using an external hybrid. 
Possible applications for the solid-
state amplifier, beyond replacing 
tube-type transmitters in wideband 
multifrequency communications sys-
tems (where ENI sees its largest 
potential market), include naviga-
tion beacons, over-the-horizon radar, 
jamming, and scientific areas such 
as in linear accelerators, fusion 
research, plasma work, spectroscopy, 
and radio-frequency heating. 
The A-1000 is 521/2 by 161/4  by 

21 1/2 in. It requires three-phase ac 
power at 208 to 230 v, drawing 
about 22 A per phase. Radio-
frequency output voltage can be read 
on a front-panel meter, whch is also 
calibrated in watts into a 50-0 load. 
The A-1000 is priced at $17,500 

and can be delivered in 90 days. 
Electronic Navigation Industries Inc., 3000 

Winton Rd. South, Rochester, N. Y. 14623. 

Phone (716) 473-6900 [401] 

Receiver combines amp and 

photodiode in TO-5 format 

The R1000 series of hybrid optical 
receivers integrates p-i-n photodi-
odes and transimpedance amplifiers 
in a compact TO-5 package to com-
bine high speed and responsivity 
with low noise. They feature long-
term stability and reliability, a dual 
power supply, and a high coupling 

efficiency for fiber optics. 
The R1000 series can be used in 

optical communications, radar, re-
peaters, pulse power monitors, light 
pens, video systems, remote sensing, 
and intrusion alarms. The units have 
an operating voltage range of — 5 to 
— 40 v (photodiode) and + 5 to + 15 
V (amplifier), a current drain of 4 to 
8 mA on positive supply, a dc offset 
voltage output of + 1.2 to + 1.7 v, 
ac output load of 50 Q, a dc output 
load of 500 0, an output dynamic 
range of 80 dB, and a temperature 
range of 20° to + 70°C. 
The R1000s are available in SMA-

and AMP-type fiber-optic recepta-
cles. They range in price from $85 to 
$99 apiece, depending upon the 
desired series, in quantities of 10 to 
99. A six-month warranty is provid-
ed. Delivery is from stock or takes up 
to four weeks. 
Meret Inc., 1815-24th St., Santa Monica, 

Calif. 90404. Phone (213) 828-7496 [403] 

Long, strong optical fiber 

loses 1.26 dB/km at 1.06 gm 

An ITT-developed 12-km graded-
index optical fiber drawn at a 
strength proof test level of 200,000 
lb/in.' is believed to be the longest 
and strongest single strand of optical 
fiber available to date. It has a 35-
im with a numerical aperture 
of 0.23, an average loss of 2.77 
dB/km at 0.85 i.tm and 1.26 dB/km 
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New products 

at 1.06 µm, and a dispersion of 0.4 
ns/km. It will be used in the U. S. 
Army's integrated fiber-optic com-
munications link program and pro-
vides full-duplex communication of 
video and control data over a single 
fiber for missile guidance. 
International Telephone & Telegraph Corp., 

7635 Plantation Rd., Roanoke, Va. 24019. 

Phone (703) 563-0371 [405] 

Laser diode comes in a 

14-pin hermetic package 

The GO-DIP fiber-pigtailed laser 
diode has a 14-pin dual in-line her-
metically sealed package that con-
tains no organic materials. The stan-
dard fiber pigtail has a 50-µm core 
diameter, with a 0.2 numerical aper-
ture. It has a laser-powered monitor-
ing photodetector with a current rat-
ing of up to 300 µA and 1-mw maxi-
mum power. Its wavelength is 830 
nm with a temperature coefficient of 
0.3 nm/°C. It has an operating tem-
perature of — 40° to +65°C, a stor-
age temperature of — 50° to + 80°C, 
and thermal resistance of 20°C/w 
typical. 
An optional thermoelectric cooler 

is available for the GO-DIP along 
with a 10-11 thermistor for monitor-
ing temperature. 
The GO-DIP is priced at $1,750. 

Delivery is from stock or takes up to 
six weeks. A limited warranty is pro-
vided. 
General Optronics Corp., 3005 Hadley Rd., 

S. Plainfield, N. J. 07080. Phone (201) 753-

6700 [404] 

Receiver accepts inputs 

from dc to more than 40 Mb/s 

Newly available from LeCroy Re-
search Systems are the Fibercom 
FDR-13E digital fiber-optic receiver 
and the FDT-13E transmitter. The 
FDR-13E eliminates encoding-de-
coding circuitry for high perform-
ance. It accepts input data rates of 
de to greater than 40 mb/s (nonre-
turn to zero); includes optical input 
and electrical power connectors, de-

tectors, amplifiers, comparator, out-
put buffering, and supply filtering; 
and does not require system-gener-
ated update signals. The receiver can 
be used in applications requiring 
high speed, good timing accuracy, 
low jitter, and, perfect response to 
wide variations in duty cycle. 
The FDT-13E digital transmitter 

accepts input data rates of dc to 
greater than 50 mb/s (NRz) and can 
transmit over distances as long as 2 
km. It is a hybrid TTL-compatible 
unit with a true dc response and a 
temperature-compensated light-
emitting diode. The transmitter op-
erates over the temperature range of 
0° to + 55°C, is housed in a shielded 
package, and requires a 5-v power 
supply. 
The FDR-13E digital fiber-optic 

receiver is housed in a shielded, low-
profile package and can be installed 
with any associated electronics on a 
printed-circuit board. It sells from 
stock at $159 each in quantities of 
one to nine. The FDT-13E digital 
transmitter, available off the shelf in 
a shielded package, costs $125 
apiece in quantities of one to nine. 
LeCroy Research Systems Corp., 700 South 

Main St., Spring Valley, N. Y. 10977. Phone 

(914) 425-2000 [406] 

Transmitter and receiver 

communicate over 3,000 m 

The FI-6300 analog fiber-optic mod-
ules consist of transmitter (FI-
6300T) and receiver (FI-6300R) 
that can be plugged into the FI-
6000MF mainframe for power. 
The FI-6300 link transmits high-

quality analog signals over long dis-
tances of 3,000 meters with low sig-
nal degradation. It distributes stu-
dio-quality video signals through 
high electromagnetic-interference 
areas or where the small diameter of 
its optical-fiber cable is significant. 
The analog fiber-optic modules 

have a signal input and output of 
1.4 v peak to peak maximum, an 
impedance of 75 SI, a —3-dB band-
width of 10 Hz to 15 MHz, and front-
panel indicators and test points to 

allow monitoring of the link's per-
formance. Delivery is in two months. 
Foundation Electronic Instruments Inc., 1794 

Courtwood Crescent, Ottawa, Ont. K2C 2B5, 

Canada [408] 

Cutting machine charges up 

for more than 600 splices 

The fiber-optic fusion splicer model 
FW-303 is battery-powered and can 
splice 100- to 150-gm-diameter fi-
bers (other ranges are available). It 
has an optical screen for easy view-
ing of the splicing operation, a V 
groove, two single-axis fiber posi-
tioners, and an integral crimping 
device for splice protection. 
The FW-303's battery is recharge-

able from 100 to 240 v ac, 50 to 60 
Hz. More than 600 splices per 
charge can be achieved for the 125-
µm fiber. It results in a splice loss of 
less than 0.25 dB. 
The FW-303 costs $8,800. Deliv-

ery will take 14 to 16 weeks. 
Orionics Inc., 34368 E. Frontage Rd., Boze-

man, Mont. 59715. Phone (406) 586-8256 

[409] 

Data transmitter provides 

duplex or simplex operation 

The ODT-A-100 is designed to be 
connected with RS-232-C standard 
data-processing equipment to pro-
vide full-duplex asynchronous data 
transmission at dc to 100 kb/s over 
distances of up to 5 km. This asyn-
chronous optical data terminal may 
also be used for simplex operation as 
a transmitter or receiver. 
The ODT-A-100 has a built-in 

system status indicator with a light-
emitting-diode display for constant 
monitoring of optical link continuity 
and a built-in loopback testing capa-
bility to locate simple faults for easy 
maintenance. It may be either desk-
top- or rack-mounted and withstands 
harsh physical environments. It is 
available for $625. Delivery takes 
three to five weeks. 
Phalo Corp., 530 Boston Turnpike, Shrews-

bury, Mass. 01545 [410] 
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THOMSON-CSF Semiconductor News 

A new step forward 
in the field of power 

transistors for high speed 
switching. 

A new generation of power tran-
sistors for higher efficiency, less 
base drive and higher current 
now increases the already ex-
tensive range of SUPERSWITCH 
transistors. 

TO 3. 

The main electrical characteristics of this series of Superswitch transistors 
are remarkable: 

VCE0 (sus) VcE (sat) for IC (sat)/I13 (sat) 
BUT 90 125 V < 1.2 V 70 A/7 A 
BUT 91 200 V < 1.2 V 40 A/4 A 
BUT 92 250 V < 1.2 V 35 A/3.5 A 

The small voltage drop associat-
ed with the excellent switching 
performances at very high current 
levels (switching time tf max is 
less than 300 ns for all three tran-
sistors of the series) enables mini-
mizing the static and dynamic 
losses. 
By utilizing the transistor at a 
lower collector current level, for 
example at the value for which 
the saturation voltage VcE (sat) is 
specified as less than 0.6 V, the 
losses can be reduced and the 

efficiency of the equipment con-
siderably increased. 
The BUT 90, BUT 91 and BUT 92 
Superswitch transistors are thus 
suitable for all high-speed switch-
ing applications (DC-DC convert-
ers, speed-control circuits) where 
high efficiency at high switching 
frequencies and the reliability of 
the equipment are of prime im-
portance. 

Circle 214 on reader service card 

TO 220 TRIACS: 
new series. 

A new range of insulated and 
uninsulated triacs in TO 220 case 
is now available. 
Particularly suited for applica-
tions such as phase control and 
static switching, this range in-
cludes 6, 8, 10, 12 A, types with 
VDWM and VRWM from 200 V to 
700 V. 
This original series: BTA 06 to 
BTA 12 (PRO ELECTRON register-
ed) uses a glass passivated chip 
which ensures greater reliability 
and stability. 
This series is characterized by 
its high level performances: 

• Icr = 50 mA for the standard 
types and 10 mA for the sensitive 
types, 
• dv/dt (c) > 10 V/ps, 
• Insulation voltage = 

2,5 kV (rms)/minute. 

ESM 952: 
for safe switching from 

the 380 V mains. 

The ESM 952,A is a new SUPER-
SWITCH transistor encapsulat-
ed in a TO 3 case. That transistor 
permits switching a current of 
12 A from the 380V rectified mains 
without any switching aid net-
work. 

Main electrical characteristics: 

ESM 952 
ESM 952 A 

VCE0 (sus) 

600 
700 

ESM 952 
ESM 952 A 

VCE (sat) at IC (sat) 

<1,8 V 12 A 
<1,8 V 12 A 

The fall time measured on an in-
ductive load at a current level of 
12 A is about 150 ns which per-
mits achieving a switching fre-
quency of 50 kHz. 
Glass passages for the connec-
tions have a diameter of 5 mm, 
thus complying with the European 
insulation standards. 

Example of utilization of SUPER-
SWITCH transistor ESM 952 in a 
half-bridge asymmetrical con-
verter. 

Circle 216 on reader service card 
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New products 

Computers & peripherals 

Thermal recorder 

makes own grid 

Unit prints waveforms, 

graphics, alphanumeric data 

on 23/4-in.-wide paper strip 

A microprocessor-based thermal 
graphic recorder, the Versatek 60 
from the Measurement and Control 
Systems division of Gulton Indus-
tries Inc., may be one of the most 
flexible strip-chart recording devices 
ever offered to original-equipment 
manfacturers. Product marketing 
manager John Olobri thinks its mix 
of features is unique. 
The Versatek 60 strip-chart re-

corder offers a combination of digi-
tal and analog input, graphics, and 
real-time waveform display and can 
combine printing of graphics, wave-
forms, and alphanumerics. Printing 
of alphanumeric text can be done 
either parallel to or perpendicular 
with the edge of the paper strip. 

Users can select chart rates between 
5 and 50 mm/s, and resolution of the 
unit's thermal print head is quite 
high—about 112 lines/in. 

Olobri says the unit is primarily 
aimed at medical applications, with 
industrial uses a secondary target. 
He thus expects the model 60 to 
appear in next-generation electroen-
cephalogram and electrocardiogram 
equipment, as well as in computer-
based patient-monitoring systems. 

Inputs. The unit accepts analog 
inputs of up to ± 250 mv full scale, 
passing them through a differential 
input stage to a 1.5-ms sample-and-
hold network and thence to an 8-bit 
analog-to-digital converter. This 
port is expected to be used mostly for 
real-time waveform inputs. 

Digital data and mode-control 
inputs enter through a 25-pin type D 
connector and are fed to a 128-K-
byte random-access buffer memory. 
To save buffer space, the unit can be 
instructed to print a line when only 
its end points are specified. 
The printer's intelligence is sup-

plied by a Motorola 6802 8-bit 
microprocessor with its firmware 
stored in a 2732 32-K programmable 
read-only memory. Aside from corn-

plex mechanical control and electro-
mechanical timing functions, much 
of the 6802's task is translation of 
digital inputs, or digitized analog 
inputs, into firing instructions for the 
printhead drivers. 

In operation, five mode-control 
lines determine how the data is to be 
presented. These lines allow selec-
tion of chart speed; they enable or 
disable the unit's grid-generation 
algorithm; they specify the alphanu-
meric format (along either margin or 
across the width of the strip); and 
they detail timing. For computer-
based applications, these inputs can 
be varied under real-time software 
control. For simpler use, the mode-
control line can be hardwired to 
fixed logic levels. 
A unit like the Versatek 60 offers 

several advantages over presently 
available equipment, according to 
Olobri. Since it can generate its own 
grid references at the same time it 
records a waveform, there is no 
doubt as to the relative time and 
amplitude calibration of grid and 
waveform. In addition, he points out, 
plain paper is much cheaper than 
gridded stock. 
Goodbye overshoot. When com-

pared with the analog pen recorders 
that typically trace medical data, the 
thermal printer offers complete free-
dom from pen ballistics. Since its 
traces can be free from lag or over-
shoot, Olobri expects that the unit, 
with its high resolution, will more 
accurately reflect cardiac or enceph-
alographic waveforms (for example) 
than pen-equipped systems. Olobri 
says the unit may offer from 20% to 
25% greater accuracy and detail 
than analog recorders. Overall sys-
tem accuracy is specified as within 
1%, and linearity within 0.5%. 
The alphanumeric font is the stan-

dard 64-character upper-case ASCII 
subset; the characters are 2.5 by 3.5 
mm in a five-by-seven dot matrix. 
Alphanumeric inputs are byte-serial 
at TTL levels. 
The unit includes its own switch-

ing power supply, operable with 
either 95 to 135 or 210 to 250 v ac. 
It uses 21/4 -in.-wide strip paper and 
measures 61/8 by 51/4  in. Price in sin-
gle units is about $1,200; delivery is 
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Unleashing the most powerful 
minicomputer ever designed. 

• 

- 

••••• 

Raw Power... 
A minicomputer so far ahead of any other 

that the numbers speak for themselves: 

" 

Concept 32/87 

Whetstone 1 3604 Whets (x1 000) 

Whetstone 2 2249 Whets (x1000) 

Real-Time Simulation 22.4 Seconds 

Serious about wanting the most powerful 
minicomputer available? Call SYSTEMS. Well 
match our numbers against anyone's. 
Systems Engineering Laboratories, Inc. 

6901 W. Sunrise Blvd., Ft. Lauderdale, FL. 33313 
(305) 587-2900, 1-800-327-9716 

Argentina•Australia-Belgium•Canada•Colombia-England 
France-Italy•Japan•Mexico-SwedemThailand•West Germany 

Proven COMPUTER Performance 

A Subsidiary of GOULD INC. 
LI:S1 
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New products 

from stock to 60 days. 
Gulton Industries Inc., Measurement and 

Control Systems Division, Gulton Industrial 

Park, East Greenwich, R. I. 02818 [361] 

A raft of disk drives 

makes the NCC scene 

Any doubts about the continued 
enthusiasm for fixed media were dis-
pelled by the number of products 
introduced in conjunction with the 
recent National Computer Confer-
ence. Among those making the intro-
ductions were: 
• Control Data Corp., which an-
nounced last month an 8-in, fixed-
disk drive, the Finch, aimed at mini-
computer and microcomputer sys-
tems built by original-equipment 
manufacturers. The CDC 9410 drive 
provides either 8 or 24 megabytes of 
unformatted, fixed data-storage. Vy-
ing for spots ordinarily occupied by 
floppy-disk drives, the Finch is 

designed to be mounted horizontally 
or vertically in the same space as an 
8-in, flexible-disk drive. In OEM 

quantities, the 9410 is priced at 
$1,295 for an 8-megabyte unit and 
$1,560 for the 24-megabyte version. 
Deliveries are set to begin in June. 
Control Data Corp., P. 0. Box 0, Minneapo-

lis, Minn. 55440 [364] 

• NEC Information Systems Inc., 
which has unveiled its D2200 family 
of 8-in. Winchester drives with up to 
42.5 megabytes of storage and a 30-
ms access time. The D2220 has a 
25.5-megabyte capacity and is 

priced at $2,365 each in orders of 
100. The D2230 can store 42.5 
megabytes and is priced at $2,590 
each in 100-unit quantities. Delivery 
is 60 days after receipt of order. 
NEC Information Systems Inc., 5 Militia Dr., 

Lexington, Mass. 02173 [366] 

• Ampex Corp., which has added to 
its 14-in. Winchester line-up a series 
of rack-mountable units. The model 
165 has a capacity of 165.9 mega-
bytes and the model 330 one of 
330.3 megabytes. These Capricorn 
units have an average access time of 
30 ms and a data-transfer rate of 1.2 
megabytes/s. The 165 costs $5,900 
and the 330 costs $7,100 in OEM 
quantities. Shipments are scheduled 
to begin in September. 
Ampex Corp., 401 Broadway, Redwood 

City, Calif. 94063 [365] 

• 3M, which has introduced six 
models of 8-in. Winchester disk 
drives with capacities of 10, 20, and 
60 megabytes. The four in the 8400 
series are 10- and 20-megabyte 
drives with and without data-han-
dling electronics. The two in the 
8500 series are both 60-megabyte 
drives, with and without data-han-
dling capability and having an aver-
age access time of 29 ms. All six 
machines transfer data at a rate of 
933 kilobytes/s. Unit prices to oEms 

in quantities of 50 to 99 are $1,695, 
$1,925, and $3,745 in ascending 
order of capacity. 
3M Co., P. O. Box 3600, St. Paul, Minn. 

55133. Phone (612) 733-9572 [367] 

• Kennedy Co., whose model 5380 
80-megabyte 14-in. Winchester 
drive is compact, displacing only 
1.69 ft'. Its average access time is 35 
ms, and its data-transfer rate is 1.29 
megabytes/s. The 5380 measures 7 
by 19 by 22 in. In 100-unit quanti-
ties, the drives sell for $4,320 each 
with delivery 30 to 60 days from 
receipt of order. 
Kennedy Co., 1600 Shamrock Ave., Monro-

via, Calif. 91016. Phone (213) 357-8831 

[370] 

Streaming tape drive 

backstops fixed media 

The first in a family of streaming 
tape units is Control Data Corp.'s 
92180 magnetic tape transport. De-
signed as a backup for medium-
capacity fixed-disk drives and as a 
general-purpose tape transport for 
applications such as transaction data 
processing, the 92180 is a formatted, 
reel-to-reel transport that uses 1/2-
in.-wide magnetic tape with a densi-
ty of 1,600 b/in. Data is written in a 
nine-track phase-encoded format at 
a speed of 100 in./s in the streaming 
mode and 12.5 in./s in the start/stop 
mode. It uses a short 13-in, tape path 
with air bearings and distributed 
edge guides to control tape move-
ment and for easy handling and 
threading. All guide rollers and 
mechanical tensioning arms have 
been eliminated from the design: 
only the head and a vacuum-assisted 
tape cleaner touch the tape's oxide 
surface. Its built-in diagnostics uses 
a two-digit display to read out the 
code numbers that tell the operator 
what is malfunctioning. 
The 92180 magnetic tape trans-

port is priced at $2,760 in original-
equipment-manufacturer quantities 
and production deliveries are due to 
start in the third quarter of this year. 
Control Data Corp., P. 0. Box 0, Minneapo-

lis, Minn. 55440. Phone (612) 853-4656 

[3681 
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micE THE EASY WAY TO YOUR 
OWN INTEGRATION 

Your Full Service 4" IC House 

SAVE IC DESIGN TIME AND CI5SMIVITH: 
T 

Uni-ray 
MCE' s Universal semi-custom Array 
(Mask programmable) IC concept 

-1[ 

IF YOUR GOAL IS: 
• PC Board Space Reduction Thru Higher Integration 
• Low IC Design Cost 
• Short IC Design Cycle 
• Protection Against Design Being Copied by Competition 
• Higher Reliability 
• Tailored Packaging 
• Complete IC Design Flexibility Including Changes 
• Small to Large Production Quantities 
• Computer-aided Design 
• Your Own IC Design 
• Semi-custom IC Design as an Easy Step to VLSI 
• A Complete Set of IC Design Tools 

THE Uniray CONCEPT IS FOR YOU! 

MCE OFFERS A FULL COMPLEMENT OF Uniray DESIGN TOOLS: 

• 21 Basic Semi-custom Arrays (Analog, Digital and Analog/Digital) 

• Uniray Layout Worksheets for Easy IC Component Layout 
• A Wide Selection of Uniray'Kit Parts for Breadboarding and Evaluation 
• UniDES (Universal Development and Evaluation System) 

• UniDEL (Universal Design Library) 

• 1....4.1.• .7: 

START YOUR Uniray AT ANY POINT IN YOUR DESIGN SEQUENCE. 
CALL TODAY! CUSTOM IS OUR SERVICE, SERVICE IS OUR CUSTOM 

MCE 
For US.A 

MCE 
1111 Fairfield Drive 
West Palm Beach 
Florida 33407 U.S.A. 
Telephone: (305) 845-2837 
Telex: 513463 (MCE NPAB) 

TM 

ErsirdNE.E---ruNG Livc 

For International: 

MCE 
Pirckheiner Str. 124 
D 8500 Nuernberg 
Germany 
Telephone: 0911-533993 
Telex - 06-22748 ¡SVOLK3) 
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• Take anywhere rugged design 

• Rechargeable battery or line operate 

• Position feed-back galvos . . 
99.5°/o accuracy 

• DC — 125 Hz. 

• Crisp, clear traces . . . low e 
mal paper 

• Simple to operate . . . yea 
ble free operation 

This new Dash II may very well be th 
final word in portable/lab high speed 
recorders. With rechargeable batteries 
and built in charger, you can take it 
anywhere — land, sea or air, and use it 
for 4t0 5 hours. Then, you can continue 
to operate while recharging the bat-
teries. Accuracy? The patented (U.S. 
#4,134,062) PathfinderTM galvo is 
position feedback with better 
than 99.5% accuracy. High stylus 
pressure delivers crisp, clear 
traces on low cost thermal 
paper. 

• 

 e ® 

Get all the facts. Call or write ASTRO-MED DIVISION 

MULG\H-Ire. ommeuntimer,OHC. 
Atlan-tol Industrial Park/West Warwick, R.I. 02893 

401-828-4000 
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New products 

Packaging & production 

Lasers mark 
wafers, DIPs 

One system marks packages 

at 30,000/h; the other 

gives wafers unique codes 

Two laser marking systems, one for 
marking silicon wafers and the other 
for integrated-circuit package mark-
ing, will be introduced at Semicon 
West by Lumonics Inc. The silicon 
wafer marker can give each a unique 
serial number; it uses characters 
selected from a spinning disk by a 
pulsed excimer gas laser. The pack-
age marking machine is intended for 
placing either belly brands or topside 
marks, giving the same code to each 
single or dual in-line package until 
the operator changes the code by 

rearranging metal stencils. 
The package marking system uses 

a pulsed carbon dioxide gas laser and 
has a stick-to-stick IC handler. Using 
a single pulse of light to produce a 
single multiple-character mark, it is 
very fast, marking at a rate of 
30,000 packages per hour. Place-
ment accuracy can be held to within 
± 0.005 in., says the firm; the marks 
are very consistent. The system elim-
inates the setup and curing times 
associated with inking systems. 
The wafer-marking system can 

code wafers at a rate of 600 per 
minute, producing solid-line charac-
ters that are very small (so as not to 
waste real estate) but easier to read 
than the dot-matrix characters pro-
duced by available laser wafer 
marking systems. Cratering and slag 
are also reduced, says Lumonics, 
cutting the potential for contamina-
tion of nearby devices on the wafer; 
penetration of the wafer is extremely 
shallow. Codes may be selected by a 
keyboard or via a computer link. 

Pulses from the Lumonics-made 
excimer laser are 30 ns long at a 
single 308-nm wavelength; each 
pulse marks a single character. The 
beam has high uniformity over area. 
The system is easy to operate, 
requires little maintenance, and 
adapts without trouble to existing 
production-line equipment. 
Lumonics claims its TE-290 

pulsed excimer laser is suitable for 
other processing tasks and is en-
gaged in a cooperative program with 
Mitel Semiconductor and the solid-
state branch of Atomic Energy of 
Canada Ltd. to evaluate applica-
tions. An energy beam of about 1 j 
gives an interaction area of up to 1 
cm', supplying energy densities typi-
cally needed for annealing dopant 
implantation damage. Other possible 
uses include annealing polysilicon to 
reduce resistivity, surface smoothing, 
backside gettering, and growing sin-
gle-crystal silicon over oxide. 
Lumonics Inc., 105 Schneider Rd., Kanata 

(Ottawa), Ontario, Canada K2K 1Y3 [391] 

Burn-in tester 
exercises RAM 

System can handle 18,000 

memory chips and run 15 test 

patterns without an operator 

As memory chips increase in density, 
the burden of testing them also 
increases. Thus more and more man-
ufacturers may soon turn to burn-in 
test (BIT) systems as an economical 
way of ensuring quality and reliabili-
ty. The process promises lower test-
ing costs and decreased testing times 
by screening units during burn-in, 
and Reliability Inc. is coming to 
market with a system that not only 
does simultaneous burn-in and test 
but also places both processes under 
computer control. 

Intercept, a BIT system cabable of 
handling up to 18,000 memory 
devices at once, can be programmed 
to "automatically run 15 different 
test patterns without operator inter-

vention," says Joseph D. Lawrence 
Jr., engineering manager. The prod-
uct uses a programming language 
the company terms "BIT-Basic" and 
an Intel 8080 microprocessor—based 
computer board to divide its burn-in 

period into different test phases. 
In each phase, the user has the 

option to program burn-in tempera-
ture, time, dc bias levels, and memo-
ry test patterns such as the Galpat 
and Galwrec N2. The machine con-
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RESISTORS OTHER PRODUCTS 

ROEDERSTEIN 
specialized and 
worldwide in electronics 

CAPACITORS 

polyester, polycarbonate and poly-
propylene capacitors in foil/foil 
versions and metalized, 
aluminum-electrolyte capacitors, 
tantalum capacitors with liquid 
electrolyte, 
tantalum capacitors with solid 
semiconductor electrolyte, 
ceramic capacitors. 

carbon-film resistors, 
metal-film resistors, 
metal-oxide film resistors, 
precision wirewound resistors, 
potentiometers. 

interference suppression devices, 
voltage multipliers, 
thick-film devices (thick-film hybrid 
circuits, resistor networks, high-
valued resistors), 
semiconductors and micro-
computer learning aids. 

The range of application for ROEDERSTEIN components encompasses the whole entertainment electronics 
spectrum, household appliance and industrial electronics, communications, measuring and control, office 
equipment and computers, medical electronics, and the aerospace electronics sector. We can supply compo-
nents that meet MIL, CECC and GfW specifications. 

We will send you a condensed catalogue upon request. If you need specific information a detailed catalogue is 

available. 

FIRM ENGRUPPE ROEDERSTEIN 
D-8300 LANDSHUT • FEDERAL REPUBLIC OF GERMANY • TELEX 0 58 335 (erola) 
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New products 

Software 

Package brings 
Pascal to 8086 

Cross compiler permits 

development of 8086 systems 

using PDP-11, ISO Pascal 

A company developing microcom-
puter software typically has a mini-
computer on site and is almost sure 
to have a microcomputer develop-
ment system. If the development sys-
tem is only slightly behind the state 
of the art, there is a software pack-
age from Intermetrics that could 
save users time and money. 

Called PasPort, it is the first in a 
series of Pascal cross compilers that 
will permit software for a variety of 
microprocessors to be developed and 
pretested on timesharing minicom-
puters. It brings to bear the produc-
tivity advantage of a high-level lan-
guage, the speed and power of mini-
computer technology, and the divi-
sion of programmer labor possible 
with timesharing. Software prepara-
tion is speeded without replacing 
what might otherwise be an out-
moded development system. 
The first release of PasPort sup-

ports the Intel 8086, uses the Inter-
national Standards Organization's 
version of Pascal, and is designed for 
use on Digital Equipment Corp. 
PDP-11 minicomputers running un-
der either Unix or DEC's RSX-11M 
operating system. 

Intermetrics' basic approach is to 
develop, compile, and pretest soft-
ware on a PDP-11, then transfer the 
software to a development system for 
final integration and test in a hard-
ware environment. Ronald E. Kole, 
director of the company's Compiler 
Products division, says its approach 
is far more efficient and less costly 
than using available single-user sys-
tems for both software development 
and testing. 

Kole notes that many older devel-
opment systems support machine 
language only. This may have been 

adequate for 8-bit microprocessors 
with their limited address space and 
consequently smaller average pro-
gram size, but for 16-bit chips, for 
which larger programs will become 
common, the low-level language 
wastes time. 

Kole says that as the 16-bit chips 
common today have entered use, 
software teams have become larger. 
He thinks PasPort can help offset 
this trend. 

PasPort allows several program-
mers to work at the same time on 
parts of a single program, using the 
minicomputer's full complement of 
resources—file management, source 
control, and archives, plus high-
capacity disks, high-speed printers, 
and other peripherals. 
Programmers can use Pascal, 

share files and procedures, and refer-
ence stored programs or program 
modules left over from earlier work. 
Kole says these capabilities reduce 
both the number of programmers 
and the number of development sys-
tems needed for a project. 

Internal affairs. With PasPort, 
microprocessor software can be in-
terpreted in the host PDP- 1 1 to trace 
program or logic errors, or compiled 
directly to produce a permanent, 
executable program on the host. At 
this point, it is possible to predict the 
success or failure of a programming 
effort before final integration and 
test on the development system, 
which, says Kole, can be brief. 

PasPort also allows users to mix 
execution of Pascal programs in 
either interpretive or direct compila-
tion modes and to interface either 
mode with assembler programs. 
Thus, users can select either for most 
efficient program storage or fastest 
execution, depending on need. 
As another aid to efficiency, Pas-

Port includes a profiler that keeps 
track of source line execution fre-
quency. Also, the system produces 
notes of execution time for each 
source statement —useful data indi-
cating which program paths have 
been tested, as well as which are 
most time-consuming and thus can-
didates for optimization. 
Program transfer between the 

PDP-11 and the development system 

usually takes place over an RS-232-
C link. The software transferred can 
be in an intermediate form used by 
the host interpreter or in assembly 
source code. For program execution 
on the development system, PasPort 
supplies an 8086-resident run-time 
system for compiled Pascal pro-
grams, an 8086-resident interpreter 
for direct execution of PasPort's 
internal intermediate language for-
mat, and the ability to mix inter-
preted and direct (that is, machine 
language) execution modes in the 
same program. 
The 8086 is only the first in what 

is expected to be a long list of Pas-
Port-supported microprocessors. In-
termetrics is taking aim at 16-bit 
chips first, but its general approach 
would appear to be useful for micro-
processors using longer and shorter 
words as well. 
The price is $15,000; delivery is 

immediate. 
Intermetrics Inc., 733 Concord Ave., Cam-

bridge, Mass. 02136. Phone (617) 661-1840 

[381] 

Electronic mail, filing software 

runs on IBM machines 

The InfoMail line of software for 
electronic mail and information 
management [Electronics, March 10, 
p. 167], first introduced to service 
Digital Equipment Corp. VAX sys-
tems, can now also run on IBM 

equipment under the vm/cms (Vir-
tual Machine Conversational Moni-
tor System) operating system at 
prices ranging from $50,000 for the 
4331 to $70,000 for the 3033. In 
addition, users may now opt for 
InfoMail's new cursor-controlled 
display editor. 

InfoMail is written in Ratfor, a 
structured high-level language that 
can be translated into Fortran, as 
has been done for the VAX version, 
and into PL/1, as for the Ism ver-
sion. BBN offers InfoMail on its own 
C/70, a 20-bit minicomputer opti-
mized to execute C code. 
Bolt Beranek & Newman Inc., Information 

Management Corp., 68 Moulton St., Cam-

bridge, Mass. 02238 [383] 
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Products Newsletter  

TI adds terminals Texas Instruments Inc. is adding two more bubble-memory data terminals 
to its Silent 700 series: models 767 and 769. With the addition, the firm's 

using bubble memory 
Cypress, Texas, terminals and peripherals operation now offers 10 series 
members, four with bubble memory. The new models are the first TI 
products to use the 3780 protocol, which allows them to communicate 
with a number of other computer systems such as those manufactured by 
IBM Corp. The 767 and 769 will cost $3,995 and $4,295, respectively, in 
single quantities. The 767 will be available this summer; the 769, in the 
final quarter of the year. Both have data-entry validation for markets 
requiring error-checking capabilities and intelligent data-entry functions. 

National starts 

turning out 800s 

National Semiconductor Corp. of Santa Clara, Calif., has begun volume 
production of its NSC800 family of microprocessors and support circuits, 
manufactured with the firm's proprietary double-polysilicon comple-
mentary-mos (Pc-mos) process. The NSC800 combines high perform-
ance with extremely low power requirements — the central processing unit 
dissipates only 50 mw at 5 y when operating at 2.5 MHz—and executes 
the Z80 instruction set. The family includes the 2.5-MHz system-clock 
version, the NSC800, and two slower versions, the NSC800-2 (2 MHz) 
and the NSC800-1 (1 MHz). In 100-unit quantities, they cost $134, $114, 
and $87 apiece, respectively. Delivery is from stock to eight weeks. 
Meanwhile, to complement this low-power family, National has also begun 
volume production on several new small- and medium-scale integrated 
devices, designated the MM74PCXX/82CXX series. Also fabricated with 
the P2C-MOS process, they dissipate microwatts of power while approach-
ing low-power Schottky speeds. 

12-bit C-MOS converter A 12-bit complementary-mos digital-to-analog converter due soon from 
Analog Devices Inc. of Norwood, Mass., is said to be the first to include sports FIFO buffer 
an on-chip first-in, first-out buffer memory. The AD7544 will interface 
directly with 16-bit microprocessors; its 12-bit-wide, 6-word-deep FIFO 
stack will accept data in parallel bursts, freeing the central processing unit 
for other tasks and protecting the converter from momentary CPU outages 
in process control applications. The device also is aimed at graphics 
applications, as well as uses in complex waveform generators and automat-
ic test equipment. The 100-unit price should be between $19.50 and $26 
per unit. 

Price changes • National Semiconductor Corp. of Santa Clara, Calif., has reduced 
prices 22% on 15 of its medium-sized programmable array logic devices. 
Included are the DMPAL16L8, R8, R6, and R4. In addition, the firm is 
now shipping samples of nine of its small versions of the PAL family, 
which include both AND-OR and AND-OR-invert logic structures—the 
DMPAL 1 OL8, 12L6, 14L4, 16L2, 10H8, 121-16, 14H4, 16H2, and 16C1. 
Currently, only commercial devices are available, at $12 each in 100-piece 
lots, with military parts scheduled for midyear. 
• Datamedia Corp. of Pennsauken, N. J., has cut prices an average of 
23% on single units of its entire series of terminals compatible with DEC's 
VT-100. Affected are the models DT 80/1, 5, and 8. The new prices range 
from $1,695 to $2,240. 
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"Nearly half of 
our subscribers are 
unduplicated. 
That's impressive. 
But the other half is 
equally impressive 
says our research dire= Margery Sholes. 

"We have approximately 47,500 
paid subscribers who don't 
read any of the other magazines 
in the field. But the interesting 
thing to me is that the other 
48,800 subscribers, who re-
ceive one or more of the free 
magazines, continue to find 
it necessary to pay to read 
Electronics." 

Each of those 48,000 sub-
scribers has the chance to com-
pare Electronics with the free 
magazines received. Why do 
they keep on paying to read 
Electronics? The answer has to 
be our exclusive editorial. We 
have to provide information that 

isn't available anywhere else. 
Margery Sholes' research helps 
us deliver on that objective. 

"When we conduct our profile 
studies, we also get input from 
our readers on the type of edito-
rial they need and expect from 
Electronics. We even ask our 
readers what specific subjects 
they'd like our editors to cover. 
This information helps us stay 
on target, providing the only 
magazine in the field worth 
paying for" 

Exclusively yours, 

/ 

Exclusively yours, 

Electronics Magazine 
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Career outlook 

Educators flunk on innovation 

• The demand for apprentice engi-
neers is high, and the schools are 
turning out more graduates to fill 
that growing need. But there may be 
a price to pay in terms of the quality 
of education these graduates are 
receiving and what they can expect 
from their careers. 

According to the National Center 
for Educational Statistics, the esti-
mated number of BSEE degrees 
awarded in 1979 was 12,890. There 
were 3,590 ms and 490 Ph.D. gradu-
ates the same year, for a total of 
16,970, a 10.4% increase over 1978. 
However, while the number of BS 
degrees has been increasing sharply 
since 1977, the number of ms and 
Ph.D. degrees granted has been 
declining. This decline has been not-
ed as a result of high starting sala-
ries for new graduates. The trend 
also indicates that fewer EEs are 
entering academia. 
The potential decline in academi-

cally trained educators, however, is 
not the only problem affecting EE 
education. According to M. E. Van 
Valkenburg, professor of electrical 
engineering at the University of Illi-
nois in Urbana, "one negative to be 
faced is the growing reluctance of 
faculty to experiment, to offer new 
and different courses, and to change 
from what has become routine." 
Van Valkenburg's observation is 

backed by a long career as an engi-
neering educator at Massachusetts 
Institute of Technology, the Univer-
sity of Utah, and Princeton Universi-
ty. He also is a representative on the 
board of directors of the Accredita-
tion Board for Engineering and 
Technology—the successor organi-
zation to the Engineer's Council for 
Professional Development —which is 
responsibile for rating engineering 
curricula. As a result, he gets a good 
look at schools around the country. 
Although he is not happy with the 
decline in educational innovation, he 
notes that curriculum decertification 
is rare because programs never dete-
riorate that badly. 

Part of the reason for the reluc-
tance of faculty to experiment is a 
lack of motivation. Many reason 

that all of their students are getting 
jobs, so why rock the boat? But Van 
Valkenburg points out, "many stu-
dents claim that many old courses 
need revision and new technologies 
are not adequately covered. One of 
the reasons for this is the lead time 
needed to develop textbooks. In 
America, textbooks are almost a 
requirement for offering an under-
graduate course," he notes. 
Van Valkenburg says that in-

creased faculty workloads are anoth-
er factor in their reluctance to 
experiment. The increase is due to 
committee work, class size, and 
additional work educators must de-
vote to research and making ends 
meet in an inflation-driven economy. 
Nevertheless, students complain that 
certain faculty members cannot be 
reached except when they are in 
class—often no more than 15 hours 
a week. 

Other problems. There is also the 
problem of whether the student has 
learned the right material for today's 
technology. "The conflict between 
basic and applied work has been 
with us for 20 years or more," says 
Van Valkenburg. "But things are 
moving faster today," he is quick to 
add. "There is the digital revolu-
tion—integrated circuits, large-scale 
integration, and satellite communi-
cations among others. There are far 

more demands than ever between the 
basic courses and the keep-up-to-
date courses." 

There is also the question of spe-
cialization. Some schools, according 
to Van Valkenburg, turn out nothing 
but "bit freaks," as they are known. 
Their knowledge of communications 
technology, analog and microwave 
techniques, and practical nondigital 
hardware is meager. One engineer-
ing manager said he had seen new 
grads who had no idea how to bias a 
discrete transistor on a breadboard. 
What can be done about allocat-

ing course offerings? It is a difficult 
problem, Van Valkenburg notes. 
When all the courses required for 
engineering science and engineering 
design majors are taken into account, 
there remains little room in the stu-
dent's schedule for electives. Some 
departments even usurp that space. 

That means that some current 
high-technology material is not cov-
ered. Thus, for example, though 
"progress has been made in incorpo-
rating computers into the curricu-
lum, microprocessor and very large-
scale integration technologies have a 
long way to go" he says. "Offerings 
in the communications field and 
knowledge of statistics, probability, 
and the characteristics of the fre-
quency spectrum leave much to be 
desired." -Harvey J. Hindin 
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3 High-technology engineers searching 
• for the "good life" need look no farther 

than Northern California. Challenging 

() jobs accompanied by high salaries are 

only part of the attraction. A relaxed 

re, lifestyle and a climate where snow is 

only found in nearby mountains 

.cg also make the lure almost 

irresistible. 
a At last count, California's 

NORTHERN 
CALIFORNIA 
The 'Good Life' for Engineers 

electronics industry alone employed 

over 400,000 persons, with by far the 

largest percentage in the Santa Clara 

County/San Jose area, also known as 

"Silicon Valley." Along that 10-mile by 
25-mile strip of land stretching along 

San Francisco Bay, and starting 45 

miles south of San Francisco, 

hundreds of the nation's 

high-technology companies are 

aggressively recruiting engineers from 

all disciplines. The heaviest emphasis 

is on electrical/electronics, computer 

science, data communications and 

aero-astronautical specializations. 

In 1980, for instance, experts 

estimated that over 18,000 EE's were 

employed in Silicon Valley, with 

another 800 or so engineers working in 

the aerospace industry. By 1985, these 
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employment demographers project 

that more than 22,200 EE's will be 
employed in the area—more than 
4,000 new jobs with rapidly expanding 

high-tech companies. Median family 
income in the San Jose area will reach 

$34,000 in 1981, "the largest in the 
state," according to the United 

California Bank. 
"When it comes to jobs for 

engineers it's a dream situation," 
comments the recruitment manager of 

a computing equipment company. A 
favorite story, only partly apocryphal, 

has it that engineers have been known 

to show up for work on Friday 
morning, receive an enticing offer from 

a rival firm down the street that 
afternoon, and report to a new job the 

following Monday. 
Competition for engineers is so 

fierce, in fact, that some companies 

have taken to offering sign-up 
bonuses to new employees and such 
perks as three-day work weeks and 
attractive relocation benefits, which 

include everything from professional 

help locating housing to job-finding 

assistance for the new employee's 
spouse. Bonuses to employees who 

bring new engineers into a firm also 

are not uncommon. 
The lure of well-paying jobs and the 

enticing California lifestyle has 
brought a squeeze in the availability of 

apartments and condominiums in 
Silicon Valley, and sent up the prices 

of homes to an average $115,000. 

There is assistance in a number of 

ways, though. Some companies 
compensate new employees for higher 
housing costs with "mortgage interest 
differential" payments. They work in 

this manner: If the interest rate on the 

engineer's old house, is, say, 8% and 
the new rate is 14%, a company might 

make up the 6% difference for three 

years, either based on the old 
mortgage balance or the new one. 

Home-finding counselors often sit 
down with new employees to help 
them work out their housing problems, 

sometimes taking over selling their old 
houses as well as locating new 

housing. 

Another development: some 

high-technology firms are expanding 

elsewhere in Northern California. 
Several have chosen the 
Sacramento/Roseville area, about a 

two-hour drive north and west of 

Silicon Valley, and have begun 
building satellite manufacturing and 

R&D facilities there. Sacramento-area 
officials, by and large delighted, are 

Governor Jerry Brown has proposed 

a $12.6-million program to encourage 
engineers to train and work in 

Cauifornia. 

mapping plans "to pattern our 
community for a measured transition 
in growth." At last count, seven major 

high-tech companies and 15 smaller 
computer-oriented firms have built or 

are planning facilities in the 
state-capital region. The number of 

EE's employed in the three-county 

Sacramento/Roseville area is 
expected to jump from 1,600 in 1980 

to well over 2,300 by 1985. 

Land is available for building homes 
and businesses, housing is affordable 

($69,500 for an average home) and 

condominiums and multiple housing 
units are under construction or in the 

blueprint stage. 
It could well be that the next decade 

will see more and more high-tech 

companies recruiting engineers to 
work north of Silicon Valley. 

Wherever an engineer chooses to 

live and work in Northern California, 

the attractions are varied and in many 
cases unique. There's everything from 

small but delightful pleasures like 

riding San Francisco's cable cars for a 
modest 50e to elegant dining at 
Fisherman's Wharf; from skiing at 
Squaw Valley to backpacking in 

Yosemite National Park; from 
superlative sailing on San Francisco 

Bay to deep-sea fishing in the Pacific. 
Cultural activities are also in 

abundance. The new San Francisco 

opera house, the San Jose center for 
the performing arts and Sacramento's 
famed Crocker art museum are only a 

sampling. 
California boasts one of the nation's 

finest public educational systems and 
some of the finest private schools. The 

northern part of the state has an 

impressive share. For engineers 
interested in continuing their 

education, many times paid for by their 
companies, there are such famed 

institutions as Stanford in Palo Alto 

and Cal State in Sacramento, two 
among many with programs tailored to 

meet their needs. 

Education of engineers—present 

and future—is of prime concern to 
California Governor Jerry Brown, who 

recently proposed a two-part 

"Investment in Technology" program 
to the state legislature. It is designed 
to promote the continued growth of 
high-tech industries in the state. The 

aim of the program is to upgrade the 

educational opportunities for 
engineers "since it has been our 
experience engineers tend to locate in 

California when they are trained here," 
according to the governor. Training 

and retaining engineers in the state 
would thus encourage high-tech 
companies to locate and/or expand in 

California. 
The first part of the governor's 

proposal would inject $2.6-million into 

the University of California's 
engineering school budget, upgrading 

the already strong existing 

engineering facilities at Berkeley. A 
separate $10-million matching grant 

fund would go for Microelectronic 
Innovations in Computer Research 

Operations (MICRO), a research 
program that would provide funds to 

any branch of the University of 
California for microelectronics study. 

Recognizing that California is facing 

a "clear and present challenge as 
other states try to persuade 

companies to move outside 
California," Governor Brown's 

proposed program would go a long 
way toward maintaining California's 

lead in high-tech facilities and job 

opportunities. 
Excellent salaries, challenging 

opportunities, an appealing lifestyle. 
All this and more is ready and waiting 

for you in Northern California. 

If you are a recent graduate or a 

veteran engineer seeking an almost 
unlimited future, Northern California 

has much to offer. If you are an 

electrical/electronics, computer 

science, data communications or 
aerospace specialist, don't miss the 

advertisements on the following pages 
and elsewhere offering opportunities 

in the area. These are companies 

interested in you and your talents, now 
and in the future. —John Brand 

rial/Northern California Career Opportunities 
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WITH NATIONAL SEMICONDUCTOR 

If your new job is 
old hat, you didn't 
talk to National. 
Maintaining leadership momentum in a highly 
competitive industry requires a continuing, objective 
review of the principles that have tempered that 
leadership position. So today's National Semicon-
ductor is utilizing the knowledge and resources of 
the '80s with the same tomorrow-minded energy we 
started with years ago. 

Each day at National begins with a powerful com-
mitment to advanced technologies, new products 

and greater opportunities. 

When you think 'semiconductor,' chances are you 
think National. As one of the world's largest manu-
facturers of semiconductor products, we offer the 
broadest product line in the industry. And that 
product line is growing faster than that of any other 
semiconductor manufacturer in the world. But today, 

National is much more than a well-known name in 

semiconductors. 

For example, since the start of our Systems Division 
in 1972, we've created a fast-track edge in state-of-
the-art systems development at every level of inte-
gration—from components and boards to advanced 
computer systems and development tools. Over the 
past 10 years, National has led information proces-
sing in eliminating ineffective, outdated MIS systems 
and has developed advanced systems for a faster-

paced industry. And in less than a year, engineering 
computing at National has grown 5-fold, reflecting 
our drive to position Computer-Aided Design at the 
leading edge of technology. 

National's record sales last year approached the 
$1 billion mark. And a sizable chunk of that went 
right back into Research & Development, with 1980 
expenditures of $80.19 million representing a 31.8% 
average yearly increase since 1974. That, of course, 
reflects our commitment to provide talented people 
with the resources they need to maintain techno-
logical momentum as well as on-going career 
challenge. 

If your career direction is losing the vitality it used 
to have, begin the excitement again with National. 
Our hats are off to talented, aggressive engineers 
and other professionals looking for exceptional 
career opportunities at all levels of Semiconductor 
Design, Systems Development, Microcomputer 

Systems Design, Digital Logic Test, CAD/CAM, 
Reliability, Manufacturing, Mechanical & Industrial 
Engineering, Finance, Marketing, MIS and more. 

Please send your résumé, in complete confidence, 
to Professional Staffing and Placement, National 
Semiconductor, Department 1-70-367, P.O. Box 
60879, Sunnyvale, CA 94088. An affirmative action 

employer. 

National 
;I« Semiconductor 
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NORTHERN CALIFORNIA CAREER OPPORTUNITIES 

The Key To Professional 
Development Is High Technology 

The Lawrence Livermore National Laboratory is an applied science R&D facility operated by the 
University of California for the U.S. Department of Energy, and is located in the San Francisco Bay Area. 
We have approximately 7,300 employees and are engaged in basic and applied research and 
development. Major programs at Livermore include Nalional Defense R&D, Magnetic Fusion Energy, 
Laser Fusion, Laser Isotope Separation, Biomedical and Environmental Reearch and Energy and 
Resources Research. 

ELECTRONICS ENGINEERS 
Experience The Challenge Of Multi-Disciplinary R&D Teams 

Computer Systems and 
Software Engineers 
You will design and implement mini and micro-
computer based systems for application in a 
variety of R&D areas. Typical applications in-
clude command, control and monitor of sophisti-
cated test systems, computer network and inter-
computer communication systems, data ac-
quisition systems, machine tool control, 
measurement and characterization of ma-
chined surfaces and optical components of ex-
treme preciseness, and data base management 
systems. Positions involve familiarity with DEC 
PDP-11 family of computers (LSI-11 thru 
VAX-11/780), high level (BASIC, FORTRAN, PASCAL) 
and assembly languages, digital logic system 
design and control system design. BS/MS in Elec-
tronics Engineering/Computer Science is re-
quired, with applicable experience preferred. 

Design/Instrumentation Engineers 
Engineers in these positions will develop and 
field a variety of analog and digital data ac-
quisition, signal processing, and data transmis-
sion systems for high speed transient data. The 
systems may employ high speed integrated cir-
cuits, digitizers, microprocessors, ' fiber-optic 
data links and electro-optic sensors, and involve 
extensive control systems. BS/MS with applicable 
experience preferred. 

•Extensive equipment, technical 
personnel and facilities support 

•On-site advanced degree programs 
•Competitive salaries 

Electronic Project Engineers 
Require senior engineers working directly as a 
part of a management team. The successful 
candidates will develop experience critical for 
future leadership positions while working closely 
with other engineers ard scientists as a group 
responsible for all act vities involved in field 
testing nuclear explosives. Positions require 
management and supervisory skill, familiarity 
with high-speed data acquisition systems, com-
puterized command, control, and data transmis-
sion systems. Good communication skills are re-
quired. BS/MS in Electronics Engineering pre-
ferred, with applicable experience. 

Pulse-Power/ 
Power-Conditioning Engineers 
Engineers in these positions will design and 
develop high speed, high power systems and as-
sociated instrumentation for a major high-cur-
rent linear accelerator project. The work will in-
volve Marx generators, large capacitor banks, 
high-speed switching networks, magnetics, and 
sophisticated diagnostics systems. An MS in 
Electronics Engineering and applicable ex-
perience with high voltage pulse and/or charg-
ing systems is preferred; outstanding BS can-
didates will be considered. 

•Three weeks' vacation 
•Quick access to San Frcncisco Bay Area, 
ocean, mountains 

•Informal work environment 

Resumes may be sent in strict confidence to George Kumparak, Professional Employment Division, 
LAWRENCE LIVERMORE NATIONAL LABORATORY, P.O. Box 808, Dept. KET-051, Livermore, CA 94550. Or 
call Ed Lafranchi, Department Head, collect (415) 422-8373 for more information. 

We are an equal opportunity employer mt. U.S. citizenship required. 

University of California 

Lawrence Livermore 
National  Laboratory 

Electronics/May 19, 1981 235 



NORTHERN CALIFORNIA CAREER OPPORTUNITIES 

As the technological leader in the Santa Clara Valley. 
Lockheed Missiles and Space Company has helped build 
many individual careers over the years by consistently 
providing outstanding professional and personal growth 
opportunities for our employees. 

With us, you have a wider selection of interesting projects 
and challenging assignments. You have all the educa-
tional advantages offered in the Santa Clara Valley PLUS 
our extensive in-house educational programs (including 
the closed circuit television network from Stanford Universi-
ty!). And you have the advantage of working with the finest 
professionals in the industry. 

If your background or interests are in these areas, we know 
we can offer you a world of opportunities you won't find 
anywhere else: 

Systems Engineers 
Microwave Engineers 
Software Engineers 
Systems Programmers 
Reliability Engineers 

RF Engineers 
Systems Test Engineers 
Digital Design Engineers 
Manufacturing Engineers 
Plus many others 

For immediate consideration, or when you're ready to 
make a move, send your resume to: Professional Employ-
ment, Dept. 524-0681, P.O. Box 504, Sunnyvale, CA 94086. 
We are an equal opportunity affirmative action employer. 
Proof of U.S. Citizenship is required. 

At Lockheed, technical excellence is a way of life. 

,Lockheed 
Missiles & Space Company 

In sonics or phonics, 
why ELECTRONICS? 

Because in these and hundreds of other fields, 
electronics applications are taking over. If your firm is 
looking for smart new electronics engineering 
graduates, you'll find them—and all other technical 
disciplines—through McGraw-Hill's Graduating 
Engineer. 

Graduating Engineer is editorially planned to serve 
the career needs of soon-to-graduate engineers in 
civil, chemical, nuclear, industrial, electrical/electron-
ic, aeronautical, mechanical, mining and petroleum 
fields, and computer sciences. Complimentary, all-
request circulation puts your recruitment advertising 

before a guaranteed 75,000 senior level engineering 
students in every major engineering school in the 
U.S.—over 500 institutions in all! 

And a unique student resume forwarding plan, at no 
charge, supplies basic presonnel information, as well 
as putting advertisers in touch with graduating engin-
eers interested in their companies. 

For full information on Graduating Engineer, call or 
write the Classified Representative at your nearest 
McGraw-Hill Regional Office. Or contact our tele-
phone salesperson at (212) 997-2556. 

GRADUATING ENGINEER 
McGraw-Hill Publications Company, 1221 Avenue of the Americas, New York, N.Y. 10020 

1:_ir!e! Lim" 
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IORTHERN CALIFORNIA CAREER OPPORTUNITIES 

Would 
you hire 
an engineer 
who 

couldn't 
understand 
this 

magazine? 

Df course not. ELECTRONICS is 
he technical publication for 

echnical people. If they can't 

rnderstand it, they can't receive 
t. That's why, when you're look-

ng for qualified engineers, you 
;hould consider our Classified 
3ection. 

For only $87.00 per inch your 
ecruitment advertising will 

each 90,000 pre-screened 
)lectronics engineers —as 
hey're reading to combat job 

)bsolescence, while they're 

hinking about their future and 
)ettering themselves. 
There's no charge for type-

etting and free layout service is 
irovided. 

For more information call or 
'rite: 

ELECTRONICS 
›ost Office Box 900 
ew York, N.Y. 10020 
'hone: 212 997-2556 

We want 
engineers 
who want to do 
engineering. 
There's a lot of engineering to be 
done in both our Semiconductor and 
Systems groups. New technologies 
are stretching our minds. New 
products in telecommunications and 
industrial controls are stretching our 
people—our main resource—to the 
limit. We're growing fast, and need 
engineers who love engineering and 
want to grow with their discipline. 
You can at Intersil. 

We pay well. We work hard, but in 
an informal atmosphere. Doors— 
and minds—are open. You can grow 

at your own speed and in your own 
direction. Up the ladder into 
management or up the engineering 
ladder toward Staff Scientist, if you 
want to continue to do engineering. 

Which we assume you do, since 
you've read this far. 

Now: Action! Call one of our 
engineers who helps in personnel: 
(408) 996-5069. The current challenges 
are listed below. We're headquartered 
in Silicon Valley at 10710 N. Tantau, 
Cupertino, CA 95014. 

Technology assignments open: 

SENIOR DESIGN ENGINEERS 
Microprocessors and Memory 
Devices 

Senior Level Engineering responsibil-
ities for the design and development 
of microprocessors, peripheral cir-
cuits, and memories using advanced 
CMOS and NMOS LSI technology. 

BS/MSEE or BS/MSCS and three 
or more years experience. 

SOFTWARE ENGINEERS 

BS/MSEE, BS/MSCS or Math with 
one to three years experience in de-
sign, implementation, testing or 
maintenance of software for large, 
mini and microcomputers. We have 
projects ranging from systems pro-
gramming to applications, particu-
larly in communications. 

The fuiure's in process at 

OIL 

ADVERTISERS 

Send all now copy. film or 
changes to: 

E LECTRONICS CLASSIFIED 
ADVERTISING CENTER 
POST OFFICE BOX 900 
NEW YORK, NY 10020 



NORTHERN CALIFORNIA CAREER OPPORTUNITIES 

11000,000 TRANSISTORS 
ON A CHIP-

AUTOMATICALLY 
The opportunities are here. 

The Integrated Circuit Laboratory of the Xerox 
Palo Alto Research Centers is making major contribu-
tions in advancing the state-of-the-art in VLSI tech-
nology. Our plans to couple VLSI technology devel-, --
opment with the research 
programs in our computer, 
systems and materials 
laboratories provide a 
unique, ground floor 
opportunity to partici-
pate in fast interactive 
development of the 
technologies that will 
be applied to new sys-
tems concepts. We 
have the applications which require the use of one 
million transistors on a chip—and we need key 
contributors to assist in development of technologies 
that will be applied to Xerox Systems products. 

The careers are here. 
If you've been looking to make a more meaning-

ful contribution to advanced technology, we'd like to 
talk to you about a career with Xerox. We're looking 
for creative individuals experienced in one or more of 
the following areas associated with advanced 
integrated circuit technologies: 
• Characterization and operation of the latest 
processing equipment. 
• Advanced development of NMOS/CMOS 
with di", Processing, DSW, and new 
interconnect techniques. 
• Circuit form evaluations, device design and 

simulation, and automated process 
characterization. 

T-1—T 

The facilities are here. 
We are in the process of moving into our new, 

ultra-modern VLSI Laboratory. We can offer you a 
challenging research environment with attractive 
working conditions within our new lab in the 
Stanford Industrial Park located on the beautiful San 
Francisco Peninsula.The Xerox benefits package is of 
course one of the best in the industry and includes 
profit sharing and tuition aid, and you'll find our 
salaries very competitive. 

Please send salary history and résumé to: Keith 
Clayton, Xerox Corporation, 3333 Coyote Hill Road, 
Palo. Alto, CA 94304; (415) 494-4082. 

An affirmative action employer. 

XEROX 

WHERE 

DO YOU 

FIT? 

In today's job market, that 

is. One way to see if you're 
in demand is to check the 

employment opportuni-

ties contained in ELEC-

TRONICS' Classified Sec-

tion. 

Another way to get a 

reading on your value is 

to place a blind (box num-
ber) Position Wanted ad 

there. The cost is low (only 

$1.98 per line) and the 
results qre often reward-

ing. 

For more information 

call or write: 

ELECTRONICS 
Post Office Box 900 
New York, N.Y. 10020 
Phone: 212/997-3308 
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You can be sure it will be a bold and dramatic 
advance. At Intel, exciting ideas...new 
technological developments...programs of 
industry staggering magnitude...are a 
constant. In memories and microprocessors, 
we've created new industries and changed the 
way existing ones work. And our goals for the 
80's are even more startling. 

From our top-down matrix management 
structure to being supported by superior 
resources in terms of facilities, equipment and 
personnel...we're prepared to make a bold and 
dramatic impact on your career! The following 
are just a few of the management and 
engineering areas in which you can contribute: 

Application Engineering 
Software Development Engineering 
Product Marketing Engineering 

Diagnostic Programming 
Systems Hardware Development Engineering 

Product Engineering 
Test Engineering 

Project Management 

Let's get together and talk; the least you can 
expect is a mind boggling view of what an 
aggressive high technology company can do 
when it has the freedom to venture beyond 
existing limits. Please send a letter or resume 
to: 

Employment Department 
2625 Walsh Avenue, SC4-211 

Santa Clara, CA 95051 

An equal opportunity employer m/f/h. 

1 
WE ARE 
THE FUTURE! 

CONTROLS AND INSTRUMENTATION 
ENGINEERS AND DESIGNERS 

A top 100 E/A firm has immediate openings 
available in our control and instrumentation 
area for qualified and experienced Engineers 
and Designers. Applicants must be proficient in 
the selection and design of pneumatic and 
electronic instrumentation, and magnetic and 
solid state logic systems. Working knowledge 
and use of programmable controllers, micro 
processors, and computer process control 
systems would be extremely helpful. Our fast 
paced organization offers outstanding growth 
opportunities and advancement potential for 
those self-starting dedicated professionals 
interested in broadening their work expe-
rience. For interview appointment please sub-
mit resume and salary history in confidence to: 

Director of Personnel 
Samborn, Steketee, Otis & Evans, Inc. 

1001 Madison Avenue 
Toledo, Ohio 43624 

in Equal Opportunity Employer MIF 

Samborn 

Steketee 

Otis & 

Evans Inc. 

ELECTRONIC ENGINEERS 
WHERE DO YOU WANT TO LIVE? 

RCI is a search firm that assists high technology compa-
nies throughout the country in filling their technical em-
ployment needs. The following is a list of only some of the 
more critical types of individuals that some of our clients 
are seeking, as well as the geographic location of the posi-
tion. 

Microwave Engineers (Radar & EW)—FL, MD, 
TX, AZ, CA, CO, NJ 

RF Communications Engineers—MD, IN, FL 

Digital/Micro Processor Design—MA, MD, FL, 
CA, MN, CO, AZ, IN, NC, VA 

Electro-Optics Engineers (Laser, IR)—MA, FL, 
CA, MN, TX 

ATE—MA, NM, NY, CA, MN, IA, FL, NC 

Real Time Software Development Engineers— 
You tell us where you want to go 

If you are interested in pusuing any of the above positions, 
send a resume or call colbct. 

Tony Ray 

ReGionaL consuzanTs, Inc. 
Since 1969 

213 West Ninth Street 
Cincinnati, Ohio 45202 

15131 579-1513 

NATIONWIDE TECHNICAL EXECUTIVE SEARCH 



THE ADVANTAGES OF 
THE FUNCTIONAL GROUP: 

Diversity of projects. 
Varied technical 

challenge. 
Involvement from con-

cept through implementation. 
Broad interaction and 

cooperation between software 
and hardware. 

We've got it all at Harris 
Composition Systems in Mel-
bourne, Florida. 

We're pioneers in word 
processing. And the world's 
first and leading supplier of 
total word processing systems 
for use in the newspaper 
industry. 

And we're now extending 
that "system-oriented" ap-
proach into the office systems 
field—integrating data proc-
essing, word processing, 

electronic mail, advanced 
communications and net-
working. With an ambitious 
program representing the 
largest investment Harris 
Corporation has ever made to 
develop a new product. 

That means the opportu-
nity for personal participation 
and immediate contribution— 
across the board—in both 
newspaper word processing 
and office systems. 

For experienced pro-
fessionals with expertise in 
El Real Time Software and 
Hardware/Firmware Devel-
opment 0 Digital Design 
D Analog Design 10 Applica-
tions Programming. 

All supported by a billion 
dollar, Fortune 500 corpora-
tion. All in a modern, stimu-

HAFIRIS 
COMMUNICATION AND 
INFORMATION PROCESSING 

lating work environment. 
All in beautiful, affordable 
Melbourne, Florida—on the 
shores of the deep blue 
Atlantic. 

Send your resume and 
salary history to: Daphne 
Cumberland, Composition 
Systems Division, Dept. EM, 
P.O. Box 2080, Melbourne, 
Florida 32901. Or call COL-
LECT (305) 242-5321, in 
Florida. Outside Florida call 
1-800-327-1493. 

Share the advantages 
with us. 

An Equal Opportunity Employer M/F/V/H. 
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Who will be first 
with the avionics 
of the 21st century? 

It could be you and Hughes Radar 
Systems. 
We pioneered pulse Doppler radar 

and built the first operational airborne 
programmable signal processor. Today, 
three out of the four front-line U.S. 
tactical aircraft have Hughes radars. 
We're leaders in synthetic aperture 
radar, in-weather reconnaissance and 
strike radar, high order language, an-
tenna arrays and holographic displays. 
We're even building the rendezvous 
radar for the Space Shuttle. 

And with computer-aided design, 
manufacturing, and testing of intelli-
gent radar devices, the future is at 
Hughes. 

In fact, Hughes is one of the nation's 
largest employers of electronic engi-
neers and a major employer in virtually 
every other scientific, computer and 
technical discipline — with 1,500 pro-
jects and a backlog of over $6 billion. 
Yet we're decentralized to give you the 
kinds of environments that stimulate 
innovation and promote recognition of 
your work. 
Who will be first with the avionics of 

the future? It could be you and Hughes. 
At Hughes Radar Systems, we'll 

introduce you to people, ideas and jobs 
that could change your world. And 
maybe ours. 

It could be you and Hughes 
Radar Systems. 

Call (213) 647-4900, collect, 
or send resume to: 

Engineering Employment 
Hughes Radar Systems 
P.O. Box 92426, Dept. E-5B 
Los Angeles, CA 90009 

Current openings: 

Software Design/Analysis 
Software Test Engineering 
Systems Integration & Test 
Computer-Aided Design & 

Manufacturing 
RF/Microwave Design 
Digital Circuits Design & Test 
Radar Systems Design 
Large Scale Integration Design, 
Development & Test 

Production Process Engineering 
Microprocessor Development/ 

Applications 
Antenna Systems Design & Test 
Reliability Engineering 
Production Test Engineering 
Industrial Engineering 

HUGHES 
HUGHES AIRCRAFT COMPANY 

RADAR SYSTEMS 
Proof of U.S. Citizenship Required 

Equal Opportunity Employer 
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ENGINEERS 

SOFTWARE ANALYSTS/ENGINEERS/TECHNICIANS/ 
TECHNICAL TRAINING SPECIALISTS 

Move up by moving 
"Down Under." 

Your move to E-Systems will be the last move you'll 
ever have to make. We want to talk to you about 
moving your career to E-Systems... and we have 
immediate assignments both in Australia and Dallas. 

Salaries and allowances are excellent. Benefits 
include health, major medical, dental and life 
insurance programs. You'll also receive company 
stock at no cost through our Employee Stock 
Ownership Plan. 

AUSTRALIA 
After about one year of working to prepare for this 

special assignment, you and your family will travel to 
Australia for a seventeen-month tour. 

Software Analysts 
Requires a B.S. degree in Computer Science or 

related discipline and two or more years' 
mini-computer experience in one or more of the 
following systems: HP-21MX (RTE), DG-ECLIPSE 
(AOS, INFOS) and DEC-VAX 11/780 (VMS). 
Proficiency in Assembly Language, FORTRAN, or 
PASCAL is desirable. 
Electronic Systems Maintenance Engineers 

Requires a B.S.E.E. with three or more years of 
analog/digital circuit systems design, two years' 
systems equipment maintenance and hardware/ 
software interface capability. 
Senior Electronic Maintenance Technicians 

Requires completion of a 2-year formal 
course or equivalent in electronic technology. 
Three years' current hands-on experience with 
a stable employment history in electronic 
R & D lab and/or electronic equipment 
maintenance and a thorough working 
knowledge of both analog and digital 
state-of-the-art circuitry. Current hands-on 

experience is a must. 
DALLAS 

You'll be working in a modern facility involved in 
state-of-the-art projects with top professionals. 

Technical Training Specialists 
Requires a B.S.E.E. or B.S.E.T. with a minimum of two years' 

teaching experience in Electronics. This individual will develop and 
conduct detailed technical and operational training courses for 

engineers, electronic technicians, and electronic equipment 
operators. A strong background in digital electronics, 
microprocessors, and electronic fundamentals desired. 

If you feel you qualify, get in touch. Call COLLECT 214/272-0515. 
Or send your resume to: Professional Placement, E-Systems, Inc., 
Garland Division, P.O. Box 226118, Dept. AS29, Dallas, Texas 75266. 

e E-SYSTEMS 
Mr Garland Division 

The problem solvers. 

An equal opportunity employer M/F, H, V. 
No agency calls please. 

OC Microprocessor 
Analog Digital 
Hardware Test 
Software Systems 

INDUSTRIES 
ATE Tele/Data Communications 
Controls Defense Systems 
Computers Manufacturing 
Satellite Bin-Medical 

Specialized Agency in Electronics looking tor Engrs to 
work in CT, NY, NJ & PA. Salary increases in the range 
of 20% with all Fees Paid by Client Companies. Call or 
send resume tor immed, consultation to: GILBERT 
LANE, 505 5th Are. NYC 10017. Alt: Robert D. Black. 
(212) 867-8100. 

Engineers 
• PROJECT • DESIGN 
• DEVELOPMENT • EPD 

$20,000-$50,000 
Schneider, Hill & Spangler, Inc. is a 
specialist in the placement of electrical 
and electronic engineers throughout the 
USA. We offer advice on careers, re-
sumes and interviews for a position that 
is right for you. Client companies as-
sume all fees. For details call or send re-
sume in strict confidence to William 
Jacobs, Consultant. 

Schneider 
Hill & 
Spangler, Inc. 

TVVORK 

Western Savings Bank Building 
Suite 710 
Philadephia, PA 19107 
215-732-9550 

POSITIONS VACANT 
Engineers. All disciplines. EE/ 
CS Entry to executive. Locations 
throughout U.S. All fee com-
pany paid. Send Resume to: 
F-O-R-T-U-N-E Personnel, Box 
106, 3005 S. Michigan, South 
Bend, IN 46614, 219-291-7161. 
Materials Scientist & Elec-
tromechanical Engineer. Posi-
tions open for MS or Ph.D.'s. Our 
company is engaged in the R&D 
of electrical components. Write 
to: Atadex Research 1081 Bristol 
Road, Mountainside, NJ 07092 
Attn: Ray Klos. 
Murkett Associates Qualified 
Reputable Management placement 
with national affiliates —fee paid. 
Box 527 Montgomery. Al 36101. 

POSITIONS WANTED 
BSEE, registered PE in Texas 
seeking challenging engineering 
management position with pro-
gressive company. 7 years expe-
rience with Bell Systems, exten-
sive knowledge of data com-
munications, telecommunication 
transmission engineering and mi-
cro processor application. Wish 
to remain in the Dallas, Texas 
area. PW-4192, Electronics. 
Seek responsible challenging po-
sition in Europe. 18 years expe-
rience in micro computer / com-
puter hardware/firmware/soft-
ware / training / management. 
Fluent German. PW-4252, 
Electronics. Telephone 316 / 
775-3348. 

EMPLOYMENT SERVICES 
Electronic engineering growth posi-
tions with clients located nationally. 
Our service is enhanced by the fact 
that I am an EE with 20 years in in-
dustry and over 10 years in placing 
professionals on an employer fee 
paid basis. Send your resume to Joe 
Torcassi, Director, J. Anthony & 
Associates, PO Drawer AD, Lynch-
burg, OH 45142. 513/364-2305. 
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• Rohde & Schwarz 11E, 13E, 15E 

Rohm Corporation 193 

Schaffner 112 

• Sfernice 4E, 5E 

Shugart Associates 2nd C 

• SIC / SAFCO 

• Siemens AG 6E, 16E 

$ Siemens Corporation-Measurement Sys. Div. 45 

Snap-on Tools Corporation 

• Solartron Ltd. D.V.M. Division 

Solid State Testing 

Spectra Strip 

S Sprague Electric 

The Slaver Co., Inc. 

Systems Engineering Labs 

Systron Donner 

Takeda Riken Industries Co. Ltd. 

Tendon Corporation 

Tansistor Electronics 

• TEAC Corporation 

Tecknit (Technical Wire) 

• Teledyne Philbrick 

• Teledyne Relays 

Telesensory Systems, Inc. 

Tencor Instrument 

225 

24A-B, 25 • Thomson CSF/DCM 

Thomson CSF / DSC 

Thomson CSF / DTE 

Trio-Tech International 

W. 95 iffl TRW Electric Components 

TRW / IRC Resistors 

US Instrument Rentals 

U.S. Virgin Islands Industrial Devel Comm. 

Unitronix Corporation 

Universal Instruments 

University of California 

9E 
• Vero Electronics Ltd. 

Virtual Systems, Inc. 

Waters Manufacturing 

Watson Ind. 

197 
• Wavetek San Diego 

200 

164 

67 

Weckesser Company Incorporated 

Western Digital 

Wilhelm Westermann 

152 
$ Woven Electronics 

217 

92 93 

178, 179 

76,77 

107 

17E 

176. 177 

68 

17 

Xciton 

Zendes Corporation 

• Zeus Industrial Products, Inc. 

Zilog 

1E 

213, 215 

59 

209 

186, 187 

124 

108 

88 

206 

208 

206 

67 

154 

202 

224 

64 

196 

73 

197 

86 

225 

210 

74, 75 

Classified and employment advertising 

E- Systems, Garland Div. 
Gilbert Lane 
Harris Communication & Information Processing 
Hughes Aircraft Co. 
Intel 
Intercil 
Lawrence Livermore National Laboratory 

87 Lockheed Missiles & Space Co. 
Regional Consultants, Inc. 
Samborn, Steketee, Otis & Evans Inc. 

149 Schneider, Hills, Spangler 
Xerox Corp. 

Texas Instruments Inc. (Digital Systems Div.) 9 

Texas Instruments Incorporated 
(Semiconductor) 

Textool Products/3M 

185 

14 

242 
242 
240 
241 
239 
237 
235 
236 
239 
239 
242 
238 

• For more Information of complete product line see 
advertisement in the latest Electronics Buyers Guide 

• Advertisers in Electronics International 
Advertisers in Electronics domestic edit,on 
Advertisers in regional Issue 

Advertising Sales Staff 

Advertising sales manager: Norman Rosen 
3200 Wilshire Blvd., South Tower 
Los Angeles Calif. 90010 (213) 487-1160 

Market managers: 
Components: William Boyle, Rochester. N.Y. 
Computers & Peripherals: Frank Mitchell. Boston 
Test & Measurement: Don Farris, San Francisco 
Semiconductors: Norman Rosen, Los Angeles 

Atlanta, Ga. 30309: Peter Stien 
100 Colony Square, 1175 Peachtree St., N.E. 
[404] 892-2868 
Boston, Mass. 02118: Frank Mitchell 
Paul F. McPherson, Jr. 
607 Boylston St., [617] 262-1160 
Cleveland, Ohio 44113: William J. Boyle 
[716] 248-5620 
Fort Lauderdale, Fla. 33306: Peter Stien 
3000 N.E. 30th Place, Suite #400 
[305] 563-9111 
New York, N.Y. 10020 
1221 Avenue of the Americas 
John Gallie [212] 997-3616 
Matthew T. Reseska [212] 997-3617 
Philadelphia, Pa. 19102: Matthew T. Reseska 
Three Parkway, [212] 997-3617 
Pittsburgh, Pa. 15222: Matthew T. Reseska 
4 Gateway Center, [212] 997-3617 
Rochester, N.Y. 14534: William J. Boyle 
Powder Mill Office Park, 1163 Pittsford-Victor Rd., 
Pittsford, N.Y. 14534 [716) 248-5620 
Chicago, III. 60811 
645 North Michigan Avenue 
Jack Anderson [312] 751-3739 
Robert M. Denmead [312] 751-3738 
Southfield, Michigan 48075: Jack Anderson 
4000 Town Center, Suite 770, Tower 2 
[313] 352-9760 

Dallas, Texas 75201: John J. Uphues 
2001 Bryan Tower. Suite 1070 
[214] 742-1747 
Denver, Colo. 80203: Harry B. Doyle. Jr. 
655 Broadway, Suite 325 
[303] 825-6731 
Houston, Texas 77040: John J. Uphues 
7600 West Tidwell, Suite 500 
1713] 462-0757 
Los Angeles, Calif. 9001Ik Chuck Crowe 
3200 Wilshire Blvd.. South Tower 
[213] 487-1160 
Costa Mesa, Calif. 92626: Edward E. Callahan 
3001 Red Hill Ave. Bldg. #1 Suite 222 
[714] 557-6292 
Palo Alto, Calif. 94303: Don Farris. 
Larry Goldstein, Lauren Scott 
1000 Elwell Court, [415) 968-0280 

Paris: Michael Sales 
17 Rue-Georges Bizet, 75116 Paris, France 
Tel: 720-16-80 
United Kingdom: Simon Smith 
34 Dover Street, London W1 
Tel: 01-493-1451 
Scandinavia: Andrew Karnig and Assoc. 
and Simon Smith 
Kungsholmsgatan 10 
112 27 Stockholm, Sweden 
Tel: 08-51-68-70 Telex: 179-51 
Milan: Ferruccio Silvera and A. Fabio Guarnieri 
1 via Baracchini, Italy 
Tel 86-90-656 
Brussels: 
23 Chausses de Wavre 
Brussels 1040, Belgium 
Tel: 513-73-95 
Frankfurt/Mein: Fritz Krusebecker 
Liebigstrasse 27c, Germany 
Tel: 72-01-81 
Tokyo: Akio Saijo and Hirokazu Nakamura 
McGraw-Hill Publications Overseas Corporation, 
Kasumigaseki Building 2-5, 3-chome, 
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan 
[581] 9811 

Business Department 
Thomas M. Egan 
Production Director 
[212] 997-3140 
Carol Gallagher 
Production Manager 
[2121997-2045 

Betty Preis 
Production Manager Domestic 
[212] 997-2908 
Thomas Kazich 
Production Manager Related Products 
[212] 997-2044 
Karen Walpole 
Production Assistant 
[212] 997-2843 
Frances Vallone 
Reader Service Manager 
[212] 997-6057 

Electronics Buyers' Guide 
H.T. Howland, General Manager 
[212] 997-6642 
Regina Hera, Directory Manager 
[212] 997-2544 

Classified and Employment Advertising 
Gerry F. Moss, Manager 
[212] 997-2897 
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Electronics 
Reader Service 
For additional information 

on products advertised, 

new products or new literature, 
use these business reply cards. 

Complete entire card. 

Please print or type. 

Circle the number on the Reader 
Service postcard that corresponds 
to the number at the bottom of the 
advertisement, new product item, or 
new literature in which you are 
interested. 

To aid the manufacturer in filling your 
request, please answer the three 
questions. 

All inquiries from outside the U.S. that 
cannot reach Electronics before the 
expiration date noted on the Reader 
Service postcard must be mailed 
directly to the manufacturer. The 
manufacturer assumes all respon-
sibilities for responding to inquiries. 

Subscriptions & Renewals 

Fill in the subscription card adjoining 
this card. Electronics will bill you at 
the address indicated on the card. 
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NAME  TITLE   

PHONE (     COMPANY  

STREET ADDRESS (Company 0 or home 0 check one)   

CITY  COUNTRY  
Was This Magazine Personally Addressed to You .' 0 yes D No 

Industry classification (check one): 
a D Computer & Related Equipment e D Test & Measuring Equipment 
b D Communications Equipment & Systems f El Consumer Products 
D Navigation, Guidance or Control Systems g D Industrial Controls & Equipment 

d D Aerospace, Underseas Ground Support h 0 Components & Subassemblies 

Your design function (check each letter that applies): Your 
X D I do electronic design or development engineering work. t 
y D I supervise electronic design or development engineering work. yD 
z D I set standards for, or evaluate electronic components, systems and materials. r El 

8 Source of Inquiry—All Other INT'L. 
j D Independent R&D Organizations 
k El Government 

principal job responsibility (check one) 
Management 
Engineering Management 
Engineering 

Estimate number of employees (at this location): 1. D under 20 2. D 20-99 

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 348 363 378 393 408 423 438 453 468 483 498 703 718 
2 17 32 47 62 77 92 107 122 137 152 167 182 197 212 227 242 257 272 349 364 379 394 409 424 439 454 469 484 499 704 719 
3 18 33 48 63 78 93 108 123 138 153 168 183 198 213 228 243 258 273 350 365 380 395 410 425 440 455 470 485 500 705 720 
4 19 34 49 64 79 94 109 124 139 154 169 184 199 214 229 244 259 274 351 366 381 396 411 426 441 456 471 486 501 706 900 
5 20 35 50 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 352 367 382 397 412 427 442 457 472 487 502 707 901 
6 21 36 51 66 81 96 111 126 141 156 171 186 201 216 231 246 261 338 353 368 383 398 413 428 443 458 473 488 503 708 902 
7 22 37 52 67 82 97 112 127 142 157 172 187202 217 232 247 262 339 354 369 384 399 414 429 444 459 474 489 504 709 951 
8 23 38 53 68 83 98 113 128 143 158 173 188 203 218 233 248 263 340 355 370 385 400 415 430 445 460 475 490 505 710 952 
9 24 39 54 69 84 99 114 129 144 159 174 189 204 219 234 249 264 341 356 371 386 401 416 431 446 461 476 491 506 711 953 

10 25 40 55 70 85 100 115 130 145 160 175 190 205 220 235 250 265 342 357 372 387 402 417 432 447 462 477 492 507 712 954 
11 26 41 56 71 86 101 116 131 146 161 176 191 206 221 236 251 266 343 358 373 388 403 418 433 448 463 478 493 508 713 956 
12 27 42 57 72 87 102 117 132 147 162 177 192 207 222 237 252 267 344 359 374 389 404 419 434 449 464 479 494 509 714 957 
13 28 43 58 73 88 103 118 133 148 163 178 193 208 223 238 253 268 345 360 375 390 405 420 435 450 465 480 495 510 715 958 
14 29 44 59 74 89 104 119 134 149 164 179 194 209 224 239 254 269 346 361 376 391 406 421 436 451 466 481 496 701 716 959 
15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 347 362 377 392 407 422 437 452 467 482 t197 702 717 960 

3. D 100-999 4. ID over 1000 
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NAME  TITLE   

PHONE (     COMPANY  

STREET ADDRESS (Company 0 or home 0 check one)   

CITY  COUNTRY  
Was This Magazine Personally Addressed to You", 0 Yes D No 

Industry classification (check one): 
a D Computer & Related Equipment 
b CI Communications Equipment & Systems 
0 Navigation, Guidance or Control Systems 

d D Aerospace, Underseas Ground Support 

e O Test & Measuring Equipment 
f D Consumer Products 
g D Industrial Controls & Equipment 
h ID Components & Subassemblies 

8 Source of Inquiry-All Other INT'L. 
j D Independent R&D Organizations 
k D Government 

Your design function (check each letter that applies): Your principal job responsibility (check one) 
X O I do electronic design or development engineering work. t O Management 
y D I supervise electronic design or development engineering work. y E Engineering Management 
z D I set standards for, or evaluate electronic components, systems and materials. r D Engineering  

Estimate number of employees (at this location): 1. D under 20 2. O 20-99 3.0 100-999 4.0 over1 

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 348 363 378 393 408 423 438 453 468 483 498 703 718 
2 17 32 47 62 77 92 107 122 137 152 167 182 197 212 227 242 257 272 349 364 379 394 409 424 439 454 469 484 499 704 719 
3 18 33 48 63 78 93 108 123 138 153 168 183 198 213 228 243 258 273 350 365 380 395 410 425 440 455 470 485 500 705 720 
4 19 34 49 64 79 94 109 124 139 154 169 184 199 214 229 244 259 274 351 366 381 396 411 426 441 456 471 486 501 706 900 5 20 35 50 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 352 367 382 397 412 427 442 457 472 487 502 707 901 
6 21 36 51 66 81 96 111 126 141 156 171 186 201 216 231 246 261 338 353 368 383 398 413 428 443 458 473 488 503 708 902 
7 22 37 52 67 82 97 112 127 142 157 172 187 202 217 232 247 262 339 354 369 384 399 414 429 444 459 474 489 504 709 951 8 23 38 53 68 83 98 113 128 143 158 173 188 203 218 233 248 263 340 355 370 385 400 415 430 445 460 475 490 505 710 952 9 24 39 54 69 84 99 114 129 144 159 174 189 204 219 234 249 264 341 356 371 386 401 416 431 446 461 476 491 506 711 953 10 25 40 55 70 85 100 115 130 145 160 175 190 205 220 235 250 265 342 357 372 387 402 417 432 447 462 477 492 507 712 954 

11 26 41 56 71 86 101 116 131 145 161 176 191 206 221 236 251 266 343 358 373 388 403 418 433 448 463 478 493 508 713 956 12 27 42 57 72 87 102 117 132 147 162 177 192 207 222 237 252 267 344 359 374 389 404 419 434 449 464 479 494 509 714 957 13 28 43 58 73 88 103 118 133 148 163 178 193 208 223 238 253 268 345 360 375 390 405 420 435 450 465 480 495 510 715 958 14 
15 

29 
30 

44 
45 

59 
60 

74 
75 

89 
90 

104 
105 

119 
120 

134 149 164 179 
135 1sn iss iftn 

194 209 224 239 
1(15 91n 995 un 

254 269 346 361 
9ÇS 97n 1A7 1R1 

376 391 406 421 
177 101 At17 All 

436 451 
AI, —,C1 

466 481 
AC7 Acan 

496 
An7 

701 
,f1 ,1 

716 
117 

959 
f1CA 



Electronics 
Reader Service 

If the cards below have already been used, 

you may obtain the needed information 

by writing directly to the manufacturer, 

or by sending your name and address, 

plus the Reader Service number and issue date, 

to Electronics Reader Service Department, 

P.O. Box No. 2530, Clinton, Iowa 52734 , U.S.A. 

• MU ZM Mal IBM MM MI IMM MI IMMI MR MI 

Place correct airmail 

postage here ... for 

faster service. 

Electronics 
P.O. Box No. 2530 
Clinton, Iowa 52735 

U.S.A. 

In Iffl Mlle NM MI MM 11131 

Electronics 
P.O. Box No. 2530 
Clinton, Iowa 52735 

Place correct airmail 

postage here ... for 
faster service. 

U.S.A. 
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1.7 Inches 

15461 Springdale St. 
Huntington Beach, CA 92649 
(714) 891-5861 
Telex: 692386 
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MM. Mao. 
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Model P 120 D4 

Solid State Relay 

4-16 VDC Control 
4 

Model MP 120 02 
Solid State Relay 

r--II Control 

Circle 901 on reader service card 

In Stock—At All Times—The Lowest 
Profile and Smallest Footprint 
Industry Standard SSRs 

120 and 240 Volt Models 

2, 3 and 4 Amp Ratings 

UL Recognized and OSA Certified 

Designed, Built and Tested for 
Reliability 

Isn't this what you expect from 
Opto 22? 

1.51 Inches 

Depth: 
.375 Inches 

 1.— 1 41 Inches 

.98 Inches 

Depth: 
.4 Inches 



SILICON OPTO CH 
from Clair« 

PHOTOTRANSISTOR 
CHIPS 

PHOTOVOLTAIC 
DIODE CHIPS 

PHOTODARLINGTON 
CHIPS 

Now you can make your own hybrids, 
arrays, solid-state relays and special sensors. 
The Clairex line of 
silicon photodetector 
chips consists of four 
photodiodes, five photo-
transistors and one 
photodarlington tran-
sistor. The diodes are in-
tended for use in the 

voltaic mode. The photo-
transistors are each 
available in two sensitivi-
ty ranges. All chips from 
Clairex have gold back-
ing to facilitate ohmic 
bonding and are 100% 
tested before being 

packaged in glass vials 
filled with Freon. 

Call 914-664-6602 or 
write Clairex;) 
560 South Third Avenue, 
Mount Vernon, 
New York 10550. 

CLAIREX ELECTRONICS 
A Division of Clairex Corporation 

Circle 902 on reader service card 


