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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 need for your 
present systems. And the source 
that will be able to provide the 
drives you nced 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 Oakrnead Parkway, Sunnyvale, CA 94086 Telephone (408)733-0100 
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Innovative design brings new values in 
universal counters for systems, bench and field use. 

This is much more than just another 
family of 100 MHz universal counters. 
An innovative design using a micro-
processor and HP's Multiple Register 
Counter IC give you remarkable 
performance and versatility for the 
money: 7 digits of frequency resolution 
per second; continuously variable gate 
times; dual-mode input conditioning 
that optimizes both frequency and time 
interval measurement; input filter 
and time interval delay for noisy inputs; 
very low RFI/EMC and excellent 
versatility when measuring frequency 
bursts. 
Remarkably, at their low prices, 

these counters use the reciprocal 
measurement technique, which measures 
the input waveform' period and inverts 

the result to display frequency. This 
gives you full resolution for all frequencies 
without the use of long gate times or 
phase-locked multipliers. 
You get a full complement of universal 

counter measurements: frequency and 
frequency burst to 100 MHz (1 GHz 
optional), frequency ratio, time interval 
with resolution of 100 ns single shot 
and 10 ps averaged, period average and 
totalizing. 
There are three models to select from. 

The new 5316A counter gives you full 
Hewlett-Packard Interface Bus (IEEE-488) 
capability including remote digital 
setting of trigger levels. It is metal-cased 
and rack mountable. And, at $1500* it 
is our lowest cost systems counter. The 
5315B is similar to the 5316A, but without 

HP-IB. It costs only mom. The HP 5315A 
portable version has a rugged poly-
carbonate case and carrying handle. It 
costs $875? Options: battery pack (5315A 
only), $225:* 1 GHz C channel, $250;* 
Offset/Normalize Module (divides and/or 
adds numbers to Model 5315B or 5316A 
measurements), $650;* higher stability 
time base (TCXO), $100? 

All three of these counters have the 
quality you've come to expect from HP— 
at truly remarkable prices. For the 
full story just call your nearest HP sales 
office or write, Hewlett-Packard, 
1507 Page Mill Road, pue“wee 
Palo Alto, CA 94304. HP-IB 

SYSTEMS 
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fixed 
attenuators 
the world's lowest priced attenuators 3,6,10 or 20dB 
from DC to 1500 MHz...hermetically sealed 
The AT Series from Mini-Circuits 

shown with 
cover removed 

Check these features: 
V High stability; thick film construction 

in a hermetically sealed case 
V Rugged construction: Meets 

requirements of MIL STD 202 
V Miniature Size: 0.4" by 0.8" by 0.2" high 
V Flat frequency response: Typically ±-0.3 dB 
V Excellent VSWR: typically less than 1.2:1 
V Low cost: $1.95 (1,000 quantity), $3.95 (1-49) 
I/ Delivery: From stock 

Attenuation, Attenuation Frequency Attenuation Change VSWR 
dB Nominal Tolerance Range From Nominal Over Max. Power 

Model Value from Nominal MHz Frequency Range. MHz Max. 
DC- 1000-

DC-1000 1000-1500 1000 1500 

AT-3 3 ± 0.2dB DC-1500 0.6dB 1.0dB 1.3:1 1.5:1 1W 
AT-6 6 ±0.3dB DC-1500 0.6dB 0.8dB 1.3:1 1.5:1 1W 
AT-10 10 ±0.3dB DC-1500 0.6dB 0.8dB 1.3:1 1.5:1 1W 
AT-20 20 ±0.3dB DC-1500 0.6dB 0.8dB 1.3:1 1.5:1 1W 

=Mini-Circuits 
A 01,,,,cgt ut tott.ent11. C on-wont:Ms LOrporation 

Worlds largest manutacturer of Double Balanced Mixers 
2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200 

Domestic and International Telex 125460 International Telex 620156 
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Highlights 

Electron-beam probing tests VLSI chips, 105 

A dynamic testing technique that adds a logic analyzer to a sampling 
electron microscope can plot logic-state maps of complex very large-scale 
integrated circuits. The scanning electron beam utilizes voltage-contrast 
representation of the logic states—a technique that it can also apply to the 
measurement of analog waveforms. 
The cover design is by Associate Art Director Charles D. Ciatto; the 

T88000 microprocessor photograph is courtesy of Toshiba Corp. 

U. S. IC equipment makers build in Japan, 89 

Since market domination of Japan is being eroded, U. S. makers of 
integrated-circuit production equipment are setting up joint ventures and in 
situ subsidiaries in order to blunt local competition. 

Time-domain reflectometry moves into the digital world, 113 

An algorithm for a desktop computer lets a time-domain reflectometer 
determine the impedance of nonuniform communication paths like those 
found in high-speed backplanes and printed circuit boards. 

Single chip performs 64-bit correlations, 118 

Operating at speeds over 15 megahertz, a 64-bit monolithic digital correlator 
can be used in such cross- and auto-correlation tasks as code correction, data 
synchronization, and time-delay measurements. 

Affordable GTO thyristor tackles high-voltage switching, 129 

A gate—turn-off thyristor can perform high-power, high-frequency switching 
beyond the reach of most power semiconductors. Advanced processing and 
circuit-design techniques have produced a high-yield, inexpensive device that 
interfaces readily with logic-level signals. 

Automated design tools hook up logic arrays, 132 

To set routing patterns for a new family of logic arrays, the designer can rely 
on the manufacturer's design-automation system, in which manual processes 
constitute less than 1% of the input. 

Holography yields a 3-d bar-code scanner, 139 

By wrapping a three-dimensional pattern of laser beams around a retail 
item, a holographic scanner can read bar codes. The 3-d pattern eliminates 
the need to line up the bar code precisely with the scanner. 

And in the next issue . . . 

An in-depth look at memory redundancy . . . a special report on -intelligent 
multiplexers . . . a three-dimensional graphics display. 
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A LITTLE GOOD 
NEWS FOR 

DATA GENERAL OEMS. 
Look what we've put together for you. 

A desk top computer that doesn't take up the 
whole desk. 

It's called MPT. 
And look what's inside this little thing: 

a 16 bit microNOVA® computer. 60 K bytes 
of memory. 80 column by 25 line screen. 
Full keyboard with 10-key numeric 
pad. And up to 716 KB of on-line 
storage on two 358 KB mini diskettes. 
(Also available with one diskette. 
Or none.) 

Out back you'll find an I/O bus 
that accepts the standard mi-
croNOVA peripherals. 
As well as your own 
interfaces. And two syn-
chronous/asynchronous 
communications ports, 
programmable to 19.2K baud. 
Standard. (We could go on about why 
that's an option on other systems. But don't get 
us started on that.) 

Also standard are power-up diagnostics 
that check out the whole system before it accepts 
your diskettes. So you and your software 
shouldn't be accused of hardware problems. 

MPT is upwards compatible with 
the microNOVA, NOVA e and ECLIPSE' 
computers you're probably using now. And 
because it uses a run-time version of MP/OS, 
you're going to be able to develop your software 
with your MP/OS and AOS operating systems. 
In PASCAL, FORTRAN, BASIC. 

You can get to work on your MPT 
software now. By calling your local Data 
General sales office. Or writing us at MS C-228, 
4400 Computer Drive, Westboro MA 01580. 

Or if you really want to move, you can pick 
one up at your local Data General industrial elec-
tronics stocking distributor* this afternoon. 

You'll find MPT very easy to take. 
Partly because of the $5900 list price (USA 
price, 2 diskette version; OEM quantity 
discounts available). And partly because the 
whole thing weighs just 30 pounds. 

Remember when you decided to become 
a Data General OEM? That was a very 
intelligent decision on your part. 

MPT is good news for every Data General 
OEM. And bad news for those who are not. 

I y Data General 
We take care of our own. 

*SCHWEBER, HALL-MARK, KIERULFF, ALMAC/STROUM, and in Canada, R.A.E. and FUTURE. 
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ENI A-500 
broadband 
power amplifier 
delivers 500 W - 
0.3 to 35 MHz 

Here is the biggest, toughest, 
ruggedest, solid state Class A linear 
amplifier we make. It's designed 

to stand up in hostile environments, 
ye it's easy to field service 

because all major subassemblies 
are "plug in" replaceable. 

Designed for use in HF transmitters, 
RFI/EMI applications, linear 
accelerators, and gas plasma 

equipment, the ENI Model A-500 
broadband power amplifier is 

capable of delivering more than 500 
watts of output over the frequency 

range of 0.3 to 35 MHz. 

And like all ENI power amplifiers, 
the A-500 features unconditional 
stability instantaneous failsafe 

provisions, and absolute protection 
from overloads. 

For more information, a demon-
stration, ora full line catalog, please 
contact us at ENI, 3000 Winton 
Road South, Rochester, N.Y 14623 

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

ENI 
741111> \ The advanced 

design line of 
power amplifiers 

Publisher's letter 

Testing the operation of integrated 
circuits during the development 

stage has become an increasingly 
knotty problem as the level of inte-
gration ramps up, and it has long 
been apparent to most chip makers 
that the tools and techniques applied 
to the development of large-scale ICS 
will be insufficient for very large-
scale integration. Still, West Germa-
ny's Siemens is one of the few to 
have invested from the very begin-
ning in a technique suitable for VLSI: 
loadless, contactless ic testing using 
electron beams. 
"The basic idea for electron-beam 

dynamic circuit testing by voltage-
contrast methods has been around 
ever since integrated circuits ap-
peared on the scene," says Eckhard 
Wolfgang, head of the Siemens 
development effort and one of the 
authors of the article on it that starts 
on page 105. In 1956, the University 
of Cambridge in England proposed 
and tried out voltage-contrast test 
techniques on ics. "But the road 
from simple testing to complex cir-
cuit analysis as performed today was 
a long and arduous one," notes the 
39-year-old, Austrian-born Siemens 
researcher. 
What originally triggered the 

company's effort was a film shown 
by a Canadian lc producer that 
illustrated the functioning and test-
ing of circuits using voltage-contrast 
principles. "Prodded by our own 
components people, who wanted a 
similar but more refined test tech-
nique, we embarked on the develop-
ment project in early 1973," Wolf-
gang remembers. 
Of note is the fact that the 

Munich-based firm pursued the mul-
timillion dollar project continuously 
and tenaciously, with the top Sie-
mens management fully behind it. 
That, Wolfgang adds, contrasts with 
the attitude of some U. S. firms that 
were engaged in similar work but 
discontinued it after a few years, 
"probably because they did not see 
an immediate need for nonmechani-
cal test methods. But with the advent 
of VLSI, that need has become a 
pressing one." 

But the Siemens manager has 
observed a recent revival in interest 

in the technique. "During my two 
visits to the U. S. this year, I have 
not come across a semiconductor 
producer who isn't working on or 
with E-beam test systems—or plan-
ning to do so." There is no doubt in 
his mind that such systems will even-
tually become standard tools and 
should prove their worth particularly 
with 32-bit microprocessors and with 
circuits featuring structures finer 
than 2 micrometers. 

Packaging and production editor 
Jerry Lyman, who worked with our 
Frankfurt bureau chief John Gosch 
in developing the article, also sees a 
bright future for dynamic electron-
beam testing. He notes that the first 
commercially available equipment in 
this area has just come on the mar-
ket from a small British company, 
Lintech Instruments Ltd. [Electron-
ics, June 30, p. 73]. Also, "many 
U. S. companies—Intel, TI, IBM, and 
others —are already using the tech-
nique on a static basis," he says, 
"and it's just a matter of time before 
they advance to the dynamic testing 
approach." 
At Siemens, electron-beam volt-

age-contrast testers are already on 
the way to becoming standard. Four 
systems are now in use, two at the 
research labs and one each at the 
components and communications di-
visions. They test dynamic random-
access memories of up to 64 K, bipo-
lar RAms, emitter-coupled- and 
charge-coupled-logic devices, micro-
processors, and microcomputers, as 
well as custom-designed circuits for 
the company's data-processing and 
communications divisions. 
Manning the four systems are 

eight test engineers, Wolfgang says. 
As for the future, testing lc func-
tions is not the only job the electron-
beam systems can handle. Another is 
investigating surface—acoustic-wave 
devices [Electronics, Aug. 28, 1980, 
p. 73]. 
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WIDE FLEXIBILITY... 
FROM ENGINEERING TO 
MANUFACTURING APPLICATIONS. 

MEMORY TEST SYSTEM 

= 

The 9300M Memory Test System responds to 
LSI development by meeting all your up-to-date 
requirements. Major features are complete 
parallel and separate measurements that have 
been achieved with our unique technology. 
Also, a small head permits the connection of the 
9300M to auto handler and wafer prober to 
enable high-level testing without impairing 
high-speed characteristics and reliability. 
Various software includes simulation and panel 
mode for perfect overall performance. The 
9300M Memory Test System directs will up-
grade of productivity in every field. For more 
details about the 9300M, write for our brochure. 

'  

Features 
• Test speed: 30MHz 
• Four tests including a function test and DC test can be 
accomplished simultaneously 
• A pin matrix function which eliminates test board wiring 
• A memory test pattern generator 

Microprogramming is facilitated with 700 commands 
Control memory capacity is expandable to 1K words 

• Fault analysis 
Expandable 256K bits of failure memory 
A real time result memory is utilized 

• Timing generator 
Resolution: 100ps 
Split level: 16 levels 

• Partial test based upon memory cell structure 
• Built-in auto-skew adjustment 
• Software: RX-11 with high through-put is employed 

MINATO ELECTRONICS INC. 
4105, Minami 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 
• High capacitance/temperature 
stability . Suitable for automatic 
insertion; available on tape 
for volume usage 

W1MA MKS 2 Metallized 
polyester type providing extremely 
small dimensions at maximum 
capacitance/volume efficiency. 

Ranges also include WIMA FKS 2/ 
WIMA FKC2/WIMA FKP 2: polyester/ 
polycarbonate/polypropylene with 
metal foil electrodes. 

WIMA PCM 5 mm 
Capacitors: 
Tomorrow's technology! 

WILHELM WESTERMANN 
Spezialvertneb 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 Bfvd., Burbank 
California 91505 • (213) 846-3911 
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Readers' comments 
Part of the parade 

To the Editor: The recent article 
"Major firms join Unix parade" in 
your April 7 issue [p. 108] provided 
very useful information on the Unix 
operating system developed by Bell 
Laboratories. The virtues of Unix 
and its growing popularity deserve 
such close attention. 

However, your list of companies 
authorized to sell Unix sublicenses 
omitted Interactive Systems Corp., 
which was the first commercial sub-
licenser of Unix systems. 

Interactive's IS/1 system is a sig-
nificant extension of Unix that 
retains Unix compatibility. It oper-
ates not only on Digital Equipment 
Corp. PDP-11 computers, but as a 
subsystem under the company's 
VAX/VMS operating system as well. 
In addition, Interactive recently con-
cluded an agreement with Onyx Sys-
tems Inc. to provide IS/1 as the 
standard Unix system for the Onyx 
C8002 system: our IS/1 for the 
Onyx C8001 is currently available. 

Dwayne C. Lowry 
Interactive Systems Corp. 

Santa Monica, Calif. 

Yankee ingenuity 

To the Editor: Your special report, 
"How Japan's chip makers line up to 
compete" [June 2, p. 117], observed 
that a double-diffused memory cell 
innovation came from the Nippon 
Electric Co. We wish to point out 
that the memory cell structure 
described originated in the United 
States and is covered by U. S. Patent 
No. 3,919,569 issued to us on Nov. 
11, 1975. A corresponding Japanese 
patent, No. 941480, was issued on 
Feb. 20, 1979. Both of these patents 
have been assigned to International 
Business Machines Corp., Armonk, 
N. Y. 

F. H. Gaensslen and P. J. Krick 
IBM Corp. 

Yorktown Heights, N. Y. 

Correction 

In "How Japan's chip makers line up 
to compete" (June 2, p. 117), a wafer-
stepping lithographic process for 256-K 
RAMS was cited as having a 1:1 projec-
tion ratio. The correct ratio is 10:1. 

ti  Check 
•Transistors 

*Capacitors 

•Diodes 

•IC's 

CONTROLLED HEATING 
... where it counts 

THERMO-PROBE 
Heat any integrated circuit or electronic 
component to its rated temperature 
with a heat probe. Accuracy ± 3°C or 
better. Or check the component's tem-
perature with a thermo-couple probe. 
Model 810 Thermo-Probe does both. 
Reads out directly in C and °F on a 
large 41/2 -Inch meter. 

MTI MICRO-TECI.NICAL INDUSTRIES 

23112 "C" Alcalde 
Laguna Hills, Calif. 92853 

(714) 855-4328 
TWX (910) 595-1745 rm. 

1 ;1  

Circle 185 on reader service card 

The NEW EBG 
is now available! 

Yes, please send me 
1980 EBG. 

D I've enclosed $30 per copy delivered in 
USA or Canada. Address: EBG, 1221 Avenue 
of the Americas, New York, N.Y. 10020. 
D I've enclosed $52 for air delivery 
elsewhere. Address: EBG, Shoppenhangers 
Road, Maidenhead, Berkshire S16. 
201 England. 

Name 

copies of 

Company 

Street 

City 

State Zip Country  

Electronics/July 14, 1981 



The Industry 
Standard. 

132-character wide, 
adjustable carriage 

High-quality 
dot matrix 

character font 

Receive buffer for 
data overflow protection 

The OMNI 800* Model 810 RO, 
with its reputation for outstand-
ing reliability, sets the standards 
that other printers in the indus-
try are measured against. And 
with good reason. Great for 
applications like report genera-
tion, invoicing and ticket print-
ing, the 810 RO's field-proven 
performance handles heavy 
workloads with ease. 

TI is dedicated to producing 

Receive-Only Printer 

High-quality 
forms printing 

14119111111111111111 

110 to 9600 baud 
transmission speeds 

quality, innovative products like 
the Model 810 RO. And TI's hun-
dreds of thousands of data ter-
minals shipped worldwide are 
backed by the technology and 
reliability that come from 50 
years of experience. 

For more information on the 
Model 810 RO, contact the TI 
sales office nearest you. In Europe, 
write Texas Instruments, 
M/S 74, B.R 5, Villeneuve-

150 cps optimized 
bidirectional forms printing 

Operator control/ 
indicator panel 

Covered auxiliary 
control panel for 
user configuration 

Optional custom color 
for systems integration 

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. 

*Trademark of Texas Instruments Copyright 0( 1981, Texas Instruments Incorporated 
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DON'T LET YOUR 
CLOCK GIVE YOU 
A BAD TIME. 



You've really worked long and hard to 
make sure your new system has the highest 
throughput possible. 

Don't blow it with a bum ticker. 

Get AMD's Am2925. 
The new Am2925 will boost the through-

put of Am2900 and all high-performance 
systems up to 30%. 

What's our secret? Microcode control of 
the cycle length. 

Your system no longer has to run at the 
cycle of the slowest instruction. You can get 
down to as low as 100ns microcycles. 
And, there are four different clock wave-

forms to choose from. 

We even have a clock 
for the AmZ8000. 

The AmZ8127 provides CPU clock drive to 
Vcc-.4 for the AmZ8000 and all MOS CPUs. 

But that's not all. 
The oscillator output is terrific for syn-

chronizing dynamic RAM timing. And the 
AmZ8127 has synchronized slower clocks 

for slower peripheral functions. 
Both the AmZ8127 and the Am2925 

include an oscillator, single-step, run-halt 
and wait controls. Both replace a dozen 
MSI chips. 

Bipolar LSI: 
The Simple Solution. 

The Am2925 and AmZ8127 are two of 
the newest members of AMD's Bipolar LSI 
family. The family that makes designing any 
system easier, faster, simpler, cheaper. 

Like all of AMD's parts, both our 
clocks meet or exceed INT•STD•123. We 
guarantee it. 

The International Standard of  Quality 
guarantees these electrical AQLs on all 

eters over the operating, tempera-
: 0.1% on mos RAM§ &ROMs; 

0.2% on'13ipololc & Interface; 0.3% 
on Linear. oic & other memories. 

V' If you need a clock or any high 
performance part for your next design, call 
or write Advanced Micro Devices. 

We've got some very timely solutions. 

Advanced Micro Devices ri 
901 Thompson Place, Sunnyvale, CA 94086 • (408) 732-2400 

Advanced Micro Devices 
Mail Operations, P.O. Box 4 
Westbury-on-Trym, Bristol BS9 3DS 
United Kingdom 

Send me all the facts on the Am2925 and AmZ8127 

Personal Name  

Personal Title  

Company Name  

Street and Number  

Town (with postcode)  

Country  

Advanced Micro Devices • Austria: KonIron Ges m b. H., A-2345 Brunn am Gebirge.Tel:(02236) 8 66 31. Telex 79337 Belgium: AMO Overseas Corporation, B-1150 Bruxelles. Tel: 
(02) 771 99 93. Telex 61028 • MCA Tronix S.PR.L., B-4200 Ougree.Tél: (041) 36 27 80. Télex: 42052 Denmark: Advanced Electronic o' Denmark Aps, OK-2000 Copenhagen F Tel 
(01) 19 44 33. Telex: 22 431 Finland: Komdel OY, SF-02271 Espoo 27. Tel (0) 885 011. Telex. 12 1926 France: AMID, SA. F-94588 Rungis Cedes. Tél: (01) 686.91 86 Télex: 202053 
Germany: AMO GmbH. D-8000 München 80 Tel: (089) 40 19 76. Telex: 523883 • AMC/ GmbH. D-7024 Filderstadt 3 Tel: (07158) 3060 Telex: 721211. Italy: AMD, Si:LI-20090 
MI2-Segrate (MI). Tel: (02) 215 4913-4-5. Telex: 315286 Israel: Talviton Electronics Lid., Tel-Aviv Tel: (03) 444572. Telex 03-3400. Japan: AMD, K.K.. Tokyo 168 Tel: (03) 329-2751 

Telex 2324064. • AMO. K.K., Osaka 564 Tel (06) 386-9161. Netherlands: Arcobel By, NL-5342 PX Oss Tel (04120) 30335 Telex: 37489 Norway: A.S Kjell Bakke. N-2011 Stremmen 
Tel: (02) 71 53 50 Telex: 19407 South Africa: South Continental Devices (Ply) Ltd.. 2123 Pinegowne. Tel (011) 789-2400. Telex: 4-24849. Spain: Sagilrón S.A., Madrid-1 .Tel: 

(01) 275-4824. Telex: 43819. Sweden: AMO AB, S-172 07 Sundbyberg. Tel: (08) 98 12 35. Telex. 11602 • Svensk Teleindustn AB. S-162 05 Vallingby Tel (08) 89 04 35. Telex: 13033 
Switzerland: Kurt He AG, CH-8050 Zürich Tel: (01) 302 21 21. Telex: 53461 United Kingdom: AMO (U K ) Ltd. Woking. Surrey GU21 1JT. Tel: (04862) 22121 Telex 859103. 



Editorial  

The new science adviser 

The designation of George A. Keyworth as 
science adviser to President Reagan does not 
serve to encourage those who hold the view 
that the understanding and encouragement of 
innovation at the highest Government levels 
and the fostering of technology on a broad 
front are essential to the economic health of 
the nation. 

Keyworth is little known outside the impor-

tant but narrow confines of the military nucle-
ar establishment. He received his Ph.D. from 
Duke University in 1968, and most of his 
career has been involved with nuclear physics, 
including laser confinement fusion develop-
ment at Los Alamos National Laboratory. 
When designated, he was head of the labora-
tory's Physics division. 

Although Keyworth may provide some sur-
prises, it is hard to see how his background, 
conspicuously bereft of industrial experience, 
can prepare him to steer the Administration 
towards an intelligent policy on important 
nonmilitary technological issues. Indeed, he 

Where the U. S. holds sway 

Amid the dark talk of the narrowing United 
States technological lead—even the daily 
newspapers are running Sunday features on 
the subject—it might be enlightening to read 
two articles in this issue. They offer a good 
look at the other side of the coin. 
The first, on page 89, details the strategies 

being followed by U. S. makers of semicon-
ductor manufacturing equipment to consoli-
date their domination of that market in Japan. 
While they have seen some erosion, the indica-
tion is that they have no peers when it comes 
to the highest technologies in their business. 
The other article, on page 101, reports on a 
survey of world computer markets. That sur-

has been quoted as listing first among the 
major technological issues facing the nation 
national security, preservation of a credible 
nuclear deterrence, and energy research and 
development. At the same time he has 
expressed admiration for "the Administra-
tion's attitude toward technology" — an atti-
tude that is responsible for significant cuts in 
science and engineering education and does 
not reflect enlightenment on how to maintain 
America's technological lead by providing 
incentives for research and development. 
Of course, the goals Keyworth cites are 

essential. But concentrating our national tech-
nological resources on these areas alone would 
be disastrous. For a science and technology 
adviser, a more balanced long-term view of 
the importance of high technology in reaching, 
say, employment, balance of trade, and pro-
ductivity goals is also required. Keyworth may 
ultimately show that he holds such a balanced 
view, but what is known about him so far is 
not reassuring. 

vey concludes that Japanese manufacturers 
will have only 8.3% of the markets by 1985 
and that their growth rates are slower than 
those of many of their U. S. rivals. 
What those two stories make clear is those 

the U. S. is still the world leader in most areas 
of electronic technology and will continue to 
remain so. While that leadership is threatened 
most seriously in a visible and important mar-
ketplace— semiconductors, particularly 64-K 
random-access memories —in other, equally 
sophisticated electronics market sectors, Am-
erican design and software ability are un-

equaled. Without those strengths there can be 
no technological dominance. 
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Take your pick from this ORE  2ILY crop 
e of fine products: 

PRECISION SWITCHES 

Whatever you make . . . you can make it better with a 
Cherry switch. Cherry snap-action switches are designed 
with a unique coil spring mechanism for longer mechani-
cal life. Vast choice of sizes, operating forces, mount-
ings, termination and actuators with electrical ratings 
from 1 through 25 amps. Gold crosspoint contact 
switches for low energy circuits, too. 

Phone: 312/689-7700 

SELECTOR SWITCHES 

When you need a switch to count . . . count on Cherry. 
For thumbwheel, leverwheel and pushwheel switches in 
a full range of alphanumeric readouts and output codes. 
Full range of sizes, too. And, for matrix selector switches 
with up to 2784 crosspoints ... standard and stocked. 

Phone: 312/689-7701 

KEYBOARDS & KEYBOARD SWITCHES 

Solid state or hard contact? Cherry provides a broad 
range of custom designed keyboards in your choice of 
either technology. Plus, numerous standard keyboards 
available off-the-shelf . . . including the versatile, modi-
fiable 67-key PRO. Many keycap colors, shapes, sizes 
and legends to choose from. Keyboard switches, too. 

Phone: 312/689-7612 

INTEGRATED CIRCUITS 

Need a custom bipolar IC? Take your pick of linear or 
I2L digital . . . or a combination of both on the same 
chip. Cherry designed tooling or your own. Semi-custom 
and standard ICs, too. 

Phone: 401/885-3600 

DISPLAY PRODUCTS 
Cherry gas discharge display technology offers you 
choices of 7 segment numeric or 14 segment alphanu-
meric displays — and complete display systems includ-
ing all drive electronics completely packaged, ready to 
plug in . . . and use! 

Phone: 312/689-7731 

Call Cherry...or your Cherry Distributor 

CHERRY ELECTRICAL PRODUCTS CORP. 

3608 Sunset Avenue, Waukegan, IL 60085 • TWX 910/235-1572 

Worldwide affiliates and phone numbers: Cherry Semiconductor Corp., East Greenwich, RI, U.S.A.. 401-885-3600 • Cherry Mikroschalter GmbH, Auerbach, Germany, 09 643 181 • Cherry Electrical 
Products Ltd . Haipenden (Hens) England. 105827163100 . Cherco Brasil Industria E. Comercio Ltda., Sao Paulo. Brazil. 55 (0111 246-4343 • Hirose Cherry Precision Co., Ltd., Kawasaki, Japan, 044 933 3511 
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zA RID ARRAY 

AREA GRID 
N ARRAY 

AREA ARRAY 
3EID of NAILS 

Regardless of what 
you call the packages, 

Textool probably 
has a ZIP (zero 

insertion pressure) 
socket to 

accommodate them. 
If your requirements are strictly for test 
or burn-in, Textool's series of Grid Zip 
sockets (below right) are perfectly 
suited to your needs. 
Should your 

needs include a 
production 
socket, Textool 
Area Array 
sockets (below 
left) will solve your problems. 
Lead configurations pose no real 

challenge to the unique flexibility of 
these Textool socket series (.100 x 
.100" grid). You see only the positions 
you need. 

Simple mechanical action 
characteristic of all Textool ZIP 
sockets allows the user to literally 
"drop" a device into any of them. 
Close the cam and the device is 

retained with a 
minimum of 100 
grams pressure 
per lead. 
Release the cam 
and the device 

may be removed with zero contact 
pressure, thus virtually eliminating 
mechanical rejects caused by bent or 
distorted leads. No longer is there a 
need to mount direct and run the risk 
of losing a mulitlayer PC board. 

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 

Roach to lead Tandy 

into speech-learning aids 

Maintaining a bridge between state-
of-the-art technologies and the home 
will be the No. 1 challenge of the 
decade for consumer electronics 
manufacturers, says Tandy Corp.'s 
John V. Roach. As technologies con-
tinue to grow, so does the demand 
for up-to-date consumer electronics, 
observes the company's president 
and new chief executive officer. 
To meet that demand, Tandy— 

the reigning champion of U. S. home 
computer markets—will soon be 
spreading its efforts into speech syn-
thesis, Roach says. "A talking clock 
will appear in this year's catalog, 
and it will be only the first of many 
Tandy synthetic-speech products," 
says the 42-year-old executive. "This 
will, of course, lead to other speech 
technologies in the decade, like 
speech recognition." 
The Fort Worth, Texas, company 

also plans to take on its neighbor— 
Texas Instruments Inc. of Dallas— 
in the hand-held, speech—learning-
aid market. Within a year, Roach 
says, these products will begin show-
ing up at Tandy's Radio Shack 
stores. TI markets speech technology 
in products like Speak 'n' Spell and 
Speak 'n' Math. 

Roach, a native of western Texas, 
was named Tandy president in Octo-
ber 1980 after serving as executive 
vice president of Radio Shack for 
two years. He joined the corporation 
in 1967 and holds both a master's 
and bachelor's degree in business 
administration from Texas Christian 
University in Fort Worth. In becom-
ing Tandy's CEO this month, Roach 
replaces Phil R. North, who remains 
chairman of the board. 
"We sit in a unique position," says 

Roach, referring to Tandy's vast 
experience in consumer electronics. 
"We've been involved in every aspect 
of the technology and business, from 
laboratory to the living room." Tan-
dy will continue to see itself as a 
vital link between high technology, 
the home and—in cases like the 
TRS-80 model II microcomputer— 
small business. 

Speech talk. Tandy's John Roach says firm 

will take on TI in speech-synthesis market. 

"In terms of overall business, 
Radio Shack sales have boomed in 
the past nine months," he says. "Not 
only are the highly visible products 
doing well, but many of our standard 
product lines are doing well—like 
record players and tape recorders." 
Sales for the fiscal year ended June 
30 were up 20%, compared to the 
previous year. "And that increase is 
5% higher than what we experienced 
in the past three or four years." 

Van Tassel to show NCR 

how to sell semiconductors 

Since the day some 16 months ago 
when James H. Van Tassel took over 
as vice president of NCR Corp.'s 
Microelectronics division, a big 
chunk of his time has been spent 
grooming the operation for entry 
into the merchant semiconductor 
business. "That was part of the deal. 
Not wanted to enter the general 
semiconductor market as a supplier 
of high-technology devices," the 54-
year-old executive recalls. 

Last month [Electronics, June 30, 
p. 46], those intentions were made 
public by NCR with the announce-
ment that it will begin selling non-
volatile memory chips and semicus-
tom logic devices on the open mar-
ket. The move is a first for the Day-
ton, Ohio, computer-systems manu-
facturer, whose chip production to 
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IS1 11/2® LSI 11/23® 
COMPONENT PRODUCTS 

WHY IS FIRST COMPUTER YOUR BEST 
SOURCE FOR DEC'S LSI-11/2 
and LSI-11 /23 MICROCOMPUTER 
PRODUCTS? 
FIRST COMPUTER IS THE WORLD'S 
LARGEST SPECIALIZED DISTRIBUTOR 
FOR LSI-11 and LSI-23 
MICROCOMPUTER PRCDUCTS. 
No—We don't sell capacitors or 
resistors! We only sell products 
manufactured by Digital Equipment 
Corporation and other leading 
manufacturers which enhance the 
LSI-11/2 and LSI-11/23 
Microcomputer Products. 

FIRST COMPUTER SAVES YOU 
VALUABLE DOLLARS! 
Because of our volume purchasing 
power we can acquire the products 
at the lowest possible cost. These 
savings enable us to offer the best 
price available anywhere. Before 
you buy, investigate our price and 
save dollars. 

®Registered trademark of Digital Eauipment Coiporation 

T. Trademark First Computer Corporation 

C4 

FIRST COMPUTER SAVES YOU 
VALUABLE TIME! 

Because of our large inventory we 
can provide you with off-the-shelf 
delivery on the complete line of 
Digital Equipment Corporation's 
factory fresh Microcomputer 
Products. We are just a phone call 
away, or if you prefer you can TWX 
us your order. With pre-approved 
credit we can ship anywhere in 
the United States or Canada within 
24 hours. 

FREE TECHNICAL AND 
APPLICATION ASSISTANCE. 

Because we specialize in LSI-11/2 and 
LSI-11/23s we can provide you with 
technical assistance to help you 
determine the products which best 
meet your application requirements. 
We utilize these products every day 
in our Commercial, Laboratory, Array 
Processor, and Image Processing 
Systems. Our application experience 
can help you avoid costly mistakes. 

FULL MANUFACTURER'S WARRANTY. 

When you purchase your LSI-11/2 
and LSI-11/23 products from FIRST 
COMPUTER you receive the full 
manufacturer's Return to Factory 
warranty. All warranty claims will be 
handled by First Computer with 
courtesy & dispatch. FIRST COMPUTER 
stands behind each of the products 
we sell. 

WE AE A RECOGNIZED LEADER IN 
THE ZISTRIBUTION OF LSI-11 /2 and 
LSI-11/23 PRODUCTS. 

No wonder so many people are 
turning to FIRST COMPUTER to 
provide them with their 
Microcomputer requirements. You 
owe it to yourself to investigate 
what FIRST COMPUTER can do for 
you! We stand ready to serve you. 
You can bank on us. 

TWX NUMBER 910-651-1916 

computer corporation 
645 BLACKHAWK DRIVE / WESTMONT, ILLINOIS 60559 (312)920-1050 

SOUTHERN REGION 
Houston. TX (713) 960-1050 

Electronics/July 14, 1981 

WESTERN REGION 
California (To be arnounced) 

NORTH CENTRAL REGION 
Chicago, IL (312) 920-1050 
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Speech 
Synthesis 

adds personality to your products 

------'*-2- :: -.Hlo lights, buzzers or numbers o p 
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. 

TélesensorySpeechSystems 
34 08 Hillview Avenue, P.O. Box 10099, Palo Alto, CA 94304, (415) 856-TALK 

Circle 16 on reader service card 

OEM Systems Designers... 

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- 1 1 • LSI-11 • VAX 

Also: FORTRAN-77 for the 

INTEL 8086/8088 

Cost effective with prices starting at only 

$1895. 

UiiiTL1Fil_ SYSTEMS 
1500 Newell Avenue, Suite 406 

Walnut Creek, CA 94596 
(415) 935-4944 

The state of the art in microprocessor software 

People 

In the market. James H. Van Tassel is lead-

ing NCR into the merchant IC business. 

date has gone primarily into its own 
products. 
Van Tassel concedes that the con-

version from captive into merchant 
component supplier will not be a 
simple task. But with 19 years at 
Texas Instruments Inc., he is well-
equipped for the job. After joining TI 
in 1960 with a master's and Ph. D. 
degrees in chemistry from Texas 
Tech University, Van Tassel's tour 
with the Dallas company included a 
stint as general manager of mos for 
internal consumption. He also got 
plenty of merchant-market experi-
ence later on as general manager of 
operations for the TMS-1000 4-bit 
microcomputer. 

Learning to sell will be among the 
toughest challenges faced by the 
Microelectronics division staff, Van 
Tassel notes. "We have been dealing 
at the engineer and application level 
internally for a long time, but we 
don't have experience at the sales-
man—purchasing-agent level." The 
division will not rely upon the exist-
ing NCR sales force, but is setting up 
a separate network of 150 technical 
field representatives. 
One thing the division will not 

have to learn is the importance of 
schedules. "You wouldn't believe 
how nasty delivery schedules can be 
when both the sender and receiver 
report to the same boss," Van Tassel 
quips. On-time delivery skills and 
over 10 years of quality and reliabili-
ty standards as a captive NCR com-
ponent supplier will serve the divi-
sion well on the outside, he figures. 
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MIL-SSR UPDATE 

We married SSR technology 
to military needs... 

and the family keeps growing 

12 
iriELECKHTQp NE RELitis 

CA. i102S0 

P/N 852-1 
•;Lcia,o: 25 AMP, 250 VAC, 50/400Hz 

CONTROL: 3.8- 9 VOC 
2 4 

PAT kip . 344 8, 75 

It all started with our M640 series — miniature SSRs in 
hermetically sealed TO-5 packages. These were the first solid state 
relays ever to receive QPL approval to MIL-R-28750. 

Teledyne is still the first and only SSR manufacturer with a 
family of products designed specifically for military and 
aerospace applications. We have AC and DC models with outputs 
ranging from milliamps to 25 amps, featuring optical as well 
as transformer isolation. All utilize military grade components 
and hybrid microcircuit techniques to reduce parts count and 
increase reliability. Our latest is a 3-phase AC SSR designed for 
220 volt, 400 Hz operation. 

If you need a solid state relay for military or aerospace 
applications, come to the recognized leader in military SSR 
technology — Teledyne Relays. 

e TELEDYNE RELAYS 
12525 Daphne Avenue, Hawthorne, California 90250 • (213) 777-0077 

U.K. Sales Office: Heathrow House, Bath Rd. MX, TW5 9QQ • 01-897-2501 

European Ficers.: Abraham Lincoln Strasse 38-42 • 62 Wiesbaden, W. Germany • 6121-700811 
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Cover yourself 
with our shielded 
connectors. 

They are the cost-effective way 
to reduce your equipment's 
electromagnetic emissions, and help 
you comply with the new FCC 
emissions regulations. 

Choose from a wide range of 
interface styles, all AMP proven designs 
with compact, easy-to-assemble 
shields 

Our AMPMODU MT connector 
offers mass termination savings in 
.100" centerline post/receptacle format. 
AMPLIMITE connectors mate with 
similar subminiature D designs. 

If you prefer a circular connector, 
our shielded version offers a positive 
one-turn locking ring. And for high pin 
counts, the CR Series gives you zero 
insertion force mating. 

You couldn't ask for better 
protection. 



AMP Facts 

--

CHAMP panel mount connector mates 
with IEEE 488 shielded cable assemblies. 

PC header shield incorporates 
spring fingers to assure 
positive peripheral connection. 

Shield makes 360° 
termination to cable 

braid. 

AMPMODU MT 
connector precision-
formed shield snaps 
together. 

For more information, call the AMP Shielded Connector Desk at (717) 780-8400. 
AMP Incorporated, Harrisburg, PA 17105 AMP AMPMODU AMPLIMITE and CHAMP are trademarks of AMP ncorporaferf 

111,11MIIP means productivity. 



If you're still looking for the best 8" floppy _ 



disk drive solution, you haverit found us yet. 
The plain truth is, no one else builds a ThinLine TM 8" 

floppy that doubles your capacity by fitting two of itself into the space currently 
required by only one drive. No one else ships as many 5%4" floppy drives. 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 products. You see, at Tandon, we simply make more 
of what we make. Tandon. 20320 Prairie, 

Chatsworth, CA 91311, (213) 993-6644. F1 Dli 
The most successful disk drive company you never heard of. 
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In my opinion  

Go international or go under 

by Jerry R.Crowley 

president and chief executive officer, Oki Semiconductor Inc., Santa Clara, Calif. 

A new spirit is 
emerging today 
among semiconduc-
tor companies that 
is multinational in 
outlook and in op-
erations. Because 
electronics is nów 
an international 
technology in which 
no one country can 
claim absolute 
leadership, the 
companies that 

form the electronics industry must be prepared 
to adopt an international viewpoint. 

Having been involved in two hemispheres of 
the semiconductor world—first with Motorola, 
Signetics, and National Semiconductor and now 
with Japanese-owned Oki Semiconductor—I 
view the multinational movement as a good one. 
Moreover, I think that the trend will work to the 
advantage of U. S. companies. 

Once, it was primarily U. S. companies that 
were investing and marketing abroad. But times 
have changed. The world has become an inter-
dependent, multichannel network, with foreign 
investments in our land becoming more and 
more evident. We are seeing a realignment of 
the traditional market structure. Today, the 
Free World alliance needs to strengthen its 
bonds with active, progressive trading partner-
ships and cooperative ventures. 
I am not really advocating anything radically 

new. In fact, these things are already happening, 
and the direction is not all one-way. Recall these 
examples: Texas Instruments adds a third wafer 
fabrication facility in Japan and commits to a 
manufacturing plant in Singapore; Motorola 
Semiconductor forms a 50:50 joint venture with 
Toko for wafer fabrication in Japan; at the same 
time Mostek heads for Ireland to put down an 
integrated-circuit production plant; and Silicon-
ix does the same in Wales. 

In a sense these internationally oriented com-
panies are reaching outside their traditional ter-
ritories to find solutions. They are tapping 
resources—engineering talent, production effi-
ciency, not to mention markets—that are not 
limited by national boundaries. The steep 
demand forecast for semiconductors (present 

slow market conditions notwithstanding), cou-
pled with an anticipated shortage of engineers, 
has encouraged companies to use international 
assets. In doing so, managements have had to 
bridge cultural differences, becoming involved 
in long learning experiences but finding new 
sources of ideas and new ways of managing. 

These semiconductor firms are filling a void 
brought about by the decreasing number of 
purely merchant suppliers and the increasing 
number of captive or semicaptive producers. 
Examples of the latter types of relationship 
would be Philips/Signetics, Honeywell/Syner-
tek, United Technologies/Mostek, Schlumberg-
er/Fairchild, and more recently, General Elec-
tric/Intersil. 

Bolstering the independents 

If we're heading for surging demand from big 
systems houses and limited supply from the 
independents—which I'm convinced is the 
case—how do we close the gap that could devel-
op between semiconductor output and semicon-
ductor consumption? One way is for all of us to 
take a more liberal view of multinational solu-
tions. There is a need for a group of emerging 
semiconductor firms, regardless of national ori-
gins, to help alleviate the lc capacity crunch in 
the years ahead. It's the best way I know to 
avert lost systems markets abroad. 
By being an American-run operation in a 

Japanese-owned company, Oki is a good exam-
ple of how engineering expertise and manage-
ment style can be blended successfully. We have 
the advantages of American know-how in soft-
ware design, marketing, and technical field sup-
port backed by Japanese production capability 
and long-term planning. Without the intense 
pressure to deliver immediate results on the 
profit-and-loss statement that often drives 
American managers, we can take a more consid-
ered view of financial management. 
The communication is remarkably good. We 

have learned that with the international perva-
siveness of semiconductor technology, econom-
ics is changing the famous NIH (not invented 
here) attitude. 

Electronics will periodically invite the expression 
of outside views on this page concerning issues of 
importance to the electronics industries. 
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TEK 7854 OSCILLOSCOPE THE STANDARD IN 
TEST AND MEASUREMENT 

You're a keystroke away from 
faster, easier measurements. 

The 7854 Oscilloscope. 
Our 7000 Series Plug-Ins. 
A powerful combination that in-

creases productivity by automating a 
wide variety of measurements. 

Solutions to complex measure-
ments are at your fingertips with speed, 
accuracy and repeatability far beyond 
conventional means. 

How? The 7854 stores repetitive 
signals from DC to 400 MHz. It puts 
waveform processing, keystroke pro-
gramming and the IEEE-488 Bus at your 
command. You can digitize signals. 
Store them. Measure them. All with 
simple keystrokes. 

And because the 7854 mainframe 
accepts a host of 7C00 Series Plug-Ins, 
you will have high performance mea-
surement automation and versatility, 
too. Over 30 Plug-Ins in all. 

With time domain applications, 
choose a differential amplifier, a com-
parator, or multi-trace amplifiers. Or, for 
frequency domain agplications, the 
7854 configured as a spectrum 
analyzer provides unique, time saving, 
automated measurements from base-
band to microwave unmatched by 
anyone 

For example, use keystroke pro-
gramming to simplify complex mea-
surements such as percent modulation, 
harmonic distortion or FM deviation at 
the touch of a button. 

You can digitally average the dis-
play to view small signals masked by 
noise. Pushbuttons measure parame-
ters such as max signal amplitude or 
area under tne curve for impulse band-
width measurements. Or use pro-
grammable cursors for automated fre-
quency and amplitude comparisons. 

You can also transfer data, store 
programs and perform in-depth 

anaiysis using the IEEE-488 Bus. Inter-
face your 7854 through a Tektronix 
Controller with a hard copier, storage 
modules, plotter or with your own main-
frame computer and peripherals. The 
7854's on-boarc processor speeds 
data transmission over the bus, saving 
costly seconds of processing time. 

Get all the details by contacting 
your Tektronix Sales Engineer. Or call 
Tek toll-free. 1-800-547-1512. 

Analog, digital or frequency do-
main. With the 7854, your choice is 
automatic. 

For further information contact: 

U.S.A., Asia, Australia Central & South America, Japan 
Tektronix, Inc., PO. Bo: 4828, Portland. OR 97208. 
Phone 800 547-6714, Oregon only 800 452-6773. 
Telex 910-467-8708. Cable. TEKTRONIX 

Europe, Africa, Middle East Tektronix International, Inc., 
European Marketing Centre, Postbox 827, 1180 AV 
Amstelveen, The Netherlands, Telex. 18312 

Canada, Tektronix C.arada Inc.. PO. Box 6500, Barr e. 
Ontario L4M 4V3, Phone: 705 737-2700 

"ffilertroŒYIT1tDpix 
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PMI Circuits Reach A New Low! 
r 

1.72% .49% .43% .236/o .36% .25% Jto%goad 

1975 1976 1977 1978 1979 1980 1981 

Average Customer Reject Rate 

Our Linears Have Won the Race 
Down the Industry Return-Rate Curve 



MIL-STD-883 
METHOD 5004 
CLASS S 

Presea! Internal 
Visual Method 2010 

Condition A 

QA. Sample 
Inspection 

Stabilization Bake 
Method 1008 

Condition C (24 hrs.) 

Temperature Cycling 
Method 1010 
Condition C 

Constant Acceleration 
Method 2031 

Condition E Y1 Plane 

Seal Method 
1014 

Condition A, & C 

Serilization 

Electrical Test 
+ 25°C 

Read & Record 

Burn In Test 
Method 1015 Cond, 8 
240 hrs. at + 125°C 

Post Burn In 
Electrical Parameters 

Read & Record at + 25°C 

Particle Impact 
Noise Detection 
Method 2020 

Seal Method 1014 
Condition A, & C 

Static Test at +25°C 
and Min/Max 
Temperatures 

Dynamic Tests and 
Switching Tests 

at + 25°C 

Functional 
25°C Test 

Radiographic 
(X-Ray) 

Method 2012 

External Visual 
Method 2009 

OA. Sample 
Inspection 
(Electrical) 

MIL•STD•883 
METHOD 5004 
CLASS B 

Preseal Internal 
Visual Method 2010 

Conditon 8 

QA. Sample 
Inspection 

Stabilization Bake 
Method 1008 

Condition (24 hrs.) 

Temperature Cycling 
Method 1010 
Condition C 

Constant Acceleration 
Method 2001 

Condition E ri Plane 

Seal Method 
104 

Condition Al & C 

Electrical Test 
+ 25°C 

Burn In Test 
Method 1015 Cond. B 
160 hrs. at + 125°C 

Final Electrical Test 
at 25°C 

Static Test 
Min/Max 

Temperatures 

Dynamic Tests and 
Switching Tests 

at 25°C 

Functional 
25°C Test 

Externa Visual 
Method 2009 

QA. Sample 
Inspection 
(Electrical) 

MIL-STD-883 PMI STANDARD 
METHOD 5004 DEVICES 
CLASS C 

Preseal Internal 
Visual Method 2010 

Condition B 

OA. Sample 
Inspection 

Stabilization Bake 
Method 1008 

Condition (24 hrs.( 

Temperature Cycling 
Method 1010 
Condition C 

Constant Acceleration 
Method 2001 

Condition E Y1 Plane 

Seal Method 
104 

Conditio A, & C 

Final Electrical 
Test at 25°C 

Funct onal 
25°C Test 

Externa Visual 
Method 2009 

0.0. Sample 
Inspection 
(Electrical) 

NOTES: 
1. Temp Testing Performed As Required To Guarantee Data Sheet Specifications. 
2. Burn-In Performed As Required To Stabilize Devices With Internal References, 

Preseal Internal 
Visual Method 2010 

Condition 

C.A. Sample 
Inspection 

Stabilization Bake 
Method 1008 

Condition (24 hrs.) 

Temperature Cycling 
Method 1010 
Condition C 

Constant Acceleration 
Method 2001 

Condition E Y1 Plane 

Seal Method 
1014 

Condition Al & C 

Electn al Test 
+ 2 °C 

Burn In Test 
Method 1015 Cond. 8 
160 hrs. at + 125°C 

(see note 2} 

Final Electrical 
Test at + 25°C 

Static Test 
MinlMax 

Temperatures 

(see note 11 

Func ional 
25°C Test 

Externa Visual 
Method 2009 

QA. Sample 
Inspection 
(Electrical) 

The boundaries of Alice's Wonderland existed only in 
the mind of author Lewis Carroll. The boundaries of Lin-
ear Wonderland extend beyond any world Carroll could 
have imagined, since they're created in the far more fertile 
imaginations of today's systems engineers. 

One of our major competitors is shooting for 0.3% 
AQL this year, which allows individual lot defects as high 
as 5%! AQL stands for "Acceptable Quality Level." PMI 
doesn't think that a lot containing 5% defects is accept-
able! 

One can deduce from the media coverage that the 
semiconductor industry just discovered quality, and is 
striving to get rejects below 1%. 

PMI reached an average defect return rate of under 
0.5% in 1976. It dropped to 0.25% for all of 1980 and is 
currently running toward our 1981 goal of 0.1%. 

All of our proprietary hermetic products are proc-
essed 100% to at least Class C requirements of MIL-STD-
883B, and all parts are produced under our Q.A. system in 
full compliance with MIL-Q-9858. 

Long ago PMI's engineers set their own boundaries to 
assure us of winning the Linear Wonderland Quality Race. 
We eliminated the "fast clocks" and "fast burn-ins" that 
other companies use. We inspect all the dice we use in our 
proprietary products to TEST CONDITION B, and 
process all assembled units through all 883B environmen-
tals. We eliminated sample testing in favor of 100% electri-
cal testing of all guaranteed parameters, and still back that 
up with a final sample test before shipment. 

That's how our high-precision IC's got designed into 
such hi-rel programs as the Space Shuttle, which helped 
those imaginative engineers expand the boundaries of 
Linear Wonderland a little further. 

Space Shuttle Parts 

ADO2 12-Bit A/D Converter 
DAC100 10-Bit D/A Converter 
OP07 Precision Op Amp 
OP16 Precision BiFET Op Amp 
CMPO2 Precision Comparator 
SMPll Precision Sample and Hold Amplifier 

And that's why you may be setting limits on your own 
designs if you're not buying the highest quality linear IC's 
available: the PMI family of linear, data conversion and 
telecommunication circuits. 

For more information on PMI IC's, circle the appro-
priate reader service number shown below. For more 
high-reliability information, circle 204. For Custom IC 
brochure, circle 201. For the 180-page Telecommunica-
tions Applications Handbook, circle 202. For 880-page 
Full-Line Product Catalog, circle 203. 

rm  Precision Monolithics Incorporated 1500 Space Park Drive 
Santa Clara, California 95050 

(408) 727-9222 TWX: 910-338-0218 Cable: MONO 





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

The K100-D wins over Hew1ett-Packard's 1615A hands down! 
Logic designers have made 
Gould's powerful Biomation K100-D 
our fastest selling logic analyzer 

ever. You'll see why once you com-
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 the1615A'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, 
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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 
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I.> GOULD 
An Electréç.al / Electronics Company 

reader service card 



Drafting-like plot quality 
is affordable 

Houston Instrument's CØMPLØT® CPS-14 & 15 digital 
plotters provide quality comparable to that of plotters costing 
twice as much. 

That's a bold statement, but it's 
supported by both features and 
performance. 
The CPS-14 offers a 22-inch (56 cm) 

plotting width while the CPS-15 has a 
34.5-inch (88 cm plotting width. Both 
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have two built-in microprocessor-based 
controllers, and accept data from either 
a standard EIA RS-232C or 20 ma cur-
rent loop source. The unique plotter 
controller allows automatic detection 
and correction of transmission errors, 

Circle #32 for literature 
Circle #147 to have a representative call 

local generation of alphanumeric 
characters, a 1536 byte circular buffer 
memory to accomodate greatly reduced 
plot codes, as well as many other firm-
ware supported capabilities. The result 
is enhanced plotter capability and 
greatly reduced CPU time. 

Four pens at speeds of 15 IPS enable 
you to produce crisp four color 
drawings on paper, Mylar or Vellum. 
Both models feature front panel push 
button control of the pen up/down 
function and independent scaling for 
both X and Y axes. 

Starting at only $12,450,* the 
CPS-14 & 15 are the ideal plotters for 
drafting, civil engineering, numerical 
control, CAD . . . any application 
where plot quality is vital. 

Let us show you by requesting 
Houston Instrument to send you a free 
sample plot from the CPS-14 & 15. See 
for yourself the real meaning of plot 
quality . . . the Houston way. 

Visit us at SICGRAPH, booth #650 

houston instrument 
GRAPHICS DIVISION OF 

BAUSCH & LOMB 

For a free sample plot and 
descriptive literature contact Houston 
Instrument, One Houston Square, 
Austin, Texas 78753. (512) 837-2820. 

Even better, call us toll free at 
1-800-531-5205 (outside Texas only). 
For technical information, ask for 
operator #5. 

In Europe, contact Houston 
Instrument, Rochesterlaan 6, 
8240 Gistel, Belgium. Telephone 
059/27-74-45. 

U.S. domestic price only 

a Registered trademark of Houston instrument 

.> Tested for FCC rules and regulations, Class A 



Electronics newsletter 

GenRad plans An automated board test system that breaks new price-performance 
ground is in the works at GenRad Inc., with announcement possible as 

major new entry early as this autumn. The unit will test analog and digital circuitry more 
in board-test systems effectively than present models, as well as be fast enough to accommodate 

emitter-coupled logic and pin counts many times more than GenRad's 
current top of the line 2270 tester, which handles up to 480 pins. The new 
units will be software-compatible with 2270s. They will test highly 
complex boards without the throughput problem or other penalties 
usually associated with high-speed, high-complexity testing. With aver-
age system prices expected to stay well below $500,000, the new system 
should "strengthen our position in the minicomputer test market," notes a 
GenRad spokesman. It reopens a market in which the Concord, Mass., 
firm appeared to slip earlier this year when it lost a major board-test 
contract with Digital Equipment Corp. 

Harris readies 

16-K C-MOS PROM 

Watch for early announcement of a 16-K complementary-MOs program-
mable read-only memory using 2.5-µm geometry from Harris Corp.'s 
Semiconductor Group in Melbourne, Fla. The firm already makes fuse-
link PROMS in 1- and 4-K versions and plans to have 32- and 64-K units 
ready within a year, with the latter using 2-gm geometry. Harris sees its 
nonbipolar PROM family as competing with the moS ultraviolet-erasable 
PROMS—though its c-moS parts require 20% more real estate, lower 
in-house testing cost lets the firm price them competitively. What's more, 
Harris spokesmen say the firm will leapfrog E-PROMs, moving directly to 
electrically erasable PROMs within two years. 

Adapter converts The first product from newly formed Fotec Inc., Charlestown, Mass., will 
be a $250 adapter for standard test instruments, such as oscilloscopes and 

scope or multi meter multimeter, that allows signal tracing through fiber-optic systems. Though 
into fiber-optic tester the unit makes only pseudo—direct-current measurements, it will be far 

easier to use and, according to its developers, far less costly than the 
photometers and time-domain reflectometers at present available. The 
1.5-by-3-by-5-in. system will have outputs scaled to 1 V per milliwatt or to 
1 v per .microwatt, thus enabling fairly sensitive attenuation measure-
ments, as well as simple continuity checks. 

Commercial deep-water In another first for fiber optics, Pacific Northwest Bell will install a 
commercial deep-water cable link in October. Faced with the option of 

fiber-optic link putting down another copper cable, the telephone company chose to go 
set in Northwest with fiber optics for long-term cost and capacity reasons. Two 36-fiber 

cables made by Siecor Inc. of Hickory, N. C., will be laid 150 ft under 
Lake Washington near Seattle as part of what will be a 78-mile link. The 
underwater run is 11,000 ft. 

Superconductivity "It looks like we're on the right track" toward possible room-temperature 
superconductivity, reports Fred W. Vahldiek, a materials research engineer 

at room temperature at Wright-Patterson Air Force Base in Dayton, Ohio. Preliminary tests 
making progress conducted during the last several months show that specially grown 

thin-film titanium bonde crystals repel magnetic flux. This property, 
known as the Meissner Effect, is a prerequisite for superconductivity, 
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Vahldiek says. He is currently planning additional tests aimed at measur-
ing critical magnetic field strengths. As reported earlier [Electronics, Oct. 
9, 1980, p. 41], Vahldiek came upon the superconducting material's 
potential while trying to obtain ductility from titanium bonde crystals, 
which are ordinarily extremely brittle. 

Mitel rushes codec 

filter to market 

Convinced that many telephone equipment designers cannot wait for 
single-chip codee filters to arrive, Mitel Corp., Kanata, Ont., has pushed 
ahead with the first parts of its MT8912 monolithic filter. Made with the 
Canadian firm's double-polysilicon iso2 complementary-mos process, the 
chip is pin-for-pin—compatible with Intel's 2912 and has a built-in 
power-line rejection filter as well as an amplitude correction on its 
receiving filter. It dissipates 25 mw with power amplifiers on, 20 mw 
when off. Mitel believes the 16-pin package, which includes both the 
transmit and receive filters needed by pulse-code modulation codecs, fills a 
need even though work is continuing apace on a codee with filters on one 
chip. 

Motorola adding With an initial investment of $60 million, Motorola Inc.'s Semiconductor 
Group plans to break ground later this year for a new silicon-wafer 

wafer plant, opens manufacturing plant in Chandler, Ariz., south of its Phoenix headquarters. 
design center The first production module and a service corridor to which future 

modules will be attached will be completed in 1982. Meanwhile, Motorola 
marks the opening of its first regional design center in San Jose, Calif., 
with the extension of its Macrocell emitter-coupled-logic gate arrays into 
the TrL-compatible arena. Macrocell advanced low-power Schottky TTL 
will be available through the computer-aided-design center, which opens 
its doors this week. 

Addenda Real earnings for U. S. members of the Institute of Electrical and 
Electronics Engineers have fallen behind 1978 levels, according to a survey 
released last month by the institute. Salaries have increased from a mean 
of $31,680 in 1978 to $36,659 in 1980, a 15.7% gain in the 24 months 
since the last survey. The Consumer Price Index, however, has jumped 
27.3% in that period. On the plus side, involuntary unemployment among 
members is a tiny 0.5%. . . . With Out-Voice, another product has 
entered the market for store-and-forward voice messaging systems. A new 
Chicago-based company, Voice and Data Systems Inc., says its system can 
digitize and store 80 hours of voice messages and can be set up to handle 
from a hundred to several thousand users. Out-Voice, which interfaces to 
existing private branch exchange systems, starts at $90,000 for a 100-user 
system and goes up to about $340,000 for a system for more than 1,000 
users. . . . Another energy company, Standard Oil Co. of Ohio, is back-
ing development of amorphous silicon photovoltaic cells by Energy Con-
version Devices. For an initial $3 million, Sohio gains a partnership with 
the Troy, Mich., firm to manufacture and sell ECD'S devices developed by 
president and founder Stanford R. Ovshinsky. An additional $12 million 
will be paid for further development. Atlantic Richfield Co. had previously 
signed a nonexclusive $25 million agreement with ECD in order to share in 
amorphous silicon developments. 
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So...)bur Sweet Deal On 

PressureTransducers 
Went 

Sour On The Job 

Data Instruments gets loté or 
__don't have to sacrifice reliability for price. Our priistitirti 
are priced right ana are so reliable they car be installed and forgot-
ten. We set out to build a pressure transducer with a unique 
stainless steel case that protects it from hostile environments 
including corrosive liquids and gases. We wanted a "forget-
table" pressure transducer, but ts 
reliability made it memorable. 

We've been working under pres-
sure for over twenty years. Now we 
want to work for you by providing 
pressure transducers that you can 
install and forget. Remember Data 
Instruments for The "forgettable" 
pressure transdJcers ... the ones 
you can rely on. For fast action, 
call us today at 617-861-7450. 

41'1_ 

WE WORK BEST UNDER PRESSURE. 

III DATA INSTRUMENTS INC. 
4 Hartwell Place, Le)ungton, Mass. 02173 

617-861-7450 TWX 710-326-0672 

Circle 35 cn reader service card 1980 Data Instruments Inc 



NEW INTERS CMOS 
DRAW 

Vin I.6V to I6V 

(-1.6V to -I6V) 

(-I.6V to -I6V) 
mee 

I out IpA to 40pA 

1pA to -40pA) 

¡CL 7663/1a 7664 



VOLTAGE REGULATORS 
ONLY 4pit. 

ONE THOUSANDTH THE 
STAND-BY CURRENT. 

Here's great news for anyone designing 
micropower or battery-operated systems: 
Two new monolithic voltage regulators 
with an l Q of 414.A. Maximum. Which is a 

mere 1000 times better than typical bipolar 
regulators. And a VinNoutdifferential of only 
50mV at 1mA load. Incredible but true. 

This kind of efficiency means your 
batteries will last much longer. Or you can 

use a smaller battery pack. 

PROGRAMMABLE I.6V TO I6V RANGE. 

These new regulators will handle operating 
loads anywhere from IµA to 40mA. And 

voltages from I.6V to 16V. You program 

the voltage you want with a simple two 
resistor divider. It's easy. And it keeps the 
parts count to just the IC and two resistors. 

LOGIC-CONTROLLED SHUTDOWN 
SAVES EVEN MORE POWER. 

This feature allows you to power-down a 
system whenever it's not active —then bring 

it back on line again with a single logic 

command. And without switches, relays 
or other devices. 

YOUR CHOICE: 
POSITIVE OR NEGATIVE. 

No more kluges. Intersil covers both sides 

of the spectrum.: ICL7663 for positive. 
ICL7664 for negative supplies. Both with 

user-programmable current limiting. 

THE PRICE: $1.95 IN 100's. 

Yes, you read that right. A dollar ninety-five 
in hundred quantities (8-pin epoxy min i-
dip). Even though nothing else in the world 
can come close to these micropower specs. 

GET COMPLETE DATA FROM THE 

CMOS INNOVATORS. 

In 1979 it was the first all-CMOS operational 
amplifiers. Then came the ICL7660, the 
industry's first monolithic voltage converter, 

also in low-power CMOS. Now Intersil 
does it again, with the world's first CMOS 

positive and negative voltage regulators. 
So if you're designing battery-

operated systems —or if you just want to 
trim your power consumption —give us 

a call, or send in the coupon for full data 
sheet and applications literature. And to 
get your design started super fast, call your 

local Intersil sales office for a sample. 

INTERNATIONAL OFFICES: 

Northern and European headquarters: Intersil 
Datel (UK) Ltd., 9th Floor, Snamprogetti 
House, Basing View, Basingstoke, Hants, 
RG2I 2YS, England. Tel: (0256) 57361. TLX: 
858041 INTRSL G. Central European head-
quarters: Intersil GmbH, 8000 Munchen 2, 
Bavariaring 8, West Germany. Tel: 89/539271. 
TLX: 5215736 INSL D. Southern European 
headquarters: Intersil, Inc., Bureau de Liaison, 
217 Bureaux de la Colline, Batiment D 
(2E Etage) 92213 Saint-Cloud Cedex, France. 
Tel:( I )602.58.98. TLX: DATELEM 204280 E 
Far East headquarters (except Japan): 
Intersil, Inc., c/o S.S.I. Far East, Ltd., Suite 201, 
Austin Centre, 21 Austin Avenue, Tsim Sha 
Tsui Kowloon, Hong Kong. Tel: 3-672 112-3. 
TLX: 86496 SSI HX. Japan representative: 
Internix, Inc., Shinjuku Hamada Bldg. (7th 
Floor), 7-4-7 Nishi Shinjuku, Shinjuku-Ku, 
Tokyo 160, Japan. Tel: (03) 369-1101. 
TLX: INTERN IX J26733. 

El 
Intersil Datel (UK) Ltd. 
9th Floor, Snamprogetti House, 
Basing View, Basingstoke, Hants, 
RG2I 2YS, England. 
Tel: (0256) 57361 
TLX: 858041 INTRSL G. 

Dear Intersil, 

I like what you're doing in low-power linear! 

Please send me data sheet and application note 
on your new ICL7663/ICL7664 CMOS Voltage 

Regulators. 

While you're at it, send along a copy of your 
product guide covering all Intersil lines 

Name  

Company  

Address  

City/State/Zip 

Phone  
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70 Fulton Terr New Haven, CT 06509 (203)624-3103, TWX 710-465-1227 
OTHER OFFICES. San Francisco (415) 648-0611. TWX 910-372-7992 

Europe Phone Saffron-Walden 0799-21682. TLX 817477 
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Function. 
Pulse And save 
Global Specialties sets a new value standard. Twice. 

4001 PULSE GENERATOR 

Model 2001 Sweepable 
Function Generator. $200.00* 

Get the waveforms you need-1 Hz to .1 MHz in 
five overlapping ranges: stable, low-distortion 
sine waves, fast rise/fall-time square waves, 
high linearity triangle waves—even a separate 
TTL square wave output. Plus high- and low-
level main outputs. 

An applied DC Voltage at the Sweep input 
can shift the 2001's frequency; or sweep up to 
100:1 with an AC signal. 

A pushbutton activates the DC Offset 
control, which shifts the output waveform up or 
down on command. 

You'd expect to pay a lot more for all the 
2001 can do! 

tI 

Model 4001 Ultravariable 
Pulse Generator.TM $235.00* 

Here's a precision digital pulse generator with 
fast rise and fall times covering 0.5 Hz to 5 MHz 
in 5 overlapping ranges. With pulse width and 
pulse spacing each independently variable 
from 100 nsec to 1 sec for an amazing 107:1 
duty cycle range. 

You'll find the 4001 delivers the pulse 
modes you need: Continuous, One-Shot, Trig-
gered, Gated, Square Wave, even a Comple-
ment mode. The Trigger/Gate input, 50 Ohm 
variable output, TTL-level output and Sync 
output connectors are BNCs. 

The 4001. Nothing does as much as well 
for anywhere near the price. 

Smarter tools for testing and design. 

GLOBAL Call toll-free for details 

SPECIALTIES 1-800-243-6077 
During business hours 

CORPORATION 
•Suggested U.S. resale. Prices, specifications subject to chançe without notice. CO Copyright 1980 Global Specialties Corporation 

Circle 38 on reader service card 
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Significant developments in technology and business 

16-bit n-MOS multiplier 
rivals bipolar devices 
with 100-ns speed 
by Martin Marshall, San Francisco regional bureau 

Small California company 

designs parallel processor 

that cuts power consumption 

without a sacrifice in speed 

Multiplying 16 by 16 bits in 100 
nanoseconds or less has been a pure-
ly bipolar domain. But that territory 
could soon be contested by low-pow-
er n-channel mos chips if a new 
Silicon Valley outfit has its way. 

Started in January by three chip 
designers from the advanced inte-
grated-circuit laboratories of Hew-
lett-Packard Co., Weitek Corp. al-
ready has its first design, an n-MOs 
16-by-16-bit parallel multiplier, 
ready to go out the door. But since 
the Santa Clara, Calif., firm mar-
kets very large-scale integration de-
sign services and does no fabrication, 
the WTL 1016 has become a chip in 
search of a manufacturer. 

Advantageous. When the design 
does get into silicon, it will be strong 
competition for the MPY-16HJ bi-
polar multiplier of TRW Ls! Products 
Inc., employed widely in digital pro-
cessing systems like floating-point 
processors, video processors, speech 
synthesizers, and complex filters. 
Using n-mos technology rather than 
TTL technology gives the Weitek 
multiplier some distinct advantages. 

For one thing, its power consump-
tion is typically 1 to 2 watts, com-
pared to 3 to 4 w for the TRW part. 
For another, the gate delay for criti-
cal paths within the multiplier has 
been cut in half because n-mos is so 
much denser than TTL. 

What's more, the design rules can 
be less stringent for n-mos. TRW 

needed to go to a state-of-the-art 
2-micrometer process to make its 
chip possible; the Weitek design uses 
a 3-µm geometry. Even so, the bipo-
lar chip is much larger, measuring 
200 by 200 mils as against Weitek's 
160 by 160 mils. The pinout, power 
supply, and input/output levels are 
identical for the two parts. 

Weitek founders Chi-Shih Wang, 
Godfrey Fong, and Edmund Sun 
participated in the development of 
HP'S advanced n-mos processes, 
which resulted in the creation of a 
32-bit chip set [Electronics, Feb. 10, 

X- COMPLEMENT CONTROL SIGNAL - 

X-INPUT LATCH CLOCK 

RIGHT SHIFT 

MSP REGISTER 
CLOCK 

THREE-STATE 
OUTPUT ENABLE 

X INPUT 
(16 BITS) 

p. 39], and brought that experience 
into play when they conceived their 
multiplier. Besides advanced pro-
cessing, the Weitek design employs a 
more sophisticated multiplication al-
gorithm than does the TRW part. 
Up a tree. The WTL 1016 relies 

on a modified Booth's algorithm, 
whereas the MPY16HJ uses a Wal-
lace tree, a parallel approach to mul-
tiplication that reduces the number 
of gates that partial sums must prop-
agate through by using three input 
carry-save adders. Booth's algo-
rithm, in contrast, employs a look-

ROUND — Y-COMPLEMENT CONTROL SIGNAL 

Y-INPUT LATCH CLOCK 

Y INPUT/LSP OUTPUT 
(TIMESHARED, 16 BITS) 

CONTROL 
LATCHES 

Y LATCH 

16-BY-16-BIT 
ASYNCHRONOUS 

MULTIPLIER ARRAY 

(32 
BITS) 

FORMAT ADJUSTER 

MSP LATCH 

(16 BITS) 

MOST SIGNIFICANT 
PRODUCT (MSP( 

LSP LATCH 

FEEDTHROUGH 

LSP REGISTER 
CLOCK 

 THREE-STATE 
OUTPUT ENABLE 

(16 BITS) 

LEAST SIGNIFICANT 
PRODUCT ILSP1 

Well-adjusted. Weitek Corp.'s chip design latches 16-bit inputs, which pass to a multiplier 

array. The right-shift signal selects 2's complement or unsigned magnitude formats. 
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ahead technique that recognizes 
strings of binary Is in the multipli-
cand and replaces them with a sim-
pler expression—a I followed by 
many Os less 1 —in order to speed up 
the calculation. 
The two 16-bit numbers to be 

multiplied are fed in through sepa-
rate data input lines and controlled 
by a signal that indicates whether 
the data is an unsigned magnitude or 
a 2's complement (see diagram). 
With this setup, the formats of the 
numbers being multiplied can be 
mixed. Both multiplier and multipli-
cand are latched so that they may be 
entered at different times. 
The input numbers then pass 

through the multiplication array and 
emerge as a 32-bit product, which is 
fed into the format adjuster. With 
the right shift (RS) signal, it reor-
ganizes the number into the desired 
format. When RS is high, the output 
is 2's complement, when low, it is an 
unsigned magnitude. 
The 32-bit product passes from 

the format adjuster into two 16-bit 

latches. One latch handles the 16 
most significant bits, while the other 
handles the 16 least significant bits. 
Each of these numbers is clocked out 
separately through a three-state 
buffer, under the control of individu-
al output-enable lines. However, the 
most significant bits have dedicated 
output pins, whereas the least signif-
icant bits share pins with the Y-
input bits. For applications where 
the designer does not wish to have 
the data latched at both the input 
and output, there is a feedthrough 
control that makes the output latch-
ing transparent to the data 'flow, so 
that once the input data is latched 
the output becomes automatic. 
The n-mos design will pare costs 

as well as improve performance, 
maintains Ed Barnett, Weitek's mar-
keting manager. Although the WTL 
1016 has not yet been fabricated, 
Barnett predicts that "because of the 
smaller die size, the end-user cost of 
the part should be 30% to 50% lower 
than the TRW part." It currently is 
priced at about $150. 

Photovoltalcs 

Nine-sided tube pulled from silicon melt 

is cut apart to form solar-cell substrates 
Pulling together has brought success 
in much human endeavor, and by 
pulling silicon ribbons together in 
a tube, researchers at Mobil-Tyco 
Solar Energy Corp. have done 
away with some of the major draw-
backs involved in producing them 
separately. 
With their new technique, Mobil-

Tyco has formed large sheets at a 
rate of 146 square centimeters per 
minute from a single furnace, about 
one and a half times the production 
rate obtained by pulling separate 5-
cm ribbons six at a time. Such rib-
bons have high promise as substrates 
for low-cost solar cells and they have 
fabricated with these substrates so-
lar cells with respectable efficiencies 
of better than 13%. 

For Mobil-Tyco, the new process 
is a natural extension of the edge-
defined film-fed growth (EFG) tech-

nology it has used to produce silicon 
ribbons in volume for several years 
[Electronics, July 19, 1979, p. 110], 
says K. V. Ravi, general manager for 
production and development. In EFG, 
molten silicon in a crucible fills a 
graphite die, which defines the shape 
of the silicon. A starter seed of sili-
con is applied to the melt and when 
withdrawn pulls up with it a thin 
ribbon of single-crystal silicon that 
may be several inches wide and 
freezes when pulled from the melt. 
Nonagon. But where the conven-

tional EFG and other ribbon tech-
niques draw up individual ribbons, 
the new approach uses a nine-sided 
die and a corresponding configura-
tion of seed crystals to pull a thin-
walled, nonagonal tube from the 
melt. The Mobil-Tyco laboratory 
system produces 6-foot-long silicon 
tubes that measure 48.8 cm around 

the periphery and have typical wall 
thicknesses of 0.25 millimeter. A 
laser cuts the tubes into flat rect-
angles that can then be made into 
solar cells. 

"This is just another form of EFG, 
only instead of separate ribbons, 
we've pulled up nine linked together 
in a tube," says Ravi. The distinction 
makes for important advantages oth-
er than a higher production rate, he 
adds. Single-ribbon production re-
quires accurate and precise tempera-
ture controls, since ribbons are prone 
to thermally induced discontinuities 
in width along their edges; the nine-
faced tube, however, has no outer 
edges and thus displays far greater 
growth stability without having 
stringent temperature controls. Two 
other experimental techniques have 
been proposed to cope with the prob-
lem of edge stabilization in silicon 
ribbons [Electronics, Nov. 6, 1980, 
p. 40]. Both stick with the single-
ribbon approach and so far neither 
has gained the corporate sponsor 
needed to develop it commercially. 

Pulling tubes rather than ribbons 
also makes it possible to employ fur-
naces considerably more compact 
than those producing equivalent 
areas by drawing several, separate 
ribbons at the same time. Finally, 
the Mobil-Tyco team reports that 
the tubes show less silicon-carbide 
contamination from the die and po'se 
almost none of the spatial guidance 
problems encountered in convention-
al EFG single-ribbon formation. 

Stop and go. For all its pluses, 
however, the new process is not put-
ting separate-ribbon production out 
of business just yet, Ravi cautions. 
Its track record so far is confined to 
the laboratory, he points out and 
adds, "The production floor has its 
own demands." Unlike current rib-
bon processes, the new technique is 
not yet able to operate continuously, 
and requires extensive laser cutting 
to separate the walls of the nonagon-
al tube into flat rectangles. But the 
Mobil-Tyco researchers already are 
considering a continuous tube-pull-
ing and -cutting system. They also 
see a good chance for growing much 
larger polygonal tubes at faster pull-
ing speeds. 
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While Mobil-Tyco remains com-
mitted to its present EFG production 
capability, the Waltham, Mass., 
firm is working on production of 
wider individual ribbons under fund-
ing from the Jet Propulsion Labora-
tory, Pasadena, Calif. Also, Mobil-
Tyco will add to its production floor 
this year two new multiple-ribbon 
producing machines. -Linda Lowe 

Computers 

Network distributes 

command and control 

Having entered an era where victory 
on land, on the sea, or in the air will 
depend on computers as much as on 
men, the brass of the U. S. armed 
forces is becoming more and more 
concerned about the survivability of 
its command and control systems. 
So far, such c&c systems have 

largely been based on conventional 
host computers that control a small 
population of peripherals. A single 
hit, then, could knock out the host 
computer, rendering a ship or a field 
unit practically helpless. 
A distributed c&c system, with 

computer intelligence spread 
throughout it, would be an obvious 
solution. Working against any rapid 
shift to distributed processing, 
though, is the enormous investment 
the armed forces have in convention-
al c&C gear. In addition, military 
men feel much more comfortable 
with proven equipment, which, for 

them, distributed processing is not. 
A way out, according to Litton 

Industries Inc., is to build a distrib-
uted processing system (DPs) that 
nests existing equipment within it. 
The company's Data Systems divi-
sion, which specializes in military 
C&c gear, has done just that. 
The Van Nuys, Calif. division of 

Litton has developed a DPS network 
made up of interconnected nodes, 
each with its own central processor 
and bus controller. The processors 
emulate standard military comput-
ers, so that current c&c equipment 
can be tied into the network with 
very little reworking of existing soft-
ware. The bus controllers distribute 
supervision of the whole network out 
among the nodes. "If any node fails, 
the system will keep operating with-
out missing a beat," says DPS pro-
gram manager Ralph Hileman. 
To achieve that performance, Lit-

ton's DPS has redundant dual com-
munication loops. The bus control-
lers monitor the loops and, when a 
node fails, switch it out automati-
cally (see figure) and reroute the 
loops accordingly. Data is trans-
ferred at 20 megabits per second. 

All networking features derive 
from microprogrammability of the 
DPS emulators, Hileman points out. 
The emulation is done with bipolar 
emitter-coupled logic, "which essen-
tially reproduces in bit-slices the 
architecture of the military comput-
ers," he says. Litton already has 
emulated such widely used military 
families as the AN/UYK-20 mini-
computer made for the Navy by 
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COMPUTER 
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,*----SECONDARY LOOP 

PRIMARY LOOP 

FAILED 
NODE 

COMPUTER 
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COMPUTER 
NODE 4 

COMPUTER 
NODE 

SECONDARY LOOP 
PRIMARY LOOP 

COMPUTER 
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New look. Litton's DPS scheme for military command and control systems surrounds existing 

computers to build a distributed network. There are dual loops for redundancy, monitored by 

bus controllers in each node. If a node fails, the system reroutes the flow automatically. 

Sperry Univac and the AN/GYK-12 
battlefield minicomputer built for 
the Army by Litton. An emulator for 
the Navy's AN/UYK-7 mainframe 
computer is in the offing. 

In test. Litton already has in-
stalled a seven-node DPS network on 
a U. S. Navy Kidd-class (DDG-993) 
destroyer, where it is used to train 
crew members to operate weapon 
fire-control computers. "In general, 
crew reception has been good," says 
an official at the Navy's DDG-993 
destroyer project office in Washing-
ton, D. C. Because this first system 
was done on a hurried-up schedule, 
it was not in military-quality pack-
ages, so Litton is now proposing to 
the Navy a version that fully meets 
military specifications. The system 
would cost the Navy less than 
$100,000 per node. 

Hileman says the best description 
of how the Litton DPS functionally 
relates to existing command and 
control gear is: "It surrounds it." To 
get even higher probability of equip-
ment surviving in battle, Hileman 
contemplates an arrangement of 
interlocking networks. Upgrading 
poses no particular problem since the 
DPS can easily add speed and memo-
ry capacity to the nodes. 
The 16-bit minicomputer nodes 

have their control processors on 
three circuit cards. The nodes them-
selves weigh about 60 pounds and 
measure 11 inches high by 12 in. 
wide by 16 in. deep. Working also in 
favor of DPS are the characteristics 
of the ADA high-level computer lan-
guage the Defense Department 
plans to make standard for military 
computing. "It works best with dis-
tributed processing," points out 
Hileman -Larry Waller 

Microprocessors 

TI takes trade-ins on 

all development gear 

The hoofbeats of Texas Instruments 
Inc.'s development system center in 
Houston are ringing louder and 
louder in the marketplace these 
days. For example, to promote the 
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sales of its microprocessors, TI this 
month became the first manufactur-
er to take trade-ins of other compa-
nies' development systems as well as 
its own. It will also support at least 
three industry-standard operating-
systems, including Unix and CP/M. 
"The trade-in credit is being 

offered to any customer with an old 
working floppy-based development 
system," says Thomas Miller, man-
ager for microprocessor development 
systems. "The discount will be 

around a third of the original invest-
ment in the old system," he adds. 
The motivation behind 'Ws moves 

is straightforward. The company 
sees this new development system 
effort as a way to win a stronger 
position in both the 8-bit and 16-bit 
microprocessor markets, especially 
now that it has a comprehensive line 
of 8-bit units [Electronics, Jan. 27, 
p. 107]. Microprocessors, in turn, 
are considered by TI to be crucial to 
maintaining its market strength in 

advanced technologies. "The better 
we penetrate the development-sys-
tem markets, the better our technol-
ogies will be accepted as they come 
into the market," says Miller. 

Ti's current flurry caps three 
months of intense activity in the 
area. In April, it introduced its Mul-
tiple-user Advanced Microprocessor 
Prototyping Lab (Multi-AmPL). 
[Electronics, April 7, p. 191]. Then 
just last month, the Dallas firm fol-
lowed up with a low-end addition to 

Exports carry Japanese growth 

Though most people in the industry suspected it, now it is 
official: thanks to a solid gain in exports, the Japanese 
electronics industry chalked up a production increase of 
nearly 23% last year, according to figures just released by 
the Electronic Industries Association of Japan. Total pro-
duction for 1980 was pegged at $38.4 billion, of which 
$18.2 billion -nearly one half -went into overseas trade 
as exports grew some 35%. 

In the export sector, to the surprise of no one, there was 
no semblance of serious two-way trade: imports of elec-
tronics amounted to about one seventh that of total 
exports -$2.7 billion. Industrial equipment accounted for 
most of the imports, EIA-J notes. 
Much of the growth in exports came from sales to 

countries outside the United States and Europe, which 
now represent a little over 45% of Japan's export markets. 
By product type, the consumer segment is by far the 
leader, representing half of the $18.2 billion total. 

Consumer-electronics imports, on the other hand, were a 
mere $169 million. 

Total consumer equipment production in Japan was up 
over 28% in 1980, with the sharpest gains coming in 
video-cassette recorders. Some 4.44 million VCRs were 
manufactured, the EIA-J reports. Of this total, Japanese 
manufacturers exported 3.44 million units. 

Industrial electronic equipment, which includes commu-
nications gear and computers, increased to $13.6 billion, 
with about $3.3 billion in exports. Here the import figures 
are in better balance than in the consumer sector, but still 
far from equality: EIA-J figures that Japan took in $1.28 
billion in industrial equipment led by computers at $734 
million. (For a related story, see p. 101.) 

Production of electronic components in 1980 amounted 
to $11.7 billion with exports accounting for $5.8 billion of 
the total. All dollar figures were computed at an exchange 
rate of 226 yen per U. S. dollar -Gerald M. Walker 
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Nearly anything digital you can do on 
an LSTTL board we can do on our big 
gate array SystemChips. For your 
smaller boards, we've got dozens of 
smaller CMOS chips too, each with 
proven reliability. If you want to leap-
frog your competition, send us your 
logic diagram for a quick confidential 
quotation. 

INTERNATIONAL 
MICROCIRCUITS 
INCORPORATED 

Gate Array Leadership 

3350 Scott Blvd., Santa Clara, CA 95051 
Tel: (408)727-2280, TWX: 910-338-2032 
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the Multi-AmPL line, the IMAM 
9000 single-user, floppy-disk—based 
system, ticketed at $13,350. 
Then this month it will begin sup-

porting the UCSD P-system software 
for its 16-bit TMS9900 family of 
microprocessors with a board-level 
kit. The TM990/601 has three stan-
dard Ti 990 microcomputer 
boards—a central processing unit, a 
64-K dynamic random-access-memo-
ry board, and a floppy-disk control-
ler. With a power supply and card 
cage, the kit sells for $3,800. A box-
ed version will go for $4,990. 

Software. P-system software is 
priced at $600 for the first copy and 
$150 for additional ones. Having 
previously been adapted for Ti's 
home computer, the P-system brings 
both Pascal and Fortran plus an 
operating system to the 9900. 
More software is coming. For 

example, TI will enhance the 
990/601 to cover its 16-bit 
TMS99000 and its 8-bit TMS7000 
chips as well as the TMS9900. And 
within six to nine months, it "intends 
to expand support for industry-stan-
dard operating systems like Unix 
and CP/M," Miller says. Unix is 
being adapted to an ever-increasing 
number of microcomputer systems 
[Electronics, April 7, p. 108]. TI will 
rework CP/M, originally written by 
Digital Research Inc. for the Intel 
8080, to use the 9900's instruction 
set. -J. Robert Lineback 

Peripherals 

Floppy-disk drive 

handles 5 diskettes 

For small computer systems, the 
trend is toward denser storage that 
can be removed and replaced. Con-
sequently, a newly developed drive 
from Amlyn Corp., a recently 
formed maker of floppy-disk drives 
in San Jose, Calif., is noteworthy. 
The unit handles five disks simulta-
neously and can thus replace the pair 
of separate floppy-disk drives that 
are often supplied with small com-
puter systems. 

Moreover, the memory capacity of 

Five-pack design. Inch-high floppy disk 

cartridge slips into front of drive. Memory of 

up to 8 megabytes occupies the same space 

as standard 5.25-in, drive. 

one side of each 5.25-inch diskette— 
only one side is used—is the same as 
both sides of a double-density 8-in. 
floppy disk and 60% more than the 
double-sided, double-density 5.25-in. 
drives. Therefore the total cartridge 
capacity is 8 megabytes—much 
greater than the 2 or 4 megabytes of 
storage possible with other large-
capacity floppy-disk drives [Electron-
ics, May 19, p. 106]. 

Popular models. Amlyn is taking 
off after some pretty popular hard-
ware in the floppy-disk field. Its 
model 5850 is electrically compati-
ble with Shugart Associates' SA850 
8-in. drive. A firm price is not set yet 
but, according to Amlyn marketing 
vice president Jim Snow, it should be 
around $800 in 500-unit quantities. 
This should bring the car-
tridge drive well below the cost of an 
equivalent 8-in, floppy store, he 
points out. A second-source agree-
ment with an established disk maker 
is also being negotiated. 
As for the hard-disk market, 

Amlyn's A506 drive is compatible 
with the small 5.25-in. Winchester 
disk drives and is intended as a 
replacement for their magnetic-tape 
backups. The drive will be cheaper 
at $800 or so and be faster than 
most tape backup systems available 
today, Snow asserts. For instance, 
each Amlyn diskette has the same 
capacity as one surface of Seagate 
Technology's ST506 disk, Snow con-
tinues, and could be used in place of 
it should the drive go down. 
The 5.25-by-5.5-by- 1-in. car-

tridge, which slides easily into the 
drive, is designed so that either an 
entire cartridge or a single diskette 
can be changed at one time. The 

mechanism calls to mind a juke box. 
Driven by a stepper motor, a 
mechanical device positions the car-
tridge tray to the angle that makes it 
possible for a mechanical "picker" to 
remove a diskette and mount it, like 
a phonograph record, on the drive 
spindle. 

All the A506's mechanical opera-
tions are controlled by an Intel 8051 
microprocessor. The average time to 
select and mount a diskette is about 
1.5 seconds. 
Data is recorded on one side of 

each diskette at 9,500 bits/in, and a 
density of 170 tracks/in., which is 
much greater than the usual 48 or 96 
tracks/in, of standard floppy-disk 
drives. The high track density is 
made possible by a very accurate 
read/write head positioner that com-
bines a reference track on the disk 
and an optical-reticule track-refer-
ence scale on the drive itself. The 
reticule lines are spaced at 0.59-mil 
increments on Mylar, the same 
material the disks are made of. Thus 
the scale expands and contracts at 
the same rate as the disk. 
Movements of the head assembly 

are made by microstepping the 
motor in increments of 59 micro-
inches. That works out at one tenth 
of the spacing between reticle lines 
and one hundredth the spacing 
between tracks. 
The reference track is written near 

the outer edge of the disk. To find 
the reference point on the reticule 
from which to start counting tracks, 
the head assembly is moved to the 
carriage home position outside the 
reference track. Then the assembly 
is microstepped until the reference 
track is detected, whereupon this 
position is then used by the micro-
processor as the reference location 
for all data tracks. Disk eccentrici-
ties are accounted for by looking at 
the reference track at eight positions 
around the circumference and by 
microstepping the head in and out as 
the disk rotates. 
The speed of the two-speed spindle 

drive is selected under microproces-
sor control. The normal operating 
rate is 360 revolutions per minute. 
The other speed of 600 rpm reads 
from standard 5.25-in, diskettes re-
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Especially suitable for discerning 
microcomputer and professional mainframe 
users, the Bryans Computagraph models are 
intelligent, microprocessor-based A3 digital 
graphics plotters. 
The "Computagraph Multicolor" A3 plotter 
features a rotating pen head which facilitates 
plotting in up to 6 different colours under 
software control, these are eminently suitable 
for OEM applications. The Computagraph 
provides fast, high-quality plots, with a 
resolution of 0.1 mm. There's a simple 

Choice of 6-colour or 
single colour models 

instruction set featuring ASCII cnaracters, as 
well as a full alphanumeric set phis symbols 
totalling 112 characters. 
With the Bryans Computagraph models, you 
have a choice of interfaces — IEEE-488 1978 or 
RS232C/V24. Although the unit is primarily 
designed to accept digital data, the 
Computagraph is unique in featuring a facility 
for plugging-in analogue modules. 
A model is also available with Chart Advance 
facilities. Write or phone for the 
Computagraph leaflet —today! 

iSv Blum 
Bryans Southern In s-truments Limited 

Willow Lane. Mitchari. Surrey. CR4 4UL. 

England Tel 01-640 3490 Telex 946097 

Registered at London. England No 348627 

f,s plum INSTRUMENTS 
ter no.  DIVISION 

TM Computagraph is the trade mark of 
Bryans Southern Instruments Ltd. 
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corded at either 48 or 96 tracks/in. 
Thus, the new unit will read disks 
already on the market. A cartridge 
and five diskettes is expected to sell 
for about $35. -Tom Manuel 

Solid state 

Motorola, National to 

make fast C-MOS 

Yet again a mos technology is meet-
ing bipolar speed. In a challenge to 
the recent overwhelming popularity 
of low-power Schottky TTL, Motor-
ola Inc. and National Semiconductor 
Corp. are joining forces to make 
samples available this fall of a high-
speed complementary-MOs logic 
family. 
The 74HCXX family, the subject 

of a recently announced second-
source agreement between the two 
firms, will be 20 times faster than 
conventional c-mos metal-gate de-
vices at 5 volts. It will also have the 
speeds and pin-outs of low-power 
Schottky TTL. Moreover, the new 
line will offer designers the low-
power advantages of c-mos and 
improved noise immunity over low-
power Schottky TTL. 

Because of these benefits, officials 
at both companies anticipate a 
strong showing against TTL de-
vices—especially in new designs us-
ing c-mos memories and micropro-
cessors. Motorola estimates the total 
available market for high-steed 
C-MOs logic will be over $150 mil-
lion in two years. However, National 
places the market in excess of only 
$100 million by the middle of the 
decade. Both agree that their esti-
mates are extremely conservative. 
"The market could be underesti-

mated by as much as 50%," notes 
Rick Younts, semiconductor group 
vice president and operations man-
ager for logic and special functions 
for Motorola in Austin, Texas. 
Under the pact, Motorola and 

National have agreed to second-
source each other on the family's 
first 25 devices. The 74HCXX line 
will be made in a c-mos silicon-gate 
3.5-micrometer self-aligning gate 

News briefs 
Former Hughes Aircraft employee faces espionage charges 
A former Hughes Aircraft Co. engineer faces espionage charges later this 
month after admitting he sold photographs of secret radar documents to 
Polish agents. William H. Bell, 61, was arrested along with Polish business-
man Marian W. Zacharski by Federal Bureau of Investigation agents on June 
28. Based in Los Angeles, Zacharski is suspected of being a Polish 
intelligence officer and of passing the data along to the USSR. 

FBI agents say Bell has been paid more than $110,000 since late 1979 but 
cooperated in getting evidence against Zacharski during the week prior to 
the arrests. The documents cited by the FBI cover a number of programs to 
which Bell as a radar manager had access. He was fired by Hughes in June. 

IEEE gathers facts on low-paid alien engineers 
Although no formal action has been taken by the Institute of Electrical and 
Electronics Engineers on the prickly topic of the alleged hiring by U. S. firms 
of alien engineers at cut-rate salaries, proponents of curbing the practice feel 
they are making some headway. At its June meeting, IEEE's U. S. Activities 
Board considered two resolutions proposed by the Los Angeles Council's 
Professional Activities Committee (LAC/PAC) and could take up the matter 
again, possibly as soon as next month's meeting. The resolutions called for 
advertisements from companies that undercut acceptable salaries to be 
barred from IEEE publications and for the institute to work closely with the 
Department of Labor, which certifies alien hiring [Electronics, April 21, 
p. 42]. George A. Morris Jr., LAC/PAC chairman, suggests information 
about low-paid alien engineers be sent to him or to IEEE's Washington office, 
which is compiling data for further evaluation. 

Westinghouse seeks ties with Mitsubishi 
In an effort to increase its semiconductor prowess, Westinghouse Electric 
Corp. is negotiating with Japan's Mitsubishi Electric Corp. to create a joint 
U. S.-based venture to manufacture integrated circuits. Westinghouse has 
also doubled its holdings in Siliconix, Inc., of Santa Clara, Calif., to 42.8%, 
pending approval by the Securities and Exchange Commission and Westing-
house stockholders. 
An agreement between Westinghouse and Mitsubishi would plug Westing-

house into the Japanese company's recent thrust into very large-scale 
integrated circuits, such as 64-K random-access memories. In turn, Mitsubi-
shi would get greater access to U. S. markets. With Siliconix, Westinghouse 
would have a source for data-processing and power devices. 

process. The devices will be rated at 
30 megahertz with a full 4-milliam-
pere low-power Schottky TTL capa-
bility. Each has independently devel-
oped its own family and c-moS sili-
con-gate process and the agreement 
calls for an exchange of photomasks. 
The contract also allows the two 
manufacturers to swap masks on 
devices beyond the initial 25. 
Home-grown process. Motorola's 

gate process derives from the tech-
nology used to make the 
MC146805E2 8-bit microprocessor 
[Electronics, Sept. 25, 1980, p. 123]. 
The new process is similar to the one 
that combines c-moS and n-MOS on 
a single chip. However, the new pro-
cess only uses c-m0S. 

National uses a single polysilicon-
gate version of its double-level poly-
silicon P2 c-mos process—developed 
for the NSC 800 microprocessor —to 
make its version of the 74HCXX 
family. Both new processes are simi-
lar so that only minor alterations are 
needed before the two can exchange 
photomasks. 
Each firm plans to market at least 

100 different devices and two sets of 
parts with different temperature 
ranges will be produced. The 
74HCXX series will operate be-
tween — 40°C and +85°C; the 
54HCXX series will operate to 
+ 125°C. "We expect the family to 
grow with the advent of additional 
C-mos memories and microproces-
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POWER-ONE 
D.C. POWER SUPPLIES 

r‘-!r customers select their favorite models 

The choice wasn't easy. Not with 105 open frame 
linears and a full switcher line to choose from. Still, 
the top models of the past year - proudly pictured 
below - have been named. 

Actually, this is a statement of Power-One's most 
popular D.C. power supplies - as determined by our 
customers. Obviously, applications vary widely, from 

small floppies and micro-computers to large main-
frame systems. 

But one thing they all have in common. They're built 
by Power-One. Which means the most reliable power 
supplies available, at the lowest cost possible. 
So take a look at our entire line. Send for our new 

1981 Catalog and Facilities Brochure for details. 

Switchers 

Hi-Tech Design 
High Efficiency - 75% min. 
Compact/Light Weight 
115/230 VAC Input 
20 msec Hold-up 
Totally Enclosed 
Packaging 
Two Year Warrantee 
24 Hour Burn-in 

SINGLE OUTPUT 

411;t:1 1111111111111111111111, 
5V to 24V Models 

SD, 60W : $115.00 
SF, 100W : $170.00 
SK, 200W : $250.00 

MULTIPLE OUTPUT 
150 Watts 

.11111111111111111 1111111111111, 

5V e 20A -12V @ 3A 
12V a 5A 5V to 24V @ 3.5A 

User Selectable 

SHO-150W : $295.00 

QUME PRINTER SUPPLY 

5V @ 10A 
± 15V @ 4.5A116A Peak 

SP305 : $345.00 

Disk-Drive 

Powers Most Popular 
Drives 
7 "Off the Shelf" Models 
Powers Drives & Controller 
UL & CSA Recognized 
115/230 VAC Input 

51/4" FLOPPY SUPPLIES 

CP340, 1 Drive $44.95 
CP323, Up to 4 Drivers : $74.95 

8.0" FLOPPY SUPPLIES 

CP205, 1 Drive : $69.95 
CP206, 2 Drives : $91.95 
CP162, Up to 4 Drives : $120.00 

WINCHESTER SUPPLIES 
2 Models to Power any 
Manufacturer's Drive 

CP379, CP384 :$120.00 

)pen-Frame Linear 

Industry Standard 
Packages 
115/230 VAC Input 
± .05% Regulation 
Two Year Warrantee 
UL & CSA Recognized 
Industry's Best Power/Cost 
Ratio 

SINGLE OUTPUT 

5V @ 3A 24V @ 1.2A 
12V @ 1.7A 28V @ 1.0A 
15V e 1.5A 250V @ 0.1A 

HB Series : $24.95 

SINGLE OUTPUT 

5V e 6A 24V co 2.4A 
12V @ 3.4A 28V @ 2.0A 
15V @ 3.0A 48V @ 1.0A 

HC Series : $44.95 to $49.95 

DUAL OUTPUT 

± 12V @ 1.0A or 
± 15V @ 0.8A 

HAA15-0.8 : $39.95 

DUAL OUTPUT 

± 12V @ 1.7A or 
± 15V @ 1.5A 

HBB15-1.5 : $49.95 

TRIPLE OUTPUT 

5V @ 2A 
± 9V to ± 15V @ 0.4A 

HTAA-16W : $49.95 

TRIPLE OUTPUT 

5V @ 3A 
± 12V @ 1A or 
± 15V @ 0.8A 

HBAA-40W : $69.95 

POWER FAIL MONITORS 

• Indicates pendmg 
system power loss. 

• Monitors AC line and 
DC outputs. 

• Allows for orderly data-
save procedures 

PFM-1 : $24.95 PFM-2 : $39.95 

Power One Drive • 

NEW '81 CATALOG & 
FACILITIES BROCHURE 

Get your free copies now! 
Phone or write us direct, or circle the 

reader service number 

:Lc. rower SUPPLIES 
-4-1-7°Werzame.. 

Camarillo, CA 93010 • (805) 484-2806 • (805) 987-3891 • TWX 910-336-1297 
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sors —it could be as large as 150 to 
200 parts two or three years down 
the road," says Younts. 

Sales will come primarily from 
new equipment designs, adds Keith 
Mueller, c-mos product marketing 
manager for National in Santa Cla-
ra, Calif. "For the most part, it 
won't be retrofitted," he predicts. 
But for the new designs, it will defi-
nitely be a viable contender against 
low-power Schottky." 

Glue parts. Younts maintains the 
new logic will make a strong showing 
as "glue parts" for linking c-mos 
memories and microprocessors. 
However, penetration into the exist-
ing product lines that are loaded 
with bipolar parts will be minimal 
because the 74HCXX family will 
not be TTL-compatible. 

"That is the main drawback to the 
family," Younts says. "We decided 
not to go with TTL-input compatibili-
ty because it would drastically take 
away from the noise immunity and 

speed, which the market says it 
needs." However, he points out that 
pull-up resistors would make the 
parts totally compatible with -rm. 
Motorola is already considering an 
extension to its 74HCXX line that 
would include rri, compatibility. 
"We would not duplicate the entire 
family," he says. 
At present, Motorola is developing 

46 members of the 74HCXX family: 
5 decoders, 4 registers, 1 multivibra-
tor, 1 comparator, 8 counters, 9 
gates/buffers, 8 flip-flop/latches, 9 
transceivers/receivers/line drivers, 
and 1 part classified as miscella-
neous. National is making some 50 
different circuits: 8 gates, 4 counters, 
4 flip-flops, 1 multivibrator, 1 com-
parator, 1 hex-Schmitt trigger, sev-
eral TTL-to-C-MOS translators, 2 
shift registors, 6 multiplexers, 3 area 
decoders, 7 latches, and 8 drivers. 
The firm plans to begin mass pro-
duction of the initial parts in the first 
quarter of 1982. -J. Robert Lineback 

NCR serious about merchant market 

for semicustom logic, nonvolatile memory 

NCR Corp.'s plan to begin selling 
semiconductor devices on the open 
market has met with some surprise 
and skepticism. "My jaw is on the 
floor. I would have assumed that a 
leopard couldn't change its spots," 
says one industry official. 

"Historically, systems manufac-
turers have not been able to make 
the transition into the high-technolo-
gy components business," adds Lar-
ry Jordan, a former marketing man-
ager with the Intel Corp. group 
responsible for nonvolatile memo-
ries. He is now marketing manager 
for Seeq Technology Inc., San Jose, 
Calif. 

But NCR officials profess a deter-
mination to prove the skeptics 
wrong. "We have to position our-
selves so people realize this a major, 
permanent effort and not just some-
thing we're going to dabble in," says 
James H. Van Tassel, vice president 
of the Dayton, Ohio, company's 
Microelectronics division (see p. 14). 
With seven wafer fabrication lines 

currently in operation, NCR is spend-
ing $155 million on additional com-
ponent capacity over a four-year 
period, he notes. Commitments to 
outside customers will be met, even 
in times of tight supply when NcR's 
own component needs are high, Van 
Tassel adds. 

Big payoff looming. In choosing to 
sell electrically erasable program-
mable read-only memories and semi-
custom logic devices, NCR is entering 
market areas that are expected to 
grow handsomely. According to pro-
jections by Dataquest Inc., a Cuper-
tino, Calif., market research firm, 
these segments are expected to 
increase from about $100 million 
each this year to about $550 million 
and $600 million, respectively, by 
1985. With such growth, even some 
detractors concede there should be 
room for NCR to succeed, provided it 
has a firm commitment to the mer-
chant approach and a sound sales 
plan. Van Tassel agrees. "We're 
entering this business to increase 

revenues and to make money," he 
declares. 
The NCR plan calls for initial sales 

of semicustom logic devices and non-
volatile memories that are less than 
state-of-the-art. Higher technology 
products will come later. NCR'S new-
ly announced line of EE-PROMs and 
nonvolatile RAMS, for instance, is 
based on the company's 10-year-old 
p-channel metal-nitride-oxide-semi-
conductor technology. It is signifi-
cantly slower than the n-channel 
MNOS and competing MOS floating-
gate tunnel-oxide technologies 
backed by Hitachi Ltd. and Intel 
Corp., respectively, as well as others. 
The company is supplying samples 

of seven EE-PROM devices, including 
two 512-bit parts at the low end, the 
2K-by-4-bit NCR2811 and two 
2-K-by-8-bit devices—the byte-eras-
able NCR2161 and the block-eras-
able NCR2168. Also available is the 
256-by-8-bit NCR1734, a nonvola-
tile static RAM. Access times on 
these devices are typically between 
850 nanoseconds and 1 microsecond, 
says Dave Major, marketing manag-
er for the line. 
Company officials say that faster, 

n-channel devices will be introduced 
during the fourth quarter this year. 
The initial p-channel devices will be 
fast enough for applications such as 
data terminals and avionics, Major 
says. They will compete in such mar-
keting niches primarily against simi-
lar parts built by General Instru-
ment Corp. under license, he observ-
es. Pricing on the memory chips will 
be negotiable, with the 16-K EE-

PROM devices expected to be in the 
$10-to-$20 range, says Andrew F. 
McKelvey, general manager at 
NCR's Miamisburg, Ohio, microelec-
tronics plant. 

In-house library. The semicustom 
logic line makes use of an internal 
library of some 32 standard cell 
types that began being developed in 
house late in 1979. NCR will offer 
two standard die sizes-150 by 170 
mils with 28 input/output pads and 
225 by 225 mils with 40 vo pads. By 
using 5- to 6-micrometer minimum 
geometries, devices with densities 
ranging from 200 to 1,000 gates will 
be possible. -Wesley R. Iversen 
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SEMICONDUCTOR NEWS FROM THE PRACTICAL WIZARDS OF SILICON VALLEY 

THE COP2440 MAKES DUAL PROCESSING ECONOMICAL. 
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The first single-chip dual CPU micro-
controller simplifies programming. 

The COP2440 makes dual CPU 
hardware and software implementation 

simple and economical. 

National's new COP2440 represents the 
first progressive step away from the traditional 
"double the memory" approach to micro-
controller development. 

A new multiprocessor architecture* 
makes hardware implementation of a dual 
CPU microcontroller possible at low cost. 

Two identical CPUs allow this latest 
addition to their COPSTM Family to process 
two simultaneous asynchronous time-critical 
events. The COP2440 can, for example, scan 
its input/output lines while processing data. 

CPUs that work together. Dual on-chip 
CPUs simplify the programming process in 
several ways. 

Now programs can be conveniently par-
titioned. Regular events can be processed in 
an orderly manner by one CPU leaving the 
second free to handle random tasks as they 

OCCUr. 

In time-critical applications, dual CPUs 
allow a single microcontroller to easily work 
on two jobs at once. The processor no longer 
needs to shuffle back and forth between di-
verse operations to make the results appear 
simultaneous. 

RESET 

si 
SO 
DI 

GOD 

COP2440 ARCHITECTURE 
CNI CEO 

MEMORY 
2048 8 PDM 
160a 4 RAM 

IGOR/RH 
PORT PORT PORT PORT kokr 0048 

Very low hardware costs. The COP2440 
offers significant hardware savings for dual 
CPU designs. 

Since both processors access common 
memories, program ROM and data RAM, they 
get double use out of status flags, data, sub-
routines, and even the main program. 

The Practical Wizards have added the 
second CPU with very little increase in die 
size. A small price to pay for significant gains 
in processing throughput, ROM efficiency, and 
programming ease. 

The NMOS COP2440 contains all neces-
sary system timing, internal logic, ROM, RAM, 
and I/O functions to implement a wide variety 
of dedicated control functions. 

It is available in a 40-pin DIP with 35 
I/O lines. Also available are a 28-pin 
version with 23 I/O lines, (the 

COP2441) and a 24-pin version with 
19 I/0 lines (the COP2442). 

Additionally, the COP2440 features 
2Kx8 ROM and 160x4 RAM, an enhanced 
COPS instruction set, zero-crossing detect cir-
cuitry, true multi-vectored interrupt from four 
selectable sources, on-chip timer/counter, a 
four-level subroutine stack (in RAM) for each 
processor, a 4ms execution time per pro-
cessor, TTL/CMOS compatible I/O, and it's 
both MICROBUSTM and MICROWIRETM 
compatible. 

A multi-dimensional army of products. 
The COPS Family offers a truly broad range of 
compatible microcontrollers. Each COPS 
Family member shares a common set of 
instructions, MICROWIRE peripherals, and 
development tools. 

So now the engineer can pick and 
choose from a wide variety of key specs: CPU 
size, fabrication technology (CMOS, low 
power NMOS, high speed NMOS), the tem-
perature range, the voltage range, the speed, 
the I/O options and the package size and type. 

Total COPS development support eases 
design and testing. The COP400-PDS is a 
low-cost concept-to-product tool designed to 
expedite every phase of COPS system design. 

National's STARPLEXTm development 
system provides the same capability when 
equipped with the COPS SETM 

The COPS QUIKLOOKTM tester is a 
simple and cost-effective way to perform 
incoming GO-NO GO inspection of COP 
Family devices on either the COP400-PDS or 
STARPLEX systems. 

To get more information, check box 096 
on this Anthem's coupon. 

*Patent pending. 

COPS, MICROBUS, MICROWIRE, STARPLEX, ISE, and OUIKLOOK 
are trademarks of National Semiconductor Corporation. 



Innovative new designs for low cost 
CMOS DACs. 
National's low cost, high performance 8-, 10-, and 12-bit CMOS D/A converters open up new doors to design simplicity. 
The Practical Wizards offer a complete line of DACs for either ,uP or non-µP based systems. 

The microprocessor compatible MlCRODACsTM feature up to 12-bit linearit‘,/, monotonicily, and differential non-linearity all guaranteed over tempera-
ture making them ideal for closed loop systems. Also, their four quadrant multiplying capability is a natural for digital-to-synchro converters. 
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For circuit schematics on these and other applications as well as the rest of the facts on National's broad line of easy-to-use DACs, check 
boxes 051 and 101 on this Anthem's coupon. 

It took the Practical Wizards to bring reasonable prices to the best DACs in the industry. 
MICRODAC is o trademark of National Semiconductor Corporation. 
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Freedom of design 
with the industry's broadest line of 
bubble memory products. 

11110111111 
8 

Only National offers everything for 
bubble memory applications. Even true 
second and third sourcing (by SAGEM 

and Motorola). 
In keeping with National's commitment 

to service the entire bubble memory market-
place, the Practical Wizards are now offering 
the industry's broadest line of products. 

In fact, they're already shipping every-
thing from board level systems and sub-
systems to advanced bubble devices, control-
lers and support circuits. 

Keeping pace with the design curve. 
Although the bubble memory concept has 
been around for a few years, the technology 
itself has only now been advanced to the 
point of offering a truly cost-effective alterna-
tive to floppy disk and other non-volatile 
storage media. 

At this early stage of the game, incor-
porating bubble memory into new and 
existing designs requires that it be available in 
a wide variety of forms. 

It is by no coincidence that National 
leads the industry in this area by providing the 
largest selection of sophisticated bubble 
memory products, including a complete 
1/4Mbit board level system and a 1Mbit expan-
sion board, low cost 1/4Mbit and 1Mbit Board 
Level Expansion (BLX) subsystems, 1/4Mbit 
and 1Mbit kits, the industry's smallest and 
most dense bubble memory devices, plus 
controllers and support circuits. (See the list-
ing at right for a brief description of each 
product.) 

Only National offers such a high level of 
design flexibility and efficiency. As bubble 
memory designs move from board level 
system solutions to tailored configurations, 
National will be there with the right hardware 
at the right price. 

Design with the highest bubble density 
available. The Practical Wizards' product line 
also includes some major technological 
advantages over the rest of the industry. So 
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application designs can now be much more 
reliable and cost-effective than ever before. 

o begin with, their 16-pin 1/4Mbit and 
1Mbit bubble memory devices (the 
NBM2256 and NBM2011, respectively) are 
the industry's smallest and most dense. 

Plus, they've developed a more ad-
vanced support architecture that requires only 

four support circuits (plus controller) as 
opposed to the competition's five or seven. 

By combining this device density with 
true system density, bubble memory designs 
will be smaller, simpler and more reliable than 
they have been before. 

Optimize designs with 1/4Mbit and 1Mbit 
functionally compatible kits. To go even further 

PART NUMBER 

SYSTEMS 
BLC-9250 
BLC-9101 

SUBSYSTEMS 
BLX-9252 

BLX-9012 

DEVICES 
NBM2256 
NBM2011 

KITS 
NBK4251 

NBK4011 

CONTROLLERS 
NBC82851 
NBC82853 

INTERFACE CIRCUITS 
DS3615 
DS3618 

DS3616 
DS3617 

BUBBLE MEMORY PRODUCT OVERVIEW 
DESCRIPTION 

Multibusrm and Series/80 compatible 1/4 Mbit bubble memory board. 
Multibus and Series/80 compatible 1Mbit bubble memory expansion 
board. 

1/4Mbit bubble memory subsystem. This 11 square-inch module adds 
full bubble capability to National's SuperChipTM host CPU boards. 
1Mbit bubble memory subsystem, also used with National's Super-
Chip host CPU boards. 

1/4Mbit 16-pin bubble memory device. 
1Mbit 16-pin bubble memory device (pin-out compatible with the 
NBM2256.) 

Compact 1/4Mbit bubble memory kit, including an NBM2256 bubble 
memory device, NBC82851 controller, DS3615 function driver, two 
DS3616 coil drivers, and a DS3617 sense amp. Expansion kits 
(minus the controller) ore also available. 
Compact 1Mbit bubble memory kit, including an NBM2011 bubble 
memory device, NBC82853 controller, DS3618 function driver, two 
DS3616 coil drivers and a DS3617 sense amp. Expansion kits are 
also available. 

1/4 Mbit bubble memory controller. 
1Mbit bubble memory controller (pin-out compatible with the 
NBC82851). 

1/4 Mbit bubble memory function driver. 
1Mbit bubble memory function driver (pin-out compatible with the 
DS3615). 
Bubble memory coil driver. 
Bubble memory sense amp. 
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toward easing the design cycle, National also 
provides both their 256Kbit and 1Mbit mini-
mum subsystems in convenient kit form. 

The diagram below shows the 1/4Mbit 
minimum configuration using the devices in-
cluded with the NBK4251 kit. As the product 
table at ieft points out, the NBK4011 kit merely 
exchanges the 1Mbit versions of the bubble 
device itself, the controller, and the function 
driver for the 1/4 Mbit versions. 

The host system's software is identical 
for both kb except for changing memory size 
constants. 

Expansion kits cre also avail-
able for applications that use a 
single controller for 2 4 or 8 bub-
ble devices. 

The NBM2256 and NBM2011 
oubble memory devices. The 
NBM2256 1/4Mo.t and the 
NBM20111Mbit bubble devices are 
much more thon just the smallest 
('. 6-pin) and most dense They are 
also the most reliable, due in part 
to the use of Cr-Cu-Cr conductors. 

They also feature: 
• fast access time—typically 7ms 
(1/4Mbit) and Urns (1Mbit). 
• low power dissipation—under 
1W typical 
• on-chip redundancy map. 
• non-volatility. 
• pin-compatibily for easy upgrading. 

The NBC82851 and NBC82853 control-
lers. National's NBC82851 1/4 Mbit and 
NBC82853 1Mbit bubble memory controllers 
are both 40-pin devices fabricated in the ex-
clusive low power XMOSTm technology. 

Each controller provides all signal timing 
necessary to drive 1, 2, 4 or 8 bubble memory 
devices in parade Yet both require fewer 
interface circuits (4) than any other controller 
available. 

In addition, rhey feature: 
• automatic start-up cmd power-down 
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sequencing for the utmost in data integrity. 
• Error Checking and Correction (ECC). 
• they perform cll data formatting, including 
redundant loop insertion and deletion and 
paralleJ -to-serial conversion. 
• MICROBIJSTM compatibility, so they can 
interface with a wide range of micro-
processors. 

The most versatile support circuits avail-
able. All of National's bubble support circuits 
were designed by a single design team using 
reliable bipolar technology. So they were 

1111111111111H Ill 

function drivers actually perform the physical 
nanipulction of the bubbles. This includes 
bubble generation, replication, transfer and 
swap. 

Both of these pin-compatible devices 
utilize multiple on-chip current sources to 
tanslate the controller's voltage mode com-
mands to cu 'rent mode events. 

The DS3616 coil driver. Two DS3616 coil 
drivers are used to rotate the magnetic field, 
and hence the bubble, in each device. 

These advanced components feature on-
chip output coil clamp diodes 
and an optional internal voltage 
booster—both exclusive to Na-
tional—as well as Iwo high 
current push-pull outputs. 

The DS3617 sense amp. 
The lighly versatile DS3617 
bubble memory sense amplifier 
is packed with features that the 
competition can't begin to 
match. For example: 
• guaranteed tight threshold lim-

its over the specifieci temp and 
supply voltage range. 
• the threshold is externally ad-
justable over the OmV to 10mV 
range, so the DS3617 is com-
patible with a wide variety of 
bubble devices and non-

bubble memory applications. 
Rising to the top in bubble memory. ft's 

easy to see that the Practical Wizards from 
National have answered tie needs of the bub-
ble memory market with the full range of high 
performance, low cost systems, subsystems, 
kits and components. 

They're on a fast rise to the top of bubble 
memory technology. 

For complete details on these advanced 
products, check box 099 or this Anthem's 
coupon. 
SuperChip, XMOS, MICROBUS ore trademarks of National 
Semiconouctor Coma-Con. Mulhbus is a 'trademark of Intel 
Corporation. 
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MINIMUM BUBBLE MEMORY SUBSYSTEM (1/4 MBIT) 

integrated from the ground up to provide the 
lowest cost solution for complete bubble 
memo-y support. 

The versatility that results from this ap-
proach. shows up in a number of ways. First, 
all of them can operate from two standard 
power supplies— +5V and +12V Second, 
most of them could also support bubble 
memory devices other than the NBM2256 
and NBM2011. And third, they all feature 
power tail protection circuitry for added relia-
bility and simpler design. 

The DS3615 and DS3618 function driv-
ers. The DS3615 1/4Mbit and DS3618 1Mbit 
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Break the speed limit with 25ns PALsT: 
New fast PALs are the quicker version of 
National's programmable array logic de-
vices for low cost, space saving designs. 

Earlier this year National announced that 
PALs were at the lowest cost ever and still 
continuing downward in price. Now they've 
strengthened their PAL line with the introduc-
tion of the fastest PALs yet. 

These new fast versions are tor applica-
tions requiring a throughput time of 25ns 
from input to output, rather than the regular 
version's 4Ons. Other than the speed specs 
and price, both regular and fast PALs are 
identical. 

PALs were designed to replace standard 
TTL logic. A single PAL can replace up to 12 
SSI/MSI packages. 

At easily achievable levels of package 
replacement, PALs, in volume, are now cost-
competitive with the SSI/MSI parts they 
replace. 

And PAL devices are fully field-program-
mable to provide the utmost in design 
flexibility and efficiency. 

PAL'S basic logic implementation is the 
familiar AND-OR array, where the AND array is 
programmable and the OR array is fixed. Addi-
tional functionality is provided in five of the 
PAL part types which contain registers. 

PAL'S standard logic and flexible I/O 
programming provide design and production 
efficiency unknown up to now. That's because 
logic modifications can be made more quickly 
and easily with PALs than with any other logic. 

National is producing TT L-compatible 

PALs with the same time-tested technology 
used to manufacture PROMs. Their Titanium-
Tungsten fuses have been proven reliable both 
through internal rel testing and three years of 
field use. 

Program development and debugging 
of PALs is supported by National's STAR-
PLEXTm development system. 

And with 15 different PAL devices to 
choose from, logic design efficiency and relia-
bility are truly maximized. 

To optain a PAL brochure simply check 
box 025 on this Anthem's coupon. 

National—the inexpensive souce for 
reliable PALs. 

PAL is a trodernork of and:used under license with Monolithic 
Memories, Inc. 

STARPLEX is o trademark of National Semiconductor Corporation. 

PALASM. For those who don't have time to waste. 
The easy-to-use PALM assembler makes 

PAL programming a snap. 

The Practical Wizards have recently ex-
tended development support to cover their 
entire line of standard and Fast PAL (Program-
mable Array Logic) devices. 

Its called PALASMim—a new software 
module incorporated into the Universal PROM 

Programmer, an option of the versatile STAR-
PLEXTm development system. PALASM serves 
as the software interface between the STAR-
PLEX system and the PROM Programmer. 

PALASM converts PAL logic (Boolean 
equations, etc.) into a form that the Universal 
PROM Programmer can readily understand 
and transfer to its associated PAL personality 
card. The logic is then burned into the PAL 

array. 
Now, with the addition of PALASM, 

STARPLEX becomes an even more versatile 
development system. 

Check box 085 on the coupon for addi-
tional information. 

STARPLEX, is a trademark of Notional Semiconductor Corporation 
PALASM and PAL are Irodemanis of Monolithic Memorise, 
Incorporated 



strings attached. 
The architecture of BLMX-80. BLMX-80 

provides a software foundation upon which 
the engineer can design c wide variety of 
applications. 

The BLMX-80 operating system is based 
on a kernel concept, where the essential sys-
tem functions (task scheduling, message 
control, interrupt channel management, etc.) 
are contained in the kernel. A variety of system 
modules may be selectively included to suit 
the requirements of the particular application. 

This can be viewed as a "layered" or 
concentric software system. The kernel forms 
the heart or innermost layer, the various sys-
tem modules which have been selected form 
the second layer, and the user-written tasks 
and device drivers (also included) form the 
outermost layer. 

The kernel and selected system modules 
are designed to form a ROM-resident operat-
ing system which is linked as part of the final 
application program code. 

The minimum BLMX-80 configuration 
would consist of only the kernel plus user 
tasks. In this configuration, the operating sys-
tem would occupy only 2K bytes of ROM and 
require less than 1K bytes of RAM. 

The best approach to software develop-
ment. National's new BLMX-80 real-time, 
multi-tasking operating system is for and 
away the fastest and most cost-effective ap-
proach to software development and mainte-
nance for real-time applications. 

So rather than waste a lot of time and 
effort writing complex system software, call 
National. They've already written it. 

For complete details on BLMX-80, check 
box 100 on this issue's National Archives 
coupon. 

STARPLEX and ISE ore trademarks of National Semiconductor Corpo-
ration Mulfibus is a trademark of Intel Corporation. 
Z80 is a registerei trademark of Zilog Corporation 

Cut real-time software development 
by up to 80%. 

The new BLMX-80 real-time, 
multi-tasking operating system lets 

programmers concentrate on dedicated 
application software. 

A software engineer charged with de-
signing a real-time multi-tasking application 
system can easily spend most of his efforts 
writing system management functions. In 
many cases, up to 80% of his time may be 
spent on what amounts to only 20% of the 
total software for the system. 

National Semiconductor has now turned 
this situation around with their new BLMX-80 
(Board Level Multi-tasking eXecutive) operat-
ing system. 

BLMX-80 is a sophisticated yet easy-to-
use real-time, multi-tasking executive that 
operates on National's Series/80 Board Level 
Computer (BLC) products or other MultibusTM 
boards. It can currently be configured to run 
on systems built around the 8080, 8085, 
Z-80?' and NSC,800 microprocessors. 

The easy way to system development. 
In addition to dramatically cutting software 
development and costs over the "do-it-
yourself" approach, BLMX-80 provides highly 
structured modular application programming. 
This not only makes programs easier to test 
and debug, but also easily expandable and 
maintainable as well. 

Partitioned programming. By starting the 
development cycle with a fully integrated and 
easy-to-use operating system already in place 
(rather than at "ground zero"), the project can 
be more easily managed. The Project Man-
ager can assign program segments to different 
team members and be confident that the seg-
ments will interface smoothly. 

Support software simplifies system 
configuration. BLMX-80 offers a variety of 
significant enhancements over competitive 
operating systems. 

SPECIAL 
DE 

In terms of ease-of-use, BLMX-80 in-
cludes highly interactive menu-driven system 
configuration software. By using National's 
STARPLEXrm development system with ISETM 
(In-System Emulation), the system can be 
generated or reconfigured in as little as 15 
minutes. By contrast, other operating systems 
require the tedious process of setting up data 
structures manually. 

Direct interrupt handling. With the 
BLMX-80 approach to direct interrupt han-
dling (as opposed to task-based interrupts), 
response time is not degraded by operating 
system overhead. This is what real-time 
systems are all about. 

BLMX-80 also provides a complete set 
of device drivers and interface modules. These 
include a terminal handler, a printer driver, 
analog I/O, disk file system, plus drivers for 
future BLC and BLX products. 

For even greater design flexibility, 
BLMX-80 is fully hardware and location inde-
pendent and supports a PL/M interface. 

A liberal licensing agreement. No com-
petitive operating system even comes close to 
matching all the capabilities of BLMX-80. But 
National didn't stop there. 

To make their software portable in every 
sense of the word, they have provided a liberal 
licensing agreement that makes it much 
easier for the user to replicate the software 
with minimal restrictions. 

Non-restrictive features of the software 
license include: 
• unlimited copy privileges for the user's 
internal purposes. 
• no serial number or system registration 
procedures. 
• no sublicensing of BLMX-80-based soft-
ware to customers of National's OEM 
customers. 

BLMX-80 is not only a superior piece of 
software, ifs also available without a lot of 
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The Perfect Match lights the way 
to LED uniformity. 

New MV5X5X Series cuts 
LED system costs. 

National Semiconductor takes the first 
big step toward opto standardization with their 
new MV5X5X Series of T-1 3/4 LED lamps. 
These lamps eliminate the need to maintain 
multiple application design standards to ac-
commodate the various lamps available. As a 
result, LED system costs are significantly 
reduced and inventory control is simplified. 

Mechanically and optoelectronically 
identical. The Perfect Match LED's are 

painstakingly engineered to exactly duplicate 
the popular industry standard lamps in lead 
frame size, bulb shape/height/diameter, 
standoff, color and diffuser level. 

And they're now available in all five 
industry colors: standard red, high-intensity 
red, green, yellow, and high-intensity orange. 

Check box 102 on the National Anthem 
coupon for complete information on National's 
MV5X5X Series of T-1 3/4 LED lamps. 

The Perfect Match, another striking 
example of Practical Wizardry at its finest. M 

National's AQL cards are a sure bet. 
Get Acceptable Quality Level specs for all 

of the Practical Wizards' devices on a 
convenient card, free from National. 

National knows the reliability business. 
So they know that the performance of their 
products is defined by a set of quality 
parameters. 

The Acceptable Quality Level (AQL) is 
the standard by which quality and reliability 
test results are compared. It's a standard first 
established by the military for their own 
special requirements. But now the AQL is 
used throughout high tech industries on a 
daily basis. 

So now, as a handy reference for the AQL 
standards, National has put all of this infor-
mation on a plastic pocket-sized card, free for 

the asking 
It's an easy-to-use matrix that shows at 

a glance the acceptance criteria for each sam-
ple size of devices, all under MIL-STD-105. 

The AQL card gives, for example, the 
minimum sample sizes to be tested toassure, 
with a 90 percent confidence level, 
that a lot having percent-defective 
equal to the specified LTPD 
will not be accepted. \ 

It also contains a grid 
used in making acceptance 
decisions based on general ‘;,‘ 
inspection levels versus lot or 
batch size. 

This unique card is yours free ‘' 
from National simply by checking 
box 095 on this Anthem's coupon. 

rWhat's new from the National Archives? 
025 CI PAL Brochure 053 E Linear Data Book 
051 O Data Conversion/ ($9.00) 

Acquisition Data 085 0 PALASM and STAR-
Book ($7.00) PLEX Information 

052 D Data Update— 095 1=I Acceptable Quality 
Latest new Level Card 
product information 098 O COP2440 Data Shee 

Enclose check or money order based upon appropriate currenc 
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. 

099 D Bubble Memory Data 
Package 

100 O BLMX-80 Data Sheet 
101 O Data Conversion/ 

Acquisition Brochure 
and DAC Data Packet 

t 102 O Perfect Match LED 
Information 

y. Make checks payable to National 

NAME 

ITITLE PHONE  

— COMPANY  

ADDRESS  

CITY STATE ZIP  

For desired information, mall coupon to: 

National Semiconductor Corporation 
2900 Semiconductor Drive 
Mall Stop 16251 
Santa Clara, CA 95051 

In Europe, mail coupon to: 

National Semiconductor GmbH 
lndustriestrasse 10 
D-8080 Furstenfeldbruck 
West Germany 

MNational 
Semiconductor 
The Practical Wizards 
of Silicon Valley 

:O. Copyright 1981 National Semiconductor Corporation National Anthem is a registered trademark of National Semiconductor Corporation Printed in USA 



Washington newsletter  
Reagan Administration The Reagan Administration is committed to free trade and open world 

markets in all products not essential to national security and will push for 
to push free trade, 

bilateral negotiations preventing foreign governments from subsidizing 
open world markets their exports. These policies were part of a five-point trade policy unveiled 

July 8 before the Senate by U. S. Trade Representative William W. Brock. 
He said trade policy will be to push for eliminating self-imposed export 
disincentives in Federal laws and regulations; better Federal promotion of 
exports; tougher enforcement of existing U. S. trade laws and agree-
ments, as well as renegotiation where necessary; and reduction of U. S. and 
foreign barriers to the flow of trade and investment among nations. 
The Reagan program was criticized by one Republican senator as "an 

ad hoc policy in free-market clothing," while others saw it as noticeably 
weak on specifics. Initial industry reaction was cautious, characterized by 
the Electronic Industries Association's observation that it supports the 
general thrust of the five objectives, while calling for further action by the 
executive and legislative branches to implement them. 

U. S. sales, exports U. S. factory sales of electronics rose 18.5% in 1980 to about $104 billion 
rise in 1980 compared to the $88 billion level of 1979, and the number of jobs , 

increased an estimated 7% to more than 1.5 million. That's the estimate of 
EIA report says the Electronic Industries Association, which also notes that U. S. elec-

tronics exports climbed more than 20% last year to nearly $20.2 billion, 
more than offsetting the 13% increase in imports to $13.3 billion. Exports 
of computers and other industrial electronics rose 20% to nearly $11.7 
billion last year, generating a $9.7 billion trade balance by themselves. On 
the other hand, 1980 saw growing trade deficits in solid-state products, 
with Japan accounting for $201 million of the $214 million deficit, and in 
consumer electronics, where the deficit neared $3.7 billion. The totals are 
in the "1981 EIA Market Data Book" just published by the Washingto-
based industry association. 

Industry posts filled Alan M. Lovelace, acting administrator for the National Aeronautics and 
Space Administration, left that position last week to join General Dynam-

by NASA acting head, 
ics Corp. in the new post of corporate vice president for science and 

defense agency ex-chief engineering. He will be responsible for the St. Louis—based company's 
engineering, research, advanced products, and program development. 
Before joining NASA in 1974, he was with the Air Force for 20 years, 
rising to deputy assistant secretary for research and development. 

Lee M. Paschall also has a new job: president and chief executive officer 
of American Satellite Co., Rockville, Md., a joint venture of Fairchild 
Industries and Continental Telephone Co. He succeeds William S. Wheat-
ley Jr., who resigned. As an Air Force lieutenant general, Paschall directed 
the Defense Communications Agency from 1974 until his retirement in 
1978, when he became a communications industry consultant. 

Solarsat too costly, 

council concludes 

The prospects for Government support of a satellite power system appear 
to be killed for at least the next decade by a National Research Council 
study. The cost of a 60-satellite SPS for the U. S. is beyond the nation's 
economic capability, says the council, which found no insurmountable 
technical problems to the long-term development of geostationary satellites 
employing massive photovoltaic arrays to convert solar energy into micro-

Electronics/July 14, 1981 57 



Washington newsletter  
waves for relay to earth [Electronics, April 27, 1978, P. 96]. The study 
concluded that the $1.3 trillion price tag of last year's estimate by the 
Department of Energy and the National Aeronautics and Space Adminis-
tration is "two and a half times too low, even in the most optimistic view." 
It also put the cost per kilowatt at a minimum of $10,000, compared to 
the estimate of $4,000 from the Energy Department and NASA and the 
present $1,000 for conventional power systems. 

Commerce unit aims 

frequency monitor 

at Army use 

Post Office sends 

mixed message on 

electronic mail role 

SBS sets test 

of Ku-band receivers 

EIA warns House 

of import assault on 

U. S. telecommunications 

A computer-controlled receiver system for spectrum management, electro-
magnetic-hazards measurements, and communications-site surveying has 
been developed for the Army Communications Command by the Com-
merce Department's National Telecommunications and Information 
Administration. Called TAEMS, for transportable automated electromag-
netic compatibility measurements system, the monitor uses commercially 
available equipment and operates from 1 kHz to 40 GHz, NTIA's Institute 
for Telecommunications Sciences, Boulder, Colo., says it has broad poten-
tial applications. In addition to the extended frequency coverage, TAEMS 
has multiple antenna selection, built-in test and noise-measurement capa-
bilities, and a 160-dB measurement range. 

The U. S. Postal Service is not planning to go into the telecommunications 
business to transmit its electronic computer-originated mail (ECOM) even 
though it could contract with a private carrier to do so. But that assurance 
by Paul E. Jaquish, senior assistant postmaster general for research and 
technology, did not convince an industry audience at a USPS meeting this 
June. Charles S. Shaw, director of uses electronic-mail systems develop-
ment seemed to suggest during the session that the postal service may 
indeed venture into telecommunications if the ECOM service expands after 
it begins next year. 
Under the controversial ECOM plan, initially serving 25 post offices in as 

many cities, the USPS expects a daily minimum of 200 computer-mail 
messages, each averaging 1,200 characters. Mailers will directly dial the 
post offices, where ECOM hardware developed by RCA Corp. will print and 
mail messages for next-day delivery. Users, who will pay a $50 annual 
ECOM fee and maintain a deposit account, will pay 26¢ for the first page 
and 5¢ for each thereafter. 

Satellite Business Systems has set July 22 for the first technical demon-
stration of its Ku-band (12 to 14 gigahertz) satellite launched earlier this 
year. SBS says the demonstration at its McLean, Va., headquarters will 
give manufacturers of receive-only Ku-band equipment an opportunity to 
test their hardware in operation with the satellite transponder. 

The $20 billion U. S. telecommunications equipment market is "targeted 
for a concerted attack by foreign competitors" whose home markets 
remain closed to U. S. exports, says John Sodolski, a vice president of the 
Electronic Industries Association, in testimony before a House subcommit-
tee. The technological lead of U. S. producers is thereby threatened with 
erosion, he said, unless the U. S. is able to compete "fully and fairly" in 
Western Europe and Japan. 
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TYPE 1940 
MIDGET® 41 
CAPACITORS 

ati•) 

e Solid-electrolyte tantalum capacitors in 8 different sizes 
ensure most efficient use of substrate space in hybrid circuit 
layout. 

e Smallest size, tiny .100" x .050" x .050", has capacitance 
range to 2.2 yF @ 4 VVVDC . . . larger chips have values 
to 100 mF. 

• Compatible with mechanized hybrid circuit assembly equip-
ment. 

• Epoxy encapsulant completely covers capacitor element 
minimizing undesirable parametric changes/failures. 

e Operating temperature range, —55° C to +125° C. 

Write for Engineering Bulletin to 
Sprague World Trade Corporation 
3, Chemin De Tavernay. 
CH-1218 Geneva 

THE BROAD-LINE PRODUCER 
OF ELECTRONIC PARTS 

SPRAGUE 
ME MARK Of RELIABILITY 

OK Technotog.s 

Circle 216 on reader service card 

TYPE LP66 
METALLIZED 
POLYCARBONATE 
CAPACITORS / 

• Exceptional capacitance stability, long life expectancy, low 
dissipation factor, low temperature coefficient, high insula-
tion resistance. 

• Space saving wrap-and-fill tubular construction. 

Write for Engineering Bulletin to 
Sprague World Trade Corporation 
3, Chemin De Tavernay, 
CH-1218 Geneva 

T—E BROAD-LINE PRODUCER  
OF ELECTRONIC PARTS 

SPRAGUE 
THE MARK Of PfliAfIrt:, 

A subs4o.ao, of Olt irnI.4?.hnoicogies 

Circle 217 on reader service card 

IIHS FOR 
POWER 

SERIES 
JX5600 
FILTERS 
• Moderate to severe suppression capability for conducted emis-

sion or conducted susceptibility. 

e High-performance devices for applications such as switching 
regulated power supplies and equipment with low-level logic. 

'Three types available to handle varying degrees of common-
mode differential-mode interference: With 'L' and 'Pi' Filters. 
with T' and 'Pi. Filters, with double •L and 'Pi' Filters. 

Write for Engineering Bulletin to 
Sprague World Trade Corporation 
3. Chemin De Tavernay. 
CH-1218 Geneva 

THE BROAD-LINE PRODUCER 

OF ELECTRONIC PARTS 

SPRAGUE 
THE MARK Of REIldiatilrf 

TYPE 11C 
MONOLYTHIC® 
CAPACITORS 

(1200 chip 
capacitors 

in a teaspoon) 

• Multi-layer ceramic capacitor chips for thick-film hybrid 
circuits. Reliable performance, broad capacitance/voltage 
range, moderate cost. 

• Leadless, unencapsuiated chips with metallized terminations. 

• Choice of temperature characteristics COG, X7R, and Z511. 
• Capacitance values, 1 pF to 1.0 ¡LE . . voltage ratings, 25 

to 200 VVVDC. 
• High-voltage chips also available: COG and X7R . . 500 

to 2500 WVDC ... 18 pF to .22 µF. 

Write for Engineering Bulletin to 
Sprague World Trade Corporation 
3, Chemin De Tavernay, 
CH-1218 Geneva 

THE BROAD-LINE PRODUCER 

OF ELECTRONIC PARTS 

C 55020 

SPRAGUE 
THE MARK OF PftldailitY 
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Fujitsu's Bubble Memory Euro-Card System 
Fujitsu's all-new bubble memory Euro-Cards let you start 
wherever you want and bu:Id up as you go. As you expand, 
you'll be choosing from up to six bubble memory cards and 
four exchangeable bubble memory cassettes (or both com-
bined), totalling a whopping 512Kbytes memory power — 
all in one [SI system. And all at the pace you cnoose. 
Along with this expansion flexibility, the Fujitsu Bubble 
Memory Euro-Card System offers these valuable features: 
•direct Euro-Card bus line interface 
•wide selection of custom pin-signal configurations 

European Distributors 

AUSTRIA BENELUX FRANCE ITALY SWITZERLAND 

• dedicated support [Sis 
• non-volatile memory, even in the event of power failure 
• full solid-state and maintenance-free memory without 
mechanical parts 

Fujitsu's expandable Bubble Memory Euro-Card System 
with a new and more extensive design flexibility for micro-
computer engineers. 
Just the way you want it. For complete details, contact 
your nearest Fujitsu representative today. 

UNITED KINGDOM WEST GERMANY 

ELBATEX GMBH 
ErdreBootle 54 
A-1238 Vienna 
Phone 102221 88 11 
Telex 13 3128 

BODAMER INTER-
NATIONAL BA/. 
Havens,. st-EIA.. 
Postbus 1293. 
1500 Ari Zaandam 
Phone 3753515:1 
Telex ,9*(59 

ERN 
207. Raed, 
Fourny. 
Z.1 de Bec 
7E530 Bac 
Phone: 956-00-11 
Telex: 698627 F 

200913Trearano. 
Sul Nwigio Milano) 
Via S. Cricteoru. 75 
Phone 02/4456941-4 
Telex: 31'550 

ELEIATEX AG 
CH 5430 Weningen. 
Alb. Zwyss.gstrasse 
28 
Phone 056-26564 , 
Term 55239 

TEMPATRON LTD. 
6 Poarnan Road, 
BettIsfarrn Estate. 
Rearang RG3 TJCI 
Phone: Readina 
10734/ 596161 
Telex: 847732 

COMTEC GMBH 
Südl.AulfaErls_dle t 56 
D-8000 Mcinchan "9 
Phone: 108K1 178 1041 
Telex: 052643h 

corn:,, 0 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
FUJITSU 

Head Office (Component Marketing Division): 18 Mori Bldg., 3-13, Toranomon 2-chome, Minato-ku, Tokyo 105, Japan 
Phone: 03-502-0161 Telex: 2224361 FJ TOR J 
Paris Office: Porte No. 207, 1 Voie, Felix, Eboue 94021 Creteil Cedex, France Phone. 01-377-0355 Telex: 212544 
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One-gun color TV tube 
has no mask: page 73 

This Japanese prototype of a facsimile unit for use in the home 

can receive both TV broadcast and telephone signals: page 76 



SCIENCEOSCOPE 

A charge-coupled memory device that can be made with only one additional mask 
is now under study at Hughes. The chip is a CCD mask-programmable nonvolatile 
serial read-only memory. It's programmed by a two-step implantation into the 
region underneath the storage gate electrodes. The first implantation puts 
buckets of charge under the selected gates using an n-type dopant for n-channel 
devices and a p-type dopant for p-channel devices. The second implantation uses 
the same mask and an opposite polarity dopant. Its purpose is to offset surface 
potential changes that occurred as a result of the first dopant. Implanted 
regions retain information after start-up by the use of refresher circuits 
between input and output. The chip also can function as a standard CCD. 

A new all-optical logic device could make many electronics systems immune to 
effects of natural or man-made "noise," including lightning strikes and radio 
interference. Hughes scientists have fabricated a high-speed optical device 
that uses no electronic signals. It is made of discrete components, including 
four reflecting surfaces and a slab of nonlinear material (gallium arsenide). 
The device has shown optical bistability (flip-flop behavior) with switching 
times of 3 nanoseconds and switch energies under 1110 microjoules. Although 
propagation delays have kept the device's speed under the theoretical limit up 
to 10 gigahertz, the speed will be increased by further miniaturizing of the 
device on an integrated optic chip. The device could be used in fault-tolerance 
computers, flight control systems, and ultra high-speed signal processors. 

A communications system delivered to the U.S. Navy saves weight and space over 
previous systems. The Hughes tactical information exchange system (TIES) uses a 
single set of hardware to accommodate many different digital and voice communi-
cations processing. This was made possible by a new frequency translator unit 
and a programmable signal processor. Previous systems used separate pieces of 
equipment for amplitude modulation or frequency modulation of voice and data. 

Hughes Radar Systems Group has career opportunities for engineers, scientists, 
and programmers. We design and build many of today's most complex airborne and 
spaceborne radar electronics systems, including data links, electronic warfare 
systems, and display systems. We need systems analysts, microwave specialists 
(antenna, receivers, transmitters, data processors), circuit designers (analog, 
digital, RF/IF), scientific programmers, mechanical designers, systems and test 
engineers. Send resume to Engineering Employment, Dept. SE, Hughes Radar Sys-
tems Group, P.O. Box 92426, Los Angeles, CA 90009. Equal opportunity employer. 

A copier that uses a laser scanner to read a page in two seconds can send very 
high quality copies to widely dispersed locations via satellite. The copier 
transmits at speeds up to 70 pages per minute, more than 100 times faster than 
conventional facsimile. Also, using electronic collating, documents of more 
than one page can be printed at many locations sequentially, eliminating the 
need for mechanical sorters. AM International developed the copier for 
Satellite Business Systems. Hughes built the satellites and earth terminals. 

Creating a new world with electronics 

HUGHES 
HUGHES AIRCRAFT COMPANY 
CULVER CITY.CALIFORNIA 90230 

(213) 670-1515 EXTENSION 5964 



International newsletter  

Will fiber optics oust Fiber-optic data links could be pitched against their satellite counterparts 
if Britain's Department of Industry liberalizes British Telecom's common-

communications carrier monopoly as recommended in a report the former commissioned 
satellites? from Prof. Michael Beesley of the London Business School. British 

Aerospace and IBM Corp. are already eyeing a satellite business service 
[Electronics, June 30, p. 64] in anticipation of a favorable decision, and 
now a consortium including Cable Wireless Ltd., Barclays Merchant Bank 
Ltd., and British Petroleum Ltd. is proposing a 512-mb/s dedicated ring 
system—about eight thousand 64-kb/s digitized voice channels carried on 
four 140-mb/s fiber pairs—laid between major cities alongside railway 
tracks. Connections to access nodes would be via 10-GHz cellular radio 
links, and wide area coverage would be provided on a single frequency by 
operating the transmitter network in a time-division multiple-access mode, 
with wideband data links going to customers carrying data at rates of up to 
2 Mb/s. 

Step-and-repeat The Musashino Electrical Communication Laboratory of the Nippon 
X Telegraph & Telephone Public Corp. has developed what it claims is the 
-ray aligner  world's first step-and-repeat X-ray aligner. It is a prototype of the next 

resolves 0.5-,urn rules generation that will be needed when large-scale integrated circuit patterns 
become too fine for the optical step-and-repeat units now going into 
operation on production lines. The new aligner can expose at least five 
3-in, wafers each hour with 0.5-µm rules while maintaining an alignment 
of better than ± 0.1 µM. Yet its estimated cost is only about a third that of 
an electron-beam aligner because no pattern-generating system is required. 

Synchrotron system West German government and electronics industry officials expect their 
ability to manufacture very large-scale integrated circuits to receive a big 

to aid West German VLSI boost from a new ynchrotron radiation system nearing completion in 
West Berlin. The $25 million system, dubbed Bessy (for the German for 
Berlin electron storage ring for synchrotron radiation), will provide radia-
tion intermediate between ultraviolet light and X rays with which it will be 
possible for semiconductor companies to produce line widths of 1 
micrometer and below. Financed mainly by the Bonn government and 
slated to be operational by mid-1982, the system essentially consists of an 
evacuated ring-shaped tunnel some 12.5 meters in diameter. Electrons are 
shot into it at high speed and kept on the ring course by powerful magnets, 
producing X-ray—like radiation. 

Cure for electrolytic 

migration in vhf 

circuits found 

The Centre Nationale d'Etudes des Télécommunications, Lannion, France 
has come up with a method of preventing electrolytic migration between 
layers of circuits that perform at very high frequencies. The circuits were 
originally composed of gold photoengraved on a chrome layer mounted on 
either a sapphire or silica substrate. 
The problem was that the chrome migrated to the gold causing poor 

adhesion. The CNET solution is to separate the gold and chrome with a 
layer of titanium nitride, thus stabilizing the chrome layer and giving it a 
dilation coefficient about equal to that of the substrate. The first samples 
produced by this method have also responded well to soldering by thermo-
compression and show normal electrical performance. 
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International newsletter 
Japan looks into 

teletex service 

Japan's Ministry of Posts and Telecommunications will start studies this 
year that it hopes will enable it to standardize the transmission of Japanese 
language teletex by the summer of 1983, thus going some way to meet the 
nation's demand for better communications. At the same time it should 
greatly increase the usfulness of the growing number of word processors 
now becoming available and accelerate the trend toward office automation. 
To control transmission, it should be possible to use a protocol similar to 
that recommended for teletex by the International Consultative Commit-
tee for Telegraphy and Telephony last November. 

Semiconductor sales off West Germany's semiconductor market, the leading one in Europe, is 
5% in West German doing worse than had been anticipated earlier this year. According to 

y  marketing officials at both domestic and foreign producers operating in 
West Germany, sales this year will for the first time in the past half-decade 
fall below last year's. To break out the overall 5% drop, sales of integrated 
circuits will be down by more than 1%, while those of discretes will 
plummet by a whopping 12.5%. In terms of value, the 1981 market, which 
industry officials had earlier predicted would reach $625 million, will most 
likely check in at a disappointing $585 million. 

Japanese to design Five Japanese electronics manufacturers are gearing up design groups in 
anticipation of a request for proposals from the Japan Defense Agency for 

new defense system a new Badge (for base air-defense ground-environment) system that 
integrates radar sites and air defense center computers for decision making 
in the deployment of surface-to-air missiles and fighter aircraft. Price of 
the Badge system, which is expected to be completed in 1987 at the 
earliest, is on the order of $900 million to $1,350 million. The selected 
firm among the five—Nippon Electric, Mitsubishi Electric, Toshiba, 
Hitachi, and Fujitsu—may have to subcontract part of the job to a U. S. 
defense contractor to acquire weapons-related expertise. The present 
Badge system was delivered in 1968 by a joint venture of Hughes Aircraft 
and Nippon Electric. 

Tablet captures 

handwriting 

for computers 

As a means of entering computer data, the cathode-ray tube keyboard may 
have to make room for data tablets that accept stylized handwriting. One 
of the first companies to develop them is Britain's Bristol-based Image 
Data Ltd., whose latest model accepts clearly formed handwriting, as well 
as sketches. It also incorporates a touch-sensitive keyboard for function 
selection that doubles as a calculator. The microprocessor-based unit, 
which sells for $3,200, uses a drift-free sensing technology with an 
absolute positional accuracy of 0.5 mm. A food company has already 
ordered tablets for its telephone sales personnel. 

Addenda On July 20, Japan will start commercial trials of a facsimile mail service 
between the central post offices of Tokyo, Osaka, and Nagoya. Letters will 
be sent for $2.18 for the first page and $1.31 each for additional 
pages. . . . Nippon Kogaku KK has developed the fastest-yet electro-
chromic display whose deep colors can be read from any angle. A porous 
thin-film insulator separates two color-forming layers, letting the gas 
evolved in one layer pass through to the other to speed turn-on time. 
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New G AlAs LED, MD = 880 nm 
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16% improvement 
in coupling to phototransistor 

100% improvement 
in radiant power 
output from LED 
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How to upgrade your 
optoelectronic system 

for we. Or less. 
For about 10% more than you've been 
paying for GaAs IR LEDs, you can 
get 100% more radiant power output 
with GaAlAs IR LEDs. 

Check the graph. With our new 
GaAlAs emitters, you get twice the power. 
Or, you can get the same light output 
at one half the drive current. Not only is 
this a definite plus in battery powered 
applications, it also reduces LED degra-
dation. And you'll get a 16% improvement 
in coupling efficiency to a phototransistor, 
due to the shift in spectral output. 

Innovative. Reliable. Available. 
TRW Optron, of course. 

There's even a packaging benefit 
Increased power output will allow more 
distance between LED and sensor. 
Reflective objects car be farther away. 
With higher current Vansfer ratios. 
circuit gain can be reduced to improve 
noise problems or aperture size can 

be reduced for higher resolution. 
We'd like you to try one of our new 

emitters. On us. Four industry standard 
packages are available now: TO-46 
hermetic (0P230-0P230W), plastic mini-
axial and lateral (0P260-0P240) and 

1200 

pill hermetic (0P223). 
All of our products are 100% elec-

trically tested, followed by a quality 
control inspection to a cumulative .65% 
AQL. Our Quality Enhancement Goal is 
200 PPM. 

L. 

TRW Optron • 1201 Tappan Circle • Carrollton,Texas 75006 • Phone: (214)323-2200 

Send me the free sample as checked, plus data sheet and 
application bulletin 114 on your new GaAlAs emitters. i ll 0 OP230 

OP230W 

O OP240 
Name 

Company 

OP260 Dly./Deot. 

OP223 

Mail Sta 

Address 

City/State/Zip 

TRW OPTRON 
An Electronic Components Division of TRW Inc. 
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Throughput 
unleashed. 

Introducing the Series 80 Analog llbst System. 

Go ahead. 
Design your most 

complex analog 
device. Be sure to in-
clude lots of different 
waveforms, voltages, 
currents and frequen-
cies. And throw in 
some digital circuitry 
for good measure. 

Then stand back. 
Because the incredible new 

Series 80 will test it six ways from 
Sunday before you can say 
Fairchild. 

We're not just talking about 
a few simple tests. We're talking 
about every measurement you 
could want for engineering 
development, device characteri-
zation, production testing and 
incoming inspection. 

We're talking throughput. 
Real simultaneous parametric 

measurement of up to 14 charac-
teristics. So you end up measur-
ing a hundred parameters in the 
time it used to take to test twenty 

Now you can perform com-
prehensive testing of a broad 
range of analog and mixed-
signal devices with speed, 
accuracy, economy and a mini-
mum of hardware changes. All 
in a modular system that lets you 
add capabilities as you need 
them. 

What about test program 
development? 

What about it? 
Series 80 offers a unique 

hardware-oriented, high-level 
language that makes program-
ming simple. And when it comes 
to debugging, you can use this 
same easy-to-use language to 

communicate directly 
with the hardware. 
(Now it won't take you 
longer to develop a 
test program than it 
did to develop the de-
vice you want tested.) 

On top of all that, you get the 
kind of service and support only 
Fairchild can provide. 

Call or write today for more 
information on the system that's 
making throughput history in 
analog testing. 

Fairchild Test Systems 
Group, 1725 Technology Drive, 
San Jose, California 95110. 
Telephone: (408) 998-0123. 

FAIRCHILD 

A Schlumberger Company 

The 
First Family 

of All. 
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The instruments that yot 
available from tht 

Leader offers you 
more than 50 
instruments that 
deliver better cost-
performance than you 
ever thought possible. 

Surprising 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, it 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. 

Surprising 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 
sweep/marker generators, CATV field 
strength meters... and more on the way. 

Surprising fact: Leader audio 
instruments have a worldwide 
reputation for excellence. Design 
labs, production lines and service 
departments in over 80 countries rely 
on Leader audio instruments... 
frequency response recorders, 
speaker analyzers, precision sine and 
square-wave generators, distortion 
meters, attenuators, one and two-
channel ac millivolt meters, FM stereo 
generators, wow, flutter, and drift 
meters. Over 17 off-the-shelf units. 

Surprising fact: Leader general-
purpose mstruments 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 
reliability 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. 
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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. 

LIEADER 
Leader Electronics Corporation 
2-6-33 Tsunashima Higashi, Kohoku-ku 

Yokahama, Japan Phone: (045) 541-2121 
Telex: J47780 JPLEADER 

SWEEP OSCILLATOR 
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e IOU 
• 
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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 

• 

Po«. 

3 

Leta-S600 

FtECIU-ENC V RESPONSE 
RECOROER 
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METHODE TAKES LEADERSHIP IN MASS TERMINATED IDC PRODUCTS. 

CHICAGO —The JAGUAR 
system offers the speed, flexibility 
and economy that is required in to-
day's new designs. It also provides a 
cost reduction replacement (with di-
mensional interchangeability) for ex-
isting systems with no sacrifice in 
performance or reliability. 

WIRE-TO-POST SYSTEM 

The original Methode JAGUAR 
Series is a complete wire-to-post in-
terconnect system combining the 
proven reliability of the bellows con-
tact, and the labor savings inherent 
with insulation displacement termin-
ations. 

HIGH CURRENT TYPE 

In November, 1979, Methode intro-
duced its IDC power connector with 
unique modular construction and 
high current hermaphroditic con-
tacts. For the first time, package 
designers can obtain the cost effec-
tiveness of mass termination at cur-
rent ratings up to 9 amps and volt-
ages up to 250 VAC. 

CARD EDGE CONFIGURATION 

In February, 1980, Methode intro-
duced its card edge connector ver-
sion of the JAGUAR IDC family. 
Depending upon the number of ter-

minations on the connector, the 
JAGUAR card edge system can save 
from a mimimum of 50% up to 90% 
of the labor time required for ter-
mination by solder or crimp type con-
nectors. 

"DELTA-C" COMPLIANT OR PRESS-FIT TERMINALS 
NOW OFFERED FOR HYBRID RELI-APLANES 
CHICAGO —These new 
Hybrid RELI-APLANE 200 amp press-
fit backpanels permit higher density 
for faster computer switching ... 
provide more critical voltage control 
at low levels ... and eliminate the 
need for bus bars. 

The 200 amp capacity is attained by 
incorporating solid copper plates up 
to .051" thick into a multi-level lam-
inated or stacked construction. 

"DELTA-C" compliant contacts pro-
vide a reliable high retention force 
that does not damage the plated-
thru holes of expensive multi-layer 
backpanels. 

CIRCLE 72 ON READER SERVICE CARD, OR CALL 

CHICAGO —Developed for 
use with the JAGUAR Series mass 
termination connectors, our new 
harness terminator gun simultan-
eously terminates 2 through 24 posi-
tion circuit harnesses at a rate of 500 
assemblies per hour. 

The air tool locks easily into IDC con-
nector fixtures arranged to the 
harness shape on the assembly 
board ... then trims and terminates 
the pre-positioned wires. 

SUPER-PLY FLEXIBLE FLAT CABLE 
JUMPERS WITH ROUND ENDS 
OFFER MORE FLEXIBILITY 

(312)867-9600 U.S.A. 

CHICAGO —SUPER-PLY 
flat wire jumpers offer exceptional 
flexibility and round-end conductors. 
Soft tin-plated wire is flattened along 
the jumper's internal length, however 
the conductor ends are left round. 
This provides improved flexibility 
over ordinary round conductors and 
eliminates the fragile ends encoun-
tered with flat or stranded wire. 



Electronics international  
Significant developments in technology and business 

Color TV tube 
needs no 
shadow mask 
by Charles Cohen, Tokyo bureau manager 

Index signals from faceplate 

direct single gun to fire 

three 'colors' of video signal 

at matching phosphor stripes 

An experimental collor television tube 
of the beam-index kind, which uses 
only a single electron beam and has 
no need of a color selection mask, 
requires much less power than the 
usual shadow-mask type and could 
also cost less. And the image is 
improved, being slightly brighter and 
without any misconvergence, even in 
the corners. 
The 30-inch tube is made by 

Japan's Sony Corp. It employs a 
bulb with the same 32-in, outer diag-
onal as the firm's largest shadow-
mask—type Trinitron tubes. 

Akio Ohkoshi, general manager of 
the Electronic Devices Development 
division, says that the firm selected 
the largest tube size because it prom-
ises the greatest cost reduction. The 
number of circuits and other arti-
facts a tube requires is independent 
of its size, whereas the cost of the 
shadow mask increases with size. 

Inside. The tube has a repeating 
pattern of vertical red, green, and 
blue phosphor stripes separated by 
black stripes of the same width. As 
the electron beam sweeps horizontal-
ly across the face of the tube, elec-
tronic switching circuits feed the 
electron gun's grid with a sequence 
of primary-color video signals 
matched to the sequence of colored 
stripes. As in other beam-index tubes 
proposed from the early 1950s on, 
periodic index stripes on the inside of 
the faceplate respond to the electron 

beam as it passes over them with a 
signal. This signal is used to synchro-
nize the switching circuits with the 
motion of the beam. 
To generate the index signal, Sony 

uses a short-persistence green phos-
phor on top of the aluminum screen 
backing of every fourth black stripe. 
To detect the signal, a p-i-n photodi-
ode is used. Photodetectors consist-

ing of a hybrid circuit with the sensi-
tive p-i-n photodiode and a 30-mega-
hertz monolithic preamplifier are 
attached at four windows on the pic-
ture-tube funnel to pick up the index 
signal from the four quadrants of the 
faceplate (see figure). 
Two factors contribute to the 

tube's low power. Because its single-
beam electron gun is smaller in 

View from the top. This N tube's vertical red, blue, and green phosphor stripes are swept 

horizontally by matching primary-color video signals from the single electron gun. 
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diameter, its neck can also shrink to 
30.6 millimeters from the 36.5 mm 
normal for this size of tube—so that 
the deflection coil is smaller and 
deflection therefore uses 20% less 
power. Moreover, beam current is 
decreased by about two thirds 
because there is no shadow mask to 
intercept electrons. The total power 
consumption of a prototype TV set is 
160 watts, 45 w less than that of a 
comparable commercial 30-in. TV. 

Several innovations are used to 
make a reliable beam-index TV. A 
constant dark current of less than 1 
microampere ensures an index signal 
even in dark portions of the screen. 
This current gives a screen bright-
ness of only 0.3 footlambert. Since 
the maximum screen brightness ex-
ceeds 120 ft-L, the contrast ratio is 
more than 52 decibels. Signals from 
a run-in region of six index stripes at 
the left-hand side of the screen 
serve to ensure synchronization 
on each scan. Together with signals 
from a run-out region at the right-
hand side (see figure, p. 73), they are 
also used to stabilize picture width 
despite changes in brightness. This is 
extremely important because 
switching frequency is directly pro-
portional to scan width. 
The tube also improves its per-

formance by correcting the linearity 
of the scan as it travels across the 
screen. The picture tube screen is 
sliced horizontally by 34 lines and 
vertically by 14 lines. The points 
where these lines cross are used for 
the acquisition of linearity data, 
which is stored as 6-bit samples in a 
4-K random-access memory. Each 
time the channel is changed, the 
screen is driven momentarily to full 
white brightness for best pickup of 
index information and then data for 
linearizing the scan is stored. 
Unmuddied hues. For the best col-

or purity, the electron gun shoots a 
vertically oriented rectangular beam. 
This rectangle is tilted when the 
beam is deflected to the corners of 
the screen, but dynamic correction is 
provided by a magnetic quadripole 
on the tube neck. Color purity is thus 
maintained even at the corners. 
Sony will not say when it will pro-

duce the new tube. Some capital 
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investment is required, in particular 
for the automated line that would 
fabricate the new single-beam elec-
tron gun. On the other hand, set 
manufacturing costs could probably 
be cut by about 5%. 
Three years ago, Matsushita 

Electric Industrial Co. built a proto-
type portable color TV around a 7-in. 
beam-index tube fabricated by sub-
sidiary Matsushita Electronics Corp. 
[Electronics, Sept. 28, 1978, p. 67]. 
The aim was not lower cost or a 
better picture but power consump-
tion low enough for the set to run on 
dry cells. That project is now in lim-
bo, though, because the demand for 
and price of this type of set are both 
low. Sanyo Electric Co. also built a 
small beam-index tube similar to 
Matsushita's as a vehicle with which 
to start a picture tube division, but 
failed to follow through. 

Great Britain 

Solid-state sonar 

builds on new sensor 
A plastic with far greater piezoelect-
ric sensitivity than conventional in-
organic materials is bringing sonar 
technology into the solid-state era. 
Soon electronically scanned sonar 

arrays with no moving parts will be 
displacing more conventional me-
chanically scanned sonar heads in 
the lethal hide-and-seek game of 
submarine warfare. 

But while research interest in 
these sonar arrays, printed on thin 
films of polyvinylidene fluoride 
(PVDF), a highly piezoelectric organ-
ic compound, is strong and though 
systems using the technology may 
already be afloat, little of this work 
has been made public. One exception 
is Britain's Marconi Space & De-
fence Systems Ltd., whose Naval 
and Ocean Engineering division in 
Camberley, Surrey, recently 
launched two PVDF-based systems: a 
fixed installation sonar for protect-
ing harbors, oil rigs, and other stra-
tegic installations, plus a towed 
small-boat sonar system. Both were 
developed privately. 

Electronic scanning with these 
arrays is more reliable and cheaper 
and occupies less space than conven-
tional scanned systems, making it 
practical for the first time to equip 
boats as short as 12 meters with 
sonars, according to Clive A. 
Bridges, manager of the division. 
But perhaps more importantly, the 
sensing material, PVDF, is 30 times 
more sensitive to underwater sound 
than conventional piezoceramics. 

Untrimmed. Moreover, says R. H. 
Wisbey, who heads the materials 
applications group at Marconi's re-
search laboratories, where the new 
100-element omnidirectional sonar 
array was developed, "PVDF has a 
number of other advantages by vir-
tue of its being plastic. Because its 
acoustic impedance is reasonably 
close to water's, it naturally has a 
broadband capability and need not 
be trimmed to resonance." 

Operationally, this last factor is 
extremely important, explains 
Bridges, because lower frequencies 
give long-range penetration through 
the water and higher frequencies can 
be used to obtain high resolution 
close in. For instance, the Marconi 

Ultrasensitive. This solid-state sonar head 

located near a harbor entrance picks up 

movements of underwater objects as close 

as 25 meters or as far as 1.2 kilometers 
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TO 220 TMACS 
ON THEIR WAY UP! 

Five MUSTS for using the new BTA series: 
. Higher dvidt(c): 10 V/ps 
. Be-ter insulation: 2,5 kV rms) 
. Broader range: 6,8,10,12 A; 200 V -700 V 
. Greater sensitivity: <10 -rIA 
....and available NOW! 

YOU MAY DEPEND ON US, WE'RE NEVER FAR-AWAY.. 

'111111 THOMSON-CSF 
©OM] 

THOMSON-CSF COMPONENTS CORPORATION 
SEMICONDUCTOR DIVISION - P.O. BO K 1454 CANOGA PARK CALIFORNIA 91304 / 6660 VARIEL AVENUE 
CANOGA PARK CALIFORNIA 91303 USA . TEL.: (213) 887.1010 - TWX 910 494 1954 - TELEX 69 8481 

euelum 
THOMSON S.A. 
BRUXELLES ( 2) 641.64.85 

THE NETHERLANDS 
THOMSON S.A. 
RA s• GIAVENMOER (31) 231.76.00 

BRAZIL 
THOMSON.CSF 
COMPONENTES DO BRASIL 
SAO PAULO (55.1T 5a3.79.38 

FRANCE 
THOMSON-CSF 
DIVISION SEMICONDUCTEURS 
COURRE VOIE (33)1.788.50.01 
WEST GERMANY 
THOMSON.CSF 
BAUELEMENTE GmbH 
MUNCHEN (089) 7675.1 

ITALY 
THOMSON-CSF 
COMPONENTI 
MILANO (2) 68.84 14 1 
ROMA :06) 31.92 42 34 

JAPAN 
THOMSON-CSF JA*AN K.K. 
TOKIO 033: 164 6341. 
SINGAPORE 
THOMSON.CSF 
COMPONENTS SEA 
SINGAPORE 295.3.1.24 

SPAIN 
THOMSON.CSF 
COMPONENTES Y TUBOS 
BARCELONA (3> 373.30 11 
MADRID 
1:419 66.9N419.65 51 

SWEDEN 
THOMSON CSF 
KOMPONENTER 
ELECTRONRIOR AB 
STOCKHOLM )08 22.58.15 

SWITZERLAND 
MODULATOR S.A. 
BERN • LIEBEFELD ,1331' 59 22.22 

UNITED KINGDOM 
THOMSON-CSF 
COMPONENTS AND MATERIALS LTD 

BASINGSTOKE-HANTS C2561 29.155 
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tor of Matsushita Graphic's facsimi-
le research laboratory, says that the 
use of an error-correcting code 
would permit the use of redundancy 
reduction and greatly speed up 
transmission. 
As for the other system, which 

receives analog fax signals, it uses a 
second subcarrier at six times the TV 
horizontal sweep frequency, approxi-
mately 94.500 kilohertz. It is fre-
quency-modulated with a maximum 
modulation frequency of 15.6 kHz. 
Mixed blessing. The two systems 

represent both good news and bad 
news for Japanese manufacturers. 
The good news is that the analog TV 
mode has been recommended by the 
Radio Technical Council, a group 
ranging from professors to journal-
ists that advises the minister of posts 
and telecommunications on matters 
related to the administration of the 
radio spectrum. Thus if the analog 
mode proves out in tests, it could 
possibly be in commercial operation 
in as little as five years and open the 
way to a large new consumer mar-
ket. Manufacturers estimate that 
consumer quantities would bring 
prices down to the level of large col-
or TV sets, about a tenth the price of 
the G-3 terminals now sold to 
offices. 
The bad news is that, although the 

digital iv mode is the more inter-
esting and promising of the two, the 
council has not yet considered it. 
Thus it might take as long as 10 
years for the digital mode to go into 
operation—an additional 5-year de-
lay before the start of the new mar-
ket. -Charles Cohen 

West Germany 

3 digital services 

fit onto phone wire 

Teletypewriter, teletex, and videotex 
signals, all in parallel with voice sig-
nals, have been sent over a pair of 
ordinary copper telephone wires in 
trials that the ITT subsidiary Stan-
dard Electric Lorenz AG has just 
completed in West Berlin. By using 
very large-scale integration, the digi-

tal circuitry required for such com-
munications will eventually become 
small enough to fit inside the sub-
scriber's telephone. 
The SEL trials were part of a proj-

ect called Digon, the acronym for 
the German for digital local net-
work, that West Germany's post 
office is carrying out with the aid of 
the country's communications indus-
try and a Stuttgart University insti-
tute. Stuttgart-based SEL has been 
assigned the task of proposing and 
trying techniques for transmitting 
speech as well as new communica-
tion services over two-wire contin-
uous phone lines about 4 kilometers 
long and having a wire diameter of 
0.4 millimeter. 

Already in place. On first mention, 
the use of existing wires instead of 
more advanced transmission media 
such as glass fibers may not sound 
all that progressive. But with more 
than 20 million phones connected to 
it, West Germany's subscriber net-
work represents an installation value 
of more than $7.6 billion and will 
thus be in place for some time to 
come. 
The SEL system is based on stan-

dard pulse-code modulation tech-
niques for transmitting digitized 
speech. However, instead of the usu-
al 64-kilobit-per-second rate, it em-
ploys 80 kb/s. The main, or 64-kb/s, 
channel is for either speech or fast 
data transmission. The extra 16 kb/s 
is occupied by an 8-kb/s channel for 
one or more services like teletex, 
teletypewriter and videotex, and an-
other 8-kb/s channel, the so-called 
delta channel, for exchanging re-
mote signaling and synchronization 
characters between the subscriber's 
telephone set and the central 
switching equipment. 
The bit frame used contains 320 

bits divided into 32 words, each 10 
bits long. Of these, 8 bits are 
assigned to the main channel and 1 
each to the delta and the additional-
services channels. The signaling in-
formation is coded in data words. 
On-hook and off-hook conditions are 
signaled in the delta channel by a 
digital event signal (rather than a 
direct-current status signal) since 
that allows the wires to be replaced 

Call the IERC 
Catalog Desk 
at the 
Engineering 
Representative 
nearest you: 

SUMMIT SALES 
.Scottsdale, AZ (602) 998-4850 

California (Southern) and Southern Nevada 
ED LANDA COMPANY 
Los Angeles, CA (213) 879-0770 

'California (Northern) and Northern Nevada 
JACK LOGAN & ASSOCIATES INC. 
Mountain View, CA (415) 964-4461 

Colorado, Utah, Wyoming and 
Southeast Idaho 
ELCOM INC. 
Englewood, CO (303) 770-4400 
Salt Lake City, UT (801) 532-7940 

Florida 
LAWRENCE ASSOCIATES INC. 
Altamonte Springs, FL (305) 339-2828 
Clearwater, FL (813) 443-2698 
Boca Raton, FL (305) 368-7373 

Illinois, Minnesota, Iowa, Wisconsin 
and Indiana 
MAGNUSON ASSOCIATES 
Mt. Prospect, IL (312) 956-0700 
(800) 323-9773 (Outside IL) 
St. Paul, MN (612) 227-8495 
Indianapolis IN (317) 247-5108 

Missouri, Kansas and Nebraska 
THUNDERBIRD TECHNICAL 
SALES & SERVICES INC. 
Wichita, KS (316) 684-3941 
Maryland Heights, MO (314) 567-6488 
Leawood, KS (913) 642-7220 

Michigan 
SHALCO INCORPORATED 
Pleasant Ridge, MI (313) 547-4771 

New England 
HATHAWAY ELECTRONICS INC. 
Lexington. MA (617) 861-7010 

New York and Northern New Jersey 
OSSMANN COMPONENTS INC. 
Clifton. NJ (201) 778-8888 
Rochester, NY (716) 424-4460 
Syracuse, NY (315) 455-6611 

No. Carolina, So. Carolina, Tennessee, Georgia, 
Alabama, Mississippi, Southern Virginia 
MURCOTA CORP. 
Winston-Salem, NC (919) 722-9445 
Huntsville, AL (205) 539-8476 

Ohio 
NORM CASE ASSOCIATES 
Cleveland, OH (216) 333-0400 

Pennsylvania (Western) and West Virginia 
RUSSELL F. CLARK CO. INC. 
Pittsburgh. PA (412) 242-9502 

New Jersey (Southern), Eastern Pennsylvania, 
Maryland and Northern Virginia 
KENNETH B. ERDMAN CO. 
Philadelphia, PA (215) 224-1833 

Texas, Oklahoma, Louisiana and Arkansas 
BARRY SALES, INC. 
Richardson, (Dallas), TX (214) 234-0255 
Houston, TX (713) 784-5860 
Tulsa, OK (918) 749-7775 

Washington and Oregon 
FRANK JACKSON ASSOCIATES 
Seattle, WA (206) 523-6300 
Portland, OR (503) 292-2638 

Canada 
WHITE RADIO 
Burlington, Ontario (416) 632-6894 
Montreal. Quebec (514) 481-0158 
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The big, new IERC catalog 
and Thermal Management 
Guide is here. Get your hands 
on one —you may never let go. 

We've put in one place the most 
comprehensive collection of heat 
sink/dissipator products. Plus tips on 
applications, metric conversion tables, 
principles of thermal management —just 
about everything there is on heat sinks 
and dissipator products. 

It's 176 jam-packed pages. Plus a 14-page 
section just for engineer's notes. You don't 
even need notepaper with the IERC 
catalog. 
Look at the products included in the 

catalog: 
• heat dissipators for metal and plastic case, 
case-mounted and lead-mounted 
semiconductors 
• heat dissipators for DIPs, flatpacks, 
and microcircuits 

pator products. 

• extruded heat 
sinks for high-power 

semiconductors 
• thermal packaging 
components 

In addition, the products are 
indexed by thermal resistance 
and by board area requirements. They're 
also diagramed for dimensions and mount-
ing information, and power dissipation 
tables are provided. 
The IERC Heat Sink/Dissipator 

Products and Thermal Management 
Guide—the new reference tool for you. 

Call the IERC Engineering Repre-
sentative nearest you. Just ask for the 
IERC Catalog Desk. 

u 
Statirei 

rS 
Tips on applications 

• z 7; ; — 4,7 
efi 

Indexed by thermal 
resistance, board area information 

Charts, tables, ordering 

International Electronic Research Corporation 
A subsidiary of Dynamics Corporation 
of America 
135 West Magnolia Blvd., Burbank, CA 91502 

(213) 849-2481 TWX 910-498-2206 

IERC 
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STANDARD FEATURES ON ALL ARRAYS 

• 152-460 ARRAY CELLS 
• POWER ON RESET CIRCUITRY 
• ZENER DIODE REFERENCE 
• INPUTS/OUTPUTS VL 
COMPATIBLE 

• INPUTS FULLY PROTECTED 
• Voo 1.0 VOLTS TO 18 VOLTS 

DEDICATED FEATURES 

• UP TO 72 FLIP-FLOPS W/SE 
& RESET 

• 4 OP-AMP/COMP. W/icomp. 
• 4 N-Ch. DEVICES, Ron — 100Ç2 

at 3 V ea. 
• 128 BIT RAM w/ADDRESSIN 
LOGIC 

• VOLTAGE DOUBLE/TRIPLER 
• OSCILLATOR COMPONENTS 

Let Holt Inc. integrate your circuitry on 
one of our "State of the Art" CMOS 
gate arrays, then when your production 
volume increases, convert to our full 
custom I. C. program to take advantage 
of lower production prices. 

Holt Inc.'s broad expertise in full 
custom CMOS design and production 
assures you of reliable "State of the 
Art" digital and linear circuit im-
plementation. 

To receive a quotation, send us a circuit 
description, logic diagram and specifi-
cation or for further information contact 
John Birdsall. 

DELIVERY: 
Gate Array 4-6 Weeks 
Full Custom 16-30 Weeks 

CUSTOM 
CMOS 

INTEGRATED CIRCUITS 
HOLT, INC. 

"EXCELLENCE IN MONOLITHICS" 

3303 HARBOR BLVD., BUILD. D5 
COSTA MESA, CA 92626 

(714) 754-1844 • TELEX 182704 
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by glass fiber lines without modifica-
tions. 

For transmitting a bit stream over 
a pair of phone wires, explains 
Lorenz Gasser, head of predevelop-
ment in sn's Private Communica-
tions division, SEL used a modifica-
tion of the conventional two-
wire/four-wire conversion hybrid 
separation technique, in preference 
to the time- and frequency-separa-
tion approaches. With the classical 
hybrid method, digital signals can-
not overcome the 50-decibel-or-so 
attenuation encountered in 4 km of 
wire 0.4 mm in diameter. 
The answer. However, digital sig-

nals can be made to bridge that 
attenuation with a controlled digital 
filter that compensates for unwanted 
echoes—signals stemming from re-
flections and not sufficiently sup-
pressed by the loss encountered in 
the bridge hybrid in the telephone. 
Since there exists a distinct relation-
ship between the transmitted signal 
and the unwanted signal at the other 
end of the hybrid termination, the 
degree of compensation depends in 
principle on how many filter control 
criteria and coefficients are used for 
the digital filter, Gasser says. 
The Stuttgart firm preferred the 

hybrid technique to the other two 
approaches because it allows the use 
of lowest frequencies—down to 30 
kilohertz for an 80-kb/s transmis-
sion rate—which, in turn, means it 
can bridge the longest distances. To 
be sure, the other methods are easier 
to implement since they do without 
echo compensation. But with VLSI 

technology, Gasser points out, it 
should be possible to integrate echo-
compensating devices at low cost. 

Chips coming. For the West Berlin 
trials, SEL implemented the three 
digital services with commercially 
available components mounted on 
some 18 printed-circuit boards, all 
installed in a 19-inch rack. Work is 
now under way on integrating it all 
on just one or two VLSI devices. Such 
devices, Gasser says should be ready 
in two years or so—in time for inter-
national communication authorities 
to have reached agreement on stan-
dards for digital transmissions over 
wire-based networks. -John Gosch 
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Who keeps you in the 
data stream mainstream? 

When digital and analog worlds meet the rela-
tionship between state and timing analysis 
becomes critical. Today Philips brings you one in-
strument that both locates and analyzes digital 
faults. Instantaneous changeover from state to tim-
ing analysis shows instant comparison of software 
commands and hardware results. 

If you 're active in design, development, pro-
duction, maintenance and service of digital systems 
and equipment, you'll thank Philips for bringing you 
the best of both worlds. 

e PM3500 100MHz 1. armlet Logic Analyzer 

• 505 x 16 bits memory format 
• Spots 3ns glitches 

• Choose binary, hex, octal, mapping or timing 
display modes 

• Handles all logic families 

• Offers compare mode facilities 

• Tiny and inexpensive input probes can be 
grouped or used separately—even several feet 
apart 

• Comprehensive automatic diagnostic routines 

For more information contact your local Philips office or write to: 
Philips Industries, Test ard Measuring Dept., Building TO III-4, 5600 MD Eindhoven, The Netherlands. 

Test & Measuring 
Instruments ILIP 
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Designed with 
If you could design your own pC before you designed 
your next pC-based system, you'd probably specify the 
following features: 

- 8048 type instruction set 
- hardware serial I/O and multi-transmitter capability 
- choice of memo:y capacity 
- three interrupt possibilities 
- full support services 
- fast, reliable delivery. 

Add all that up and you'd be specifying our new 
8400 pC family, one member of which is almost 
certainly exactly right for you. 

Europe's foremost pC family 
The 8400 family is Europe's foremost pC family and an 
exciting new development. It's firmly based on the 
8048, which we manufacture in both the USA and 
Europe. The 8400, however, has hardware serial I/O 
and multi-transmitter capability. Both these features 

are ideal for many of the applications listed below. 
Another significant feature of the 8400 family is th 

wide choice of memory capacity. This currently extenc 
to 4K of ROM. 

True single-chip systems 
The advantages of the 8400's design are obvious. 
There's no need to add other chips when you add up 
your memory requirements. Your software gets simple 
because the serial I/O and multi-transmitter facilities 
simplify communication between pCs and peripherals 
And simpler software makes more effective use of 
available ROM capacity. 

These innovative hardware features are due to the 
8400's flexible architecture. This will also allow 
hardware customisation to be offered for large-volume 
applications, which could well be the competitive edge 
you're looking for in today's increasingly look-alike 
marketing world. 

THE 8400 FAMILY. IDEAL FOR: 

Audio Video 

Telecoms 

Home Appliances 

Office Equipment 

Process Control 
The Philips Group of Companies 
Austria: OSTERREICHISCHE PHILIPS BAUELEMENTE Industrie 
G.m.b.H., 'MEN. Tel. 62 91 11. Belgium: M.B.L.E. BRUXELLES. 
TelL 523 00 00. Denmark: MINIWATT A/S, KOBENHAVN. Tel. 
69 16 22. Finland: OY PHILIPS AB, HELSINKI. Tel. 1 72 71. France: 
R.T.C. LA RADIO TECHNIQUE-COMPELEC ,PARIS. Tel. 355 44 99. 
Germany: VALVO, UB Bauelemente der Philips G.m.b.H., 
HAMBURG. Tel. 3296-1. Ireland: PHILIPS ELECTRICAL (IRELAND) 
LTD, DUBLIN. Tel. 69 33 55. Italy: PHILIPS S.p.A., MILANO. Tel. 
2-6994. Netherlands: PHILIPS NEDERLAND By., EINDHOVEN. 
Tel. 79 33 33. Norway: NORSK A/S PHILIPS, OSLO. Tel. 46 38 90. 
Portugal: ?HILIPS PORTUGUESA S.A.R.L., LISBOA. Tel. 68 31 21. 
Spain: CCPRESA SA., BARCELONA. Tel. 301 63 12. Sweden: A.B. 
ELCOMA, STOCKHOLM. Tel. 67 97 80. Switzerland: PHILIPS 
A.G., ZURICH. Tel. 43 22 II. United Kingdom: MULLARD LTD, 
LONDON. Tel. 580 6633. U.S.A.: S1GNETICS CORPORATION, 
SUNNY VALE, Tel. (408) 739-7700. Other countries: Philips 
Industries, Electronic Components and Materials Division, 
Eindhoven, The Netherlands. 

PHILIPS Electronic 
Components 
and Materials 

The ROMIess 8400 employs a 4 or 8 K 
EPROM that plugs on top. Apart from 
program memory, it provides the same 
functions and has the same pin-out as 
the rest of the family. 



ou in min 
The 8400 family, is therefore a cost-effective, single-chip 
answer to a wide range of application requirements. 

The current range 
Right now the 8400 family looks like this: 

Type No. ROM K bytes RAM bytes 

8400 
8405 
8410 
8420 
8440 

piggy-back 
0,5 

2 
4 

128 
32 
64 
64 
128 

Basic spec details are as follows: 8-bit CPU, ROM, RAM, 
timer/event counter and 23 I/0 lines in a single 28-pin package. 

Instruction set is about 90% the same as that of 
the 8048. Machine cycle time is 6,77 us 

at 4,43 MHz. 

Easy development 
With Philips you have three routes to easy 
development. One, the low-cast design aid PM 4300 _ 
for evaluation, prototyping and debugging. Two, the 
Philips Microcomputer Development System (PMDS)„ 
illustrated below, which is a complete development 
lab in itself, able to handle evety 8400 family operation - 
from preliminary design through to the final 
integration of hardware and software. And three, the 
ROMIess 8400 shown below left, which employs 
a 4 or e K EPROM and is therefore ideal for 
prototyping, testing and low-Volume production. 

Nor are the PM 4300 or the PMDS limited to the 
8400 family, but can handle all popular ;..iC and pi7 
types. Which is yet another feature we designed with . , 
you in mind. 

Send for détails today. 

Philips industries . 
Electronic Components and Materiails Division 
andhoven, The Netherlands 



A variety of 
recording options 
with flexible 
data analysis later 

The TEAC SR-50 and SR-30 are among 
the most flexible data recorders available, with 
an incredible ability to match themselves to 
your particular application. 

When recording, choose between wide-
bandwidth FM, intermediate-bandwidth FM, and 
optional DR formats. Then choose one of seven 
switchable speeds. You'll be able to select the 
optimum tradeoff between signal-to-noise ratio, 
frequency response and recording time per reel. 
A full 14 channels (7 with the SR-30), 
bi-directional recording, auto calibration and 

SR-50 

a whole range of optional, plug-in modules and 
accessories including a transport sequencer 
and a track sequencer further increase the 
possibilities. 

When it comes time to analyze your data, 
take advantage of the sophisticated 
search-for-ID and search-by-tape-counter 
functions to easily locate and process selected 
portions of the tape. Using the optional GPIB 
interface, you can connect the SR-50 or SR-30 
to your computer system, allowing analysis of 
recorded data by the computer with full 

computer control of all transport functions. 
The powerful SR-50 and SR-30. 

Flexibility to handle any job you can 
come up with. 

TEAC® 

SR-30 

TEAC CORPORATION: 3-7-3 Naka-cho, Musashino, Tokyo, Japan Tel: (0422) 53-1111 

• Hongkong bah Chong Hong Ltd., Tel 5-261111, 5 226258 • Australia Jacoby Mitchell Pty. Ltd , Tel (02) 26 2675 • South Africa Mayfair Sales (Pty) Ltd . Tel (011) 29-2921 

• Belgium 8, Luxemburg Sumac Electronics. Tel 02-219 24 53 • Denmark Danbit, Tel: (03) 141515 • France Tekelec Airtronic S.A Tel (1) 534-75-35 • Holland Simac 

Electronics B.V Tel 40-533725 • Italy A E.S.S.E. SPA., Tel 54.64 741-2-3 • Spain Ataio Ingenieros S.A.. Tel 733 0562, 733 3700 • Sweden teleinstrument ab. Tel 08-380 370 

• United Kingdom International Recorders Ltd . Tel 04427 5959 • West Germany nbn Electronik GmbH, Tel 08152/390 • U.S.A. B.J Wolfe Enterprise Inc.. Tel: (213) 877-5518 
• Canada R H. Nichols Co.. Ltd.. Tel (416) 661-3190 
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We 
know 

how 
like 

io co mun 
1We can offer you pti 

private, 
voice aid data switchlng. 
And transmission. 

ITALTEL 

I I I 

ITALTEL 
20149 Wan y 12. Piazzale Zavattari - phone (+ 392) 4388.1 Telecommunications is our business 
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SIEMENS 

Optimize your products 
in function and design... 
Product and circuit designers 
cooperate closely to achieve 
a common goal - harmonizing 
function and design. To make 
their job easier, Siemens 
presents its newest LED 
components. 

e Shaped LEDs 
We supply four standard shapes 
- emu, 0 and A - all with 
uniformly illuminated display 
areas. These devices greatly 
expand the application possibili-
ties of lighted indicators. 

• 2-color LEDs and displays 
Both these new shaped LEDs 
and our standard 5 mm LEDs are 
available with switchable dual-
color displays in red/green 
-,11). This also goes for the 

10 mm version of our 7-segment 
displays (0— ,'). 

— 

I-7 
O. 

• 14-segment displays 
We offer characters for alpha-
numeric displays with a height of 
10 mm and deliver them in red, 
orange and green. 

Siemens ranks among the world's 
largest manufacturers of opto-
electronic devices. For further 

information about our innovative 
LED components write to: 
Siemens AG, Components Group, 
Infoservice - LED Innovations, 
Postfach 156, D-8510 Fürth. 

...with new LEDs from Siemens 
Circle 231 on reader service card 



New products international  

Direct-frequency 
crystal oscillator line 

extends to 1.5 GHz 
by Robert Gallagher, Paris bureau 

Helium-ion milling technology 

produces thin, precise quartz 

resonators that age well and 

can achieve very high stability 

A helium-ion milling process brought 
to bear on quartz-crystal resonators 
has permitted the Compagnie 
d'Electronique et de Piézo-Elec-
tricité to offer a line of direct-
frequency crystal oscillators with 
outputs of up to 1.5 GHz. "There are 
very few manufacturers in the world 
capable of doing work so precise," 
claims Ranier Unverdross, a CEPE 
crystal, oscillator, and filter engi-
neer. 
The company's oscillators do not 

employ multiplication, the usual 
method of obtaining such high fre-
quencies. Though multiplication cir-
cuits produce outputs higher in fre-
quency than any useful harmonic 
present in the input signal from the 
crystal, cEPE's oscillators obtain 
their output frequencies directly 
from a harmonic already present in 
the crystal's oscillations by filtering 
out the unwanted harmonics and 
fundamental. 
Another advantage of producing 

quartz crystals with the ion-milling 
process is stability [Electronics, 
March 10, p. 67]. The company may 
soon be able to produce crystal oscil-
lators with instabilities as low as 
10 - " per day, which compares well 
with rubidium, or even cesium, time 
bases. Much-improved aging and 
decreased sensitivity to acceleration 
are other beneficial effects of ion 
milling, which gives the crystal a 
high degree of surface perfection. 

To obtain such stable, high-fre-
quency resonators, the crystal blanks 
are first ground to very fine toler-
ances. AT-cut quartz crystals are 
ground to a thickness of 33 µm, 
where they have a fundamental fre-
quency of approximately 50 MHz; 
BT-cut quartz goes to 34 µm, or 75 
MHz; SC-cut quartz to 37 µm, or 50 
MHz; and lithium tantalate resona-
tors are ground to 35 gm, where the 
fundamental is 60 MHz. 
The ion milling process is capable 

of bringing the fundamental fre-
quencies of the above-mentioned 
crystal cuts much higher—to 420 
mHz for the AT cut, 600 mHz for the 
BT cut, 450 MHz for the sc cut, and 
400 mHz for lithium tantalate. Theo-
ry has it that the thirteenth harmon-
ic can be had from an AT-cut crystal, 
the seventh from BT and Sc cuts, and 
all the way up to the twenty-first 
harmonic for lithium tantalate. But 

problems with the parallelism of the 
crystals' faces at frequencies as high 
as 4 GHz and the extremely small 
dimensions of the electrodes set the 
practical limit well below theory. 
The third and fifth harmonics are 
used in cEPE's announced products. 

Targeted. The five new oscillators 
are intended for use in avionics, mis-
sile guidance, and telecommunica-
tions. Four operate at frequencies up 
to 500 MHz, using the crystal's third 
harmonic. The fifth, model BP5, can 
be ordered with either a crystal 
whose third harmonic is used or one 
whose fifth harmonic is the output 
frequency. Its output can be as high 
as 1.5 GHz, though lower-frequency 
units can be ordered. 
The BP5 is a ground-based version 

of the BP3, which is designed for 
avionics use and carries a BT-cut res-
onator. Available at frequencies up 
to 500 MHz, the BP3 oscillator's 

Electronics/July 14, 1981 7E 



New products International 

spectral purity and stability are not 
ideal, but it boasts a particularly 
short starting time. 
The AP3 oscillator is for use in 

radiotelephone and microwave links. 
With its AT-cut resonator, instanta-
neous starting, and small package, it 
is particularly suited to use in porta-
ble equipment. The SP3 also features 
instantaneous starting and, as it is 
meant for use in missile guidance, it 
is conditioned to resist extreme con-
ditions. It uses an SC-cut crystal. 
The lithium tantalate LP3 oscillator 
couples a low noise level with high 
output power, but its spectral purity 
is poor. It is set up so that it may be 
hooked to another oscillator via a 
phase-locked loop to correct the 
spectral purity of the signal. 

Costly. Prices for the oscillators 
are not yet available, but they are 
not low. "To reach these frequencies 
the amount and quality of work nec-
essary is staggering," says Unver-
dross. The intended application fig-
ures heavily in the price: an oscilla-
tor for use in a jet fighter, for exam-
ple, and the same model for use in a 
relatively normal ground-based ap-
plication could differ in price by a 
factor of three. CEPE expects to 
deliver the first oscillators from its 
line later this month. 
Compagnie d'Electronique et de Piézo-Elec-

tricité, 101 rue du PT Roosevelt, B. P. 74, 

78500 Sartrouville, France [441] 

The TH 8911 is a 6-in, cathode-ray tube for 
storage oscilloscopes with a 100-MHz band-
width. It can write up to 10 m/s on a dark 
screen and up to 20 to 30 m/gs on a 
luminous screen. Thomson-CSF, Division 
Tubes Electroniques, 38 rue Vauthier, 92100 
Boulogne-Billancourt, France [442] 

The Sigmacolumn 227-01 is a gaging indica-
tor with a plasma display that has been 
designed to be operated by the user. It can 
be upgraded to a fully programmable multi-
channel system by adding plug-in modules. 
Sigma Ltd., Spring Road, Letchworth, Herts. 
SG6 4AJ, England [443] 

The model 1503 multimeter has a built-in 
frequency meter. Frequencies of up to 
3,999.9 kHz can be measured directly with a 
resolution of 100 Hz. Thurlby Electronics 
Ltd., Office Suite 1, Coach Mews. The 
Broadway, St. Ives, Huntingdon, Cambs. 
PE17 4BN, England [444] 

The model VM-161A is a digital radio-
frequency voltmeter. A coaxial-cable input 
terminal for measuring between 20 Hz and 
100 kHz and an rf detector probe for 10 kHz 
to 1,200 MHz are provided. Toa Electronics 
Ltd., 1-29-10 Takadano Baba, Shinjuku-ku, 
Tokyo 160, Japan [445] 

A family of stepper motors for industrial 
applications includes the Escap P 312 with 
60 steps per revolution and a V2-W contin-
uous output rating and the P 532 with 100 
steps/revolution and a peak power output of 
30 W. Portescap, 165 rue Numa-Droz, CH-
2300 La Chaux-de-Fonds, Switzerland [446] 

41111 
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Universal relay UF3-N and corresponding 
socket Z345 are designed especially for 
harsh industrial applications. Reliability is 
enhanced by screw, rather than solder, ter-
minals. The relay is available with contacts of 
different materials. Kuhnke GmbH, D-2427 
Malerte, West Germany [447] 

Rotational-speed regulator B1791-391 uses 
thick-film technology and can handle a maxi-
mum of 8 A. Adjustment range is from 90 to 
215 Vat a 220-V input. Regulation is with an 
external potentiometer. Ero GmbH Ludmil-
las:r. 23/25, D-8300 Landshut, West Ger-
many [448] 
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SIEMENS 

Cross over to auto insertion 
with DIP silicon bridges 
Besides achieving good operating 
specs, component designers 
must create products with high 
implementation flexibility - small 
size, suitable for all layouts, 
cool operation, not to mention 
an attractive price. Now another 
requirement has joined this list: 
automatic insertion capability. 
Dual in-line packages have set 
the standard here, and new 
devices ry test follow this lead. 

'1" 

Circle 232 on reader service card 

1A silicon bridge rectifiers 
with 1000 V PIV 
Siemens now supplies these 
components in a DIP version, 
preloaded in magazines perfect 
for automatic insertion. Inside 
they contain only proven techno-
logy - glass-passivated diode 
chips with unsurpassed reliability, 
even in the toughest environ-
ments. These devices have 
virtually unlimited application 
possibilities: motor-driven 
appliances, industrial and enter-
tainment electronics, communi-
cation and security systems... 
what is your application? 

Technical data 
DC peak-current rating at 40°C: 
resistive loads, 1.0 A, capacitive 
loads, 0.7 A, 
Supply voltage range: 
20-150 VRms 
Detailed information is waiting 
for you; simply write to: 
Siemens AG, Components Group, 
Infoservice - Silicon Bridges, 
Postfach 156, D-8510 Fürth. 



SIEMENS 

The PCM All-rounder 
PCM system analyzerfor 2,8 and 34 Mbit/s 
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The P2014 by Siemens is a 
complete PCM system analyzer 
capable of measuring all major 
parameters on PCM transmission 
routes with 30, 120 or 480 
channels. 
The P2014 combines a digital 
signal analyzer for 30-channel 
PCM systems, a PCM bit pattern 
generator with phase modulator, a 
PCM error rate and code violation 
meter and a PCM phase jitter 
meter, so that both the content of 
PCM 30 signals can be analyzed 
and the performance of 
equipment àt digital interfaces 
measured. This includes detecting 
and counting bit errors and code 
violations and determining bit 
and code error rates in the range 
up to 34 Mbit/s using various test 
patterns. 
The P2014's built-in phase jitter 
meter measures and analyzes 
jitter in both the PCM system and 
its component parts. The result is 
automatically displayed in bits. 
Further details and information 
on this PCM system analyzer can 
be obtained from the specialist 
advisers at Siemens branch 
offices, or write to: 
Siemens AG, Info-Service, El 
Postfach 156, D-8510 Fürth. 

Siemens communications test equipment 
Circle 233 on reader service card 



New products international 
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Universal double terminal UDK4, for side-
by-side in-line mounting, accommodates two 
leads at each end instead of one. At each 
end, there are two independent screw termi-
nals for wire cross sections of up to 4 mm2. 
Phoenix GmbH, P. O. Box 149, D-4933 
Blomberg, West Germany [449] 

The 2017 programmable microprocessor-
controlled precision signal generator has a 
frequency range of 10 kHz to 1,024 MHz. It 
features a slow-sweep facility for easy detec-
tion of spurious responses within the receiv-
er. Marconi Instruments Ltd., Longacres, St. 
Albans, Herts. AL4 OJN, England [450] 

The V628P light-emitting diode produces a 
blinking orange-red light and a continuous 
green light. In an indicator system the green 
light can be used to show operational status 
and the blinking orange-red as a warning 
signal. AEG-Telefunken, Theodor-Stern-Kai 
1, D-6000 Frankfurt 70, West Germany [451] 

The VG 1000 video generator blends alpha-
numeric characters—a line of up to 15 char-
acters—into the video test picture of a TV 
screen for adjusting transmission-link equip-
ment and testing TV networks. Grundig AG, 
Kurfuerstenstr. 37, D-8510 Forth, West Ger-
many [452] 

The SD 102A, -B, and -C are silicon Schottky 
barrier diodes in a miniature glass package 
with reverse voltages of 50, 40, and 30 V. 
respectively. They have very short switching 
times and low forward voltages, typically 0.4 
V at 10 mA. ITT Semiconductors, P. 0. Box 
840, D-7800 Freiburg, West Germany [453] 

The Thermobox telemetry system comes in a 
package that protects the system for up to 
40 hours against temperatures as high as 
300°C, thus allowing it to transmit data from 
environments with such high temperatures. 
Johne & Reilhofer, Fraunhoferstr. 14, D-8033 
Martinsried, West Germany [454] 
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PRESENT-DAY 

TECHNOLOGIES ARE 

WORTH STATE-OF-

THE-ART QUALITY 

CONTROL MEANS, 

such as 

LASER 
ELLIPSOMETRIC 
MICROSCOPE 
0.9 IT -1.7 - 004 

BROAD CAPABILITIES in 

non-destructive touch-free QC in: 

* integrated-circuit and semicon-

ductor-device production lines 

* research laboratories 

HIGH VERSATILITY— you can 

measure the parameters of a 

semiconductor film — either solid 

or with etched-away spots: 

you can watch the investigated 

object on the display screen. 

Minimum size of investigated 

object, microns 5 x 30 

Investigated wafer 

diameter, mm to 100 

Overall dimensions, mm 

1860 x 760 x 1450 

35, Mosfilmovskaya Ul. 

117330 Moscow, USSR. 

Tel. 143-86-60; 143-87-51. 

Telex 411 068 TEHEX SU 

411228 TECEX SU 

New products international 

The system 4400 compact controller for 
automatic control and data acquisition in 
testing and production applications, has a 
keyboard, control keys, and a 12-in. screen. 
NV Philips Gloeilampenfabrieken, Science 
and Industry Division, P. O. Box 523, 5600 
AM Eindhoven, the Netherlands [455] 

Fixing clips and rings -have been designed to 
support light-emitting-diode lamps and to fit 
all types of electronic apparatus. They can 
be mounted easily and quickly and are avail-
able in several models. Special types can 
also be made. Universo SA, CH-2301 La 
Chaux-de-Fonds, Switzerland [456] 

The MX-100 136 column dot-matrx printer 
prints bidirectionally at 80 characters/sec-
ond. It has logical seeking, bit image and 
emphasized printing, and vertical and hori-
zontal tab functions. Shinshu Seiki Co., 
Hirooka Division, 80 Hirooka, Shiojiri-shi, 
Nagano 399-07, Japan [457] 

....H1l1;1111111.11 
I 1 
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The PC-800 series photocoupler contains a 
gallium arsenide infrared light-emitting diode 
and a silicon phototransistor in standard sin-
gle and double, triple, and fourfold coupled 
dual in-line packages designed to increase 
isolation. Sharp Corp., 22-22 Nagaike, Abe-
no-ku, Osaka 545, Japan [458] 

The series 56,000 coded rotary switches are 
designed for high-performance applications 
in harsh environments. They are totally 
sealed, resist contamination like sand and 
dust, and are built to withstand shock and 
vibration. Digitran UK, Melbourn, Royston, 
Herts. SG8 6A0, England [459] 

The RMF 351 proximity switch and the RMD 
961 contactless pushbutton feature a Hall 
element for a nominal voltage of 5 to 12 V 
and a transistor outlet with an open collec-
tor. LM Ericsson Telemateriel AB, Compo-
nents Department, P. O. Box 401, S-135 
Tyree, Sweden [460] 
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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 
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I 
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 
Circle 236 on reader service card 13F 



They show it to you, 
HERE & NOW! 
This new OIS combination — an informed. experienced applications 

engineer or team, plus the quick-set-up hardware to duplicate actual 
system performance — could save you months of time, substantial 
development expense, and head off design-level problems....and it is 
ABSOLUTELY FREE! Call our hot line (914) 592-6800 today, to set up an 
early appointment ...and explore what OIS has in store for you. 

Call this expert team into consultation, anywhere in the U.S.A. (or visit 
us at OIS). The team is equipped with versatile fiber-optic system 
demonstrators that allow them to "mock up" a state-of-the-art data-link 
system — tomorrow's state of the art, available today. They also 
have driver/modulators capable of putting any OIS laser source through 

its paces, under realistic conditions duplicating actual usage. 

Don't forget to ask for our brand-new link hardware 
engineering brochure — hot off the press, and loaded 
with new products and system ideas! 

E&ON ENTERPRISES 
OPTICAL INFORMATION SYSTEMS 

350 EXECUTIVE BOULEVARD, ELMSFORD, N.Y. 10522. 

Circle 237 on reader service card 

• Complete line of Digital 
Transmitters and Receivers that 
can be combined to meet all 
laser and LED link requirements. 

• Exceptional BER-per-kilometer 
performance; up to 275 MB/s, 
wAn code translation support, 
thermoelectric cooling, supply 
regulation ...as required by 
your application. 

• System Feasibility 
Demonstrators and Laser Drivers 
for the full OIS line — simulate 
virtually any application! 



Iskra - specialized and worldwide in electronics 

Let us show 
how we can help you 
solve your problems 

willé OPP", •• 
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Facts about lskra 

We develop, design, manufacture, supply, 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 

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. Köln. Milan. Moscow. Poznan. Budapest. Brno, Ljubljana, Zagreb. 
Belgrade. Bagdad 

anniversary, celebrated on July 4th, 1981 

lskra 
For more information call or write 
skra Commerce. Trg revoludie 3. 61001 Ljubljana, Yugoslavia. Telephone-International: • 38 61 324 261 
Telex 31 356 yu iskexp or contad our subsidiaries in Brussels. Pans. Gonesse Paris. Milan. 
Barcelona Solothurn Switzerland) Coulsdon London. Syosset N Y Stuttgart. Munich. 
Dusseldorf Prague Cairo Tehran Berlin Warshaw. Bucaresti. Istanbul. Caracas. Moscow. Quito. Stockholm 
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Low cost tuning fork quartz crystals 
add accuracy to ultrasonics 

The demand for precisely controlled frequencies, and 
increasing circuit complexity, are the logical sequencies 
of the growth in ultrasonics applications. STATEK, a 
subsidiary of the Swiss ASUAG group, offers the 
economical solution with low cost, IC compatible, 
high precision tuning-fork quartz crystals in the range of 
10 kHz to 600 kHz. 

STATEK CORPORATION 

—.1111111IPI11)11111.1n.--- Subsidiary of the Swiss ASUAG Group 

Marine equipment Distance measuring Security systems 

Post Box 297, CH 1860 AIGLE 

Tel. 025-26 55 33, Telex 456138 

Circle 239 on reader service card 

Typical applications are  

Remote access keys Remote controls 

COMPONENTS Ltd. 
A subsidiary of the Swiss ASUAG group 

VACOMAX® 
Permanent Magnets make your devices 
smaller and more efficient 

VACOMAX is a permanent magnet 
alloy of cobalt and rare earth-
metals. It is characterized by a very 
high energy product and a particu-
larly high coercive field strength, 
combined with high saturation and 
good temperature stability (up to 
+ 250°C) 

The smallest by comparison 

VACOMAX is particularly advanta-
geous if high fields close to the 
magnet are required. It is not only 
the magnet volume which becomes 
smaller, but the whole system can 
be miniaturized. The high coercive 
field strength practically excludes 
demagnetization by opposing 
fields, which is very important in 
motor design and elsewhere. 

Form of product as required 

We usually supply magnets accord-
ing to customers drawings, or 
mounted components (e.g.magnet 
plus return-path), in either magnet-
ized or non magnetized condition. 
Parts of various shapes and dimen-
sions are available as samples 
within short. 

For further details see our 
Company Leaflet M 040. 

VA 
VACUUMSCHMELZE 

, 1.2 

AINKto 500 _ 

CROVAC 500 esla 

I .0 

VAC OMAX 200 

Ar sotropic 
Ferrite 

o 
kA/m 700 600 500 400 300 200 100 0 

Demagnetizing Field — H 

0.4 

11.2 

Characteristic curves of VACOMAX 
(in comparison with other permanent 
magnet materials). 

VACUUMSCHMELZE GMBH 
Grüner Weg 37, D-6450 Hanau Telex: 04 184 863 
Cable: Vacuum Hanau Phone: (06 181) 362-1 

M 2e 
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WE'D LIKE TO GET YOUR MOS IMPRESSIONS 
ON OUR WAFERS. 

WE'LL PRODUCE THEM BETTER 
AND FASTER THAN 

ANY FOUNDRY SERVICE AVAILABLE. 

Start with your tooling and test 
programs. 

Bring them to ZyMOS. Our 
customer tooling service will 
allow you to get your products 
manufactured fast and reliably 
Our 30,000 square foot build-

ing includes a brand new 9,000 
square foot fab area for four-inch 
wafers that's just waiting for your 
job. The facility houses a cross-
section of the latest state-of-the-
art equipment And we have one 
of the most quality conscious 
wafer manufacturing operations 
in the country 

ZyMOS processes are industry 
standard, so compatibility with 
your tooling is seldom a 
problem. All of our efforts are 
geared toward lowering manu-
facturing costs and increasing 
quality for our customers. 

In addition to our customer-
owned tooling service, ZyMOS 
offers complete full custom design 
and production with silicon-gate 
NMOS, silicon-gate CMOS and 
metal-gate CMOS. And we have 

ZyP, a revolutionary computer-
aided design system. 
To get your impressions made 

on our wafers, or to find out more 
about any of our services, call 
ZyMOS Marketing at 408-730-8800; 
or write "Foundry Service" on 
the back of your business card. 
Drop it in the mail and we'll give 
you a call. 

M05 
WHERE SILICON SOil MONS ARE CUSTOM MADE,' 

477 North Mathilda Ave. 
Sunnyvale, California 94088 
(408) 730-8800 
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development system yo 
Zilog's Z8000 has the  

Call the Z-LAB 8000 

A phone call to Z-LAB 8000 
will prove it to you. Nothing can 
match Z-LAB's performance for 
software development, not even 
16-bit super minicomputers. 
ZEUS, Zilog's enhanced UNIX* 
operating system, and the 
Z-LAB's 6 MHz Z8000 CPU give 
you the programmer-oriented 
facilities and the throughput 
you need to get your design out 
to the marketplace fast. 
Add Zilog's Z-SCAN'm 8000 

emulator and Zilog's Real Time 
Software (ZRTS), and you'll 
have total Z8000 development 
support at your fingertips. 

Z-LAB has more software, 
and text processing, too. 
ZEUS has all the utilities you 
need for fast, complete software 
development. And it gives you 
a choice of programming 
languages for your application, 
including C, the most efficient 
Z8000 programming language, 
and the popular PASCAL. 
Because ZEUS is a multi-user, 
multi-tasking operating system, 
up to 16 programmers can use 
the Z-LAB at the same time. 
They'll appreciate its unique text 
processing facilities, like a 
screen-oriented text editor that 
works on any video terminal, 
built-in spelling error detection, 
and automatic text formatting 
for phototypesetter or printer 
output. 

Reduce Z8000 
development costs. 
Z-LAB saves you money by 
increasing programmer produc-
tivity. Zilog's Real Time Software 
can save you money too. ZRTS 
gives you a head start on your 

application because it's your 
real-time kernel. And, it fits into 
4K bytes of memory, so you'll 
save on hardware too. 
To finish the Z8000 
development job fast, 
Z-SCAN 8000 is the real-
time in-circuit emulator 

you can use with Z-LAB 
or with any other soft-
ware host. Z-SCAN 
features an easy to use, 
easy to learn screen-
oriented interface to 
make software/hard-
ware integration a snap. 

The 32-bit future. 
For any Zilog micro-

' 



rcpowerful software Alin 
an buy. Prove it to yourself?' 

1 processor, Z87 Z80" o- Z8000, 
nothing can match the Z-LAB 
8000. It will handle Zilog's future 
32-bit microprocessor family too. 
And, for even higher parfor-
mange in the future, a simple 
board exchange to Zilog's next 
generation CPU wit upgrade 
your Z-LAB. ZEUS will be 
upgraded too, so you can con-
tinue using it with your Z-LAB. 

Test Z-lAB's power yourself. 
Call one. 
Wherever you are, you can call a 
Z-LAB 8000. It will answer your 
questions, and guide you through 
an introductory session. To find 
out how, call your local Zilog 
sales office. Z-LAB is standing by. 

Zilog 
makes it happen 
for you! 

Zilog 
West 
Cupertino, CA 95014 
.408)446-4666 

Irvine. CA 92714 
Tele • (7141549-2891 

Van Nuys, CA 91406 
Tele (213)989-7484 

Midwest 
Schaumburg, IL 60195 
Tele 1312)885-8080 

Woodmere, OH 44122 
Tele 12161831-7040 

South 
Dallas, TX 75234 
Tele (2141243-6550 

Austin, TX 78757 
Tele' (5121453-3216 

Clearwater, FL 33516 
Tele (8131535-5571 

East 
Burlington, MA 01803 
Tele 1617) 273-4222 

Horsham, PA 19044 
Tele (215)441-8282 

•LJNIX is a trademark al Bell Laboratories 
Zilog is licensed by Western Electric 
Company, Inc. 

Z-LAB, Z-SCAN. Z8000, ZRTS and 78 
are trademarks of tilog. Inc. Z80 is a 
registered trademark of Zilog, Inc. 



THE OLD 
STANDBY 

THAT WON'T 
STAND STILL 



In the beginning, there was the ITT 
Cannon Electric Original D con-
nector with solder pot contacts in a 
two-piece insulator. But as tech-
nology leapt forward, so did we. With 
our BURGUN-D, ROYAL-D and 
long line of designs that answered 
new needs and became industry 
standards. 

Now our latest technology can 
be seen in our Mas/Ter Tm D pin-
and-socket connectors designed 
for mass-terminating flat cable or 
individual wires. Our Mas/Ter D 
contact design provides 25% more 
wire-to-contact surface area to 
give you increased reliability and 
conductivity. And for added flex-
ibility, they are intermateable and 
intermountable with our entire D 
Subminiature line. 

If you're not content to let 
technology pass by, look into the 
Cannon D Subminiature and 
Mas/Ter D connector evolution. 
You'll find a huge selection of low-
cost connectors and accessories 
available right now through our 
worldwide distributor network. For 
immediate information refer to 
our pages in EEM. For literature, 
the name of your local Cannon 
distributor or other information con-
tact Rectangular Division Market-
ing Manager, ITT Cannon Electric, 
a Division of International Tele-
phone and Telegraph Corporation, 
10550 Talbert Avenue, Fountain 
Valley, CA 92708. (714) 964-7400. 
In Europe, contact ITT Cannon 
Electric, Avenue Louise 250, 
B-1050 Brussels, Belgium. Phone: 
02/640.36.00. 

CANNON ITT 
You can always connect with Cannon. 

Circle 87 on reader service card 
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ISO-CM05: A RANGE 
OF PRODUCTS FORA RANGE 
OF APPLICATIONS tThhaetfZatkuelei 
Semiconductor's ISO-CMOS technology ideal for the 
telecom industry also make it ideal for a varied 
range of other applications. 

Why? 
Consider the stringent requirements of the 

telephone industry. Reliability is cruciaL Power and 
space are limited in both telephone sets and 
PABXs. Battery back-up is important. A wide 
voltage range is needed. 

ISO-CMOS technology meets these challenges 
and performs superbly. ISO-CMOS makes it 
possible for us to produce the best selling PABXs 
in the world. 

Now, these very same features of ISO-CMOS 
products can be applied to any high speed, low 
power or portable applications in an electrically 
noisy world. 

The Mite! Superswitch TM Family. 
Superb examples of 
ISO CMOS" application. 
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Consider the following products for your 
application: 
Digital: 
MD21 SC 14 115 x 4 static RAM 
MD23SC 16 214 x 8 ROM 
MD4332 LCD Display Driver 
MD68SCO2 8 bit Microprocessor 
MD74SCxxx Octal Interface Circuits 

Telecom: 
ML820415 lÈlephone Set Tone Ringer 
MT4320I 25 Telephone Set Pulse Dialer 
M75087189191 lt,lephone Set DTMF Generators 
M78804 8x4 Analog Switch Array 
MI8860162163 /3/71/F Digital Decoders 
M78865 DTMF Filter 
M113912 PCM Filter 

Find out even more about Mitel 
Semiconductors by contacting your local Mite! 
sales office. 
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mrirEL SEMICONDUCTOR 
United States : 2321 Morena Blvd.. Suite M. San Diego. California. U.S.A. 92110. 

Telephone (714) 276.3421. TWX: 910335-1242. 
PO, Box 17170.600 West Service Road. 
Dulles International Airport. Washington. D.C.. U.S.A. 20041. 
Telephone (703) 661-8600. TWX: 710-833-0865. 

Canada: PD. Box 13089. Kanata. Ottawa. Ontario. Canada 1526 1X3. 
Telephone (613) 592-5280. Telex: 053-3221. TWX: 610 562 8529 

Europe: 33/37 Queen SL. Maidenhead, Berkshire. England 516 INB 
Telephone 062B-72821. Telex: 849-808. 
Bredgade 65A. 2nd Floor. 1260 Copenhagen K. Denmark 
Telephone (01) 134712. Telex: 19502. 

Asia: TST PO. Box 98577. Kowloon, Hong Kong. 
Telephone 3 318256. Telex: 34235. 

TM Trademark of Mitel Corporation 
Copyright 1981 Mitel Corporation 
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Probing the news  
Analysis of technology and business developments 

U. S. IC gear makers build in Japan 
Leading companies seek to maintain their market shares 

by establishing joint ventures and subsidiaries 

Even though they threaten to domi-
nate worldwide semiconductor mar-
kets, Japanese manufacturers still 
count heavily on U. S. machinery for 
the most sophisticated steps in chip-
making—at least for now. 
According to one study, U. S. sup-

pliers will capture at least half the 
Japanese market this year for mask-
making and wafer-masking gear and 
in such wafer-processing segments as 
ion implanters and sputtering equip-
ment. However, the same study, by 
Kanematsu Semiconductor Corp. in 
Tokyo (see below and next page), 
shows that the U. S. share is steadily 
slipping. Other market reports also 
reflect this trend. 

"U. S. semiconductor equipment 
companies are not doing well in 
Japan," says Sheldon Weinig, presi-
dent of Materials Research Corp. of 
Orangeburg, N. Y., and former pres-
ident of the Semiconductor Equip-
ment Manufacturers Institute. 
To counter this slippage, U. S. 

companies are aggressively bolster-
ing their presence in Japan. Most 
companies have in the past relied on 
local trading firms to market and 
support their products. But now they 
are turning to wholly owned subsid-
iaries or to joint ventures to service, 
develop, and manufacture equip-
ment in Japan. They see such steps 
as necessary to retain the confidence 
of local customers, who value inti-
mate technical contacts with sup-
pliers. Galvanizing this new push is 
the U. S. manufacturers' knowledge 
that Japan's semiconductor equip-
ment and materials market is worth 
$636 million this year and growing 
annually by 20% to 30%. Examples 
of this trend include: 
• Materials Research Corp.'s cre-

by Robert Neff, Tokyo bureau 

ation of a joint venture with its form-
er representative, Midoriya Electric 
Co. of Tokyo, which holds a 20% 
share and supplied many of the new 
MRC Co.'s personnel. 
• The establishment in March by 
Kulicke & Soffa Industries Inc. of 
Horsham, Pa., of a wholly owned 
subsidiary in Tokyo to service and 
sell its wire-bonding equipment. The 
company is a worldwide leader in 
that field but has barely penetrated 
the Japanese market. 
• The construction this year by 
Toyo-Morton KK of a plant near 
Tokyo that will produce 5 million 
pounds per year of epoxy molding 
compound. Toyo Ink Manufacturing 
Co. of Tokyo and Morton Chemical 

Co. of Chicago now make adhesives 
in Japan and have been together for 
six years in a 50-50 joint venture. 
The $2 million plant is aimed at 
preventing Toyo-Morton's share of 
the Japanese encapsulation market 
from slipping below the current 7%, 
says a company spokesman. 
• The announcement in June of 
plans by cri-Cryogenics of Wal-
tham, Mass., to launch a 50-50 joint 
venture later this year with Ulvac 
Corp. of Tokyo to make cryogenic 
pumps for the Japanese market. CTI 
also will continue selling its U. S.-
made pumps, important components 
in such machines as sputterers, 
through trader C. Itoh and Co. 
• The formation of a joint venture 

TABLE 1: SHARES OF THE JAPANESE 
STAGES OF INTEGRATED 

EQUIPMENT MARKET 
-CIRCUIT MANUFACTURING 

FOR THE INITIAL 
WO 

Wafer making 

Domestic Imported 

1977 1979 1981 1977 1979 1981 

Crystal pullers 70 80 90 30 20 10 

Float zoners 100 100 100 — 

Slicers 95 80 90 5 20 10 

Polishers 70 80 90 30 20 10 

Surface grinders 20 40 80 80 50 20 

Edge grinders 30 70 100 70 30 

Wafer masking 

Coaters and developers 10 40 50 85 60 50 

Aligners 10 30 40 90 70 60 

Plasma etchers 40 30 70 60 50 30 

Wet chemical etchers 90 100 100 10 — 

Wafer steppers — 30 40 — 70 60 

Wafer processing 

Epitaxial-growth systems 40 20 70 60 80 30 

Diffusers 100 100 100 

Ion implanters 10 40 100 90 60 

Metal depositors 70 60 50 30 40 50 

Chemical vapor depositors 60 60 80 40 40 20 

SOURCE: KANEMATSU SEMICONDUCTOR CORP. 
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earlier this year by TRE Semiconduc-
tor Equipment Corp. of Beverly 
Hills, Calif., and Tokyo Electron 
Ltd., Japan's largest marketer of 
semiconductor manufacturing equip-
ment. The partners expect to start 
making TRE'S wafer stepper and 
microlithographic equipment in Ja-
pan by late this year. 
• The recent announcement of plans 
by Thermco Products Corp. of Ana-
heim, Calif., to build a plant in 
Japan to make oxidation, chemi-
cal—vapor-deposition (cvD), and dif-
fusion reactors. TEL-Thermco Engi-
neering Co., a joint venture with 
Tokyo Electron launched 11 years 
ago, is building diffusion furnaces at 
a plant in Yokohama. 
• The establishment in 1979 of 
Applied Materials Japan KK, a whol-
ly owned subsidiary of Applied 
Materials Inc. of Santa Clara, Calif. 
AMJ is opening regional sales and 
service centers and is planning a $4 
million design Center. 
Two of the largest U. S. sup-

pliers —GCA Corp. and Perkin-Elm-
er Corp.—have established their suc-
cessful businesses in Japan. But 
Varian Associates gave up on its 
joint venture with Nippon Electric 
Co.— Anelva Corp. of Tokyo—and 
is now selling its various product 
lines through Tokyo Electron. 

Still, the need for proximity to 
customers has proved compelling for 
many. "We were frustrated with the 
trading firm's maintenance ability," 
says Tetsuo Iwasaki, director of 
marketing at Applied Materials Ja-
pan. He adds that Japanese custom-
ers are concerned about poor reli-
ability from U. S. suppliers and want 
more automation and special op-
tions. 
Open door. C. Scott Kulicke, pres-

ident of Kulicke & Soffa, says that 
"in the past two to three years our 
machines have gotten so complicated 
that we felt we needed to control our 
service resources [in Japan] more 
closely." Kulicke also expresses the 
need to compete against its chief 
international rival — Shinkawa Ltd. 
of Tokyo—on Shinkawa's home turf. 
Most of the companies are finding 
that Japan is not nearly as closed to 
foreign business as some would have 
it. "We're moving at the pace we 
want and there have been no unex-
pected delays," says L. A. Cambey, 
senior vice president of Materials 
Research. "The prefectural govern-
ments have welcomed us." 

Japanese experts do not necessari-
ly agree, though, that Japan is as 
open as that to U. S. ventures. 
"There is no way for Kulicke & Sof-
fa to sell here," says one trader. "We 
already have two fantastic local 
manufacturers of wire bonders — 
Shinkawa and Kaijo." In general, 

TABLE 2: SHARES OF THE JAPANESE EQUIPMENT MARKET FOR 
OF MANUFACTURING I%) 

THE LATER STAGES 

Mask making 

Domestic Imported 

1977 1979 1981 1977 1979 1981 

Reduction camera 100 100 

Step-and-repeat camera — 100 100 

Computer-aided design — 100 100 100 

Pattern generator 100 100 100 

Electron-beam equipment 20 40 40 80 60 60 

Contact printer — — 100 100 100 

Assembly 

Dicer 90 95 95 10 5 5 

Die attacher 80 90 95 20 10 5 

Wire bonder 90 95 95 10 5 5 

Molder and sealer 90 90 100 10 10 

Testing 

Environmental 70 70 90 30 30 10 

Probing and sorting 90 90 90 10 10 10 

Electrical 30 60 40 70 40 30 

Scanning electron microscope 95 95 5 5 5 — 

SOURCE KANEMATSU SEMICONDUCTOR CORP 

they see a rather bleak future for 
any foreign supplier not offering the 
most advanced equipment. 
"The U. S. will continue to lose a 

market share here in test equipment 
and photolithography," says Minoru 
Yoshida, executive vice president of 
Tokyo Electron, which represents 
more than 10 U. S. suppliers in 
Japan. He views the Americans as 
most competitive in electron-beam 
lithography, 1:1 projection-mask 
aligners, 10:1 steppers, sputterers, 
CVD reactors, and ion implanters. 
More sanguine about the Ameri-

cans' chances is Toshiyuki Onoe, 
general manager of the Semiconduc-
tor Equipment division at Kokusai 
Electric Co., a major supplier. 
According to his statistics, U. S. 
producers have 30% of the Japa-
nese market, down from 46% in 
1973. But he thinks they can 
improve their sales here. He says 
he has felt little impact from AMJ. 
Good times seen. The U. S. mak-

ers are nothing if not optimistic. 
AMJ, whose Japanese work force has 
expanded to 32 from an original 7 
less than two years ago, plans to 
have 45 employees by October and 
70 by the following October. Iwasaki 
is predicting sales from CVD and epi-
taxial reactors this year of $15 mil-
lion, up from $7.5 million last year 
and $3.5 million in 1979. His goal is 
a 70% share of what is currently a 
$22 million epitaxial-reactor market, 
up from today's 40%. "There is a big 
potential in using single-crystal epi-
taxy for moS and our reactor is the 
only one that can do that," he 
boasts. 

Kulicke & Soffa, whose sales fell 
short of $1 million in Japan last 
year, is aiming for an eventual 20% 
to 25% share of what Kulicke esti-
mates is now a $50 million annual 
market. That is a bold target indeed, 
even for a company that claims a 
45% worldwide market share. 

Weinig and Cambey of Materials 
Research are no less ambitious. 
Cambey expects within 18 months to 
raise MRC'S claimed 20% share of 
the Japanese sputtering market to 
the same level as its worldwide 
share, which he says is significantly 
higher. Weinig ultimately expects 
30% to 40% of his entire corporate 
sales to come from Japan, against 
4% to 5% today. 
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GRAYHILL KEYBOARDS: 
DIFFERENT STROKES 
FOR DIFFERENT FOLKS 

SERIES 88 A short strokeseaied keyboard 
with excellent audible and tactile feedback 
Colorful standard or custom-mace oraphics 
integrates this keyboard into you front 
pane Coded outputs and low bounce char-
actenstics easby mate with logic circui:ry. 
Circle No. 191 

SERIES 82 Long stroke high profile, wiping 
contacts 1, 2, 3 and 6 button modules can be 
arranged for your specific neecs SPST to 
4PST circuitry under each button, also avail-
able with coded outputs. Circle No 192 

1 

F31 
  iri 

r91 A FB 

LEAF 

SERIES 83-84-86 Short stroke standard 
3x4 and 4x4 keybea•d configurations Choice 
of 12 inch or 3:4 inch buttcn centers and post or 
flange mounting. Standard coded outcuts— 
easily interfaces with logic circuitry Excellent 
audiole 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 

11131 01111 
MO WI 01 
MI 151 WI 
ME MI gla 

Available locally through these representatives 

BELGIUM/LUXEMBOURG—Rodelco SA/VN Electronics B-1140 Brussels. Te': (02) 2'66330 
DENMARK—E. V. Johanssen Eleltronik A-S DK-2200 Copenhagen N. Tel: (01)83 90 22 
FIN LAND—OY Flinkenberg & Ce. AB SF -00121 Helsinki 12. Tel: (0) 630 686 
FRANCE—Radio Television Francai se F-92200 Nevilly-Sur-Seine. Tel: (01) 747-11-0' 
GERMANY—Data Modul GmbH C-8C00 Menchen.21. Tel: (089) 58-20-53 
ISRAEL—Rapac Electronics Ltd."Te Aviv 61180, Tel: (03)477115 
ITALY—Microelit s.r.l. I-20148 Milano, -el: (02)46-90-444 
JAPAN—Jepico Corp. lokyo. Tel:03(354).4661 
NETHERLANDS—Rodelco BVElectranics 2280 AG Rijswijk, Tel: (070) 995750 
NORWAY—Hans H. Schive AIS Oslo 2. Tel (024 55 76 92 
SPAIN—Unitronics SA Madrid 13, Tel (01, 242 52 04 
SWEDEN—Bo Palmblad ABS 161 13 Bromma re: (08) 252720 
SWITZERLAND—Walter Blum Ltd. CH-8037 Zurich, Tel: (01)42 23 42 
UNITED KINGDOM—Highland Electronics, Ltd. Brighton BN1 lEJ Tel: (0273) 6936)38 

Your product is distinctive, and 
thus your keyboard needs are also 
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 profile 
• short stroke or long 
stroke—dome or 
wiping contacts 

• excellent audible and tactile 
feedback in dome contacts 

• post, flange or PC mount 
• 1/2,,, 11/16,, or 3/4 " button centers 
• wide choice of 
legending modes 

• color choices 

For detailed information 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. 

the Difference Between Excellent and Adequate 

561 Hillgrove Avenue • LaGrange, IL 60525 U.S.A. 

Phone: 312/354-1040 • TWX: 910-683-1850 



When it comes to rotarys, 
turn to the new all plastic 
C&K rotary switches. 
The new all plastic switches offer precise ball bearing 
performance in a glass-filled nylon, all plastic cover, 

base and shaft design. It's offered in one through four pole 
models, with a stop-ring provided with each switch, enabling the user 

to adjust the switch from 2 to 12 accurate positions. 

Our rotary switches have contact ratings from dry circuit 
up to 350 MA, with life up to 300,000 detent operations. 

C&K offers this quality product at low 
cost and with our usual prompt delivery. 

Typical applications include test instruments, 
communication equipment, and computer panels. 

Write or call for catalog. 
(617) 964-6400 

W Art C&K Components, Inc. 
15 Riverdale Avenue, Newton, MA 02158 

The Primary Source Worldwide... 
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Computer-aided design 

IBM system designs from scratch 
CAD program can be accessed at 25 sites worldwide 

for use in everything from silicon to packaging 

The role of automation in future 
industrial scenarios extends well 
beyond the current use of computers 
as aids in design, adjuncts to book-
keepers, or process controllers. The 
integration of all such functions into 
a data-gathering, process-tracking, 
design-initiation, and updating sys-
tem will be commonplace and more 
than necessary for a well-run and 
cost-effective manufacturing center. 
One such system is already in 

place and operating at International 
Business Machines Corp. for the lay-
out, implementation, and production 
of semiconductor devices, circuit 
modules, and boards. Encompassing 
25 design locations and six manufac-
turing sites in the U. S., France, 
Germany, and Japan, the automated 
capabilities IBM has put in place 
start with front-end design and 
extend to subassembly production. 
There are three main components 

in IBM's system—its automated de-
sign capabilities, the link between 
the design engineers and those in 
manufacturing, and the production 
line itself. 
The engineering design system is 

situated in East Fishkill, N. Y., and 
serves as one common system for all 
the electronic design tools needed 
throughout the company—be it in 
Endicott, N. Y., or Beiblingen, West 
Germany. "The system handles all 
the electronic design, as opposed to 
mechanical design. We do every-
thing from the silicon to the printed-
circuit cards, to modules, boards, 
and back panels. The system also 
generates design-verification rules 
and test patterns," explains Frank J. 
Worthmann, manager of physical 
design. 
At East Fishkill, there are 25 Sys-

tern 370/168 computers to control 
the massive system. IBM has been 
able to automate much of this pro-
cess because of a decision to incorpo-
rate the master-slice approach, 
which allows manufacturers to 
maintain a wafer inventory with 
some design already in place. 

Design responsibility. "The de-
signer invents the register-to-register 
logic, but we establish the methodol-
ogy," says Worthmann. Included 
under that responsibility are estab-
lishing the parameters for the logic 
design, plus all the checks and 

ground rules that are found in the 
design library. The creation of auto-
mated logic diagrams and the verifi-
cation of logic design through soft-
ware simulation programs that mod-
el all functions are part of the design 
system as well. From these logic 
designs a physical design is also gen-
erated by the system. 
The system works not only for 

device layout, but also in module and 
board layout. "So far we've brute-
forced our way through with the 
algorithms in place. We've been able 
to extend the algorithms up to the 

Plugged in. Designer in East Fishkill, N. Y., lays out printed-circuit board with the aid of a 

terminal in IBM Corp.'s engineering design system that also serves sites in Europe and Japan. 
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5,000-circuit range," notes Worth-
mann. The thermal-conduction mod-
ule sports 120 input/output pins per 
chip, with each module containing 
118 chips, for more than 1,800 con-
nectors. These modules sit on boards 
with 28 to 32 layers-16 of which 
are wiring layers and the others for 
power distribution. All three of these 
different design levels were gener-
ated for the 3081 using the engineer-
ing design system, notes Worth-
mann. 
The system generates all the data 

necessary for manufacturing in what 
is termed a release interface tape. 
Although a physical tape is no longer 
used, the terminology is left over 
from the first version of the system. 
Contained in this output data are 
packaging information, logic dia-
grams, component mix, placement 
coordinates, wire sizes and routing, 
test patterns, and all checking and 
completion codes. 
The "tape" for a 700-circuit chip 

contains over 2.5 million characters 
(bytes) of information. One for a 
100-chip module contains up to 100 
million bytes. 

Universal data. It is important to 
note, says Worthmann, that this 
design data is not generated for par-
ticular production tools, but must be 
converted into numerical-control 
data. This allows IBM to use a varie-
ty of equipment to produce the 
devices and does not lock the compa-
ny into one particular process or 
manufacturing strategy. 
Each manufacturing site has a 

Looking in. Engineers at IBM's East Fishkill, N. Y., facility observe part numbers for the 

release interface tapes that have been automatically started through the system. 

release facility that acts as an inter-
face between manufacturing and 
design, checking the design as it 
comes in and auditing it to ensure 
that the device or subassembly can 
be manufactured as designed. This 
facility does validation checks on the 
design, technology parameters, and 
graphics generation. Its final output 
is numerical control data to run pro-
duction machines. 
"The engineering design system is 

releasing personality information 
only on the devices," notes James L. 
Gallo, system development engineer 
at East Fishkill. "What we in the 
product direct release department 
provide is a logic- or machine-
oriented design. We can respond to a 
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Design flow. With the engineering design system, the designer creates a logical design 

that generates a physical design. It is transformed into data suitable for manufacturing use. 

variety of technologies, and thus 
minimize the time required to intro-
duce a new technology." 

Design check. When a release 
interface tape is received by the 
product release facility, an immedi-
ate audit of the design is done, using 
the same information from the 
design library as the designer used. 
Thus, updated information from 
Worthmann's group must be availa-
ble to both designers and manufac-
turers. If there are any faults uncov-
ered at that time, the design is 
immediately returned to the design 
location. The East Fishkill product 
release facility handles between 
1,800 and 2,000 device and subas-
sembly designs each year, says Gal-
lo. A typical design can be audited 
and preliminary numerical control 
data issued within five to ten min-
utes. 
At East Fishkill there are two pro-

duction lines in place. They are 
known as the QTAT (for quick turn-
around time) line and business-as-
usual line. The QTAT line [Electron-
ics, Jan. 27, p. 121] handles about 
10% of East Fishkill's production per 
year and is primarily aimed at lim-
ited production runs, notes Don 
Mozer, senior engineering manager. 
Both lines share the same electron-
beam facilities— at present three 
machines and soon to be four—all 
designed by IBM. D 
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Pretty easy. 
Taken at face value, our 

Model 3010 Signal Generator is 
simplicity itself. Just flip the 
lever/indicator switches to any 
frequency between 1 MHz and 
1 GHz. No ranges to set, no 
counters to add, no need to 
reset output level. 

Yet, behind that face is the 
most sophisticated instrument in 
its price range. Not only do you 
get synthesized signal 
generation with 0.001% accuracy 
and ±1.0 dB flatness, you 

Circle 94 for Demonstration 

get programmIng and 
modulation features for nearly 
any situation. 

For ATE applications, 
Model 3010 has frequency 
programming as standard 
equipment; GPIB 
programmability is optional. 

Four modulation frequencies 
can be used for complex or 
simultaneous modulation (AM 

AM and FM without 
readjusting modulation 
frequency or output level. 
The price is easy too. Just 

$4,950* Call us toll free today 
for a demonstration. 
Wavetek Indiana, Inc., 

PO« Box 190, 5808 Churchman, 
Beech Grove, IN 46107. Toll 
free 800-428-4424; in 
Indiana (317) 787-3332. 

on FM, FM on FM, AM on AM). TWX (810) 341-3226. 

e 
Model 3010 makes modulation 
ven simpler by letting you w AVŒTŒK change center frequencies in 

Circle 95 for literature *U S price r..nly 

1 GHz signal generation: 
how easy can it get? 
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Probing the news 

Production 

Lasers automate pc-board inspection 
Systems aim to eliminate field failure of boards 

that have passed makers' tests and inspections 

Perhaps the last holdout against 
automation in printed-circuit—board 
manufacturing, the board inspection 
process is a new target for the laser's 
beam. One laser-based inspection 
system that is already commercially 
available, as well as several others 
getting ready for market, may soon 
replace the human eye in detecting 
flaws on the millions of square feet 
of pc boards produced each year. 
As many as 10% to 15% of these 

boards will fail in the field, even 
after going through a manufactur-
er's test and inspection lines, esti-
mates Philip Geise, an electro-opti-
cal engineer at Chrysler Corp.'s 
Huntsville, Ala., Electronics divi-
sion. Geise is a codeveloper of Chry-
sler's laser-scanning inspection sys-
tem, introduced last fall [Electronics, 
Oct. 9, 1980, p. 44]. Another system 
developer, Altman Associates Inc. in 

by Linda Lowe, Boston bureau 

Stamford, Conn., is readying its own 
product introduction. Systems at the 
Advanced Controls Products division 
of Cooper Industries Inc. in Irvine, 
Calif., and Vanzetti Infrared & 
Computer Systems Inc. of Canton, 
Mass., are still under development. 
Very complex boards, in whose 

manufacture more automated in-
spection could become a critical 
need, will also be the fastest-growing 
segment of the multilayer board 
market for military and computer 
applications, notes Philip J. Lapin, 
an analyst at Gnostic Concepts Inc. 
The Menlo Park, Calif., research 
firm projects that this will hold true 
in sales of multilayer boards overall, 
where boards having 10 or more lay-
ers will demonstrate an average 
annual growth rate of 25.6%, ac-
counting for over $176 million of 
total multilayer board sales of 

$1.976 billion in 1985. 
Both Chrysler and Vanzetti Infra-

red have had military funding in 
support of their development efforts. 
Indeed, the very complex, many-
layered boards used by the military 
account for one of the strongest 
potential markets for laser-based 
inspection systems, maintains 
Gunther Rudenberg, microelectron-
ics consultant at Arthur D. Little 
Inc. in Cambridge, Mass. "At that 
level of complexity, board faults 
found late in the production process 
can be disastrously expensive," he 
notes, so automated systems capable 
of finer and more reliable board 
inspection than people can provide 
should find an eager customer base. 
Rudenberg also cites computer man-
ufacturers as a prime market, one 
that will demand high throughput 
and maximum reliability. 

The Chrysler model LIS-
510 inspection system, 
which focuses its low-power 
scanning laser beams both 
on bare and stuffed boards, 
is better than 99% effective 
at catching board faults on 
the Chrysler production 
line, its developers report. 
The system, which recently 
became available at a price 
of $80,000 to $100,000, can 
inspect a 400-lead board for 
component presence and 
proper lead dress in less 
than 5 seconds, or scan a 
bare board for improperly 
sized or placed component 
holes at a minimum of 50 
holes per second, calculates 
Chrysler's Geise. By con-
trast, a human inspector 
takes about 1 second to 

NEODYMIUM-YTTRIUM- BIFURCATED 
ALUMINUM-GARNET FIBER-OPTIC 
LASER CABLE 

Rim 71L 
SHUTTER 

FILTERED DETECTOR 

o 

DICHROIC MIRROR 

X-Y TABLE 

MICRO-
PROCESSOR 

OUTPUT 

Heat gage. Developmental laser system from Vanzetti Infrared 

thermal responses of solder joints on a pc board to uncover faults invisible to the human eye. 

and Computer Systems Inc. measures 
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Probing the news 

examine a single lead, he adds. The 
LIS-510, works by collecting laser 
beams reflected off a pc board, and 
comparing them using a minicom-
puter with stored board patterns. 
Comparison beam. Altman Asso-

ciates, whose board verifier system is 
slated for commercial delivery by the 
end of this year, is claiming an 
inspection rate of up to 50 square 
feet of bare board per minute and 
measurement accuracies of within 
0.001 inch and better. The system 
also analyzes reflected laser beams 
from a board to check hole sizes and 
positions. Unlike the Chrysler sys-
tem, however, it dispenses with a 
master pattern stored in memory. 
Instead, a second beam from the sys-
tem's laser scans artwork that 
describes a board's nominal dimen-
sions, and a minicomputer factors in 
manufacturing biases and allowed 
tolerances and decides whether 
board features come within allowed 
limits. This allows the inspection of 
different board types without repro-
gramming the system, points out 
company president Norman G. Alt-
man. He estimates the system will 
range in price from $100,000 to 
$150,000. 
Advanced Controls says its In-

spectron system will take about a 
minute to inspect an 8-by-10-in. bare 
pc board for line widths and spacing, 
line breaks, excess copper, and voids. 
The system also detects incomplete 
pads, poor pad-lead connections, and 
shorts in ground planes. Though it, 
too, uses reflected laser beams in 
analyzing board features, the Inspec-
tron's only reference is a set of 
design rules programmed into its 
minicomputer. The company says 
violations of these rules account for 
nearly all rejectable board defects; 
when the system detects a violation, 
it will either print out the error's 
coordinates or stop scanning while 
an operator examines the flagged 
error. 
By using general design principles 

rather than specific stored master 
pattern or artwork references, the 
Inspectron eliminates the need for 
tight alignment of board features to 
match corresponding reference 
points during a scan, say the sys-
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Probing the news 

tern's developers. Scanning can be-
gin and end anywhere on the board, 
and no special placement or align-
ment equipment is required. 

Joint sleuth. Still in the develop-
ment stage, Vanzetti Infrared's may 
well be the most sophisticated of the 
laser systems, although it confines its 
inspection to solder-joint quality on 
finished pc boards. Still, points out 
company president Riccardo Van-
zetti, it not only identifies poor sold-
er connections, which can make a 
board failure and being thrown out 
unnecessarily. 
reduces the possibility of good com-
ponents getting the blame for a 
board failure and being thrown out. 

Unlike the other laser-based tech-
niques, Vanzetti's incorporates an 
infrared detector, and finds defects 
by analyzing variations in thermal 
characteristics [Electronics, May 19, 
1981, p. 34]. Thus it can pinpoint 
faults that are invisible even to the 
keenest human inspector. The sys-
tem's laser delivers low-power pulses 
to each joint, heating it a few 
degrees above room temperature; a 
minicomputer compares the joint's 
thermal response against a stored 
pattern of normal responses to make 
a pass-fail decision. Joints with 
insufficient solder or subsurface air 
bubbles, for instance, warm up faster 
and reach higher peak temperatures 
than do good joints. 
Weak points. The system aims at 

complementing electrical testing of 
pc boards on their way into the field, 
says Vanzetti. "Though electrical 
tests verify a board is intact at the 
time of the test, it cannot predict a 
board's fitness for actual use, where 
the board may be exposed to a lot of 
handling, thermal cycling, vibration, 
and the like." His system should 
prove a means of identifying solder 
joint weaknesses that make a board 
prone to failure in systems use where 
it is expensive to correct, Vanzetti 
asserts. 
The Vanzetti system's developers 

say it can inspect at a rate of 10 
joints per second. Not scheduled for 
commercial availability until 1982, it 
will cost an estimated $80,000 to 
$90,000 without a minicomputer, 
says Vanzetti. 

P.O. Box 15702, Seattle, WA 98115 (206) 527-0933 
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Probing the news 

Computers 

Japanese slow to gain in computers 
New study shows U. S. firms dominate worldwide 

and predicts only an 8.3% share for the Japanese by 1985 

Though the Japanese are making a 
dent in the worldwide computer 
marketplace, a report just published 
by Martin Simpson & Co. of New 
York shows that they are far from 
being a dominating force. By 1985, 
says the report, Japanese manufac-
turers will have an estimated 8.3% of 
the market. 

This share gives the six leading 
Japanese firms approximately a 
$10.8 billion slice of overall comput-
er revenues totaling $130 bil-
lion, the report reveals. In addition, a 
comparison of revenues of the three 
top Japanese computer firms-Fujit-
su Ltd., Hitachi Ltd., and Nippon 
Electric Co.-with those of other 
major vendors also indicates that 
U. S. firms will continue to be out in 
front in 1985. 

Interestingly, the Simpson study 

by Gerald M. Walker, Business Trends Editor 

shows that Digital Equipment Corp. 
of Maynard, Mass., will become the 
second largest revenue maker behind 
IBM Corp., passing Control Data 
Corp. and NCR Corp. Fujitsu, mean-
while, is predicted to show modest 
growth rates, hitting $2.5 billion 
compared with DEC's $7.6 billion in 
1985. NEC could fare better in the 
world arena, logging growth rates of 
almost 20% to reach $2.6 billion in 
1985. 
"The significance of the study," 

comments the.. research company's 
president, ,Martib Simpson, "is that 
it shows the Japanese are not invinci-
ble. They have excellent technology, 
good pricing, and can produce in 
high volumes, but they are not 
strong in software or service. The 
report shows that a company like 
DEC, which invests heavily in re-

search and development, is able not 
only to survive against the Japanese 
but to beat them." 
The 142-page report, called "The 

Japanese Challenge in the Comput-
er, Copier, and Electronics Indus-
tries," highlights through 105 tables 
the niches the Japanese are carving 
from markets in personal computers 
to plain paper copiers to intelligent 
robots. It analyzes both domestic 
markets-where the products later 
introduced into outside competition 
are nurtured in a protective environ-
ment-and world markets. Profiles 
of individual companies such as 
Fujitsu in computers, Ricoh in office 
equipment, and Kawasaki Heavy 
Industries in robots also provide 
clues to market strategies. 

Taking it personally. The domestic 
personal computer market, for ex-

ESTIMATED 

1980 

WORLDWIDE REVENUES 
(in millions of 

1982 

OF MAJOR COMPUTER 
dollars) 

1983 

VENDORS 

1984 

IBM 

Honeywell 

CI I-Honeywell Bull 

NCR 

Control Data 

Digital Equipment 

Sperry Univac 

Burroughs 

IC L 

Hewlett-Packard 

Fujitsu 

Olivetti 

Hitachi 

Nippon Electric 

Nixdorf 

Other 

1981 1985 

Growth r ates I% I 

1981/1980 1985/1980 

21,367 

1,634 

1,486 

2,971 

2,791 

2,744 

2,610 

2,478 

1,665 

1,546 

1,446 

1,380 

1,106 

1,084 

857 

15,600 

24,000 

1,850 

1,800 

3,300 

3,200 

3,500 

3,000 

2,600 

1,800 

2,100 

1,600 

1,600 

1,200 

1,300 

1,000 

18,700 

27,600 

2,100 

2,000 

3,600 

3,700 

4,300 

3,500 

2,900 

1,900 

2,800 

1,800 

1,800 

1,300 

1,500 

1,200 

22,000 

31,500 

2,400 

2,300 

3,900 

4,300 

5,300 

3,900 

3,200 

2,100 

3,600 

2,000 

2,100 

1,500 

1,800 

1,500 

25,600 

35,200 

2,700 

2,600 

4,300 

5,000 

6,400 

4,400 

3,500 

2,300 

4,500 

2,200 

2,400 

1,700 

2,200 

1,800 

28,800 

41,000 

3,000 

3,000 

4,800 

5,700 

7,600 

4,900 

3,900 

2,600 

5,500 

2,500 

2,800 

1,900 

2,600 

2,100 

36,100 

12.3 

13.2 

21.1 

11.1 

14.7 

27.6 

14.9 

4.9 

8.1 

35.8 

10.7 

16.4 

8.5 

19.9 

16.7 

19.9 

13.9 

12.9 

15.0 

10.0 

15.4 

23.0 

13.4 

9.5 

9.4 

29.0 

11.5 

15.1 

11.4 

19.1 

19.7 

18.3 

Total 62,765 72,550 84,000 97,000 110,000 130,000 15.6 15.7 

SOURCE MARTIN SIMPSON it CO 
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Probing the news 

ample, may show portents of things 
to come. Though U. S. vendors such 
as Apple, Tandy/Radio Shack, and 
Commodore had dominated the Jap-
anese market, this situation has 
been reversed within the past several 
months as Japanese manufacturers 
ranging from giants such as NEC to 
small, privately owned ventures such 
as Sord Computer Systems, Al Elec-
tronics, and Logic Systems Interna-
tional have entered the competition 
during the last two years. 
The Japanese personal computer 

market is expected to reach $300 
million in 1981, up 50% over 1980, 
Simpson estimates. This market 
should be worth $675 million in 
1983. Although the Japanese hold 
the edge on hardware production, 
U. S. companies are still way ahead 
on software. 
The report, the result of two 

months of research and over 10 years 
of building contacts in Japan, pin-
points several major targets for 
research and development identified 
by the Japanese computer industry. 
These include work on new devices 
such as Josephson junctions and 
chemical-compound semiconductors; 
concentration on non—Von Neumann 
architecture, data-flow machines, 
and data-base processors; effort on 
special-function distribution sys-
tems; and the design of processors 
with automatic synthesis or module 
elements including optimized burden 
sharing for hardware, software, and 
firmware. 

Artificial intelligence. The Japa-
nese are also going after practical 
applications of artificial intelligence, 
including pattern and speech recog-
nition. They have mounted a vigor-
ous software-development program 
to close that gap. And there is a 
heavy emphasis on intelligent robots. 
The Simpson report sees a clear 

Japanese edge in robots. The world-
wide market for industrial robotics 
reached approximately $325 million 
in 1980, up nearly 50% from 1979's 
sales of $220 million. By 1985, this 
market, which includes fixed-
sequence, variable-sequence, numer-
ically controlled, and intelligent ro-
bots, is expected to increase by more 
than 250% to $1.2 billion. D 
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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, micromonipulators, carousels, 
and other stage hardware. Result: 
masks, wafers and other components 
are moved on and off the stage 
faster. El 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 

in human engineering for the 
technologies of the 1980's. For 
a demonstration see your AO dealer 
or representative, or write for our 

brochure: American Optical, 
Instrument Division, 
PO. Box 123, Buffalo, 
NY 14240. 

The versatile 1860 accepts cameras 
for documentation and is available 
with attachments to accommodate 

several viewers simultoneously. 

4 
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You spoke.We listened. 
You asked for a line of general purpose 
and semi-precision resistors with the 
quality and characteristics of metal film, 
not carbon. 
You wanted cost savings, but also 
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Technical articles  

Scanning electron beam 
probes VLSI chips 

Noncontacting test method plots logic-state maps 

of the actual operation of complex parts like microprocessors 

by Peter Fazekas, Hans-Peter Feuerbaum, and Eckhard Wolfgang, Siemens Research Laboratory, Munich, West Germany 

E Functional analysis of very large-scale integrated cir-
cuits is beginning to take a new form: a focused electron 
beam scanning the entire surface of the chip makes 
noncontacting, nonloading measurements and maps the 
ic's logic functions. The scanning electron beam imple-
ments the established voltage-contrast technique—rely-
ing on areas of lightness and darkness in the resulting 
chip image to represent logic voltage levels—but new 
test techniques turn the formerly static technique into a 
dynamic measurement process. 
By coordinating the beam's scan rate with the clock 

signals in an energized device under test, it is possible to 
display the signals in the form of logic state maps 

superimposed on the lc image. Thereby a comprehensive 
analysis of an lc can be made as never before. The test 
setup adds a logic analyzer to the sampling electron 
microscope, itself a special version of a scanning electron 
microscope. Thus digital signals can be measured—but 
analog waveforms also can be checked, and the test 
techniques can be applied to all types of ics. 

Why now? 

The VLSI era is bringing new importance to electron-
beam probing. Some present-day vLsi circuits typically 
cram half a million transistors— with pattern details of 
1.5 to 2 micrometers—into an area of less than 100 

TIMING UNIT 

LENSES 

INTEGRATED-
CIRCUIT 

DRIVE UNIT 

SPECIMEN CHAMBER 

X Y STAGE 

ELECTRON GUN 

BLANKING CAPACITOR 

PRIMARY ELECTRON BEAM 

SCAN COILS 

SECONDARY ELECTRONS 

COLLECTOR 

MICROSCOPE'S 
SIGNAL-PROCESSING 

AND 
- DISPLAY 
ELECTRONICS 

INTEGRATED CIRCUIT 
UNDER TEST 

1. Electron-beam probing. A packaged IC without a lid is put in a sampling electron microscope's specimen chamber. A pulsed beam of 

electrons is focused on a point on the IC, and the resulting secondary electrons are collected and displayed on a CRT or logic analyzer. 
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2. Voltage contrast. Secondary electrons emitted at the 5-V interconnections are repelled by local electric fields, while those from a ground 

path are accelerated to the collector. Hence, positive interconnections show up as dark in the resulting image, and negative ones as light. 

square millimeters. Despite computer-aided-design tech-
niques and the test aids being applied to VLSI, it can 
happen that prototypes of such circuits do not perform as 
planned. The built-in test features on many new circuits, 
increase testability, but to spot design weaknesses, it is 
still necessary to probe individual IC nodes internally. 
And only the electron-beam probe can handle the com-
plexity of these VLSI circuits. 
As long as the tc has existed, designers have had two 

alternatives for internal probing: mechanical and elec-
tron-beam. Now the advantages of electron probing are 
becoming an absolute necessity in IC testing. Among 
these benefits are: 
• Loadless probing— by choosing the appropriate pri-
mary electron energy (2 to 3 kiloelectronvolts), it is 
possible to achieve a charge balance, which means that 
when one electron strikes the IC, another leaves it again. 
And thus, no electron current is induced by the electron 
probe. 

• Nondestructive probing— the low electron energy and 
the relatively weak currents (10 nanoamperes) do not 
cause electron radiation damage. Since no probe touches 
the die, there is no chance of mechanical damage. 
• Easy positioning— the electron beam can be positioned 
very quickly and very precisely at every point of the IC. 
• Parallel display of electrical signals —by scanning 
large areas of the circuit rapidly, it is possible to display 
their electrical functions simultaneously on a logic ana-
lyzer or similar piece of equipment. 
• Savings in chip real estate—the electron-beam probe 
can be positioned on narrow interconnections and is not 
restricted to special test pads. 
• Obtaining of information from oxide-coated areas — 
access is possible either through capacitive coupling to 
the oxide surface or through the formation of a conduc-
tive channel between the node and the oxide surface. 
(For the latter procedure higher-energy electrons are 
required, which may cause radiation damage.) 
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There are, however, some disadvantages of the elec-
tron-beam probe. They are: 
• The need for a repetitive signal—because of the lim-
ited bandwidth and the unfavorable signal-to-noise ratio 
of the secondary electrons, stroboscopic or sampling 
techniques have to be applied, which make it impossible 
to measure nonrecurring, quickly executed processes. 
• Measurement of ac signals only. 
• No commercial availability—the setup for the elec-
tron-beam probe is considerably more sophisticated and 
more expensive than a mechanical probe because it has 
to be specially developed in the laboratories. 
• No possible impressing of voltages or clock signals on 
the circuit—in contrast to the mechanical probe, the 
electron probe can be used only for measuring. 

Sampling a microscope 

In electron-beam probing, an lc is mounted in the 
evacuated specimen chamber of a scanning electron 
microscope and excited by a drive unit (Fig. 1). To make 
a measurement, the primary electron beam generated in 
the electron gun is focused on the surface of the lc by a 
lens system. 
Scan coils position the electron beam on each mea-

surement point. The low-energy secondary electrons 
released there hit a collector to which a high positive 
voltage is applied. The resulting amplified signal is then 
displayed on a cathode-ray tube. For high-frequency 
measurements (above 100 kilohertz), the electron optical 
column is equipped with a blanking capacitor driven by a 
timing unit synchronized with the ic's clock signal. 

Building equipment 

Sampling electron microscopes are assembled in labo-
ratories by modifying scanning electron microscopes. 
The special features, shown in Fig. 1, are: a blanking 
capacitor, timing unit, lc drive unit, and signal process-
ing and display. Not included is the secondary-electron 
spectrometer necessary for waveform measurement. 

3. Logically mapped. In logic-state mapping, the primary electron beam scans a line (a). After each scan, the phase is shifted. The dock 

signals are shown in (b). A logic state mapping of the loop is shown in (c), where dark bars are logic is and light bars are logic Os. 

E-beam probing on the rise 

Siemens is not alone in its interest in electron-beam 
probing. Work along these lines is proceeding at many 
large electronics firms. Additionally, the first piece of 
commercial equipment for converting a scanning elec-
tron microscope into a sampled electron-beam prober 
has just recently been put on the market by Lintech 
Instruments Ltd. of Cambridge, England [Electronics, 
June 30, 1981, p. 73]. Perkin-Elmer ETEC Inc., Hay-
ward, Calif., is also developing a complete SEM-based 
contactless prober for the commercial market. 
The importance with which the new technique is 

viewed is evident from the many published technical 
papers and by a recent VHSIC award to Hughes 
Research Laboratories in Malibu, Calif. For example, at 
the 16th Symposium on Electron, Ion and Photon 
Beam Technology held in May 1981 in Dallas, papers 
on the subject were given by the Massachusetts Insti-
tute of Technology's Lincoln Laboratory, IBM Corp.'s 
Thomas J. Watson Research Center, and Hitachi Ltd. 

Finally, Hughes has been given a Phase Ill contract 
under the Department of Defense's Very High-Speed 
Integrated Circuits program to develop a laboratory 
scanning-electron-microscope voltage-probing system 
capable of making measurements on the nodes of 
VHSIC-type microcircuits. -Jerry Lyman 

A touchy point in electron-beam probing is the effects 
such as reflections, cross talk, and stray capacitance 
caused by long leads. To overcome this, Siemens has 
implemented two solutions: a specimen chamber with a 
large area and a minichamber. 
The bigger specimen chamber is 33 centimeters in 

diameter, large enough to accommodate a wafer prober 
to test either chips on 3-inch wafers or a packaged lc 
with 64 external pins plus accompanying drivers, which 
drive the signals on the more-than- 1 -meter-long leads. 
The minichamber reduces the length of the leads into 
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4. Timing diagram. In the course of generating a logic-state timing diagram, the electron beam jumps from interconnection to interconnection 

(a). Applied clock signals are displayed at left in (b), and (c) represents scanned data as it is displayed on a logic analyzer. 

the vacuum to a matter of just a few millimeters: the 
door of the specimen chamber contains a socket as a 
vacuum feedthrough. On the vacuum side is the pack-
aged lc; on the air side are the external pins. To make 
the latter easily accessible, the electron optical column 
was rotated by 1800 so that the beam is made to strike 
the lc from below. 

Because of the demand for nonpassivated chips in 
open packages or nonpassivated wafers, electron-beam 
probing is not suitable for mass inspection during pro-
duction. It is more suitable for failure analysis after 
stress treatment — burn-in for example—and for investi-
gating field failures, but it is best suited for design 
verification. It is here that, because of its extraordinary 
performance characteristics, it will acquire a permanent 
place in circuit development laboratories. 

Voltage contrast 

Electron-beam probing depends on the phenomenon 
known as voltage contrast, which capitalizes on the fact 
that the maximum of the energy distribution of second-
ary electrons occurs at a few electronvolts, making the 
electrons highly sensitive to electrostatic fields. 

Because of the high collector voltage (300 volts) in the 
setup of Fig. 1, almost all secondary electrons released 
from a grounded test specimen are collected. If, however, 
the test specimen is a biased ic, its differing voltages 
build up strong electrostatic fields on its surface. These 
fields are superimposed on the collector field and may 
completely nullify its effect. 

Figure 2 gives a schematic of the potential distribution 
above 5-um-wide interconnections. Secondary electrons 
from grounded interconnections "see" an extraction 
fierd, which speeds them up on their way to the collector. 
But the secondary electrons from the interconnection 
with a voltage of + 5 v have to pass through a retarding 
field, which forces most of them back onto the intercon-
nection. The collector thus receives fewer secondary 
electrons from the interconnection with a 5-v potential, 

as a result of which this interconnection is displayed as 
being darker than one at ground potential. 

Voltage contrast is nonlinear because of the nonlinear 
characteristics of electrostatic fields, and it can be 
affected by voltage changes in adjacent interconnections. 
It is therefore unsuitable for the quantitative measure-
ment of voltage. However, logic states may be repre-
sented with very good contrast, the 0 being light and the 
1 being dark. 

Display of digital signals 

In the analysis of ics, it is important to know both 
when and how logic states change, as well as voltage 
behavior with time. For these measurements, Siemens 
has applied three techniques: two for representing digital 
signals—logic-state mapping and the logic-state timing 
diagram—and one for measuring the waveform mode, 
which does not use voltage contrast. The first two tech-
niques were specially developed for analyzing micropro-
cessors and microcomputers. 

For logic-state mapping, the pulsed electron beam 
scans in the Y direction across the interconnections (only 
two of which are shown in Fig. 3a). When the electron 
beam has reached the end of the line sean, it jumps back 
to the beginning and the process begins again. While the 
pulsed electron probe on the ic always scans the same 
path in the Y direction, the electron beam on the screen 
of the sampling electron microscope scans the screen line 
by line so that a two-dimensional micrograph emerges. 

Simultaneously with the line feed in the Y direction, 
the (t. phase of the electron pulses is continuously shifted 
in accordance with the sampling principle. As the phase 
range along the X direction of the micrograph is freely 
selectable, it is possible to present either the entire signal 
loop or selected parts of it in a logic-state mapping. 
Figure 3b gives a schematic of the clock signals, which 
are applied to the two interconnections, while Fig. 3c 
shows the corresponding logic-state mapping, indicating 
the Is as dark areas and the Os as light bars. 
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5. Voltage measurement. To make an 

actual voltage measurement, a secondary 

electron spectrometer is added on to the 

sampling electron microscope. The spec-

trometer extracts secondary electrons emit-

ted by the IC, slows them in a retarding field, 

and then deflects them to the collector. 

SECONDARY 
ELECTRON 
SPECTROMETER 

SPECIMEN 

For a comparison with the logic design, it is useful to 
be able to present the information contained in the 
logic-state mapping in the form of a timing diagram. 
This can be accomplished with an electron probe and a 
logic analyzer. 
The pulsed electron probe jumps from one chosen 

interconnection to another (Fig. 4a). Its dwell time on 
the interconnections is chosen in such a way that it is 
possible to clearly differentiate between 0 and 1 levels. 
When the electron probe has reached the last intercon-
nection, it jumps to the starting point again, its q5 phase 
being shifted by an adjustable discrete value. 
The process is repeated until either the entire signal 

loop or simply certain desired parts of it have been 
measured and presented in a logic-state diagram. Figure 
4b shows the clocks applied to the interconnections, and 
Fig. 4c shows a logic-state diagram that has been gener-
ated with the electron probe and displayed on the screen 
of a conventional logic analyzer. 

Voltage measurement 

For waveform measurement of analog signals, the 
electron probe is directed to a fixed measurement point 
on an IC. As in the case of the voltage contrast, second-
ary electrons are used for the voltage measurement. This 
method takes advantage of the physical effect that a 
change of voltage at the measurement point, AVepeeunen, 
shifts the energy distribution of the released secondary 
electrons by e.beVenee,men. A change in voltage can thus be 
determined with the aid of an electron spectrometer on 
the basis of the energy of the secondary electrons. 

PRIMARY ELECTRONS 

SECONDARY 
ELECTRONS 

AVSPECIMEN = AVRETARDING 

FEEDBACK LOOP 

EXTRACTION GRID 

The electron spectrometer (Fig. 5) used for this pur-
pose fits underneath the lenses of Fig. 1. This unit 
removes the secondary electrons from the surface of the 
lc with a strong extraction field and slows them down in 
a retarding field through which only high-energy second-
ary electrons can pass. 
Then these electrons are deflected to the collector 

where they control the retarding field grid via a feedback 
loop in such a way that the number of them allowed to 
pass through that field is always kept constant. A tiVenee ,. 
men change in voltage at the measurement point that 
would result in a change of the secondary-electron cur-
rent at the collector is counteracted by the feedback loop 
by means of a similar AN/regard, at the grid: AV5p.... = 
AV.tarding. Because of the linear relationship between grid 
voltage and specimen voltage, the grid voltage thus 
represents the voltage to be measured. 

Like a scope 

In order to achieve a bandwidth sufficiently high to 
match those of VLSI circuits, the voltage measurement 
setup has to function much as a sampling oscilloscope. In 
such an oscilloscope, a diode circuit controlled by a 
timing unit sets a time window into a high-frequency 
signal. Amplification of the signal samples that are then 
gathered within the window can be performed by an 
amplifier with limited bandwidth. 

In electron-probe sampling, short primary electron 
pulses take over the function of the electronic time 
window. The pulses are generated in a blanking capaci-
tor, which, driven by the timing unit, pulses the beam in 
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6. Time resolution. Measurement of the delay times between the 

application of the address to the pad and the selection of the word 

line in the memory area of a 4-K-by-1 ECL memory demonstrates 

that the electron probe can resolve fine time intervals. 

7. Spatial resolution. Spatial resolution is dependent on a number 

of parameters such as type of electron-gun filament, beam current, 

voltage resolution, and measurement time. With nomographs (a) and 

(b), a graphical solution for the measurement of time is possible. 

such a way that it strikes the measurement point only in 
a defined phase of the applied signal. The secondary 
electrons released at that phase can then be amplified by 
a feedback-loop amplifier with limited bandwidth. Shift-
ing the defined phase makes it possible to completely 
sample a waveform. 

Five applications 

The performance of the various features of the three 
new electron-beam probing techniques are apparent in 
the following five practical examples, chosen to demon-
strate the possibilities of applying them to various cir-
cuits and process. The first three applications deal with 
waveform charting on memories, and the others show the 
logic checks possible on a microprocessor. 
A charge-coupled-device memory circuit, where the 

shift between 0 and 1 levels is brought about by only 
150,000 electrons, demonstrates the nonloading charac-
teristic of the electron-beam probe. The input of the 
ccD's amplifier is used for sensing the information 
stored in the memory array. This amplifier has an input 
capacitance of only 60 femtofarads. The capacitance and 
current loading at this point are so low that it would be 
quite impossible to use a mechanical probe with its large 
stray capacitance. 
The sense signal measured by the electron-beam probe 

between 0 and 1 is 400 millivolts. A prerequisite for this 
measurement is the precise adjustment of the charge 
balance between primary and secondary electrons by 
varying the energy of the primary electrons; in this case 
the energy is 3.1 key. 
A second example illustrates the ability of the elec-

tron-beam probe to resolve small time differences. The 
wave shape illustrated in Fig. 6 shows that the time 
differences between the application of an address to the 
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8. Sense voltage. Measurement of the 90-to-100-mV sense signal of 

a dynamic 64-K MOS RAM illustrates the voltage resolution of a 

sampled electron-beam probe. It is possible to read a voltage resolu-

tion as low as 10 to 20 mV with this type of equipment. 

pad and selection of the word line is 5 nanoseconds in a 
4-K-by 1-bit emitter-coupled-logic memory. The delays 
of the switch positions in between can be checked and 
resolved with an accuracy of ± 0.1 ns. Signal waveforms 
can be sampled with electron pulses at least 0.3 ns wide, 
so that edges with rise and fall times of 1.5 ns can be 
precisely displayed. 

Spatial resolution 

Spatial resolution (the resolution of the window or 
phase parameter in sampling) and time and voltage 
resolution are all interrelated. Unfortunately, there is no 
easy way of indicating the spatial resolution. The param-
eters that determine this value, namely line width, beam 
current, voltage resolution, and measurement time are 
graphically related in the nomograph of Fig. 7. 

Proceeding from the width of the interconnections 
(the abscissa in Fig. 7a), it is possible to determine probe 
current for three different types of electron-gun fila-
ment: tungsten, lanthanum hexaboride, and field-emis-
sion. This current value is transferred to Fig. 7b, taking 
into account the duty cycle of the sampling mode, and it 
is then possible to read measuring time t, for a phase 
point i from this diagram. 
The total time for the recording of the waveform is the 

product of the number of phase points times the measur-
ing time t,. The overall measuring time for the example 
shown in Fig. 7 is given by the following: for a line width 
of 4 gm, using a tungsten filament, with an average 
probe current of 100 picoamperes at an operating fre-
quency of 2 megahertz and for a 5-ns pulse width, t =1 
second for V = 10 mv. For sampling at 1-ns intervals, 
the overall measuring time works out at 40 s for the 
40-ns time range. 
The voltage resolution capability of the sampling elec-

tron-beam probe is illustrated in Fig. 8, which shows a 
measurement of the sense signal of a dynamic 64-K 
random-access memory. The two middle curves show the 
signal of a dummy cell for 1 and 0 levels, which serves as 
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9. Bus stop. A sampled—electron-beam probing of an 8085s data 

bus during a short program loop produced this logic state diagram cf 

all signals on the bus during the execution 01 an add instruction for 

two operands. Clock signals are shown for reference. 

reference signal for sensing. The sense signal is deter-
mined by the differences between bit line and dummy 
line signals and is 90 or 100 mv. 

It is possible to read a voltage resolution of 10 to 20 
mv from the signal-to-noise ratio. The smallest change 
of voltage that it is possible to establish with this signal 
procedure is 1 mv, but that result was obtained with a 
test device. 
A logic-state diagram of the internal data bus of an 

8085 microprocessor shows how mu1tiple signals gener-
ated by sampled electron-beam scanning can be dis-
played by a logic analyzer. The bus interconnects the 
majority of the individual modules of the microprocessor 
and transmits data between registers. 

Data busing 

The logic state diagram of Fig. 9 shows what is 
happening on the bus during the execution of a short 
program loop. The loop consists of the addition of two 
operands (01 16 + FF16 = 0016+ carry). The two internal 
clock signals are also shown on the diagram for the sake 
of easy reference. 

It should be reemphasized that the electron beam's 
jumping from line to line at each phase point and repeat-
ing this process at the other phase points produces volt-
age-contrast signals that are weighted, stored, and trans-
ferred into the logic analyzer. The dwell time on a line to 
a phase point is currently at least 2 milliseconds, which 
means a recording time of 1 s for 50 different phases and 
10 lines. 

Function modules 

The utility of logic-state mapping is exemplified in an 
application involving the contents of the registers of the 
8085 microprocessor. Figure 10a shows the mapping of 
the temporary register for a short program loop to which 
the two operands 55,6 and 99,6 are added. From this 
display, it is easy to see when the operands are trans-
ferred to the register and when the jump address 08 02 
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10. Function modules. A logic state mapping (a) shows how register contents change of a 8085 during the same loop as in Fig. 9. A 

stroboscopic voltage-contrast micrograph (b) of registers A and B shows nodes under a layer of oxide. 

for the return to the start of the program appears there. 
A second example of logic-state mapping is shown in 

Fig. 10b. Displayed here are the contents of three regis-
ters B, H, and D, whose flip-flops are covered with oxide 
and are therefore not readily visible in voltage contrast. 

Scanning the electron beam with 2.5-key primary 
energy charges the oxide positively until impinging and 
emitted electrons attain equilibrium. If the logic state of 
the node now changes from 1 to 0 under oxide, then the 

oxide is recharged at this position and shows up light on 
the display. Further scanning reestablishes equilibrium, 
and the voltage contrast disappears. 
To map the register contents despite this, the 4, phase 

is kept at a constant value while the data is changed. A 
particular bit pattern and the pattern FF are entered 
alternately into the registers. The stroboscope voltage 
contrast of Fig. 10b shows that registers B, H, and D are 
loaded with constants 66,6, 99,6, and 66,6, respectively. El 
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TDRs profile impedances 
of backplanes and pc boards 

A simple program lets the time-honored technique of 

time-domain reflectometry be applied to digital design problems 

by Norman D. Megill, Production Services Corp., Waltham, Mass. 

111 Time-domain reflectometry has long been an invalu-
able method of determining the impedance and integrity 
of uniform cable lengths. Now with a new algorithm, the 
method can characterize nonuniform communication 
paths, such as those found in high-speed backplanes and 
printed-circuit boards. To apply this algorithm in the 
form of a subroutine, only a time-domain reflectometer 
and a desktop computer are needed (Fig. 1). 
A time-domain reflectometer (TDR) is a sampling 

oscilloscope with a built-in or plug-in step generator. The 
generator injects a step with a very short rise time—on 
the order of 50 picoseconds—into the cable being tested 
through an internal resistor. The resistor is usually 50 
ohms and is the TDR'S characteristic impedance, Zo. 
The waveform at the junction of the resistor and the 

cable being tested is monitored and displayed by the 
sampling oscilloscope. This 
waveform is the initial step 
plus any reflections that are 
created by discontinuities in 
the cable. To make it easier 
to interpret, the TDR screen 
is calibrated vertically in a 
nondimensional unit called 
a reflection coefficient (p) 
and horizontally in feet or 
meters. 
The vertical scale's reflec-

tion coefficient is a variable 
that relates the reflected 
voltage sensed at the cable-
TDR junction to a scale 
equaling +1 for an open 
circuit and — 1 for a short 
circuit. A 50-9 cable with-
out breaks or shorts pro-
duces a p of 0. In general, 
the impedance, Z of a cable 
is given by the equation: 

Z = Zo(1 +p)/(1 — p) 

For the horizontal scale, 
the period of time between 
the launching of the pulse 
into the cable and the sens-
ing of a reflection is mea-

sured. Since this value when halved is proportional to the 
distance to the point in the cable from which the reflec-
tion originates, the horizontal scale can be calibrated in 
meters or feet. 
The time it takes the waveform to propagate in one 

direction, referred to as the propagation delay, is typi-
cally between 1.5 and 2.0 nanoseconds/ft, depending on 
the cable's dielectric. Usually, a switch selects the cor-
rect delay factor. 

Providing computer control for the TDR to examine 
the waveform is quite easy. Because they use sampling 
techniques, most TDRS have a port through which the 
time of the sample, which corresponds to the horizontal 
(distance) scale, can be triggered. The corresponding 
vertical displacement is then supplied as a voltage on a 
TDR auxiliary output. Thus, a computer can control the 

sample time by driving 
a digital-to-analog 
converter and can ob-
tain sample results 
through an analog-to-
digital converter. 
Samples thus obtained 
can be used to calcu-
late the path's imped-
ance by using an im-
pedance subroutine 
(shown on p. 114). 
This subroutine, 

which is written in 
Basic, may be includ-
ed in an overall pro-
gram automating the 
entire measurement 

TIME-DOMAIN REFLECTOMETER 

SAMPLING OSCILLOSCOPE 

X = 0 

p.+1 

p=0 

p- 1 

RORI-
ZONTAL 
INPUT 

VERT-
ICAL 
OUTPUT 
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STEP 
GENERATOR 

X =0 

DIGITAL-TO-
ANALOG 
CONVERTER Î

ANALOG-TO-DIGITAL 
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UNKNOWN 
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1. Computerized TDR. In-

terfacing a desktop com-

puter with a time-domain 

reflectometer creates a 

measurement system for 

profiling nonuniform imped-

ance paths. By controlling 

the TDR's sampling opera-

tion through a d-a convert-

er, the CPU obtains data 

for the profiling program. 
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Line 

IMPEDANCE SYNTHESIS SUBROUTINE USED BY TIME-DOMAIN REFLECTOMETER 

Statement Comments 

10260 
10270 
10280 
10290 
10300 
10310 
10320 
10330 
10340 
10350 
10360 
10370 
10380 
10390 
10400 
10410 
10420 
10430 

10440 
10450 
10460 
10470 
10480 
10490 
10500 
10510 
10520 
10530 
10540 
10550 
10560 

DIM R1200), Z(200) 
F=1 
A=1 
Z(1)=R(1) 
FOR 1=-2 TO N 

D=R111—R(1-1) 
R(0)=0 
R(I-1)=0 
FOR J=I -1 TO 1 STEP —1 

B=R(J-1) 
C=(B—R(J)).Z(J) 
R(J-1)=R(J)+C 
R(J)=B+C 

NEXTJ 
A=A—A*Z(1-1) -'2 
Z(1)=(D— R(0))/A 
IF Z(1)"2<1 THEN 10440 
PRINT "WARNING: SYNTHESIZED CABLE 

IS PHYSICIALLY UNREALIZABLE" 
F=F+F.Z(1-1) 
C=Z111•F 
FOR J=I —1 TO 1 STEP —1 

B=C*Z(J) 
R(J)=R(J)—B 
C=C—B 

NEXTJ 
NEXT I 
Z(0)=Z0 
FOR 1=1 TO N 

Z(I)=Z(1-1)*(1+Z(I))/(1—Z(I)) 
NEXT 1 
RETURN 

input array R( I is destroyed 
initialize comulative forward attenuation 
initialize cumulative roundl-trip attenuation 
reflection coefficient at junction of TDR and cable 

voltage change observed at TDR 
inject forward wave of 0 after TDR step 
assume no backward reflection from segment 1 

temporary variable 
temporary variable 
compute incomplete backward wave 
compute incomplete forward wave 

update cumulative round-trip attenuation 
compute new reflection coefficient 

update cumulative forward attenuation 
- backward wave on cable segment 1-1 

temporary variable 
correct incomplete forward wave 
attenuate correction term 

TDR impedance 
convert reflection coefficient to ohms 

PROGRAM INPUTS: Z(0) — the impedance of the TDR system in ohms; N — the number of measure points in the TDR waveform; R(1) through RIN) — the 
value of each point in units of rho 

PROGRAM OUTPUT: Z(1) through Z(N) — the impedance of each segment in ohms (distance to each segment is the same as that to each 13) I as shown on TDR) 

procedure. It computes the equivalent transmission line 
needed to generate the displayed waveform on the TDR. 

For the subroutine, the TDR waveform should be sam-
pled in uniform horizontal intervals to obtain N discrete 
values, RI through RN. Sample RI is taken just after the 
initial TDR step. To calculate the impedances, the sub-
routine also needs the value of the TDR'S characteristic 
impedance. 

Some assumptions 

The subroutine uses an algorithm (see "The synthesis 
algorithm," p. 115) that assumes the transmission path 
may be represented as N small, uniform segments of 
ideal transmission lines with identical lengths and propa-
gation velocities. Using these samples, it measures the 
impedances of segments Z1 through Zhi, with the dis-
tance from the TDR to each segment corresponding to 
the distance shown for the corresponding sample on the 
screen. While the distance to each segment from the TDR 
input point is not required to calculate the impedance, 
these distances can be measured and stored in the com-
puter using a calibration routine, so that impedance-
distance plots can be automatically generated. 

However, for the plots to have a valid meaning, care 
must be taken that the data fed to the algorithm is 
precise. The synthesis of complex cable structures can be 
very sensitive to small variations in p, particularly near 
the end of the TDR waveform, when most reflections 
have been greatly attenuated. Therefore, for accurate 
profile synthesis, the computer-TDR system must be cali-
brated before being used and the sample-gathering 
routine must be written so as to ensure the samples it 
provides to the computer truly reflect the TDR data. 

So that system errors in samples can be corrected 
before they are used in the synthesis subroutine, the 
computer should acquire three reference waveforms: 
open-circuit, short-circuit, and 5042 terminations. Preci-
sion short-circuit and 5041 terminations are usually 
available from the TDR manufacturer; open-circuit mea-
surements are made by not connecting anything to the 
TDR input. 
The open- and short-circuit measurements supply the 

computer with digital values representing the full-scale 
values of p = — 1, = + 1. When samples are taken, 
these digitized values are compared to the scale and are 
then converted into units of p. When a 50-St termination 
measurement is taken, the digital values obtained should 
be subtracted from the corresponding sample values for 
the tested line before conversion into units of p. This will 
help compensate for drops that may occur in the output 
of TDR'S step generator. 
The so-n termination measurement should also be 

used to determine at precisely what time the first sample 
is taken by the sample-gathering routine. That routine 
should take the first sample as soon as possible after the 
initial rise, but only after the waveform has settled. 

Noise filter needed 

Whenever measurements are taken, the TDR'S noise 
filter should be used. Results can be further improved if 
several sets of readings are taken and averaged. 

Settling time is slower if the noise filter is engaged, 
and the sampling subroutine must take this into account. 
However, the subroutine should be designed so the TDR'S 
vertical output has sufficient settling time after each 
horizontal sample value is given to the TDR. 
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The synthesis algorithm 

The synthesis-routine algorithm was developed with the 
aid of a lattice diagram (shown below). The diagram 
represents the propagation of the time-domain reflecto-
meter's step voltage down the transmission line and the 
forward and backward reflections generated by it. 
The impedance of any line segment and the effects of 

both backward and forward reflections must be consid-
ered in the algorithm. The reflections affect the measured 
value of p and thus must be accounted for before p is used 
to calculate the actual impedance of a segment. 
Once the impedances of any two cable segments, Z, 

and Z.1, have been computed, the backward and forward 
reflections resulting from the junction between them can 
be calculated. Using the forward wave generated by the 
preceding junction of Z,2 and Z,., (f,.1) and the backward 
wave generated by Z, and Z,.,(b.), the following equations 
yield the new waves: 

b,., = (1 - = - b,) (1) 
f, = (1 -p,)f,., = +p,(ti (2) 

where: 

P, = (Z,-Z,.,)/(Z,+1+1) 
(3) 

At a TDR observation point r,, the cable structure can be 
determined only up through segment Z,, because the initial 
TDR step must make a trip to segment Z, and back to 
convey information about it. The history of the cable 
waves, not their current state, is known. In the figure, all 
forward and backward waves are known at and above the 
lattice diagonal leading from A to B. Waves below the 
diagonal are unknown. 

Consider the observation at point A. A new backward 
wave of amplitude r5 - r4 comes from the cable and is 
superimposed on the TDR waveform. At this point, reflec-
tion coefficients p, through 4 are known; po is to be 
determined. A description of the procedure follows, using 
iteration i = 5 as an example. 
O Compute r5- r4 and save it for later use. 
D Inject a forward wave fo = O. 

Assume that po = 0 (that is b4 = 0) and compute 
incomplete backward and forward waves b3, f4, b2, f3, bl, 

TIME 

i = 5 

 » DISTANCE 

i = 1 r1 

i = 2 r2-r1 

i = 3 r3—r2 

= 4 r4—r3 

= r5—r4 

Pi Z1 P2 

UNKNOWN CABLE 

f2, bo, and fi in that order. (The waves are called incom-
plete because they do not account for any reflection from 
segment Z5.) Each wave is calculated from the two waves 
just above it (just previous to it in time), using equations 1, 
2, and 3. By computing b, and f, in this zigzag order down 
the lattice diagram diagonal, the same array can be used 
to store both of them since only bo and f , through f4 will be 
needed later on; b, is destroyed when f, is computed. 
D At this point, the incomplete backward wave bo is not 
equal to the observed TDR voltage increment r5 - r4, since 
the contribution of the reflection from cable segment Z5 
has been omitted. The difference between the two is: 

(r4-r5)-bo = (forward attenuation) x (reflection at 
Z5) x (backward attenuation) 

4 
= (1 +plps[fl (1 — p5H (1-p,2) 

1=1 

Solving for po yields: 

po = [(r4 - r5 - bo) ñ (1 -pi2)] 
/ 1=1 

Now that p5 is known, the true b4 can be calculated: 

= psfl (1 +PI) 
,= 

The forward waves f1 through f4 are still incomplete (that 
is, they assume b4 = 0). They must be correct for use in 
the next main-loop iteration. The correction term to be 
added to each f, is the attenuated b4 after it travels back 
through four j segments and reflects onto the forward 
segment j: 

4 

f(true) = f,(incomplete) + (1-pl(-p,) 
=0-1 

for j = 1, 2, 3, 4; for j = 4, 11(1 -pk) = 1. 
After these calculations are done for all segments, the 
reflection coefficients p, at cable segment junctions are 
used to compute impedances Z, of the segments: 

Z, = Z,.,(1 + p,)/ (1- p,), i = 1, 2, . . . N 

where Zo is the TDR's characteristic impedance. 

Z2 PO Z3 p 4  Z4 p 5  Z5 Po Z6 Zi 
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2. Elusive. The correlation between the TDR waveform and the impedance profile is not easy to visualize. In the graphs above, hypothetical 

TDR waveforms are shown as a dashed line with their scales at left, while corresponding impedance profiles are overlaid in color with their 

scales at right. In (a), a simple TDR waveform produces a complex transmission path profile, while in (b) just the opposite is true. 

Even with highly accurate data, the synthesis subrou-
tine has its limitations. Its algorithm computes the equiv-
alent impedances of small ideal transmission line seg-
ments. Various factors—high frequency losses, induc-
tance and capacitance, variations in propagation veloci-
ties, step rise time—can distort the correspondence 
between the real test cable and the synthesized one. 

The effects of these factors can best be determined by 
experimentation. One useful technique is to terminate a 
cable with a fixed resistor and observe how well that 
resistor is modeled, particularly at its junction with the 
cable. The terminating resistor should appear on the TDR 
as an infinite transmission line with an impedance equal 
to the value of the resistor. Another technique is to 
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3. Cause and effect. The transmission line 

shown at the top was measured with the 

TDR-computer system, producing the im-

pedance profile seen below it. Note that the 

terminating 10-O resistor appears in the pro-

file as an infinitely long and fairly uniform 

10-fl transmission line, a typical result for 

such a termination. 

Line 

VVAVEFORM -SYNTHESIS ROUTINE USED BY TIME DOMAIN RE F LECTOMETER 

Statement Comments 

12260 
12270 
12280 
12290 
12300 
12310 
12320 
12330 
12340 
12350 
12360 
12370 
12380 
12390 
12400 
12410 
12420 
12430 
12440 

DIM R(200), Z(200), W(2001 
Z(0)=Z0 
FOR 1,--N TO 1 STEP —1 

Z(1)=1Z111—Z(1-1))/(Z(1)+Z(1 - 1)) 
NEXT I 
R(1)=Z(1) 
W(1)=1+Z(11 
FOR 1=2 TO N 

W(0)=0 
W(I)=0 
FOR J=I TO 1 STEP —1 

B=W1.1-1) 
C=(13—W(J)).Z(J) 
W(..1-1)=WIJI+C 
W(J)=B+C 

NEXT J 
13(1)=R (I-1 )+W(0) 

NEXT I 
RETURN 

input array Z( I is destroyed 
TDR impedance 
convert ohms to reflection coefficient 

first voltage at junction of TOR and cable 
first forward wave on cable segment 1 

inject forward wave of 0 after TDR step 
initialize backward wave on new segment I 

temporary variable 
temporary variable 
compute backward wave along lattice diagonal 
compute forward wave along lattice diagonal 

add backward wave to get new TDR voltage 

PROGRAM INPUTS: Z(0) — the impedance of the TDR system in ohms; N — the number o points in the impedance profile; Z(1) through ZIN) — the impedance 
in ohms at each point in the profile 

PROGRAM OUTPUT: 11(1) through RIN) — points on the TDR waveform (distance to each point is the same as the distance to each corresponding impedance in the profile) 

measure the impedance of the cable from both ends and 
compare the results. 
The algorithm assumes that all cable segments have a 

finite, positive impedance. However, in some cases where 
components other than transmission lines are part of the 
transmission path, it is not possible for the subroutine to 
synthesize the impedance profile because a negative 
impedance is required. In this instance, the synthesis 
subroutine Shown previously will print out a warning 
message. 

If the cable has a short or open circuit, a divide-
by-zero could occur at line 10410 of the subroutine; in 
practice, measurement and round-off errors will usuatly 
prevent this from occurring. Even if a divide-by-zero 
does not occur, all synthesized impedances after the 
short or open will be meaningless. More sophisticated 
error traps for these conditions can be added to the 
subroutine. 

The relationship between the TDR waveform and the 
synthesized impedance profile is frequently not obvious 
and cannot be easily obtained by inspection. A simple 
TDR waveform may result in a complex profile and vice 
versa. Figure 2 demonstrates this fact. 

Real output 

In Fig. 3, the results of TDR measurement and the 
synthesized impedance profile are compared to the test 
transmission line. The large inductance at the ends of the 
5041 cable, combined with the poor high-frequency 
response of the twisted wire pair, tends to blur the 
junction at the terminating 1041 resistor. 

It is also possible to predict the TDR waveform when 
the impedance profile of a line is already known. Thus, 
the TDR waveform synthesis routine (shown above) 
allows experimentation with different impedance pro-
files. El 
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Digital signal processing 
hits stride with 64-bit correlator IC 
Chip generates 7-bit output for error-correction, data synchronization, 

and other auto- and cross-correlation tasks at 15-MHz clip 

by John Eldon, TRW Inc., LS! Products Division, San Diego, Calif. 

III Correlation, or the comparison of two signals to deter-
mine their similarity, has become yet another signal-
processing function whose design has been simplified by 
very large-scale integration. The TDC1023J monolithic 
digital correlator compares two 64-bit words bit by bit 
and produces a 7-bit digital output that indicates the 
number of bits in agreement. 

Design engineers will find that this digital-output, 
one-chip version of a classic, multicomponent circuit can 
be used in most cross- and auto-correlation applications 
(see "The fundamentals of correlation," below). These 
include error correction for computers and their periph-
erals and interference reduction in communication sys-
tems; pattern recognition for image processing; bit, 
word, and frame synchronization for telemetry, video, 
and computer systems; and time-delay measurements for 
instrumentation, radar, and sonar systems. In other 
words, code correction, data synchronization, and time-

delay measurements are major uses for the 24-pin, bipo-
lar 1023J, which is capable of a correlation rate of over 
15 megahertz—a speed that is adequate for many cross-
and auto-correlation applications. 
The simplest correlation process performed is illus-

trated in Fig. la, where an 8-bit reference word is 
correlated with an incoming signal. The reference word, 
stored in a register, is compared with the incoming signal 
at each clock time. For each clock pulse, the number of 
agreeing bits is shown in decimal and binary notation 
(Fig. 1 b). Maximum correlation occurs when all 8 refer-
ence bits match the respective incoming signal bits. As 
illustrated, correlation can be performed between two 
real-time signals, two stored signals, or one real-time and 
one stored signal, as the application requires. 
The simplest implementation of digital correlation 

employs one serial-in, parallel-out shift register to store 
the reference signal and a similar shift register to accept 

The fundamentals of correlation 

Correlation of a stored and an incoming signal involves 
three basic operations: time shifting (delay), multiplica-
tion, and integration (summation). The shifting is per-
formed first, followed by the multiplication and finally by 
the integration steps. 

Multiplying the stored and incoming signals satisfies the 
logical definition that the correlation value should be + 1 
whenever the waveforms are identical. A positive correla-
tion results from two signals of like sign, whereas a nega-
tive correlation occurs for signals of opposite sign. 

Performing an integration after multiplication averages 
the product and aids in rejecting any noise that enters the 
correlator on the incoming signal. The closer the integra-
tion time is to the total time period of the signal, the 
greater the accuracy of the final average will be and the 
better the noise rejection. 

Mathematically, correlation between two functions x(t) 
and y(t) is given by: 

1 f (4-172) 

R12(r) = hm Vi(t)•\/20 +r)dt 
T— (-1/2) (-1/2) 

Here, R12(r) refers to the correlation between two signals 
Vi(t) and V2(t) with relative time offset, r, which is deter-
mined by multiplying VI(t) by V2(t + r) and then taking the 
integral of the product. If both VI(t) and V2(t+r) are 

periodic with common period To, the expression becomes: 

(+1/2) 
R12 (r) = f Vi(t)•V2(t+r)dt 

-L/21 

Correlator applications can employ either cross-correla-
tion or autocorrelation techniques. Cross-correlation is a 
bit-by-bit comparison between two real-time, delayed, or 
stored sequences. In contrast, in autocorrelation, one of 
the sequences is a time-delayed, exact replica of the other 
sequence. 

Cross-correlation applications include the detection of 
differences (errors) between two data sequences and the 
determination of the time delay between two similar sig-
nals such as radar transmission and its returning reflec-
tion. Moreover, they also enable the multiplexing of data 
among several users, recognition of specified patterns in a 
data stream, and synchronization of a decoding process 
with an incoming data stream. 

Autocorrelation is most useful in identifying periodicities 
within a data stream and as a time-domain alternative to 
spectral analysis and the associated time-domain-fre-
quency-domain transformations. It can also be used to 
extract a periodic signal from its random noise back-
ground, since the signal correlates well with itself, but 
poorly with the random interference. 
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CLOCK 

DATA 
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1. Bit by bit. In a correlation circuit, corresponding bits of a reference word and an incoming signal are compared to determine which are in 

agreement (a). The number of bits that are in agreement may be indicated by a decimal or a binary output (b). 

the incoming signal (Fig. 2a). The reference word and 
incoming signal are compared by exclusive-NOR gates 
whose inputs are obtained from corresponding bit posi-
tions of the two registers. A logical 1 output from an 
exclusive-NOR gate indicates that both inputs are equal. 
The outputs of all the exclusive-NOR gates are applied to 
a summing network whose 7-bit output indicates the 
number of bits in agreement. 

Either of two summing networks may be employed. 
An analog-output type provides a voltage or current that 
is proportional to the number of bits that correlate. A 
digital summing network, most useful in the applications 
discussed later, provides a binary count of the number of 
bits that correlate. 

Bit by bit 

Correlation is performed in the 1023J by serially 
shifting the reference word into an independently 
clocked 64-bit register (called the B register) and then 
serially shifting the incoming signal into the indepen-
dently clocked 64-bit A register (Fig. 2b). By making 
load R a logical 1, the reference word is copied in 
parallel into the R latch. The user can then load a new 
reference word into the B register while correlation takes 
place between the A register and R latch. 

Bit-by-bit comparisons between the A register and the 
R latch are made by the exclusive-NOR gates, whose 
outputs are applied to a digital summer through enabling 
AND gates. The output of the digital summer is a 7-bit 
binary word representing the number of bit positions in 

the A register and R latch that are in agreement during 
the current A-register clock cycle. Since the digital 
summer is pipelined for the maximum data throughput 
rate, the updated correlation level appears after a delay 
of three summer clock cycles and still permits 15-MHz 
real-time correlation. 
The designer may select bit positions where no com-

parisons are to be made by using the mask register. This 
is done by inserting a 64-bit serial word into the register 
with logical Os in the bit positions indicating no compari-
son. Since the outputs from the register are applied to 
the AND gates that also contain the outputs from the 
exclusive-NOR gates, masked bits are prevented from 
reaching the digital summer. 

Either a true or an inverted binary output can be 
selected from the 1023J using the invert control line and 
seven exclusive-OR gates that receive inputs from the 
digital summer. The gate outputs are then applied to 
seven three-state output buffers controlled by the time-
shifted signal. A logical 1 on the time-shift line disables 
the buffered outputs by placing them in a high imped-
ance state. When the output buffers are enabled and the 
invert signal is a logical 1, the outputs are inverted. 

Establishing a threshold 

If desired, a correlation threshold can be established in 
the 1023J by using the 7-bit independently clocked 
threshold register. To accomplish this, the time-shift 
control line is first used to disable the output buffers. 
Then, output lines Do through D6 are used to load the 
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2. Many parts. Shift registers, exclusive-NOR gates, and a summing network make up the basic correlator (a). Three independently clocked 

64-bit shift registers and one 64-bit latch store and shift data while comparisons are made by 64 exclusive-NOR gates (b). 

desired binary threshold number into the register in 
parallel. Thereafter, the threshold flag will become a 1 
1 when the binary number from the digital summer 
equals or exceeds the number in the register. 
The output of the 1023J, designated S, is the total 

number of agreements between the bits in register A and 
those in latch R, not the number of agreements (positive 
product elements) minus the total number of disagree-
ments. If desired, the statistically rigorous correlation 
coefficient, R, can be computed from S, since R = 
(2S — M)/M, where M (often 64 in practice) is the 
number of bits under comparison, or the number of 
logical 1 s in the masking register. Under this equation, a 

correlator output of S = 32 with M -= 64 bit positions 
enabled actually corresponds to zero (random) correla-
tion between two data sequences. 
When a correlation code longer than 64 bits is 

required, chips may be cascaded in series, as when the 
A., B., and M. lines from each device are connected 
to the corresponding input of the next device. A binary 
adder is used to sum the outputs of the correlators. If a 
threshold flag is required, external integrated-circuit 
equivalents of the threshold register and threshold mag-
nitude comparator must be used. The maximum number 
of correlators that can be added is limited by the loading 
and speed of such external circuits. 
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Error-correction techniques employed in computer 
and communication systems to ensure the error-free 
transmission of data are a major application for the 
1023J. This procedure requires the use of expanded 
codes that contain extra bits beyond those absolutely 
required to convey information. 
The improvements possible with expanded codes can 

be observed by first looking at a maximum-efficiency 
unexpanded code like ordinary binary numbers. In the 
binary system, each code is separated by only 1 bit from 
its neighboring code. Thus, a single 1-bit error trans-
forms one allowable code into another unintended code. 

In coding terminology, the binary system is said to 
exhibit a 1-bit distance between codes and the number of 
tolerable simultaneous errors is zero. For example, if the 
code 1110 is transmitted but 0110 is received, there is no 
way to detect the error. 

Expanding for redundancy 

Expanding a 4-bit binary code into a 7-bit code 
produces a redundant system that can correct single 
errors and detect up to two simultaneous ones. This 
expansion increases the number of possible code combi-
nations from 16 (2°) to 128 (27), but only 16 are valid 
codes. In this case, the true codes can be chosen to differ 
by at least 3 bits from all other correct codes. With this 
distance, each single-error code can be unambiguously 
associated with a particular code. The digital correlator 
is, of course, not limited to this code, and a variety of 
others can be accommodated. 
The 1023J can readily be used in a system that 

employs a 7-bit expanded code. This arrangement 
involves a trial-and-error process wherein the incoming 
signal is compared with the 16 possible correct codes 
that are stored in memory. First, the incoming 7-bit 
signal is loaded into the B register and copied into the R 
latch. Then, the library of correct codes is sequentially 
applied to the A register, which compares each of the 16 
possible correct codes with the incoming signal that is 
stored in the R latch. In this example, a correlation 
threshold of 6 is established in the T register to flag only 
perfect or nearly perfect correlations. The correlation 
flag threshold is set at the user's discretion. 

Going by the clock 

The system can operate at a fixed rate, clocking in a 
new data word after each full cycle through all combina-
tions stored in the memory. Alternatively, the threshold 
flag can also restart the B register clock. In such a 
system, a new data word is clocked in as soon as a high 
correlation is reached, in effect short-cycling the system. 
As described, the system is usable for single-error 

codes. If a relatively high error rate is anticipate'd, an 
even longer code expansion must be employed to increase 
the system's error tolerance. Using a carefully designed 
enhanced code, double-, triple-, or higher-order errors 
can be accurately corrected. In fact, the maximum num-
ber of simultaneous errors that can be corrected will 
always be less than half the distance between codes. 
However, because longer codes necessitate transmitting 
useful information at a slower rate, there is a tradeoff 
between a code's efficiency and its error tolerance. 

Which code is used depends on the application at hand. 
If higher data handling speeds are required in such 

an error-correction scheme, the incoming data stream 
can be applied to two or more correlators. If two correla-
tors are used, each correlates the incoming data segment 
with only half of the possible correct codes contained in 
the memory. When one correlator registers an accept-
ably high level of correlation between the incoming data 
stream and one of the stored correct patterns, it feeds the 
contents of its A register serially to the output. 

Explicit instructions 

If fewer than 64 bits are required by the error-
correction system, the masking register may be used to 
instruct the correlator to ignore the bits where no com-
parison is desired. It is done by masking the first 64 — N 
bits, where N is the number of bits of code. The last N 
bits in the register are then compared with the incoming 
word sample. When a high correlation is obtained, the 
correct signal occupies the last N positions of the A 
register and can be shifted out serially. 

Although test patterns can be read sequentially into 
the A register without any spacing between words, syn-
chronization data must inform the correlator when a new 
word is in position for testing. If this is not done, an 
unsynchronized comparison between an incoming signal 
segment and pieces of two sequentially stored patterns 
could trigger a false agreement. 
The concept of code expansion can also be used to 

reduce the number of errors encountered in a high-noise 
or a high-interference environment. For example, a spe-
cific 64-bit code and its complement can be assigned to 
the binary values 1 and 0, respectively. Then, instead of 
a simple sequence of 1 and 0, a much longer serial 
sequence, consisting of the desired combination of 
expanded codes for 1 and 0, is transmitted. The resulting 
message contains the intended information, plus redun-
dancy that permits detection of errors in the transmis-
sion and reception of the data. 

Error detection is readily accomplished at the receiv-
ing end of a data transmission using only two receiver 
correlators —one holding the code for a 1 and the other 
holding a 0, to reconstruct the intended message. Then, 
whenever an expanded code version of a 1 or 0 is 
received, the appropriate correlator sends a 1 or 0 mes-
sage to the output, where it can be transmitted to the 
remainder of the system. 

Getting into sync 

Synchronization of data frames, words, or bits is 
another common application for correlators. In frame 
synchronization, a correlator identifies the start of each 
new frame, or major group, of information. In word 
synchronization, the beginnings of individual data words 
are detected. In contrast, bit synchronization involves 
aligning individual bits of incoming information with the 
receiver's bit-by-bit clock. 
A system can achieve and maintain frame synchroni-

zation only if the incoming data stream is interrupted 
periodically by a specific start-of-frame pattern. This 
pattern, transmitted at the beginning of each new frame, 
tells the receiver that a new frame will immediately enter 
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3. Synchronization. Frame synchroniiation is accomplished by comparing the pattern embedded in the incoming data stream with the 

pattern loaded in the B register (a). Word sync may be derived from frame sync with a modulo n counter operating at the system's bit rate (b). 

the input register and must be handled accordingly. For 
example, in a video system, the start-of-frame pattern 
tells the receiver to return to the start of its vertical and 
horizontal scan. In a nonvideo application, such as a data 
filing system, the frame synchronization pattern can 
denote the beginning of a new group of data. This might 
be the data file for a particular individual. 

Frame of reference 

In a frame synchronization system, the B register of 
the 1023J is preloaded with the standard synchroniza-
tion pattern, while the incoming data stream is shifted 
through the A register (Fig. 3a). When a frame sync 
pattern embedded in the incoming data stream aligns 
exactly with the stored sync pattern, the correlator's 
threshold flag goes to a logical 1, instructing the receiver 
to start handling a new frame of data. The start-of-
frame pattern must be long and unusual enough to 
prevent false synchronization. However, this means that 
a percentage of the total data stream is unavailable for 
transmitting useful information. 
The receiver-correlator system operates continuously, 

with the correlator producing a flag value of logical 1 as 
it receives each successive frame sync pattern in the 
incoming data stream. The rate at which these high 
outputs are generated is the frame rate of the incoming 
data. As long as its scanning system is reset at this rate, 
the receiver remains synchronized with the incoming 
data and continues to distinguish one frame or group of 
data from the next. 
When presented with a data stream comprising a 

series of individual words, a system must decide where 
one word ends and the next begins. One technique for 
separating words in a continuous bit stream is to insert a 
start-of-word marker pattern at the end of each word 
and before the start of the following word. 

The 1023J correlator in the receiver system can be 
programmed to identify the start-of-word marker. In 
operation, the correlator puts out a high correlation 
value whenever it encounters a start-of-word signal, 
which is analogous to the frame synchronization signal 
described earlier. If the data vocabulary and start-of-
word marker are carefully selected, the correlator's out-
put reaches isolated high values at the word rate with 
much lower correlation levels. If the signal-processing 
system is programmed to begin handling a new word at 
each correlator output, it remains synchronized for 
words with the incoming data and successfully distin-
guishes between individual incoming words. 
The start-of-word marker code must be carefully 

selected to minimize the possibility of false triggering by 
data or noise, rather than the true synchronization pat-
tern. Such low-error synchronization patterns are 
described in the literature on shift-register sequences, 
Barker codes, and spread-spectrum signal-theory. 
Although the procedure can yield accurate word syn-

chronization, it will be inefficient if the markers occupy 
a significant percentage of the total data stream. Clear-
ly, if the number or length of the markers can be 
reduced, then more data can be sent. 

Marking off the words 

If the data words are organized into fixed-length 
frames and a frame synchronization marker is included, 
word synchronization can be derived from frame syn-
chronization (Fig. 3b). If there are always N words per 
frame, then the word rate is N times the frame rate. The 
frame-rate output pulses of the frame synchronization 
correlator can be multiplied upward to produce the 
needed word synchronization pulses. Given a fixed word 
length, word synchronization can be established with a 
recirculating counter, operating at modulo n, where n is 
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the number of bits per word. In this case, the counter is 
reset at each frame pulse, after which it continues 
cycling through its states, returning to its word-start 
position every n cycles. If it abruptly shifts or gradually 
drifts out of a word synchronization, the counter read-
justs automatically at the start of the next frame. 

Correlator-based systems can determine the time 
delay between two similar patterns of bits, such as a 
transmitted sonar or radar signal and its returned reflec-
tion. In these cases, the two signals appear similar in 
shape and bit pattern, but exhibit a relative time shift of 
2D/V, where D is the distance between the antenna and 
target and V is the velocity of propagation (the speed of 
light in radar and of sound in sonar). Conceptually, this 
technique involves the shifting of one signal relative to 
the other so that the shifting just compensates for the 
time delay between the two signals. 

Measuring time delay 

Using the 1023J, the B register can be loaded with the 
original, or transmitted, signal at the same time as the A 
register is loaded with the delayed, return signal. The 
two registers are clocked together so that the time delay 
between the signals appears as a displacement in their 
relative register positions. After both registers are 
loaded, the output of the correlator is monitored while 
the A register continues to be clocked. This process loads 
progressively later return signal bits into register A, 
while shifting the delayed pattern across the underlying 
signal stored in register B. As a result, the number of bit 
shifts required for acceptable correlation multiplied by 
the signal's bit time yields the total time delay between 
the two signals. 

For this system to function properly, the code must be 
long enough not to trigger on false correlations. For 
example, a code such as 10101010101 would be unsuit-
able for time .delay measurements because all shifts of 
2N bits (where N = 1, 2, 3, . . .) would yield high 
correlations and produce ambiguous results. In contrast, 
a code that repeats only once every 500 characters would 
be much more likely to provide an unambiguous measure 
for signals with a time delay of less than 500 bit times. 

Nonrecurring codes 

When a nonrecurring code, such as a single burst of 
information, is employed in a time delay measurement, 
the length and pattern of the transmitted code are 
subject to limitations. Under ideal circumstances, the 
only objective is to measure distance to a target, and a 
simple isolated pulse (a single positive bit surrounded by 
negatives) can be transmitted. 
The returning reflection of this signal contains a simi-

lar isolated pulse, delayed by the round trip travel time 
between the antenna and target. However, this align-
ment test is relatively insensitive, having a total correla-
tion score of 62/64 when the transmitted and received 
pulses are misaligned, versus 64/64 for perfect align-
ment. In the presence of noise or interference, the return 
signal can contain one or more false positives, which can 
reduce the perfect alignment correlation and generate 
other relatively high correlations. 

Longer codes can be used to improve the accuracy and 

sensitivity of the time delay measurement. Particularly 
suitable are the Barker codes, which are characterized 
by longer correlations with time-shifted versions of 
themselves. Although a longer pulse code cannot 
improve the 64/64 correlation score for perfect time-
alignment in the presence of noise, it greatly reduces the 
chance of a burst or random noise causing high correla-
tion. For a given level of interference and bit errors, 
increasing the length of the Barker code tends to reduce 
the frequency and magnitude of false correlations and 
enhances the accuracy of the range measurement sys-
tem. The Barker codes available offer suitable error 
rates and sensitivity for these applications. 

Spitting image 

To recognize periodicities or patterns, the 1023J can 
be used to compare a single data stream against a 
time-delayed replica of itself. First, the signal is loaded 
simultaneously into the A and B registers. Then, when 
the registers are full, the B register pattern is held, while 
the incoming signal continues to be clocked in sequen-
tially through the A register. This simulates a steadily 
increasing time shift. 

Periodicities in the data stream will generate high 
correlations, which appear periodically as the A register 
contents slide past the B register. These correlations and 
the number of bits between sequential high correlations 
correspond to the period of the repeating pattern. For 
example, the data sequence 100100.100100 exhibits a 
high correlation for every delay of 3N bit times, when 
N = 1, 2, 3, . . . Although this example is obvious, 
there are others that are subtle and can cause system 
problems if they are not spotted. 
Random noise can make such periodic signals harder 

to detect by reducing the contrast between periodic 
correlation peaks and the low residual correlations 
between them. However, a digital correlator can still 
identify signal periodicities in the presence of surprising-
ly high levels of random noise. If S(m) and S(m + n) are 
the original and time-shifted versions of the pure signal 
and N(m) and N(m + n) are the corresponding additive 
noise values, then the correlator performs the sum: 

R(n) = g[S(m) + N(m) X S(m + n) + N(m + n)],  

where m and n are indexes representing discrete steps in 
time. In this example, the sum runs arbitrarily over 64 
values only because this is the bit length of the 1023J. 
The function being summed comprises the four terms 

S(m) x S(m + n), N(m) x N(m + n), S(m) X N(m + n), 
and N(m) X S(m + n). If the noise is truly random, it 
does not correlate significantly either with S or with its 
time-shifted self, and only S(m) X S(m + n) contributes 
significantly to the overall sum, R(n). However, when a 
short sample is considered in a noisy environment, the 
noise can interfere significantly, masking a pattern of 
periodic high and low correlations. To overcome higher 
noise levels, longer correlation sequences are used to 
increase the signal's integration gain. A single 64-bit 
correlator can provide up to 18 decibels (10 log10 64) of 
signal enhancement, and two units in the series can 
supply twice as much, or 21 dB. D 
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Designer's casebook  

Regulator boosts supply voltage 
for programming EE-PROMs 
by Henry Fung and John Rizzo 
Intel Corp., Special Products Division, Santa Clara, Calif. 

The 2816 is a new electrically erasable programmable 
read-only memory in which writing and erasing can be 
accomplished on board by feeding a 21-volt dc pulse to 
the chip's Vpp pin. But generating the pulse requires a 
power supply with an output voltage of + 24 y dc, which 
is then clamped by a zener diode to about + 21 V dc. 
When that is not available, a switching regulator can be 
used to convert the commonly available +5 y dc into 
+ 24 V dc. The advent of large-scale integration technol-
ogy simplifies the design of such a dc-to-dc converter. 
Figure 1 shows the circuit diagram for a voltage convert-

1. Big boost. A dc-to-dc con-

verter based on a TL497 

switching regulator boosts a 

5-V supply voltage to 24 V dc 

for programming electrically al-

terable read-only memories. 

0, is switched at a rate deter-

mined by CI, and the induced 

voltage in L, is the output. 

er using a TL497 switching voltage regulator that is very 
inexpensive to build. 
The circuit operates as follows: the frequency at which 

transistor Q1 is switching is determined by capacitor CI. 
The converter's output voltage is fed back to an internal 
comparator that controls the on and off time of Q1. 
When Q1 is turned off, the voltage across the inductor 
inverts, and the blocking diode, DI, is forward-biased to 
provide a current path for the discharge of the inductor 
into the load and filter capacitors (C2 and C3). While Q1 
is turned on, the current into the inductor increases 
linearly. DI will then become reverse-biased and the 
output load current will be provided by the filter capaci-
tors. But current output above 80 milliamperes will 
cause the output-voltage regulation to degrade. 
The switching-regulator efficiency may be calculated 

as a ratio of output power to input power (including a 
50% duty cycle). Therefore: 

output power  
efficiency (%) = i x 100% input power 
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2. Sensing switch. The pro-

gramming voltage, Vpp, is ap-

plied when the output of A2, an 

open collector gate, is high for 

10 ms during a write cycle. C, 

charges up and ultimately 

turns on 0,, which provides up 

to 75 mA of drive to erase or 

write into a memory. 
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24 v x 80 mA  

= 5 v x 1,160 mA X 0.5 x 100% 

= 66% 

The output voltage from the switching regulator may 
now generate the Vpp pulse required to program the 2816 
EE-PROM. The next requirement is a circuit that switches 
the 24 y on during write and erase cycles (Fig. 2) 
DI suppresses any noise on the 24-v line and clamps 

the line at about 21 V. A2 is an open-collector gate and 
when its output is low, CI and pin 5 of A3 will be shorted 
to ground. Therefore, Q1 will be turned off and the Vpp 
pulse will stay at a level equal to the 5-v supply voltage 
less one diode drop. When a write cycle is initiated, the 
output of gate A2 will be high for 10 milliseconds, 

allowing CI to charge. The time constant, determined by 
R2 and CI, is 600 microseconds. As soon as the capacitor 
is charged up to the zener diode voltage, the feedback 
amplifier will force this voltage to remain constant. The 
final output voltage is adjusted by R3. Q1 provides the 
additional current-drive capability up to 75 mn. Diode 
D2 across pins 5 and 6 of A3 ensures a V. pulse that will 
be glitchless. 
The 2816 has an inhibit mode that allows the device to 

be deselected during programming. Consequently, only 
one switch is needed for many devices in a system. 
However, the Vpp switch must still supply the ¡pp standby 
current for the unselected devices. 
The circuit has been tested over the 2816's full operat-

ing temperature range. 

Pulse-width monitor 
flags poor timing 
by T. G. Barnett and J. K. Stothers, Neonatal Research Group, 
London Hospital Medical College, London, England 

Pulse intervals can be monitored to ensure they fall 
within a specified range by using two complementary-
MOs 4098 dual monostable multivibrators. The original 
application of this circuit was to monitor biologically 
produced pulse trains. However, the principle can be 
applied to any case where it is necessary to know if the 
limits of a pulse interval have been exceeded. 
The 4098 is two independent one-shots in a single 

package and each one-shot has leading- and trailing-
edge triggering, retriggerable and nonretriggerable 
modes as well as a reset and complementary outputs. 
These facilities have been incorporated within a monitor 
that senses whether a pulse train has intervals longer or 

shorter than those of a chosen range. 
The period of each one-shot may be obtained from its 

data sheet or approximated by: 

T(time) = 0.5 X RC 

for values of C ≥ 0.01 microfarad. 
The value of the capacitor should be as small as 

possible and the resistor should not be more than 10 
megohms. All unused inputs must be connected to either 
the drain- or source-supply voltage in accordance with 
the data-sheet instructions. 
As the circuit in the figure shows, monostable A1, 

operated in the retriggerable mode, is triggered on the 
leading edge of an input pulse. The 7$5 output is normally 
low unless the input-pulse interval is greater than the 
duration of the monostable's pulse-width value, set by 
resistor R 1 and capacitor CI. If the pulse interval exceeds 
this value, then will go high, resulting in the output of 
the 4071 OR gate going high. Thus the maximum inter-
val time is set by this monostable. 
The leading edge of the input pulse also triggers 

monostables A2 and A3, both of which are operated in 
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A1 
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1. Watching it. Out-of-bounds time intervals between a train of pulses are detected al OR gate A5 because one-shot A, stays triggered unless 

the time between pulses is too great. Meanwhile one-shot A3 triggers if it receives successive pulses too soon. It also drives the OR gate 
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the retriggerable mode. Output Q of A2 acts as a delay 
and is fed into the trailing-edge—trigger input of A4, 
whose Q output drives the reset pin of A3. The delay that 
is caused by A2 is a few microseconds and prevents A3 
from being triggered on receipt of the leading edge of the 
input pulse, as its reset pin is low until A4 is triggered. A4 
is operated in the nonretriggerable mode and sets the 
minimum-pulse—interval time. 

The Q output of A3 will go high only if its reset pin is 
set high by A4, whose Q output will go high only a short 
time after A3 has received a trigger pulse. However, if a 
further input pulse is received within the time the Q 
output of monostable A4 is high, then monostable A3 will 
be triggered, its Q output will go high, and the 4071 OR 
gate will go high. The actual pulse width of A3, set by R3 
and C3, can be chosen to suit any application. El 

Electronic lock boasts 
low cost and low power 
by B. J. Sokol 
London, England 

Three integrated circuits, two switches, and a few diodes 
are all that is really needed to build a very low-power 
programmable combination lock, the circuit for which is 
shown in the figure. The combination is entered by 
pressing two push-button switches or, alternatively, tog-
gling a lever-action telephone-type switch in the correct 
sequence. If the switches are pressed in the wrong 
sequence or if the user hesitates for more than 200 
milliseconds while entering the combination, the 4017 
counter resets and the sequence must be reentered. 
The sequence is programmed by switching a diode in 

or out between the 4017 count outputs and the 4013 dual 
flip-flop data inputs. For every diode placed at a counter 
output, a logic 1 is required at a corresponding point in 
the switching sequence. For example, if a diode is placed 
at the counter's 0 output but not at the others, the only 
combination enabling the relay or actuator to open the 

Secret. A few components is all that it takes to put together this low-power combination lock. A nine-number sequence of is and Os is 

clocked by two switches, S, and S2, and must correspond to the combination programmed by diodes DI to 09, shown in the shaded area. 

lock would be 1-0-0-0-0-0-0-0-0. 
After the correct sequence is entered, further switch 

depressions are ignored because the 4017 U inhibit line 
is forced high through the action on the reset and set 
pins of the 4013. However, after about a quarter second, 
the reset of the 4017 is actuated. This reset is inhibited if 
either push-button switch is held down—a feature allow-
ing an extended pulse to be applied to an actuator, such 
as a solenoid-driven door latch. 
When the switches are not operated, only a minute 

amount of power is drawn, most of it by the 100-kilohm 
pull-down resistor. As this lock will work with very little 
power, it is ideal for battery-powered applications. 

For security, no connection of wires to the switches 
can trip the lock. Shorter combinations are possible if 
the connection to the counter's 9 output is moved instead 
to another output. More than 512 different combinations 
are possible so anyone attempting to try all combinations 
would require waiting for a reset in every wrong 
instance—a process requiring considerable time and 
trouble. This lock provides reasonable security and an 
easily remembered code, especially if the user knows 
octal or hexadecimal notation. 111 

Designer's casebook is a regular feature in Electronics. We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly 

the circuit's operating principle and purpose. We'll pay $75 for each item published. 
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High-voltage GTO thyristors 
streamline power-switching circuits 

Advanced processing produces gate-turn-off devices 

with high yields as well as high reliability 

by Arthur Woodworth, NV Philips, Power Semiconductor Division, Stockport, UK 

GI High-power, high-frequency switching is beyond the 
reach of most power semiconductors, even vertical-mos 
field-effect transistors. Yet the number of applications in 
which high voltages as well as high currents must be 
switched is on the rise—for instance, in preventing line 
pollution due to phase control or in switch-mode systems 
and in TV horizontal deflection circuits. 
A new gate—turn-off thyristor supplies this need. Its 

use of 5-volt, 200-milliampere drive circuitry makes it 
especially appealing for use with microprocessors. More-
over, up-to-the-minute processing and circuit-design 
techniques enable it to be produced in volume with high 
yields and hence microprocessor-compatible prices — $2 
each in quantities of 10,000 or more. 

Unlike other thyristors, cTos not only switch on fast 
but also switch off fast. Unlike bipolar transistors, they 
can handle current surges and high voltages without 
burning out, yet their switching speed is comparable and 
their drive circuitry about as simple. 
The GTO's nearest com-

petitor is the V-MOS FET, 
which switches much fast-
er and requires only a low 
drive current. But unless 
expensively large, V-MOS 

FETs have a much higher 
on-resistance, in the region 
of several ohms, at volt-
ages above 400 v. 
As in other thyristors, 

the GTO structure is filled 
with minority carriers of 
both polarities in the on 
state. Since both electrons 
and holes participate in 
conduction, a thyristor al-
lows a high current density 
with a relatively low volt-
age drop, as compared to 
mos devices. For example, 
a 4-millimeter-square, 
1,500-v GTO thyristor such 
as the new BTW58 passes 
5 amperes with about a 3-
v drop, whereas a v-mos 
device of the same size and 

1. High voltage. On-state voltage drop of V-MOS power transistors 

forbids high-voltage ratings in a small chip, while GTO thyristors can 

block 1 kV with tolerable on-state losses. Voltage drop is lower 

because both electrons and holes carry current. 

voltage rating would drop around 30 y (Fig. 1). On-state 
power dissipation is proportional to the on-resistance, 
which for the mos devices follows a power-law depen-
dence on the designed blocking voltage. In this example, 
the on-state power dissipation is prohibitively high— 
around 150 watts. 
As for other thyristors, though they can be switched 

on easily, they cannot be turned off using the gate. The 
anode current is forced off by employing additional 
thyristors, inductors, and capacitors in a commutation 
circuit. Forced commutation is a slow and inefficient 
process that detracts from what would otherwise be a 
good solution to the problem of high-voltage power 
switching. Since the GTO thyristor avoids the necessity of 
commutation circuits without sacrificing high-power 
capability, it can block high voltages and switch large 
currents at frequencies up to a few hundred kilohertz— 
comparable to bipolar transistor speeds. 
The GTO thyristor is an npnp structure that can be 

analyzed in terms of 
merged npn and pnp tran-
sistors with common-base 
current gains of an and ap. 
Gate current injected into 
the center p-type region— 
or base—drives the npn 
device; this current multi-
plied by the gain of the 
npn device drives the pnp 
transistor, where it is mul-
tiplied by this device's gain 
and fed back to the npn 
unit—and so on, in a 
regenerative loop. 
The transistor current 

gains are small at low cur-
rents, so a certain mini-
mum anode current must 
be established through the 
device before the positive 
feedback condition is met. 
This minimum defines the 
gate turn-on current. Once 
the anode current is such 
that an + ap ›- 1, the device 
latches and the gate cur-

Electronics/July 14, 1981 129 



2. Small and rugged. Philips BTW58 —a 5-A GTO thyristor —fits on 

a 4-by-4-mm chip. The interdigitated gate pattern visible in this 

cut-away view contributes to the gate—turn-off capability and lowers 

the gate's resistance. The small TO-220 package keeps costs down. 

rent can be removed without losing conduction. 
In other thyristors, an + a, is made as large as possible 

to reduce the on-state voltage drop and the turn-on 
current. Because of the high gain, it is impossible for the 
available gate current to halt conduction; switching a 
larger gate current requires the additional turn-off cir-
cuitry that has to employ other thyristors as well as 
passive components. 
With GTO thyristors, current gains are controlled so 

precisely that their sum only slightly exceeds unity. The 
gate current required to switch off the device can then be 
provided by a simple drive circuit. In the case of the BTW 
device, advanced processing techniques and strict process 
monitoring achieve the necessary control over these cru-
cial device parameters. 

Precision processing 

Recent advances in device processing permit such 
tight control of the thyristor current gains that do 
devices are now being produced with high yields. Before 
processing begins, computer modeling of the device's 
switching behavior establishes the optimal current gains 
for the component transistors, fer it is on the careful 
balancing of the npn and pnp transistors' current gains 

that GTO thyristor reliability depends. 
To achieve this balance in practice, proper doping 

profiles must be obtained. Neutron doping of the starting 
ingots adjusts the background resistivity to within a 
narrow window, so that subsequent ion implantation of 
the wafers sliced from it will consistently produce the 
required profiles. 

Finally, glass passivation of power-switching chips is 
essential to their stable, high-voltage performance at 
high temperatures. By incorporating techniques similar 
to those used on triacs and thyristors, cros are being 
produced with a mean time before failure of more than 
100,000 hours. 

Fast switching 

Careful processing also minimizes the GTO thyristor's 
turn-off time within the constraints of the desired block-
ing voltage, current density, and on-state resistance. The 
turn-off time has two components: the storage time and 
the fall time. In the storage phase, the conducting chan-
nel is squeezed down to a narrow filament connecting 
anode and cathode. 
Two strategies minimize this delay. First, the cathode 

is formed as a pattern of long narrow fingers over the 
gate region, giving a low-resistance path out of the p 
base (Fig. 2). Fine-line photolithography is required to 
produce this interdigitated pattern, which allows the 
gate to exert strong control over the anode current, 
enhancing the gate—turn-off capability. Second, the 
cathode-gate junction is made to withstand 10 v or more 
before breakdown, since a larger applied field during 
turn-off allows larger anode currents to be turned off. 
The optimal base doping level is dictated by the tradeoff 
between low resistance and high breakdown voltage. 
When the filament joining cathode and anode breaks, 

the device current falls and the anode voltage rises at a 
rate that depends on the load. This is the start of the fall 
time. It is minimized by providing shorts between the 
anode and the pnp transistor's n-type base. This internal 
base, which otherwise has no direct connection to the 
outside, is shorted to the anode by masking the boron-
diffused region under the cathode fingers. 

Drive circuit 

The anode current fall time depends heavily on the 
size of the turn-off current supplied to the gate of the 
device. A gate current of 1 A on the BTW58 turns off 
5 A of anode current in less than 1 pis. If the drive signal 
pulls the gate down through such a low impedance that 
the gate current instantly equals the anode current, the 
fall time is typically 100 ns —comparable to a bipolar 
transistor's switching time. In this unity-gain mode, the 
device can tolerate rates of change of the anode voltage 
of up to 10 kv/ets without spurious turn-on, thereby 
eliminating the need for snubbing networks along with 
their attendant losses. 

Figure 3 shows a drive circuit for the BTW58. Tran-
sistors Q1 and Q2 form a high-current push-pull output 
stage driven by Q3 and Q. A positive gate signal at the 
base of Q. turns on current source Q1, which turns on the 
GTO via capacitor CI. In turning off, Q2 sinks a large 
current from the thyristor gate, rapidly halting conduc-
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3. GTO driver. Unique gate—turn-off capabil-

ity allows a single drive circuit to switch a 

GTO thyristor on and off. The need for extra 

commutation circuitry is eliminated, boosting 

speed and lowering parts count. 
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tion. Capacitor C2 is included to reduce turn-on losses 
when the rate of change of the anode current is high. 
An even simpler unity-gain drive circuit uses a varia-

tion of the well-known cascode configuration (Fig. 4). 
When Q1 is turned off, the anode current is forced to 
leave the device through the gate, charging CI. The GTO 
blocks the high voltage, but the drive requirements and 
switching speed are largely determined by Q,, which 
may be a low-voltage bipolar or mos transistor. A zener 
diode is included to protect Q1 from high voltages. 

Other possible gating circuits include transformer 
drives and switching to a negative supply line. In all 
cases, a properly driven GTO thyristor offers the circuit 
designer the usual advantages of thyristor switches— 
high voltage blocking and high current in a small and 
reliable device—plus the added advantages of gate—turn-
off capability: low drive power, simple drive circuits, and 
switching speeds of 100 kHz and more. 

Line pollution 

The number of applications requiring high-voltage 
switching of large currents at high frequencies is increas-
ing. A full-wave ac controller using a single GTO thyris-
tor reduces the line pollution for which phase controllers 
are notorious. Such a chopper controller selects portions 
of the ac waveform to deliver a higher power factor and 
lower harmonic content to the load. In addition, it can 
work as a fast-acting trip to turn off the load at any 
point in the cycle. 
Most switching power systems use diode-capacitor 

input circuits, which also pollute the ac line. Under 
threats of legislation, engineers throughout Europe are 
looking for ways to design converters with low harmonic 
content and low radio-frequency interference. Resonant 
systems, such as the series resonant inverter, show the 
most promise. In such a resonant circuit, the switch must 
withstand several times the line voltage—something a 
GTO thyristor is well able to do. Another familiar reso-
nant circuit is found in TV horizontal deflection control-
lers. The BTW58 can handle 1,500 v of flyback voltage, 
and its small size and low drive power requirements 

4. Caecode drive. A simple GTO drive circuit uses a power transistor 

in series with the thyristor. Although the GTO blocks the high voltage, 

switching speed and drive power are set by 0,. A zener diode 

protects the low-voltage cascode drive transistor. 

make it a viable alternative to existing solutions. 
The speed of three-phase induction motors can be 

controlled from a variable-frequency three-phase pulse-
width-modulated inverter. The choice of power switches 
for such an application has, in the past, been between 
relatively expensive high-voltage bipolar transistors and 
thyristors. Although themselves inexpensive, thyristors 
required other components for switching off. But, since 
the GTO thyristor can be turned off with the same drive 
circuit that turns it on, these power switches are now 
more economical than bipolar transistors in many appli-
cations. Furthermore, they show excellent promise of 
scaling up to higher current levels, since the die sizes are 
relatively small at the present 5-A current level. El 
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Design automation 
speeds through 
customization 
of logic arrays 

With high-level languages 

describing and testing hardware, 

manual processes make up less 

than 1% of the design cycle 

by Richard Horton, David Thomas, and 
Robert Rozeboom, Texas Instruments Inc., Dallas, Texas 

D Between the poles of low-cost standard integrated 
circuits and expensive custom chips there now stands a 
brood of logic and gate arrays. But despite the various 
claims being made about them, these devices all present 
the same basic question: how to connect the output of 
each gate in the array to the input of the next? Because 
the answer is by an extremely complex maze of on-chip 
wiring chosen from a seemingly endless list of routing 
patterns, help from a computer in laying out the connec-
tions is more than a convenience; it is mandatory. 
Recently, a pair of logic arrays were introduced that are 
in marked contrast to other arrays in that they are 
accompanied by a full supply of automated design tools 
[Electronics, Jan. 13, 1981, p. 41]. 

Logic equations and test algorithms for the arrays are 
expressed in their own high-level languages, and together 
these run an in-place design automation system that 
delivers a mask set and test tapes. Manual interven-
tion— which dominates some array design schemes — 
constitutes less than 1% of the input to the system for the 
parts, dubbed TAT arrays. 

A pair of parts 

The first two TAT arrays are the TAT008, containing 
1,008 internal gates with 104 inputs and up to 52 
outputs; and the TAT004, which has 540 internal gates, 
accepts 76 inputs, and drives 38 outputs. Optional fea-
tures for either include inverting or noninverting input 
buffers and three-state totem-pole or open-collector out-
put drivers. Both use eight bonding pads for power. 
Based on high-performance Schottky-transistor-logic 
(sTL) technology (see "Superintegration yields a small, 
fast gate," opposite), TAT gates feature a basic delay 
time of 2.5 nanoseconds for an 80-megahertz toggle rate 
and dissipate 600 microwatts. 

Packaging options include dual in-line plastic and 
ceramic styles with 24, 28, or 40 pins. In addition, the 
ceramic housing offers 48 and 64 contacts. Also availa-
ble are 68- or 84-pin ceramic chip-carriers that conform 
to the standards of the Joint Electron Device Engineer-
ing Council. 
An important characteristic of TAT chips is their sta-

bility over a wide temperature range. The typical delay 
of about 2.5 ns changes by just 5% over the operating 
temperature range of 0° to + 70°C. Even over the much 
wider range of —55° to + 125°C, propagation delay 
shows only a slight variation for a given base drive. 
There is, however, a minor decrease in both gate speed 
and power dissipation at high temperatures, because the 
array's internal resistive elements have a positive tem-
perature coefficient. 
On the TAT008, the typical gate utilization rate is 

80%. Although it appears inefficient to have 200 gates 
go unused, they are available should it become necessary 
to upgrade the chip with additional functions. And since 
the arrays are mask-programmable, adding new func-
tions usually means only minor modifications to a small 
number of original masks. 

Also influencing propagation delay is the lead length 
used to connect the gates. Delay gradually increases 
from just over 2 ns with short interconnections to about 5 
ns when on-chip wires exceed 200 mils in length. To 
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Superintegration yields a small, fast gate 

f 

At first glance, the Schottky-transistor-logic (STL) inverter 
gate that serves as the primitive element in the TAT series 
of logic arrays resembles conventional, high-speed 
Schottky logic. But closer inspection reveals a group of 
blocking or coupling diodes connected to the collector of 
the switching transistor, and those diodes make the STL 
gate unique (see figure, lower left). Even so, the diodes, 
npn switching transistor, and resistors can be integrated 
into a very compact, single-transistor structure using stan-
dard buried-collector junction-isolated bipolar technology. 

In a single-transistor STL device, the usual platinum 
silicide Schottky diode connected between the base and 
the collector acts as a current shunt. It diverts excess 
base-drive current away from the transistor's input to 
prevent forward biasing of the base-collector junction, and 
that keeps the device out of saturation. That diode and the 
fact that the logic-signal swing is small-200 millivolts— 
account for STL's high speed. Helping to conserve power 
is the low, 2-volt supply voltage used with STL arrays. 
As shown in the curve (upper right) of gate power versus 

propagation delay, a typical delay time for STL logic is 2.5 
nanoseconds at a power dissipation of 600 microwatts. A 
more advanced gate element, scheduled to be introduced 
late this year, is even faster and less power-hungry, as the 
curve illustrates. 
The output diodes, also Schottky types, perform a func-

tion similar to that of the input blocking diodes in diode-
transistor logic (DTL) or the multiple-emitter input struc-
ture in TTL. These diodes make possible the wired-AND 
logic operation of the inverter, allowing Boolean functions 
to be implemented by simply connecting one gate's out-
puts to the following gate's inputs. The small logic swings 
are conserved because of the low, 0.3-V forward voltage 
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drop of a Schottky diode—a far cry from the 0.7- to 1.2-V 
dicde drops found in older logic families. 
The output voltage swing of the STL device depends on 

the barrier-voltage heights of the two different types of 
Schottky diodes. The clamp diode is a high-barrier type, 
whereas the output diodes are low-barrier devices. If the 
array transistors have equal base-emitter voltage drops, it 
can be shown that the two Schottky-barrier voltages can-
not also be the same. If that were the case, no switching 

would be possible and the device 

Li 

ED: 

would not perform as a gate. 
However, the diodes must be 

matched to ensure their tracking 
COLLECTORS with temperature. In addition, for 

high-temperature operation and 
to guarantee a high fan-in, both 
the forward voltages and the 
reverse leakage characteristics of 
the Schottky diodes must be pre-
cisely controlled. 

Besides their inherently high 
packing density, STL gates are 
laid out with vertical stick geome-
try that permits all gate elements 
to be aligned on a common axis. 
The benefit is the extremely sim-
ple connection of logic elements. 
Because of its inverted struc-

ture and wired-AND logic configu-
ration, a direct physical correla-
tion exists between the logic dia-
gram of a system and the STL 
base inputs and collector-diode 
outputs used to represent it. 

EMITTER 

BASE 

COLLECTORS 

minimize the delays associated with longer wiring runs, 
computerized automatic layout and routing techniques 
are used so that critical paths can be predefined to 
optimize system performance. 

In fact, virtually every step of the design process is 
computerized—manual processes constitute less than 1% 
of the cycle, as mentioned before. Written in a comput-
er-readable hardware-description language, called HDL, 
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I.  

CUSTOMER'S ACTIVITY 
MANUFACTURER'S RESPONSIBILITY 

DESIGN THE LOGIC 

CONVERT, SIMULATE, AND VERIFY THE DESIGN 
ANALYZE TESTABILITY 
ANALYZE ROUTABILITY 

DESIGN THE PACKAGE 

ANALYZE DESIGN 
MODIFY DESIGN 
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NO 

YES 

SUPPORT THE DESIGN PROCESS WITH: 

LOGIC-DESIGN TOOLS, 
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PRODUCE ARRAYS 

PREFABRICATED 
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1. Téte-a-tête. Thanks to design automation, most of the responsibility for gate-array design rests with the manufacturer. The customer 

converts a System's circuitry into a logical description, but layout, analysis, and tooling are controlled by software, 

logic and macrofunction definitions are sent to users, 
who return final logic descriptions. A second language, 
called TDL, for test-description language, facilitates the 
creation of complex text conditions to check out a design 
before production. 

Fully automated 

Both HDL and TDL drive an internal design system 
that automatically produces customized metalization 
masks and test tapes for the logic arrays. The result is 
logic devices better able to meet functional and perform-
ance requirements than error-prone custom chips, which 
must be processed from scratch. 
The automated design is a two-step process. First, the 

user describes the structure and behavior of a logic 
design in high-level HDL, along with its stimulus and 
response characteristics. Then, the manufacturer verifies 
that the user's solution is correct, physically maps the 
data base into coordinates on silicon, and generates an 
interconnection pattern. 

Unlike most logic-array design schemes, this system is 
said to be design-automated rather than computer-aided. 
The difference is significant. A computer-aided design 

system typically assists in routing 90% of an array's 
interconnections, but that means that if the array con-
tains 2,000 runs, 1,800 are laid out by computer and 200 
must still be placed manually. However, a person would 
experience tremendous difficulty in laying out 200 wires 
once the computer had generated a complex maze in 
laying out the first 1,800. Chances are that the designer 
would have to adjust the computer-generated intercon-
nection in order to complete the task. 

But since with design automation, in contrast, the 
human operator typically completes only 1% of the lay-
out, or 20 wires, that level of complexity can be handled 
easily. Moreover, the computer will verify the entire 
layout, including the human input. 

Electronic communications 

Since the design automation system is oriented entire-
ly toward software, customer-to-manufacturer dealings 
can be completely electronic: communication is done by 
means of a dedicated-line network of data handling in 
the form of remote job entry, a batch-processing tech-
nique. The system adheres to the IBM 3780 protocol, so 
that anyone with access to IBM-compatible equipment 
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can go on line without any problems. 
Besides HDL, other programs are available to simulate 

and verify the design and to analyze its testability and 
routability. The last program determines how well inter-
nal nodes can be controlled and monitored and also 
verifies that the design rules have not been violated. A 
completed design file is then submitted for verification. 
Once the file has been verified, circuit functions are 
automatically partitioned, placed, and routed on the 
chip. The company will also fabricate, assemble, and test 
20 prototype parts to the user's specifications. Upon 
acceptance of the prototypes, full-scale production of the 
logic arrays commences. Figure 1 illustrates the entire 
customer-manufacturer interface. 

Fewer interconnections 

The greater the number of functions that can be 
placed on a single logic chip, the better the system will 
perform. The reason is that, in most cases, more than 
50% of overall system performance is tied up in the 
interconnections. Logic arrays remove the wiring from 
printed-circuit boards and backplanes and integrate it 
into chips, thereby speeding signal propagation. 

For example, with Ms! logic families—which are still 
in widespread use—signals must first pass through input 
buffers that are very slow compared with internal gates. 
The signal may proceed through three or four levels of 
gating on the chip before passing through an output 
buffer. Input and output buffers usually delay a signal 
three to five times more than an internal gate because 
they interface with a much higher-capacitance environ-
ment. In addition, the signal may run through an lc 
socket, pc-board cladding, backplane wiring, and an 
edge connector. 

In comparison, each gate of an SIL logic array intro-
duces between 2 and 3 ns of delay, and each input/out-
put pair about 10 ns. That makes the logic array approx-
imately two to three times faster than low-power 
Schottky MS! logic. Moreover, the logic array will con-
sume less power, resulting in a more efficient and more 
reliable system. 

In the initial stage of a logic-array design, the designer 
must find out if the system can be integrated in a single 
array or if it will require multiple chips. The packaging 
constraints of the array must be looked at in terms of the 
number of iio pins and buffers. 

Taking the first step 

The first step is to seek a partitioning of the custom-
er's logic network, particularly when the proposed sys-
tem appears too large for a single array. This partition-
ing is used to minimize both the number of gate arrays 
and the interface between them. There are three differ-
ent techniques for partitioning digital logic: vertical, 
horizontal, and functional. 
With vertical partitioning, many logic functions are 

assigned to each signal pin, and the design is character-
ized by a subdivision into a small number of bits. For 
example, an 8-bit microprocessor would be partitioned 
into two 4-bit slices. 

Horizontal partitioning is just the opposite of vertical 
in that a small number of logic functions is assigned to 

MACROFUNCTION DESCRIPTION PROGRAM 

'BLOCK' BLOCKNAME ((ATTRIBUTE)); 
SIGNAL LIST 

'STRUCTURE' 
LIST OF COMPONENTS AND INTERCONNECTION 

'BEHAVIOR' 
DESCRIPTION OF BEHAVIOR 

'TIMING' 

DOCUMENTATION OF DESIGN CONSTRAINTS FOR TIMING 
'ENVIRONMENT' 

GENERAL DESIGN DATA AND CONSTRAINTS 
'END' (IBLOCKNAME)); 

each bit, but the partitioned network handles a large 
number of bits. Horizontal partitioning would leave the 
8-bit microprocessor's data path 8 bits wide through the 
first half of the device and use the other half to imple-
ment an arithmetic and logic unit (ALu), an accumula-
tor register, or an output multiplexer. 

Because these functional blocks impose high time-
delay penalties, broader word widths produce higher 
system throughputs. As a result, this form requires a 
large number of signal pins on the array. In addition, a 
large number of array patterns is needed to implement 
the system, since fewer functions are built per pattern. 
With functional partitioning, specific tasks are 

assigned to different parts of the network. For example, 
a logic network that handles both data and address flow 
would be divided into two subnetworks, one for each. 
Any network can be partitioned into manageable subnet-
works and further reduced to logic gates, but for large 
networks, that requires a tremendous amount of time 
and energy. 

Building with macrofunctions 

HDL expedites functional partitioning with precoded 
software macrofunctions. These digital building blocks 
can be any circuit element that the designer finds conve-
nient. A macrofunction can be as small as a simple gate; 
it can be a function such as an adder, counter, or 
multiplexer; or it can be as large as an entire 4-bit 
large-scale integrated processing element like the 
74LS481. These blocks may be used as if they were 
actual intergrated circuits, but they are better than real 
ics, since they can be modified to conform to specific 
circuit requirements. 
The HDL library contains about 100 macrofunctions in 

all, 70 of which are equivalent to conventional low-power 
Schottky functions. The other 30 are unique functions 
implemented with the STL wired-AND logic used in TAT 
logic arrays. These include simple gates, data selectors, 
and encoders, as well as special modules for diagnostics 
and circuit testing. 

Macrofunctions are specified in HDL using a block 
description (see program, above). As a minimum, the 
block must include a statement that names the block, a 
signal list that describes the interface of the block with 
its environment, and an end statement to terminate the 
description of the block. 
The first block in HDL source code must be a design 
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block. It functions as a physical breadboard would by 
describing the interconnection of the parts that make up 
the design. So-called generic blocks are the most fre-
quently used components in HDL— they are, in fact, 
responsible for the language's building-block feature. 
Generic components are described once; after that, they 
can be used throughout the design by referring to the 
generic description. Any component or circuit can be 
declared generic. 

Because macrofunctions are modular, an entire net-
work can be built by expanding a number of modules 
vertically or horizontally. For example, to design a fast 
16-bit look-ahead adder, the 4-bit look-ahead adder 
macrofunction—ADD4T— is cascaded four times with 
one look-ahead generator macrofunction called 
CGEN4T. Exploiting this technique eliminates the need 
for complex switching expressions or output flow tables. 

Given the complexity of logic arrays, the design pro-
cess is not complete until the network is thoroughly 
tested. The integrated simulator, or Intsim, performs 
logical and functional simulation for the TAT gate 
arrays. This program allows users to evaluate the 
response of a design to input signal patterns, to make 

2. Flow simulation. After representing an 

application in the hardware-description lan-

guage, HDL, a circuit-selection language, 

CSL, is used to specify which parts of the 

system will be simulated. The simulator is 

driven by a control language, SIMCL. 

timing analyses, and to verify test patterns. 
Figure 2 illustrates the process of design simulation in 

the gate-array system. The designer creates an HDL 
representation of the application and uses a circuit-
selection language, CSL, to specify which parts of the 
design will be simulated. Execution of Intsim is con-
trolled by a simulation-control language, called SIMCL. 

Ensuring that all's well 

To check the design, test patterns generated from 
design-verification and fault-simulation programs are 
applied to the network's inputs. The network under test 
is then compared with a known good network, and if the 
responses are the same, the tested network passes that 
particular test. Of course, the trick is to design a test 
pattern that covers virtually every fault condition. 
Once the network description has been entered into a 

computer file, a validation procedure takes place in three 
stages. In stage 1, known as design verification, the 
designer simulates the network with test patterns to 
verify that it performs its logic function according to 
specifications. This simulation is carried out using a 
model of a network without faults. 
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3. Grading tests. Tests patterns can be 

generated automatically using algorithms, 

derivatives of logic functions, path sensitiza-

tion, and random pattern generation. The 

process generally includes fault simulation to 

determine the degree of coverage. 
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PROCUREMENT PACKAGE 

  MANUFACTURER 

TEST 
PATTERNS 

BEHAVIORAL 
AND 
STRUCTURAL 
DESCRIPTION 

TEST CONVERSION 

TEST 
GRADING 

I 

MANUFACTURER'S TESTERS 

malTESTABILITY ANALYZER 

Verification cannot distinguish a good network from a 
faulty one; it merely creates a model of how the actual 
network should perform. Ideally, the model should be 
subjected to every possible test pattern that is capable of 
producing a fault. In practice, it is a matter of engineer-
ing judgment to determine the extent of the design 
verification. 

Faults are simulated in stage 2 by applying every 
possible test pattern to a fault-free network model and to 
each network version containing at least one fault. Mul-
tiple models of the network are thus used in the simula-
tion run for each test pattern. When the output sequence 
of a good network differs from that of a faulty one, the 
test pattern can be used to identify the fault while testing 
or diagnosing the network. 

Test-pattern generation is a byproduct of design verifi-
cation in that test patterns are created by exploiting the 
intended function of the network. But functional test 
patterns provide only limited fault coverage, since they 
simulate a good network. For more thorough fault cover-
age, test patterns should have the ability to distinguish a 
good network from all possible faulty networks. Such a 
pattern guarantees that the network is free of faults 
regardless of its function. 

The designer's task 

Test patterns can be generated automatically using 
structural test methods involving algorithms, derivatives 
of logic functions, path sensitization, and random pat-
tern generation, but these are the sole responsibility of 
the designer. Functional tests are a subset of structural 
tests, since they stimulate only a good network and not a 
faulty one. In general, test-pattern generation includes 
fault simulation to verify the test patterns and to deter-
mine the fault coverage (Fig. 3). 
When a logic array has been designed, automatic 

layout software takes over to handle the actual intercon-
nections. The structural data base created by the user is 

mapped into physical coordinates on silicon. 
The first step toward interconnection is global parti-

tioning, followed by local placement, wherein individual 
gates from the data base are positioned on the chip. 
After input and output contacts are placed, the intercon-
nections are first generated locally over two levels. Actu-
ally, there are three levels in all, but only two are used by 
the automatic routing software; the third is predesigned 
for power distribution. 

Connected up by computer 

With local interconnection finished, the array consists 
of a series of cells or blocks (an msi function exemplifies 
a block). To connect the entire array—that is, to effect a 
global interconnection—a channel router is called on. 
This powerful software algorithm builds a graphic model 
of the available routing area and routes all intercellular 
connections to minimize path length and eliminate chan-
nel overflow. 
A major portion of the global router processes feed-

through paths (a feedthrough path is one passing 
through a cell that is not assigned to a signal). A pre-
processor finds the feedthrough paths and the global 
router assigns signals to them. This process alleviates 
channel congestion by moving as much of the intercellu-
lar connections as possible into the cells. 
When global interconnections are completed, the 

user's data base is completely defined in terms of X-Y 
coordinates and implemented with the design rules and 
process geometries available. As a final step, the logical 
data base is reconstructed and resimulated to verify that 
the circuit implementation is exactly what the user speci-
fied. 
From a cost perspective, dense logic arrays allow a 

system to function with fewer parts, thereby reducing 
circuit-board area and minimizing cabinet dimensions. 
In addition, less hardware means fewer interconnections 
and that eases system upgrading. El 
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four modes: parallel 
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signature analysis. 
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in a small package. 
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Te new 308 Data 
Analyzer packs an impres-
sive array of logic analysis 
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pound (3.6 kg) frame. For 
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serial and signature modes as 
well as parallel state and 
timing. And samples both 
synchronously and asyn-
chronously up to 20 MHz. 
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threshold that covers all logic 
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Two separate memories, 

acquisition and reference, 
allow automatic data com-
parisons. If there's no data 
difference, the sampling 
process is repeated until a 
discrepancy appears. And the 
acquisition memory can be 
automatically searched for 
any given word. 

Word recognition can be 
up to 25 bits and includes an 
external output to trigger 
other instruments. And the 
trigger itself can be delayed 
up to 65,535 clock pulses past 
the trigger point. The 308 
features a latch mode (5 ns), 
a memory "window" to let 
you closely examine portions 
of the memory and state 
tables which are displayed 
in binary, hex and octal. 
The 308 Data Analyzer, 

from Tektronix. Performance? 
Uniquely versatile. 
Size? Conveniently compact. 
Price? Exceptionally reason-
able. 

Copyright © 1981, Tektronix, Inc. All rights reserved. 844-1 

If you're interested, contact 
your local Tektronix field 
office, or write us at: 

U.S.A., Asia, Australia, Central & South 
America,Japan 
Tektronix, Inc. 
P.O. Box 4828 
Portland, OR 97208 
Phone: 800/547-6711 
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Telex: 910-467-8708 
Cable: TEKTRONIX 

E ' pe Africa Canada 
hliddleEast Tektronix Canada Inc. 
Tektronix International, Inc. P.O. Box 6500 
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1180 AV Amstelveen 
The Netherlands 
Telex: 18312 
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Holographic scanner embraces 
supermarket bar codes 
A three-dimensional pattern of laser beams 

wraps around retail items searching for their product codes 

by E. A. Moore, International Business Machines Corp., System Communications Division, Research Triangle Park, N. C. 

A new checkout scanner is not only one of the first 
commercial products to employ holography but also 
exploits it in a novel way. Normally, the laser-based 
technique is used to create three-dimensional pictures or 
images. But in the IBM 3687 checkout scanner, a three-
dimensional pattern of laser beams wraps around an 
item to sense its bar code. 

Scanning systems were first introduced into supermar-
kets in the mid-1970s. They provide easier, faster, and 
more accurate store checkout. They also make data on 
the movement of supermarket items readily available for 
sales analysis and automatic reordering. 
The 3687 significantly advances the state of the art by 

virtue of its smaller size, greater reliability, and lesser 
need for careful orientation of items to be scanned than 

previous IBM units—advantages deriving directly from 
the use of holography for laser light deflection, creation 
of the scanning beams, and their collection. In addition, 
it is much less expensive than would be a nonholographic 
scanner with a similar wraparound pattern. 
As an input device for the IBM 3683 point-of-sale 

terminal, the 3687 scanner (Fig. 1) reads the product-
code identification symbols, or bar codes, on items. 
These symbols are known as the Universal Product Code 
(uPc), European Article Number (EAN), and Japanese 
Article Number (JAN) in the U. S., Western Europe, 
and Japan, respectively. 
The unit is easy to integrate into a store's check-stand 

furniture, since it is less than a third the size of previous 
IBM checkout scanners and has simpler cabling require-
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1. Plug it in. The IBM 3687 checkout scanner is a compact unit that 

can be easily mounted in supermarket checkout-stand furniture. The 

simplicity of the product eliminates the need for installation by 

spec.ally trained service people and for periodic adjustment. 

ments. Also, because it requires no tools to install nor 
any field adjustments, it can be set up or moved by the 
customer without a service call. 

Reliability was a key consideration in designing the 
3687. To provide a similar scanning pattern with tradi-

3. Five-part scanner. Inside the holographic checkout scanner are five subsystems—the optical system, the analog section, the 

microprocessor-based digital circuitry, the item sensor, and the power system. They all fit into a single small cabinet. 

1Á%kJÁ 
x•Ii 

• KMÁ 

V fi1 \El 
2. Search lights. This pattern, seen looking down at the scanner 

window, is produced by the laser beams projected from the window 

during one revolution of the holographic disk. The beams exit in so 

many directions that one will be sure to scan the product code. 

tional optical elements (mirrors, lenses, and so on) would 
have resulted in a much larger, heavier, and more com-
plex scanner that would have needed adjustments from 
time to time. In contrast, none of the elements in the 
3687's optical system require adjustment once the 
machine has been assembled, and the only moving parts 
are the holographic deflector disk rotated by a small 
motor, a cooling fan, and a shutter. These two aspects 
enhance the scanner's reliability and make it easier to 
manufacture and service. 
A beam of laser light scans the bar code as an item is 

passed over the window of the scanner. The light 
reflected from the symbol is collected by the scanner's 
optical system. Next, the decoded bar-code information 
is transferred to the point-of-sale terminal. The terminal 
forwards the item-code data to an IBM 3651 store 
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4. Light fantastic. The optical system 

includes the elements to produce the three-

dimensional pattern of light beams that 

sweep around products placed on the scan-

ner. This subsystem also detects the prod-

uct-code patterns in the reflected beams. 

5. Deflect, focus, move. A simple holo-

graphic optical element performs like a corn-

' bination of a prism and a lens; it both de-

flects and focuses a beam of laser light, pro-

ducing a small spot (a). The spot of focused 

laser light becomes a scanning line when the 

holographic optical element is moved. Each 

element produces a scanning line having its 

own focal length and deflection angle (b). 

PHOTODETECTOR 

COLLECTOR 
LENS HOLOGRAPHIC 

DISK SEGMENT 
(HOLOGRAPHIC 
OPTICAL 
ELEMENT) 
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Casting some light on holography 
Holography was conceived in 1947 by Prof. Dennis 

Gabor of the Imperial College of Science and Technology 
in London, while investigating ways to reduce spherical 
aberration in electron microscopes. Although he did not 
achieve his original goal, many people consider his discov-
ery of holography a far greater achievement —in fact, in 
1971 he was awarded a Nobel Prize for it. However, 
applications of Gabor's wavefront-reconstruction princi-
ples had to wait for a coherent-light source—that is, one 
that produces light having parallel rays of an extremely 
narrow bandwidth, such as a laser. Thus holography, 
although invented before the laser, could not be used until 
the laser was developed. 
The word "hologram" comes from two Greek words: 

ho/os, which means "whole" or "complete"; and gramme, 
which means "letter" or "piece of writing." Thus, a holo-
gram is a complete message about or record of something 
(such as an object or scene). 

In conventional photography, light from an object or 
scene is focused by the camera lens onto a photographic 
emulsion. The resulting exposed and developed plate or 
film is a reverse (negative) picture of the original subject. 
Variations in the amount of light reaching the photograph-
ic emulsion appear on the negative as varying shades of 
silver density. 
A hologram, on the other hand, may be produced 

without a lens, since no image of the subject is formed. 
Instead the light from a laser is split into two beams by a 
partially reflecting mirror. Both beams are expanded and 
filtered by a short-focal-length lens and pinhole assembly 
(see figure). The light in one of these beams is directed 
toward the object, which reflects and scatters it to a 
high-resolution photographic plate. 
The photographic emulsion records optically coded 

phase and amplitude information in the interference pat-
tern formed by the combining of these two light beams 

(referred to as the object and reference beams). This 
interference pattern appears on the developed plate as 
light and dark wavy lines and dots with no hint of the 
image embodied in it. Yet this pattern, unintelligible to the 
human eye, contains all the information necessary to 
re-create the light waves originally emanating from the 
object. Instead of recording an image, a hologram records 
the coded information representing light waves them-
selves. The original light waves can be regenerated from 
this code. 
A hologram is seen by illuminating it with a reference 

beam identical to the original. The resulting image is 
indistinguishable in its three-dimensional aspects from the 
appearance of the original object or scene: perspective 
changes with viewing position, and there are differences 
between near and far objects in a scene caused by 
parallax. As with the original scene, an observer can move 
his head to look around an object in the foreground to see 
an object hidden in the background. 
A hologram can be thought of as many complex wave 

patterns frozen on a photographic film. When the coded 
light waves are reconstructed with a reference beam, the 
halted waves continue outward from the hologram exactly 
as the original waves would have done had they not been 
interrupted by the photographic plate. 
As the technology developed, other types of holograms 

with special and unique features were produced using 
numerous modifications of the basic technique. A trans-
mission hologram is illuminated from behind the plate, and 
the light is transmitted through it to the viewer's eyes. A 
reflection hologram is produced by making the object 
beam and the reference beam falling on the plate from 
opposite sides. This type of hologram is illuminated by 
reflecting the source light from the plate. 
The most successful and widely used application of 

holography today is probably holographic interferometry. 

controller, which looks up the code and retrieves the 
price and item description. This data is then returned to 
the terminal, where it is displayed and printed on the 
customer's receipt. 

Laser, laser everywhere 

The performance of the 3687 has been improved by 
providing a dense scanning pattern (Fig. 2) with the 
laser beams exiting the window of the scanner at such 
angles that a wrapping effect is achieved around items 
passed over the window. Consequently, items having 
symbols on their sides can be scanned by being passed 
upright over the scanner and rotated up to 90° in either 
horizontal direction. 
The scanning pattern has been designed to produce a 

maximum number of beams traversing the symbol as the 
item passes over the scanning window and at the same 
time to distribute the reading capability as evenly as 
possible throughout the scanning volume. The density 
and three-dimensional configuration of the scanning pat-
tern eliminate the need for turning products to position 
the product code directly over the scanner's window. 
Ambient light presents no problem because the optical 

system returns the reflected laser light to the photodetec-
tor along the same path as the outgoing beam that scans 

the symbol. Ambient light entering the scanner from 
other directions does not reach the photodetector and so 
cannot interfere with the light containing the product-
code signal. The insulation from ambient light and the 
use of multiple scanning beams greatly reduce problems 
caused by reflections from shiny packaging. 
The optical system has been designed to conform to 

the Food and Drug Administration regulations for a 
Class I laser product, which is the safest such classifica-
tion, and requires no safety labeling. In addition, the 
laser is automatically turned off when the scanner is 
unused for a certain period and is automatically turned 
on when scanning is resumed. 

Five parts 

The scanner can be divided into five major sections— 
the optical system, the analog electronics, the micropro-
cessor-based digital circuitry, the item sensor, and the 
power system (Fig. 3)—all of which is housed in a single 
cabinet. Data passes to the point-of-sale terminal over a 
thin, flexible cable. 
The purpose of the optical system is both to provide a 

source of light for scanning symbols on purchased items 
and to collect and detect the light reflected from the 
symbols. In order to read product codes from items, two 
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This is a nondestructive testing technique in which a 
holographic image of an object is superimposed over the 
real object, forming interference fringes on the surface of 
the real object. The spacing and regularity of such fringes 
can be used, for instance, to evaluate rotating turbine 
blades, detect cracks in aircraft components, and exam-
ine automobile tires. Holography also has potential for 
large-depth-of-field microscopy, making three-dimension-
al terrain maps, and visual displays. However, the applica-
tions that most excited people's imagination when it was 

ILASER I 

SEMITRANSPARENT 
MIRROR 

LENS 

invented-3-d TV and movies—are not expected to 
become a commercial reality before the year 2000. 

Holographic optical elements have been employed in 
scanning, ranging, and camera systems and in such mili-
tary applications as missile-seeking systems and aircraft 
cockpit head-up and simulator displays. 
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operations must take place: the operator must pass the 
item over the window of the machine, and the optical 
system must cause the laser light beam to scan the 
symbol. A pattern of beams is formed, and as the item 
passes over the window, the beams will traverse the 
symbol one or more times. 

Mirror, mirror 

The light source for the optical system (Fig. 4) is a 
low-power helium-neon gas laser. A beam-expander lens 
system increases the diameter of the small collimated 
beam produced by the laser, allowing the optical system 
to have a larger relative aperture, or lower f number, so 
that a smaller scanning spot can be used. The beam is 
then directed by mirrors to the holographic deflector 
disk. As the disk rotates, the laser beam is deflected onto 
a system of fixed mirrors, forming the scanning pattern. 
In addition, the holographic deflector also functions as a 
lens and focuses the laser beam to a very small spot in 
the area of the scanner's window. 
When the focused beam scans the symbol, light 

reflects from it in all directions, with the bars and spaces 
in the symbol returning different amounts of light. Some 
of the light is reflected back along the path of the 
outgoing beam (the retro-reflective path), collected by 

the holographic disk, and focused onto the photodetec-
tor. The returning light path has a much larger diameter 
than the small collimated beam from the beam expander, 
being limited only by the sizes of the mirrors and the 
holographic element. Most of the returning light will 
pass around the small mirror that deflects the output 
beam and will be focused onto the photodetector by the 
collector lens. 
A unique feature of the 3687's optical system is the 

use of a holographic deflector to produce the scanning 
pattern. Holograms are popularly thought of as creating 
three-dimensional images (see "Casting some light on 
holography," opposite). The holograms employed in the 
scanner are created by means of the same light-wave 
interference technique; however, the object here is to 
produce, not a three-dimensional image, but a holograp-
hic optical element (HOE). In this case, the hologram, or 
holographic optical element, is the optical equivalent of a 
prism and lens in combination. It deflects and focuses a 
collimated laser beam passing through it, acting very 
much like a zone-plate or diffraction grating (Fig. 5a). 

If the holographic optical element is moved relative to 
the laser beam, the focused spot formed by the element 
will also move and, in moving, will produce a scanning 
beam (Fig. 5b). The deflection angle and focal length of 
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6. Signal shaping. The electrical signal produced by the photode-

tector is amplified, then shaped by the threshold circuitry into a 

two-level digital signal for the microprocessor. The latter converts the 

signals into the appropriate numbers of the product code. 

the element can be modified by changing the setup used 
to make the hologram. Thus different holograms with 
different focal lengths and deflection angles can be 
mounted in a rotating disk. As the disk spins, scanning 
beams of different focal lengths are created. A system of 
fixed mirrors forms this set of beams into a scanning 
pattern that appears to wrap around the item. 

Making a HOE 

A holographic optical element is produced by combin-
ing two interfering coherent light beams (an object beam 
and a reference beam) that originate from the same 
source and arrive at a light-sensitive recording medium, 
such as film. The location of the lens determines the 
focal length of the element, and the spatial relationship 
between the object and reference beams determines the 
deflection angle. Exposing high-resolution, fine-grain 
silver halide film with the interfering object and refer-
ence beams yields an interference pattern of many close-
ly spaced lines that remains after the film is developed. 

However, holographic deflector disks made of HIDES as 
described above would be prohibitively expensive for a 
checkout scanner. Fortunately, a method of making such 
elements employing a master HOE (analogous to making 
photographic prints from a negative) is possible. In this 
process, the master is placed next to the film used to 
make the copy. The master is illuminated with a laser 
and the deflected light forms a light wavefront exactly 
like that of the object beam used to make the master. 
Some of the light passes straight through the master and 
acts as the reference beam to produce, in the copy, the 
same interference pattern that exists in the master. Con-
sequently, the copied element has the same focal length 
and deflection angle as the master. The copy is then 
developed, in a process similar to that used for photo-
graphic film. 

Minimizing losses 

Some of the light falling on a holographic optical 
element passes straight through without being deflected, 
some is reflected, and some is absorbed. Only the de-
flected light is useful in scanning. The amount of light 
returned through the HOE during scanning is limited 
partially by the diffraction efficiency of the element, or 
the ratio of light going out of the element at that 

particular deflection angle to the light coming in. Since 
only a small portion of the light reflected from a symbol 
is returned along the retro-reflective path, it is critical 
that losses of the returning light be minimized. 
To maximize the diffraction efficiency for both the 

outgoing and the returning light, dichromated gelatin 
was chosen as the photosensitive holographic recording 
medium for making copies of the holographic optical 
elements. This material, which is merely ordinary gelatin 
sensitized with ammonium dichromate, can be used to 
create holograms in thin films that have a high diffrac-
tion efficiency and are relatively insensitive to misalign-
ments of the incident laser beam. 

In the deflector disk, the dichromated-gelatin-film 
elements are sandwiched between two glass plates to give 
them rigidity, strength, and protection from the environ-
ment. A hub is bonded to the disk for connection to the 
shaft of the motor. 

Shaping up the signal 

After the optical signal is converted into an electrical 
signal by the photodetector, it is amplified and shaped to 
form a two-level signal that has a temporal relationship 
proportional to the spatial relationship of the bars in the 
symbol being scanned (Fig. 6). 
The dynamic range and bandwidth requirements 

impose stringent demands on the design of the amplifier. 
In addition, the distortion introduced into the signal 
because of the amplifier and the shape of the light spot 
scanning the symbol require sophisticated edge-finding 
techniques in the design of the threshold circuitry, which 
produces a digital signal. 
Symbol finding, decoding, and testing are performed 

by the microprocessor-based digital portion. Symbol 
data from the photodetector is interspersed with random 
data generated by scanning printed matter (other than 
the symbol) on items. The processor filters the data by 
looking for patterns that fit the geometry of the allowed 
symbols. Data passing this test is then decoded into 
numbers by measuring the temporal relationships within 
the data pattern and processing it using the symbol-
decoding algorithm. 

Modulo checking 

Items passed over the machine are generally scanned 
by the light source several times, as noted. When the 
scanning is complete, the data is tested by a modulo-
checking algorithm determined by the particular code 
being scanned. Data that passes the modulo checking is 
then passed to the point-of-sale terminal for data lookup, 
display, and printing of customer receipts. A flashing 
light and a beep tell the cashier the scan was successful. 
An optical sensor system made up of a photodiode and 

a light-emitting diode detects an item as it approaches 
the scan window and opens a shutter located between the 
laser and the beam expander. To reduce cost, improve 
reliability, and achieve a larger field of detection, the 
sensor's two elements have been packaged on the same 
circuit board. A mirrored surface on the opposite side of 
the machine reflects the light from the source back to 
the detector. 
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hat is NCR up to now 
We're helping 
manufacturers meet 
their semiconductor 
needs faster. 

You know NCR as a computer 
company. Now know us also 
as a semiconductor supplier. 
We produce semiconductor 
chips not only for our own use 
but for other manufacturers 
as well. 

Our role as a user of chips 
has helped us in our other 
role as a manufacturer. As a 
user we know the demands 
of tight production sche-
dules. As a manufacturer 
we responded to this need 
by developing proaucton 
techniques and stocking 
programs that speed up 

. order delivery. 

And we've learned 
another thing from our 10 
years of experience as a 
user of our own chips: 
Quality and reliability 
are essential elements 
of any chip. At our plants, 
semiconductors must 
pass comprehensive 
electrical tests to 
guarantee the fitness 
of each component. 
Every chip we produce 

must measure up to our own stan-
dard of excellence. It's a standard. 
we've been committed to from the 
day we pioneered our first MOS 

based terminal in 1971. 

Today, NCR is developing new ways 
of putting advanced semiconductor 
technology into the hands of more 
people. Custom and semi-custom.: 

logic devices, designed and manu-5.-
factured by NCR, transform tile,. 
concepts of design engineer 

into finished integrated circuits 

So, for semiconductors that 
don't lose their memory when 

they lose their power, EAROMs 
that can be programmec in-circuit, 

or innovative semiconductors 
designed to your specifications, 
you car now take advantage of 

NCR's unique experience. 

Can we deliver the chips for 
your company? We're certain of 
it. After all, for years we've been 

satisfying the production 
demands of some of the tough-

est customers in the industry, 
our own plants. 

N 
Complete Computer Systems 
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Engineer's notebook  

Simple patch reconciles 
parity flags in Z80, 8080 
by Zvi Herman 
Elbit Computers Ltd., Haifa, Israel 

Since the Z80's instruction set is a superset of the 
8080's, a program written for the latter can be run on 
the former. However, there are subtle incompatibilities 
that may cause unexpected behavior when such a pro-
gram is run on the Z80 —one of them being the defini-
tion of the parity flag. 

In the 8080, this flag indicates the parity of the result, 
whether the operation is arithmetic or logical. But the 
meaning of the flag has been modified in the Z80 so that 
it indicates the parity of the result after a logical opera-
tion only. 
When an arithmetic operation is executed, the parity 

flag (called P/V in the Z80) instead indicates an overflow 
condition. Hence, when an 8080 program relies on the 
parity resulting from an arithmetic operation, that piece 
of code could produce erroneous results when run on the 
Z80. 

For instance, suppose the content of the accumulator 
is 55 16 and the following instructions are executed: 

AD1-11H (add 11 16 to the contents of the accumulator) 
JPE NEXT (if parity is even, jump to NEXT) 

The 8080 adds 11 16 to 55 16, the result is even, and the 
condition for the jump is true. But when the Z80 adds 
11,6 to 55,6, the result causes no overflow and the PAT 
flag stays off. Now the condition of the jump is false, 
and the Z80 continues right through the next instruction, 
rather than jumping to NEXT. 

It is obvious that a patch is needed here. This patch 
(between the ADD and the JUMP) should leave the accu-
mulator and the flags intact. The only change required is 
modification of the PiV flag to reflect the parity result 
from the arithmetic operation. 

There is no single instruction in the Z80, however, 
that can do all that. All instructions that modify the PiV 
flag, in the sense of parity, change either the accumula-
tor or other flags; a series of instructions, however, will 
produce the desired result. 
The following sequence provides the solution: 

ADD A,11H 

RLD (rotate left one digit [nibble] to the left) 
RLD 

RLD 

JP PE,NEXT 

The RLD instruction rotates the least significant (4-
bit) digit of the accumulator through the memory loca-
tion pointed to by register HL (see figure). It modifies 
the P/V flag to reflect the parity of the accumulator and 
does not affect the carry (cY) flag. 

If the instruction is used three times, the accumulator 
is returned to its initial value and the CY, sign (s), and 
zero (z) flags are restored. Note that RRD may be used 
to rotate the digit right with the same success. 

This patch, however, does contain a few pitfalls. For 
one, the half-carry flag is zeroed by the RRD/RLD 
instruction. When the parity of the result of an arithme-
tic instruction is desired, the chance that the half carry is 
needed somewhat later is small, but it does exist. 
When HL points to locations in read-only memory, this 

patch is not suitable, since Rom locations cannot be 
written into and thus cannot be used for temporary 
storage. Finally, the patch adds execution time to the 
program, and that factor should be considered when 
software timing is important. 

ACCUMU-
LATOR 

DIGIT 

HIGH 

DIGIT 

LOW 

DIGIT 

HIGH 

DIGIT 

LOW 

MEMORY 
LOCATION 
INDICATED BY 
REGISTER HL 

Bit brigade. Parity is flagged for arithmetic 

operations in the Z80 by rotating the least 

significant nibble in the accumulator through 

memory and back. Three executions of the 

RLD or RRD instructions perform this task. 

Current loop supports remote 
distributed processing 
by Akavia Kaniel 
Measurex Inc., Cupertino, Calif. 

Long-distance serial communications between distrib-
uted processors, such as Intel's 8051 single-chip micro-
computer, is best achieved by using one of the data-
transmission standards—a 20-milliampere current loop, 
for instance. The circuit shown in the figure uses the 
universal asynchronous receiver/transmitter and the bit-
rate generator built into the 8051 to implement a full-
duplex, 20-mA current loop that operates at speeds of 
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COMMUNICATION SUBROUTINES 

Program 

FOR 8051 MICROCOMPUTER 

Comments 

INIT MOV TL1, ,, OFD1-1 
MOV TI-11,.-.0FDH 

PRESET COUNTER 1 TO 253 
FOR 9,600-b/s RATE. 

MOV SCON,.00OH_ UART SET TO ASYNCHRONOUS,  _ 
1 STOP, 1 START, 8 DATA BITS, 
1 EVEN PARITY BIT; RECEIVER 
NOT ENABLED YET. 

MOV TMOD,.25H _ TIMER 1 IS BAUD-RATE GENERATOR, 
TIMER 0 IS A 16-BIT COUNTER. 

SETB TRI ENABLE BAUD-RATE GENERATOR. 

SETB REN ENABLE RECEIVER. 

RET 

SEND: JNB TI,SEND 

MOV A,CHAR 

WAIT HERE TILL THE TRANSMIT - - - 
BUFFER IS EMPTY. - 

STORE CHARACTER TO BE SENT IN 

MOV CS3 
MOV TB8,C 

_ 
THE ACCUMULATOR. _ 

MOVE THE EVEN-PARITY 
BIT FROM THE PROCESSOR STATUS 

  -I 
' 

-I 
' 

WORD TO TB8 = PARITY BIT IN 

CLR TI — 
TRANSMIT BUFFER. 

CLEAR THE TRANSMIT-
BUFFER-EMPTY FLAG. 

MOV SBUF,A 
RET 

SEND THE DATA TO THE TRANSMIT-BUFFER. 

RCV: JNB RI,RCV _ WAIT HERE TILL THE 
BYTE-RECEIVED-FLAG IS - 

- 
_. 

_. 
_. 

CLR RI 
MOV A,SBUF 

MOV C,R B8 

JNB P,N PAR 

HIGH. 
RESET THE FLAG. 

- STORE THE RECEIVED 
BYTE IN THE ACCUMULATOR. 

_ STORE RECEIVED PARITY 
BIT. 

CHECK IF THE PARITY 

JB CY, PROC _ 
CALL ERROR 

JMP PROC -- 

OF THE RECEIVED BYTE 
- EQUALS THE 

PARITY BIT IN THE 
RECEIVED BYTE; IF — N PAR: JNB CY,PROC 

CALL ERROR 
PROC: RET 

NOT CALL THE ERROR- 
ROUTINE. 

110 to 9,600 bits per second. 

In addition, there are three canned 

software routines that perform ini-

tialization, data transmission, and 

data reception and are meant to be 

called by the user software when 

needed. These routines are given in 

the accompanying table. 

The figure also shows how a string 

of 8051-based nodes situated along a 

four-wire transmission line is config-

ured. Each node represents a point 

where some processing is accom-

plished, as, for example, in an indus-

trial plant. At least 10 nodes can be 

driven with the system shown, this 

limit being set by the current-sinking 

capability of transistor Q1 in the 

multidrop master. 

Besides data, the transmission line 

also carries power to each node, 12 

volts dc in this case. If necessary, 

this 12 V dc can be converted to 

other voltage levels that are needed 

locally by the electronics at each of 

the nodes. As illustrated in the fig-

ure, each node is also coupled to the 

transmission line through an optical-

coupler circuit using a 1N5308 con-

stant-current diode. 

 0 
2 2 
2 2 • 
2 2 

12-VrIc 
MULTIDROP MULTIDROP 

+5 V POWER 

NODE NO. 2 POWER I NODE NO.1 SUPPLY 
SUPPLY +5 V 

GRO 

6.4 1. 

r 

't 470 11 -, 0.1 pF 

+5 V 

DATA 
'AS  2 kS2 

12 V dc 
OUT DATA --4. 

IN I 
2 8 

-2-.W 

308 IN5 4 

3 1° RXD 1N914 
END 3 

2 MULTIDROP 

6N136 

+5 V 

Y:75452 _ 
8051 

SINGLE- 
CHIP 
MICRO- 

COMPUTER 

MASTER 
OLVII, 

Cl, 

150 SZ 
+5 V 

2 kn 

I' 

31 

'A 
2N3906 ' 

8 2 

-re 
3 

5 ' 75452 

TXO 

, 
_, 

a i-
. 

470 S2 
W. +12 Vdc 

1N5257 6N136 r 
. c. 

52.1 
4 

11-MHz 
CRYSTAL 

1E 

•---11--• 

19 15 

1N5308 — - T  4 

20 pF )T-''  
/ 
_ 

1. Long distance. Individual nodes are linked along the four-wire transmission system in accordance with the 20-mA-current-loop standard. 

At least 10 nodes can be driven by this system. In addition, the transmission line supplies 12 volts dc to each node for local electronics. 
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With Monochips,. 
Leonardo da Vinci might 
have been the first man to fly 

"Can man fly?" That was a question that 
haunted Leonardo da Vinci for almost 
twenty-five years. If MonochipsTM were 
around in his lifetime, he might have 
designed a computer to solve the rid-
dles of aerodynamics— and taken to the 
sky five centuries before Wilbur and 
Orville Wright. 
With Monochips and your genius, 

the world will see many Renaissance 
designs. Monochips are semi-custom 
IC's that give you all the benefits of full-
custom development without the lead 
time or expense. That's because their 
circuit components—the first five layers 
— are already in place when you start 
designing. All you do is connect them 
to make the circuit your application 
requires. 
Working from your layout, we etch 

the sixth layer and deliver prototypes 
in 8 weeks for $7,000 or less. When 
you approve them, we produce 1,000 
to 500,000 parts for you. 
The starting point is our Monochip 

Design Kits. They let you design your 
own custom IC— linear, CMOS, NMOS, 
CML, or bipolar— for only $25 to 
$59 per kit. 

Start your own kind of Renaissance 
in the 80's—with Monochips. 
Call us today to order your kit or 
for more information. Interdesign, 
1255 Reamwood Avenue, 
Sunnyvale, CA 94086. (408) 734-8666. 

Monochiie 
the semi-custom IC. 

Interdesign is a Ferranti Company. 
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Calculator notes 

Calculator plots time response 
of inverse Laplace transform 
by Hank Librach 
Fairfield, Conn. 

Combining the benefits of two previous notes 1.2 in this 
series, this HP-41C calculator note solves the inverse 
Laplace transform and then displays the results on the 
calculator's miniprinter-plotter. 

Using the Gaver algorithm' to approximate the time-
domain representation of a Laplace transfer function, 
the Hewlett-Packard calculator and program form a 
portable tool for visualizing the time-domain response of 

PROMPTS FOR SETTING X AND Y AXES 

NAME ? 

ILT 

Y MIN ? 

Y MAX ? 

RUN 

0.00 RUN 

1.00 RUN 

AXIS ? 

X MIN ? 

X MAX ? 

X INC ? 

0.00 RUN 

0.001 RUN 

2.00 RUN 

.10 RUN 

Miniploning. The plotted 

curve of the inverse La-

place transform is gener-

ated from the computed 

results by an HP-41C cal-

culator. Axes are set up 

according to the user's 

response to series prompts 

that are part of the overall 

program for calculating the 

inverse transform. The X 

and Y coordinates are ro-

tated 90° clockwise from 

the standard Cartesian rep-

resentation in the arrange-

ment, right, which depicts 

the actual plot as it 

emerges from the calcula-

tor's miniprinter. 

PLOT OF ILT 

X (UNITS= 1.) .1 

Y (UNITS =1.) -> 

0.00 

0.00 

1.00 

0.00: 

0.10: 

0.20: 

0.30: 

0.40: 

0.50: 

0.60: 

0.70: x 

0.80: x 

0.90: x 

1.00: 

1.10: x 

1.20: x 

1.30: x 

1.40: x 

1.50: x 

1.60: x 

1.70: x 

1.80: 

1.90: x 

A 

a system' given the Laplace transform. The user is 
prompted by the program to choose the bounds of the 
time axis as well as the time increments. Then by 
redefining the start and end points of the axes, the user 
can zoom in on smaller time increments. 

Step 59 (LBL A) in the program shown is where the 
transfer function is entered —in this case, it is F(s) = 
1/(s + 2). Then the corresponding time-varying func-
tion — namely, f(t) = e- 2t is- plotted along the axes 
specified by the user. 
The prompts that specify the plot coordinates are 

shown in the table. The resulting printout, for a range of 
O to 2 seconds in 0.1-s increments, is shown in the figure. 
The Gaver Approximation makes conventional assump-
tions regarding the time functions—namely that f(t) is 
bounded and well-behaved. Finally, an extra memory 
module is needed to run the printer-plotter. 
References 
1. Kin-chu Woo, "Tl-59 inverts Laplace transforms for time-domain analysis." Electronics. 

Oct. 9, 1980, p. 178. 
2. Michael A. Wyatt. "Home computer displays inverse Laplace transforms," Electronics. 
March 24, 1981, p. 163. 
3. D. P. Gaver, "Observing Stochastic Processes and Approximate Transform Inversion," 
Operational Research, Vol. 14, No. 3, 1966, pp. 444-459. 

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. We'll pay $75 for each item published. 

HP-41C PROGRAM LISTING FOR INVERSE 
LAPLACE TRANSFORM 

PRP"ILT" 

01 •LBL "ILT" 
02 STO 26 
03 .083333333 
04 STO 13 

05 -32.0833333 
06 STO 14 
07 1279.000076 
08 STO 15 
09 -15623.66689 
10 STO 16 
11 84244.16946 

12 STO 17 
13 -236957.5129 
14 STO 18 
15 375911.6923 
16 STO 19 
17 -340071.6923 
18 STO 20 
19 164062.5128 

20 STO 21 
21 -32812.50256 

22 STO 22 

23 •LBL 8 
24 12 
25 STO. 25 
26 RCL 26 
27 2 
28 LN 
29 XOY 
30 
31 STO 23 
32 0 

33 STO 12 
34 STO 24 

35 •LBL 02 

36 1 
37 ST+ 12 
38 ST+ 25 
39 RCL 23 
40 RCL 12 
41 
42 X EG A 
43 RCL IND 25 
44 

45 ST+ 24 
46 RCL 12 
47 10 
48 X=Y? 
49 GTO C 

50 GTO 02 

51 
52 
53 
54 
55 
56 
57 
58 

59 
60 
61 
62 
63 
64 

•LBL C 

RCL 24 
RCL 23 
• 
RTN 
OTO B 
"ENTER FUNCTION" 
PROMPT 

•LBL A 
2 

1/X 
RIN 
END 
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Engineer's newsletter 

Learn all about 

speech processing 

Book deciphers 

communications 

security issues 

Video cassettes guide 

engineers in learning 

Jovial language 

Teach connection and 

packaging with 

video tapes 

It's a major commitment in time and money, but for five days starting on 
Nov. 9, at a cost of $925, the tutorial seminar "Making Silicon Talk . . . 
and Listen" is a good way to learn about speech processing, algorithms, 
and architectures. Conducted by Signal Technology, the meeting will 
present the principles, techniques, and implementations of analysis and 
synthesis systems ranging from channel, formant, and linear predictive 
vocoders to the newest vector quantization approach. The audience also 
will learn about phonetics, text-to-speech systems, waveform coding, and 
speech recognition and will hear a comparative evaluation of architectures 
and technologies for implementing speech-processing algorithms. The 
seminar is not for the faint-hearted or the technically uninitiated and 
requires advance background reading. For more information, contact Alan 
Gersho, Signal Technology Inc., 15 West De La Guerra, Santa Barbara, 
Calif. 93101; (805) 963-1552. 

One of the problems of communications security is that few people 
understand what the real issues are, and one reason for this lack of 
understanding is that little information is available in jargon-free English, 
says consultant J. Michael Nye. "Who, What, and Where in Communica-
tions Security" is Nye's well-written, exceptionally informative solution to 
the problem. The 124-page report, compiled with the assistance of indus-
try vendors, the intelligence community (not all of it), the National 
Bureau of Standards, and the Department of Commerce, discusses elec-
tronic interception in general and even goes into the hush-hush Tempest 
concept — classified Government specifications for the electromagnetic 
emissions allowable for data-communications equipment. It analyzes vari-
ous specialized voice- and data-encryption schemes, as well as the NBS'S 
data-encryption standard. Call Nye at (301) 791-0290 for further infor-
mation, or write to him at Marketing Consultants International Inc., 100 
West Washington St., Hagerstown, Md. 21740. 

Jovial, the Air Force's high-level programming language for real-time 
military command, control, and communications, may ultimately be 
replaced by Ada, but for now it's still the Air Force standard. So engineers 
who need greater familiarity with it should welcome a video-cassette 
self-study course on Jovial. The program, for individuals or small groups 

is offered by SofTech Inc., 460 Totten Pond Rd., Waltham, Mass. 02154. 

If you're an engineering manager responsible for employee training and 
continuing education in production techniques, you'll likely want to look at 
three video tapes just released by the Institute for Interconnecting and 
Packaging Electronic Circuits. "Techniques of Soldering" shows the 
mechanics of hand soldering. "Rigid Flex Multilayer PWB Production 
Process" is a study of manufacturing technology documenting the process 
parameters for printed-circuit (or printed-writing) boards that combine 
rigid and flexible layers. "Interconnection Technology Trends in the 
1980s" discusses new designs, substrates, fine lines, plated through-holes, 
packaging density, and more. Write to the Institute at 3451 Church St., 
Evanston, Ill. 60203, or call (312) 677-2850. -Harvey J. Hindin 
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THE ZENDEX Model ZX-85 
PROCESSOR 

FOR DEVELOPMENT 81 TARGET SYSTEM USE 
• 8085A-2 or 8088 CPU 
• 64K BYTES of Dynamic RAM 
• Two RS-232 Channels 

SBC CPU. DISK. RAM 
& SYSTEMS by 

• 8219 MULTIBUS* Arbitor 
• MU IPB Compatible 
• 5 MHz Internal CPU Operation 

c=3 p r— tic) r-1 

Circle 151 on reader service card 

• MULTIBUS Compatible 
• Boot/Monitor on a 2732A EPROM 
• ISIS-II & CPC! Compatible 

•TM INTEL CORP L tenses to run INTEL ..oftware on ZENDEX products must be 
obtaineo front INTEL Corp CP/M ,m DIGITAL RESEARCH 

6680 Sierra Lane. Dublin. CA 94566 
(415) 829-1284 

OMEGA RESEARCH 
MULT1-USER MULTI-TASKING 

S-100 OR APPLE II 
NOW 8 OR 16 BIT!!! 

The world-famous SHIVA" Multi-User Real-Time Multi-Tasking Virtual Operating System with its unique VIRTUAL-PERSONALITY" disk-resident 
library of interface routines and Virtual R.A.M. mapping is now available ir two versons : SHIVA" 1.2 for 8-bit C.P.U.'s and SHIVA" 1.6 for 16-bit 
processors. SHIVA- 1.2 pioneered the high-powered Virtual Operahng System (VOS) for microprocessors witn its user-reconf igurable Virtual R.A.M. 
assignment for up to 16-users or real-time tasks. Now SHIVA" 1.6 continues Omega Research'"'s commitment to non-obsolescence and system 
superiority by extending SHIVA- into the 16-bit wo-cl of the 80's. SHIVA" 1.6 syntax is upward-compatiblewith SHIVA- 1.2, allowing SHIVA- users to 
recompile SHIVA'" 1.2 programs to run under SHIVA" 1.6 easily, so users may purchase SHIVA" 1.2 now, and move up to a 16 bit processor later as 
their needs dictate with no fear of -software obsolescence: . SHIVA- 1.6 is upward compatible with CP/M or CDOS files and programs through its 
VIRTUAL-PERSONALITY" disk-resident subrout'nes, supports hard disks as well as single or double-density floppies, features Logon and password 
protection, and features executive shell commands similar tc UNIX in structur€ and versatility. SHIVA" interfaces currently to Microsoft Basic, Cobol, 
and Fortran; C; Forth; JCSID Pascal Programs; Pascal/M; CBASIC-2; API: ALGOL-60; LISP. PL/I; MAC; and new interfaces are continually in 
development to keep SHIVA'" users State-of-the-Art. 

SHIVA'" 1.2 is available for 8080. 8085, 6800, 6502, and Z80-BASEC SYSTEMS INCLUDING CROMEMCO, NORTHSTAR, VECTOR GRAPHIC, SVVTP, 
DIGITAL GROUP, ALTOS, IMS, APPLE II, ITHACA 'NTERSYSTEMS, and 1 ELETEK disk controllers. 6809 C.P.U. version is in development. 

SHIVA'" 1.6 is available for 8086./ 8088/ and Z8000-2 based systems, with versions in development for 68000 based systems. 

Both SHIVA- versions 1.2 and 1.6 provide full disk utilities for all users. SHWA- 1.6 upgrades are available to regstered SHIVA'" 1.2 users within one 
year of purchase of SHIVA'" 1.2 for half the current list price. — The State-of-the-Art in microprocessor operating systems. 

SHIVA" 1.2 

R.A.M. addressing to 1.048 megabytes on a 
Z80A-based system 
Minimum system R.A.M. (single user): 4K 
Additional R.A.M. per user. 2K 
Maximum # of users or tasks: 16 
Maximum # of physical and logical drives: 128 
R.A.M. Bank capacity: 16-64K 

Banks (1 048 megabytes) 
$400.00 System prices: 

SHIVA" 1.6 

R.A.M. addressing to 128 megabytes on a 
Z8000-2 system 
Minimum system R.A.M. (single user) 4K 
Additional R.A.M. per user: 2K 
Maximum # of users or tasks: 16 
Maximum # tot physical and Logical drive: 256 
R.A.M. Bank Capacity: 16-8 

megabyte banks (128 megabytes) 
System prices. $650.00 

Complete Documentation Included: Documentation available separately for $50.00. (Applicable to later purchase of SHIVA" system) 
Signed license agreement must be returned prior to all shipments. Al!ow 6-8 weeks for shipping. 

CP/M is a tranemark of Digital Research • COOS is a trademark ol Cromemco, Inc. • UNIX is a trademark of Bell Laboratories = ea 

A
SHIVA-. VIRTUAL-PERSONALITY" and OMEGA RESEARCH" are trademarks of OMEGA RESEARCH'. 

111111E611 RESEARCII„ P.O. Box 479. Linden. Ca. 95236 (209) 334-6666 9 °L I:. 9 re. 
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Anyone in the microelectronics industry knows 
that the business 'takes' and flourishes in unexpected 
places which are especially suitable. 

In the EEC, Northern Ireland is such a place. 
And, just as with Silicon Valley, there are very 

good reasons for choosing Northern Ireland. 
Our universities and polytechnics are producing 

all the graduates and qualified technicians you could 
need. 

We have the  people. 

170 electronics engineers a year. Over 150 systems 
analysts and computer scientists. 300 with program-
ming experience. Not bad for a Province of1,500,000 
people. 

And our universities and polytechnics are geared 
to working for the microelectronics industry. 

So, too, is our infrastructure. 
You can direct-dial just about anywhere in the 

world (last year, 50 million direct-dial international 
calls were made from Northern Ireland). 

We have the telecommunications. 

Telephone installations are quick and easy. As for 
telex, our network of12,000 is growing at the rate of 
25% a year. 

152 Circle 164 on reader service card 

We also have 900 Computer Data Transmission 
users. Both direct line and satellite links are available. 

We have the  package. 

On top of all this, there is what an international 
authority has called 'overall, the best package of 
government investment incentives of any area in the 
EEC 

It all adds up to high profit opportunity. 
Get in touch and we'll give you all the facts to be 

convinced. Phone Louis Ritchie on 01-493 0601. 
Or have your secretary send in the coupon today. 

NORTHERN IRELAND: 
THE OPPORTUNITIES ARE THERE. 
THE PROFITS ARE THERE. 

Ruis Ritchie, Industrial Development Organisation for Northern Ireland, — 1 
Ulster Office, il Berkeley Street, London WIX 6BU. Telex: 21839. 
Please send me more in-formation on Northern Ireland. 
Name E/14/7/PE 

Position 

Company 

Address 

Telephone 

1 
NORTHERN IRELANI 
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New products roundup  

Reflectometers sight fiber-optic work 
Optical time-domain reflectometers bring detailed link analysis, 

including fault location, out of the laboratory and down in price 

by Harvey J. Hindin, Communications & Microwave Editor 

Now that optical-fiber communica-
tions are competing with copper-wire 
installations on an economic basis, it 
is essential that link testing be only a 
small part of a system's cost. There-
fore, testing must be cost-effective 
from the fiber manufacturing stage 
through the installed system check-
out. But since conventional laborato-
ry equipment is both expensive and 
difficult to use, the electro-optics 
industry is introducing cost-effective 
optical time-domain reflectometers 
for the job. 
A multitude of these devices has 

already appeared. In all such reflec-
tometers, the separation of the trans-
mitted and reflected signals and the 
processing of the backscatter data 

Reflections. The TD-9901 optical time-domain reflectometer from Laser Precision Corp. has a digitally swept box-car integrator with linear 

and logarithmic outputs. A chart recorder or plotter documents the characteristics of, in this case, a length of fiber still on the spool. 

are of prime importance. 
Reflectometer processing tech-

niques strive to maximize the back-
scatter signal-to-noise ratio. Both 
autocorrelation (see p. 118) and sim-
ple photon-counting techniques im-
prove weak signals that are returned 
by small imperfections in long fibers. 
Processing circuit-design is made all 
the more difficult by theoretical 
problems in analyzing the backscat-
ter waveshape in all but the simplest 
of cases. Phenomena such as step- or 
graded-index fiber type, the nature 
of the reflection, and the effect of 
bends in the fiber combine to make 
analysis difficult. 
The ru Components Group (Eu-

rope) Ltd. in England emphasizes 

automation: its ultimate goal is to 
produce a microprocessor-controlled 
reflectometer that can carry out 
automatic test routines on the exten-
sive fiber-optic communications sys-
tems that British Telecom is 
expected to install in this decade. 
The ITT OFR-1 is priced at 

$20,855 and can be delivered in six 
weeks. It can instantly display a 
fiber's backscatter-versus-distance 
curve on an oscilloscope (see "An 
optical radar," p. 154) and a more 
accurate hard-copy readout may be 
produced on a chart recorder. In 
either case, the fiber being tested 
may be optically scanned in equal 
steps over its entire length. 
To observe weak backscatter sig-
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nais, the ITT reflectometer uses a 
signal-processing method known as 
box-car integration. A box-car inte-
gration circuit, through a sophisti-
cated averaging technique, allows a 
reflectometer to detect nonreflecting 
fiber breaks at distances equivalent 
to more than a 30-dB round-trip loss. 
This is not possible with oscilloscope 
receivers lacking the signal-process-
ing capability. 

However, the oscilloscope receiver 
approach is adequate for many tests. 
It is so useful, in fact, that it was 
adopted by Times Fiber Communi-
cations Inc. in its Fiberscan series 50 
reflectometer. The company claims a 
± 1-meter resolution in some cases 
for this $6,850 plug-in reflectometer, 
which is compatible with series 500 
oscilloscope mainframes from Tek-
tronix. The same reflectometer de-
sign may be had as a $7,250 model 
51 stand-alone unit for use with any 
wideband scope, as a $9,250 model 
53 laboratory unit with scope, or as a 
$9,650 model 55 field unit with 
scope. Delivery of any of these mod-
els takes four weeks. 

Like the irr unit, the Fiberscan 
reflectometer uses an avalanche pho-
todiode detector as a receiver since 
maximum sensitivity in an optical 

TRANSMIT 
AND RECEIVE 
ELECTRONICS 

_ 01 L H 
TRANSMITTER 

AVALANCHE-
PHOTODIODE 
RECEIVER 

OPTICAL 
DIRECTIONAL 

COUPLER 

TO OSCILLOSCOPE g  

TO CHART RECORDER 

SIGNAL-PROCESSING 
CIRCUITRY 
(BOX-CAR 

INTEGRATOR) 

TRANSMITTED 
LIGHT 

41^%.00"%„.• 

1 

REFLECTED 
LIGHT 

TO 
FIBER 

Critical component. A directional coupler with low attenuation and high directivity is needed 

to separate the transmitted and reflected light at the reflectometer-fiber interface. 

receiver is necessary [Electronics, 
Oct. 9, 1980, p. 155]. Since a laser 
transmitter was used by both manu-
facturers, great attention was paid to 
eye-safety devices. In addition, ei-
ther of two pulse widths (10 or 100 
ns) can be chosen to optimize the 
backscatter signals for a particular 
application. 

Digital readout. The key to reflec-
tometer success for Laser Precision 
Corp. is microprocessor control. Not 
content with the raw video signals 
that a scope can generate, LPC has 
added to its $13,750, 37-lb TD-9901 

reflectometer a digitally swept box-
car integrator with both linear and 
logarithmic outputs, a microproces-
sor-controlled signal processor, and a 
direct digital readout of cable length 
or fault location. A hard copy of the 
backscatter may also be obtained by 
feeding the output of the boxcar 
integrator to a chart recorder. 
The microprocessor is especially 

useful for providing precise fault 
locations in an optical cable. The 
processor controls a cursor, which 
provides a digital display of the 
elapsed reflection time with a 10-ns 

An optical radar 

The optical time-domain reflectometer is useful for charac-
terizing all but the shortest of fiber-optic communications 
links. It is designed primarily to detect such faults as poor 
splices, mechanical ruptures and other discontinuities and 
as a bonus can pinpoint their location. The reflectometer 
also provides information about the fiber's attenuation, its 
physical uniformity, and the characteristics of its connec-
tors as well. 
A time-domain reflectometer functions much like a one 

dimensional, closed-circuit optical radar, and like a radar, 
it can perform with great accuracy. Its laser transmitter 
injects short pulses of light into one fiber end. Depending 
on material inhomogeneities and any other physical varia-
tions in the fiber, such as those at splices, the transmitted 
pulses are partially reflected back to the test instrument, 
where an optical receiver captures their reflected energy. 
Through signal processing, the amplitude, shape, and time 
delay of these returning pulses yield information that lets 
the designer see how well his system is performing. 

In high-grade communication fibers, the dominant phys-
ical mechanism causing light to be reflected is known as 
Rayleigh scattering, and the total reflected signal caused 
by it is called backscatter. By considering an oscilloscope 

display of backscatter as a function of the distance along 
a cable, a trained observer can tell a great deal about 
various aspects of the link's behavior. -H. H. 
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• The NEW 
Electronics Buyers' Guide 

is now available! 

The 1981 EBG is only a postage stamp away! Completely new listings of 
catalogs, new phone numbers, new addresses, new manufacturers, sales reps, 
and distributors! The total market in a book—four directories in one! 

1. 
Directory of products. Over 
4,000 products, over 5,000 
manufacturers. 

2. 
Directory of catalogs. 
Includes six post-paid catalog 
inquiry cards for 10-second 
ordering. 

- •-•••••••• amBila - - ••••• 
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IBM., --MOM 
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The only book of its 
kind in the field. 

If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with the 

coupon now. 

3. 
Directory of manufacturers. 
Local sales offices, reps, and 
distributors, with phone 
numbers. Number of em-
ployees and engineers, dollar 
volume, name of company 
contact. 

4. 
Directory of trade names of 
products and their manufac-
turers. You can trace a prod-
uct by its trade name only. 

Yes, please send me copies of 1980 EBG. 

0 I've enclosed $30 per copy delivered in USA or Canada. 
Address: EBG, 1221 Avenue of the Americas, New York, 
N.Y. 10020. 
D I've enclosed $52 for air delivery elsewhere. Address: EBG, 
Shoppenhangers Road, Maidenhead, Berkshire S16, 
2Q1 England. 

Name 

Company 

Street 

City 

State Zip Country 

1 



VACIIEC 
INFRARED 

OPTICAL 
SWITCHES, 

LED'S, DETECTORS 

New .125" gap interrupters offer 
22 options all with IR 
transmitting seamless plastic 
housing. No seams or openings to 
collect dust 
Some options are: 

• .005- or .010" internal 
apertures 

• completely sealed units 
• can be immersed in cleaning 
solvents 

• various sensitivities 
• flying leads 

Write for bulletins on VTL1OD, 
VTLI1D, VTL12D, VTL13D 
series. 

\\ 
OR ASSEMBLE YOUR OWN 
switch from a pair of clear thin 
line packaged GaAs emitters, 
phototransistors or 
photodarlingtons with integral 
molded lens. 12 detector types-
4 emitter types as well as 
matched pairs available. 

Write for bulletins on VTM-712, 
VTE-712, and VTT-712 series. 

VACTEC, INC. 
10900 Page Blvd. 

St. Louis, MO 63132 

314) 423-4900 

TWX 910-764-0811 

New product roundup 

precision and accuracy that is within 
±0.01%. Distances can be extrapo-
lated from the display once the fiber 
core's index of refraction has been 
entered into the microprocessor. 
(Unfortunately, this information is 
not always offered by fiber manufac-
turers.) Like the other reflectomet-
ers on the market, the TD-9901 has 
selectable laser pulse widths; unlike 
some of the others, it has self-
diagnostic capabilities. Deliveries 
are in 60 to 90 days. 
No scope. To Orionics Inc., it is 

clear that a hard copy of the output 
from a boxcar integrator reflectom-
eter is what fiber-optic—system de-
signers want. To fill this need, its 
$14,000 OTBR-106 reflectometer 
has a built-in chart recorder and a 
digital light-emitting-diode display, 
but no oscilloscope. 
The Orionics instrument is cou-

pled to the tested fiber by first 
squaring off the fiber by cleaving it 
and then placing it in a precision 
front-panel X-Y-adjustable V-block 
fixture. Fibers from 100 to 200 gm 
in diameter may be accommodated 
in this fixture, which requires opti-
cal-coupling compound for the best 
results. A single defect in a fiber can 
be located to within ± 2 m and two 
adjacent defects may be resolved if 
they are more than 15 m apart. 
According to the company, attenua-
tion of splices and connectors can be 
measured if the one-way fiber atten-
uation is less than 30 dB. 

Orionics also manufactures the 
OTDR-103A, which is a plug-in unit 
for the Textronix 7000 series of 
oscilloscope mainframes. The firm 
says that fiber breaks more than 1 m 
from the reflectometer can be 
detected by the 103A, which, like its 
more elaborate cousin, has an X-Y 
positioner. The $7,560 OTDR-103A 
can be delivered in 10 to 12 weeks; 
the OTBR-106 takes 14 weeks. 
ITT Components Group (Europe) Ltd., 

Optoelectronics Division, Leeds, Yorkshire, 

England [401] 

Laser Precision Corp., 1231 Hart St., Utica, 

N. Y. 13502 [402] 

Orionics Inc., 34368 E. Frontage Rd., Boze-

man, Mont. 59715 [403] 

Times Fiber Communications Inc., 358 Hall 

Ave., Wallingford, Conn. 06492 [404] 

Fber Opbcs 

and 

Lightwave Communcabces 

Vocabulary 

eliBectionics 

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 ,i• 
Tel. 609/448-1700, ext. 5494 

ic!)'41 

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. 

Payment enclosed D Bill firm 0 Bill me 

Ten-day money-beck guarantee. 

Name 

Title 

Company 

Street 

City State Zip 

ELT 
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Enable (CE) input that translates into 
system level power savings of up to 
85 percent. And because it's pin-for-
pin compatible with 2764 EPROMs 
already in your system, it's your answer 
when it comes to making a cost-effec-
tive—and quick— move from EPROM 
prototyping to high volume ROM 
production. 

A true beauty for now and the future 
—that's the SY2365A 64K ROM from 
Synertek. We're the company that built 
its name in servicing the ROM market-
place. Call Memory Product Marketing 
direct at (408) 988-5611 or contact 
your area Synertek representative. 

Synertek is a major MOS supplier 
of high volume parts with advanced 
technologies and techniques behind 
everything we make. ROMs. Static 
RAMs. Custom circuits. Single-chip 
Microcomputers. Systems. 6500 
Microprocessors and Peripherals. 

Pin up of the year. 
The 28-pin 64K ROM from Synertek. 

Make a smooth transition to 
the new standard in ROMs with the 
JEDEC-approved 28-pin 64K ROM 
from Synertek. Smooth because our 
pin up from 24 pins to 28 pins takes 
into account today's—and tomorrow's 
— board design needs. 

Now you can make the move to 
flexibility in new board layouts with a 
whole new generation of 64K ROMs. 
The SY2365A offers you two-way 
compatibility—step down to the 24-pin 
SY2333 32K ROM of today or up to 
the 28-pin 128K/256K ROMs of 
the future. 

Not only that, but it's fast too. At 
20Onsec (max), the SY2365A delivers 
the kind of high performance you 
need to meet the demands of today's 
system designs. With the organization 
to match —8192x8. 

The SY2365A also features auto-
matic power down through its Chip 

24 PIN 
SY2333 

17\." 
• " 

, 

•••'' ' 

;.>•)1›.1.--"e \ 

SYNERTEK 

3001 Stender Way, PO. Box 552 
Santa Clara, California 95052 
(408) 988-5600 
TWX: 910-338-0135 
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New products  

Relays have 0.3-9 FET outputs 
Line of ac and dc optically isolated solid-state relays 

get low on-state resistance from paralleled FET cells 

by Larry Waller, Los Angeles bureau manager 

Power field-effect transistor technol-
ogy is being used in Teledyne 
Relays' line of optically isolated sol-
id-state relays to lower the on-state 
resistance of the output to as little as 
0.3 9. Minimizing the offset voltages 
at the outputs, the FET-based relays 
can be used in a number of low-level 
and power-switching applications 
now dominated by electromechani-
cal reed-type relays, says Dennis 
Chabala, director of engineering at 
the Solid State division. Optically 
isolated, FET-based solid-state relays 
from the Opto-mos line of Theta J 
Corp., Woburn, Mass., range from 
2.5 to 65 1 in on-resistance. 

"Basically, multiple cells in the 
FET technology parallel resistance in 
relays and get the on-resistance 
down," says Chabala. Under devel-
opment for two years, the Teledyne 
relays have proprietary hybrid 
microelectronic construction and 
may be driven by TTL or comple-
mentary-mos logic inputs. All the 
relays have a third input terminal 
that is used in the latter case. The 
buffered inputs are specified to han-
dle signals of 3.8 to 32 V. 
A Schmitt trigger at the input 

increases the noise margin when c-
mos is used, according to Teledyne, 
preventing false triggering in noisy 
environments. The input logic cir-
cuits are protected from output volt-
age transients up to 1,000 V. 

Package choice. The Teledyne 
relays come in two series, the 690 
and -91 and the 685 and -86. The 
former series is housed in the firm's 
hermetically sealed low-profile Cen-
tigrid package. Otherwise electri-
cally equivalent, the latter series 
comes in a larger hermetically sealed 
dual in-line package, which doubles 

power-dissipation capability, allow-
ing 1.0-A loads to be carried in 80°C 
ambient conditions, according to the 
Teledyne engineer. For custom jobs, 
operation can be boosted to 5 or 10 
A, he adds. 

Both series include ac models 
rated to switch ± 80-v loads and dc 
models with 80-v output ratings. 
The 685 is a dc relay rated to carry a 
1.0-A load; it has 0.3-1Z typical on-
resistance and a 3-ms turn-on time. 
Its ac counterpart, the 686, carries a 
± 700 mA load, has 0.6-Q on-resist-
ance typically, and turns on in 5 ms. 
The 69X series has four mem-

bers—the dc 690-1 and 690-2, and 
the ac 691-1 and -2. They are rated 
to carry, respectively, 250, 1,000, 
± 150, and ± 700 mA, and have typ-
ical on-resistances of 1.2, 0.4, 2.4, 
and 0.8 9, respectively. Turn-on 
times range from 1.5 ms for the 690-
1 to 5 ms for the 691-2. 
The 69X series in the Centigrid 

package is intended for military uses 
where small size and reliable opera-
tion in high—electromagnetic-inter-
ference conditions are critical. But 
these qualities should provoke inter-
est among the designers responsible 
for equipment with general-purpose 
analog and transducer signal 

switching, the company maintains. 
An example of thermocouple or 

low-level (down to 100 pv) analog 
switching is a network of the relays 
that can multiplex signals to an 
instrumentation amplifier. "They 
can multiplex directly from micro-
computer input/output ports or c-
mos ring counter circuits," points 
out Chabala. The relays can also set 
the gain of the instrumentation 
amplifier under microprocessor con-
trol, he adds. Other applications for 
the FET family include isolated line 
drivers, current-loop switches, servo-
and synchro-resolver control, and 
data couplers. In power switching, 
the devices allow less power dissipa-
tion than does bipolar technology— 
for example, 30 mw compared to 2 
w for a Darlington type, both carry-
ing 1 A at 2 v. 
The 100-unit price of the 690-1 is 

$41, and at 1,000 units, the unit 
price is $35.50. The 691-2 sells for 
$55.50 and $47.50 in like quantities. 
Samples will be available in Septem-
ber, with full production expected in 
October. 
Teledyne Relays, 12525 Daphne Ave., Haw-

thorne, Calif. 90250 [338] 
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Computer room. 
High performance architecture 
in a single-chip micro. 

Powerful, high performance 
architecture. That's the Synertek Z8, 
the most powerful 8-bit single-chip 
microcomputer available today 

The Z8 gives you fast execution. 
Advanced architecture. Efficient 
use of memory Sophisticated interrupt. 
Serial and parallel I/O. Program-
mable timer/counters. Plus easy system 
expansion. And you can tailor it 
the way you want it. 

Under program control, configure 
it as a stand-alone microcomputer 
with 2K bytes of internal ROM. Or as 
a traditional microprocessor that 
manages up to 124K of external mem-
ory. Or as a parallel processing 
element in a system linked to other 
processors and peripheral con-
trollers. In any configuration, you get 
a large number of pins available 
for I/O — up to 32. That's room to grow. 

Fast instruction execution, 
interrupt response, and context switch-
ing means the Z8 is a perfect fit 
for real-time applications. And with six 

vectored interrupts that are maska-
ble and prioritized, the Z8 offers greater 
interrupt capabilities than compar-
able single-chip microcomputers such 
as the 8051 and 6801. 

It's all available now. The MDT 
2000 floppy-based development 
system with in-circuit emulator simpli-
fies software/hardware development. 
And the 40-pin Z8-03 features a 
piggyback EPROM socket to allow 
prototyping or small volume produc-
tion before committing to the Z8-01 
masked ROM. 

For samples and our complete 
Z8 information packet, contact 
Microprocessor Product Marketing 
direct at (408) 988-5614. 

Synertek is a major supplier of 
high volume parts with advanced MOS 
technologies and techniques behind 
everything we make. Single-chip 
Microcomputers. Microprocessors and 
Peripherals. ROMs. Static RAMs. 
Custom circuits. 
•Z8 ,s a trademark of Lk:xi Inc 

Z8 FEATURES 

• 2 K Bytes On-Chip ROM 
• 124 Bytes On-Chip RAM 
• 32 I/O Lines 
• Full Duplex UART 
• Expandable to 124 K 
External Program Memory 
and Data Memory 
• Two 8-Bit Timers with 
6-Bit Prescalers 

• 6 Vectored, Prioritized 
Interrupts (I/O, Timers, 
UART) 
• High Speed Instruction 
Execution — 8MHz Clock 
• On-Chip Clock Oscillator 
• T TL Compatible 
• Single +5V Supply 

SYNERTEK 
3001 Stender Way, P.O. Box 552 
Santa Clara, California 95052 
(408) 988-5600 
TWX: 910-338-0135 
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New products 

Microcomputers & systems 

256-K-byte board 
maps dynamically 

Multibus-compatible memory 

uses 64-K dynamic RAMs, 

has error-correcting option 

The BP-0300 memory board from 
NEC Microcomputers adds 128- or 
256-K bytes of dynamic random-
access-memory storage to Multibus-
compatible 8- and 16-bit computer 
systems. The board incorporates 
NEC's 1113D4164 n-channel mos 
RAMS and includes error-detection 
and -correction circuitry as an 
option. The BP-0300 boards, which 
carry their own refresh circuitry, will 
range in price from $1,500 to $3,600 
when they become available at the 
end of this month. 

Besides accommodating 8- and 
16-bit data buses, the BP-0300 can 
operate on 16-, 20- and 24-bit 
address buses. It also has an on-
board memory mapper that can 
implement a variety of addressing 
capabilities, including dynamic 
memory mapping for multiuser and 
multitasking applications. In this the 
board is unique, claims Richard J. 
Weiner, manager of engineering for 
the NEC Microcomputer Products 
group. "No other Multibus-compati-
ble memory board has this feature, 
as far as 1 know. The BP-0300 not 
only has it but also lets users imple-
ment memory mapping according to 
their particular needs." 
NEC includes a µPD429 read-only 

memory in the BP-0300 package for 
fixed memory mapping; the ROM's 
eight memory-addressing patterns 
configure the board's RAM to eight 
different starting addresses under 
jumper or software control. Alterna-
tively, the BP-0300 can also accept 
user's own ROM or erasable pro-
grammable ROM for programmed 
configuration of the board's 64 4-
K-byte memory pages beginning at 
any page boundary. 

Finally, an NEC PD446 static 

complementary-MOs RAM can 

mount in the BP-0300 and direct 
dynamic, on-the-fly memory map-
ping in multitasking systems where 
the memory configuration continu-
ally changes. The BP-0300's memo-
ry-mapping capabilities address both 
8- and 16-bit words, and are trans-
parent to host central processing 
units, according to NEC's Weiner. 
The optional error-detection and 

-correction circuitry corrects any 
single-bit errors and flags any multi-
ple-bit errors that occur in memory. 
An on-board status register stores 
error-condition information, which 
the host CPU can access under pro-
gram control. This information, 
which also is displayed by a bank of 
light-emitting diodes connected to 
the status register, includes identifi-
cation of the error as either single- or 
multiple-bit, the location of the error 
in memory, and whether or not more 
than one error has occurred since the 
last CPU interrogation and resetting 
of the status register. 

Correction chip. A special-purpose 
large-scale integrated circuit, along 
with 6 or 12 added memory chips on 
the 128- and 256-K-byte boards, 
implements error correction. The 
device generates and compares 6-bit 
check words in both read and write 
cycles to detect any mismatches 
between data values and their corre-
sponding check bits. In the case of a 
single-bit error, the device inverts 
the polarity of the offending bit 
before it is transfered to the Multi-
bus. Depending on its configuration, 
the BP-0300 can either send an 
interrupt to the CPU or reset the 
system in response to multiple-bit 
errors. 
The boards have a 650-ns maxi-

mum read or write cycle time and a 
maximum access time of 450 ns (500 
ns with error correction). The BP-
0300 can operate on user-supplied 
battery back-up power; it has an iso-
lated back-up power bus to minimize 
standby power drain. 

Delivery initially will take four to 
six weeks. The firm plans to begin 
delivering from stock beginning this 
September. 
NEC Microcomputers Inc., 173 Worcester 

St., Wellesley, Mass. 02181 [371] 

TI development system has 

64-K RAM, 4-MHz operation 

The TMAM9000 single-user floppy-
disk system is a low-end addition to 
Texas Instruments' recently intro-
duced line of multiple-user Ad-
vanced Microprocessor Prototyping 
Lab (Multi-AMPL) development sys-
tems. Like others in the series, the 
TMAM9000 will support both cur-
rent and future developments in Ti 
technology. The tabletop system 
includes a TMS9900-based central 
processing unit, complete with key-
board and display, plus a separate 

enclosure providing 2.2 megabytes of 
mass storage on two double-sided, 
double-density floppy-disk drives. 
The CPU has 64-K bytes of random-
access memory and features 4-MHz 
operation. The disk drive unit offers 
4 times the storage capacity and 10 
times the data-transfer rate of pre-
vious FS990 AMPL systems. The 
software included is the 9000 Am-
plus system software, a package 
including the AMPL high-level de-
bugging language, 9000 family as-
sembler, screen editor, linker, text 
formatter, disk-conversion utilities, 
programmable read-only memory 
and erasable-PROM programmer 
utilities, and file and directory utili-
ties. Available immediately, the ba-
sic system sells for $13,350. 
Texas Instruments Inc., P. 0. Box 202129, 

Dallas, Texas 75220 [373] 

Board permits evaluation of 

NSC800 microprocessor 

The NSC888 microprocessor board 
enables the user to evaluate the per-
formance and features of the 
NSC800 8-bit P2CMOS microproces-
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Price breakthrough: $499. 
For a CMOS microprocessor development system. 

Our new CDP18S693 costs less 
than any other 1802 microprocessor 
development system on the market. 
And the development system can even 
become your final target system. 

The incredibly low $499* 
price includes: 
• CDP18S601 computer Microboard. 
• ROM/audio cassette controller 

Microboard. 
• Five-card chassis and case. 
• Detachable 5-volt power supply. 
• Audio cassette tape I /0 drive for 
mass storage. 
You get these capabilities: 

• Extended BASIC resident in ROM 
with full floating-point arithmetic. 

• 2K-byte monitor program with 

• u.s. optional distributor resale, single unit price. 

dd a terminal, and 
ou're ready to 
evelop your software. 

Another reason to 
switch to CMOS. 

extensive memory manipulation 
• RS232C or 20 mA terminal interface, 

up to 1200 baud. 
Or, for $799; you can get the 

CDP18S694. It has all the capabil-
ity of the 693, plus: 
• ROM-based 1802 Assembler/Editor. 
• PROM Programmer board. 
• A second cassette tape I /0 drive. 

System expansion: 
• Expand your Microboard system 

capability, choosing from over 40 
expansion boards and hardware 
accessories. 

• Memory expandable to full 65K bytes. 
• Virtually unlimited I/O expansion 

capability using any combination of 
analog and digital I/O boards. 

• Run-time BASIC 3 firmware for final 
system configuration. 
Develop software for any 

1802-based component design, 
or for any Microboard system in BASIC 
or assembly language. 

At these prices you can't afford not 
to get into CMOS. 

For more information, contact any 
RCA Solid State sales office, sales 
representative or 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. 

Circle 161 on reader service card 

System is expandable, 
using any of our CMOS Microboards. 



New products 

sor family. With the board, the user 
can write, debug, and execute an 
NSC800 program under control of a 
2-K-byte monitor. Only the addition 
of a ± 5-v power supply and an RS-
232-C interface cable to the user's 
terminal are needed to begin the pro-
cess. Included on the board are the 
NSC800 central processing unit plus 

random-access memory, timers, in-
put/output lines, erasable program-
mable read-only memory, and inter-
face components. Each board is 
$995, and delivery is in two weeks. 
National Semiconductor, 2900 Semiconduc-
tor Drive, Santa Clara, Calif. 95051 [374] 

Unit gives 32-, 64-bit 

floating-point functions 

Desert Microsystems' latest STD Bus 
products are the DM-4411 and 
-4412 floating-point math boards. 
The 4411 is based on the AMD 9511 
arithmetic processor unit, which fea-
tures full floating-point math func-
tions including most trigonometric 
and logarithmic operations. The 
4412 is available with the AMD 9512, 

which provides single-precision (32-
bit) and double-precision (64-bit) 
floating-point arithmetic functions. 
Both have memory-mapped inter-
faces that permit the 9511/9512 
stack to be read or written using the 
block move instructions of the 8088 
and Z80 microprocessors. Both 
boards also connect all interrupt sig-
nals to an accepted STD bus inter-
rupt connector. And both versions 

Kit shown with optional, 
extra-cost parts 

Now breadboard 50% faster with the 3M 
Whiz Kit. It puts high-quality Scotchflex Brand 
plugstrips, sockets and tools right at your finger-
tips. So you can assemble a 20 I/C panel in less 
than half the time needed for hand-wrapping. 
There's no stripping. No soldering. No crimping. 

The kit's proven U-contact components 
let you use the same insulation-displacement 
technique for breadboarding that's used in pro-
s duction. Each contact's tin plated, so you 

save on cost. 
Bussing is fast—just one step. Wire 

inserted into the U-contact gives you 
-41 
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are available in two speeds. In quan-
tities of one to four, the price for 
either the 4411 or 4412 is $415 for 
the 2-m Hz version and $475 for the 3 
mHz version. Delivery is from stock. 
Desert Microsystems Inc., Star Rte. 1, Box 

1174-D, Pasco, Wash. 99301. Phone (509) 

547-3397 [375] 

Board 'fronts' for DS990s 

in distributed networks 

The Bit Character Asynchronous 
Interface Module enhances the dis-
tributed-network performance of Ti's 
DS990 computer systems by han-
dling many protocols, speeds, and 
configurations. It contains an on-
board TMS9900 microprocessor and 
semiconductor memory, both of 

which act to reduce the workload of 
the DS990 central processing unit. 
The memory includes 8-K bytes of 
read-only memory and 2-K bytes of 
random-access memory. BCAIM 

buffers multiple bytes of data in on-
board memory before interrupting 
the system CPU. Each standard 
board is $900, $970 with a data-set 
cable. October shipping is planned. 
Texas Instruments Inc., Digital Systems 

Group, P. O. Box 202146, Dallas, Texas 

75220. Phone (512) 250-7305 [376] 

Memory card transfers 

bytes or 16-bit words 

Seattle Computer Products' SCP-
110 64-K-byte IEEE S-100 memory 
card uses the new 100-ns Intel 2167 

16-K static random-access memory. 
The new chip allows memory man-
agement functions of offset and pro-
tection to be performed with the 
firm's 8-MHz 8086 central process-
ing unit without wait states. Its 
access time from address is 190 ns. 
The card- performs both 8-bit and 
16-bit transfers, switching automati-
cally. It can ignore the extended 
address lines in systems that do not 
use them. Power requirements for an 
active board are 1.6 A at 8 v while 
an inactive card uses 0.8 A. The card 
uses 24-bit addressing, the upper 8 
of which can be disabled. The list 
price is $1,295 with discounts for 
larger quantities. Delivery takes up 
to two weeks. 
Seattle Computer Products Inc., 1114 Indus-

try Dr., Seattle, Wash. 98188. Phone (206) 

575-1830 [379] 

ITB 
the equivalent of two wrapping levels. Double 
up in the contact and save four wrapping levels. 

CONVERT RIGHT TO PRODUCTION. 
Finished Scotchflex prototypes so closely 

match production quality you're saved more 
time on redesigning and fine-tuning. The U-
contact's less than 1/3 the height of an ordinary 
wrap post. So Scotchflex breadboards can be 
stacked on .600" centers for the most efficient 
use of space. 

You can reuse Whiz Kit's components up 
to 25 times. The hand tools are rugged, versatile 
and maintenance-free. The kit has its own flhllllllllllllllllllllllllllllllllllllllllllllllllllllhhll 

ora 
epla 

Righ 
Pon wort 
Whiz Kit. 
Write tod 
225-4SC 



New products 

Semiconductors 

HAL series starts 

with seven parts 

High-volume hard-array logic 

family adds standard parts 

to custom use of array logic 

Continuing its assault on the ubiqui-
tous Texas Instruments TTL Data 
Book, Monolithic Memories Inc. has 
used its hard-array logic technology 
[Electronics, June 2, p. 49] in cre-
ating seven new standard-function 
products. If the analogy holds that 
HALs are to PALs (programmable-
array logic) as read-only memories 
are to programmable ROMs, then 
these special-function products rep-
resent to the HAL what a character 
generator represents to a ROM—that 
is, a high-volume subset of a general 
part class. 
The first set of special-function 

HALs from mmi includes seven parts, 
each of which has been packaged in 
a 24-pin Skinny DIP and assigned a 
7400 series part number. There is an 
octal counter (54/74LS461), a 10-
bit counter (54/74LS491), a shift 
register (54/74LS498), a multimode 
register the firm calls a super inter-
face (54/74LS380), a 16-to-1 multi-
plexer (54/74LS450), a dual 8-to-1 
multiplexer (54/74LS451), and a 
quad 4-to-1 multiplexer (54/74 
LS453). 
With the exception of the 8-bit 

counter, super interface, and the 10-
bit counter, each of the new parts 
corresponds to a function in the TTL 
Data Book. These functionally 
equivalent parts are listed as the 
LS100 series with the same last two 
digits as the mmt parts. The differ-
ence between these and the TI chips 
is that the mmi parts have doubled 
the density of the TI parts: mmi's 
quad 4-to-1 multiplexer contains 
twice the circuitry of TI'S corre-
sponding dual 4-to-1 multiplexer. 
The data book does have an analog-
ous 16-to-1 multiplexer chip, but it is 
in a wider, standard dual in-line 

package instead of the Skinny DIP. 
The synchronous 8-bit counter is 

similar to TI'S 54/74LS161, which is 
a 4-bit counter, except that the mmi 
part adds three-state outputs and 
bus-structured pinouts. All the data-
in lines are grouped together on one 
side of the DIP, and all the data-out 
lines are at corresponding positions 
on the opposite side. It has parallel 
load, clear, and hold capability and 
can be cascaded for larger counters. 
It also drives 24 mn, compared to 8 
mn for the 54/74LS161. 

Video. The 10-bit counter is also 
referred to as a video chip because it 
can handle the 9-bit resolution nec-
essary to keep track of either a 
512—picture-element horizontal or 
vertical video display. Production 
chips will reach 16-m H z speeds, 
more than fast enough to handle the 
10-MHz required for normal graph-
ics applications and the 12-MHz 
required for high-resolution graph-
ics. Unlike the octal counter, the vid-
eo chip can count both up and down. 
The "super interface," or multi-

mode register, has no direct counter-
part in the rrL Data Book. It is 
closest in function to a combination 
of 54/74LS registers numbered 374, 
377 and 273, but it has additional 
advantages. Although the 374 is a 
three-state device, it cannot clear or 
enable a clock. The two-state 273 
and 377 parts contribute the clear 
and the clock-enable functions, re-
spectively, and all three chips can 
load true. mmi's 380 super interface 
may load either true or complement, 
as well as performing the three-state, 
clear, and clock-enable functions. It 
can also perform presets, which none 
of the three analogous chips can do. 
Samples of these parts will be 

available this month, with volume 
production beginning in five weeks. 
They will initially be available in 
Cerdip J-type packages at commer-
cial-grade 100-unit prices of $5.00 
each for the multiplexers and $9.00 
each for the registers. mmi plans to 
follow in October with N-type plas-
tic packages, which will reduce the 
prices to $4.00 for the multiplexers 
and $7.00 for the registers. 
Monolithic Memories Inc., 1165 E. Argues 

Ave., Sunnyvale, Calif. 94086 [411] 

Wideband CATV modules 

handle 53 channels 

A series of hybrid modules specifi-
cally designed for broadband com-
munity-antenna TV applications now 
have bandwidths as high as 500 mHz 
and are capable of handling 53 ultra-
high-frequency channels. Included in 
the seven-member series is the 
MHW6171 with a 500-MHz band-
width and a minimum power gain of 
16.7 dB at 50 MHz. With a 450-MHz 
bandwidth, the MHW5171 has a 
minimum power gain of 40 dB, and 
the MHW5122 has an 11.5-de pow-
er gain. Maximum cross modulation 
for the series ranges from — 54 to 

— 59 dB, and the minimum noise 
figure ranges from 6.5 to 9 dB. All 
modules offer a gain flatness of 
± 0.1 dB over their respective fre-
quency bands. The modules are cur-
rently being released in sample 
quantities, with full production vol-
ume scheduled for the third quarter 
of 1981. Unit pricing is expected to 
be below $35 in large production 
quantities. 
Motorola Semiconductor Products Inc., P. 0. 

Box 20912, Phoenix, Ariz. 85036. Phone 

(602) 244-6394 [413] 

Chips replace wired circuits 

in dbx noise reduction system 

Two chips replace the discrete cir-
cuitry for the voltage-controlled am-
plifier and root-mean-square detec-
tor on dbx Inc.'s noise reduction sys-
tem. Though actual prices have not 
yet been decided, the chips should 
lower the per-channel cost of licens-
ing dbx systems from its present 
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$3.50 to a figure below the going 
rate for Dolby systems. Using Inter-
national Radio Consultative Com-
mittee weighting, the dynamic range 
of the dbx system is in excess of 100 
dB. A dbx-equipped system provides 
50-dB noise reduction compared with 
20 dB for Dolby C. The dbx chips' 
frequency response is 30 Hz to 20 
kHz ± 1 dB, and their total harmonic 
distortion is 0.5% typically, 0.1% 
from 30 Hz to 15 kHz. 

Delivery of the chips is within 30 
days of order. 
dbx Inc., 71 Chapel St., Newton, Mass. 

02195 [414] 

8x60 controller converts RAM 

into first-in, first-out buffer 

A single integrated circuit can con-
vert standard random-access memo-
ries into large first-in, first-out buf-
fer memories. With the 8x60 FIFO 
RAM controller, two asynchronous 
systems may be interconnected for 
buffered data-transfer rates exceed-
ing 8 MHz. The 8x60 supplies an 
address up to 12 bits long to a user-
selected RAM of the desired data 
width. FIFO depth is selectable by 
two control signals to any of four 
word values: 64, 256, 1,024, and 
4,096. A four-signal handshake in-
terface is provided for read and write 
control from the two communicating 
systems, as well as status signals to 
indicate full, half-full, and empty 
conditions. 
The chip's inputs and outputs 

are standard rn with the address 
outputs having a 16-mn drive capa-
bility. The 8x60 has no fall-through 
requirements (a timing period dur-
ing which a part cannot be 
accessed). It is manufactured using 
Signetics' integrated Schottky logic 
(isi..) process and operates from a 
single power supply. One additional 
external dropping resistor provides a 
current supply to internal ISL. 

Available in 28-pin plastic dual in-
line packages, the 8x60 is $26.25 
each in 100s. 
Signetics, 811 E. Argues Ave., P. O. Box 

409, Sunnyvale, Calif. 94086. Phone (408) 

739-7700 [415] 

Package for MOS FETs allows 

greater pc board densities 

An end-stackable four-pin dual in-
line package for low-power mos 
field-effect transistors allows auto-
matic handling and insertion equip-
ment to place switching components 
closer to logic components on print-
ed-circuit boards for higher'packing 
densities than TO-3 and TO-220 
packages can provide. Therefore the 
Hexdip series eliminates lead form-
ing and hand insertion. The devices 
respond to TTL— or complementary-
MOs—level drive signals. Both n- and 
p-channel devices have a drain-to-
source breakdown voltáge of 60 or 
100 v, a resistance of 0.6 or 0.8 SI, 
power dissipation of 1 w (gild), and 
a drain current of 0.8 or 1.0 n for a 
single device. Unit prices for the 4-
pin IRFD110 parts range from $2.59 
to $6.04 in quantities of 1,000. 
Prices for the 16-pin IRFE110 
devices (all n- or all p-channel, or a 
combination) range from $10.88 to 
$25.36 in like quantities. 
International Rectifier, 233 Kansas Street, El 

Segundo, Calif. 90245 [416] 

PROM family offers 600-mil, 

high-density 300-mil versions 

Ten new Advanced Micro Devices 
2,048-by-8-bit programmable read-
only memories use the company's 
proprietary high-density ion-im-
planted micro-oxide process, Imox 
II. Five are offered in standard 600-
mil, 24-pin dual in-line packages, 
and five are available in high-density 
300-mil, 24-pin dual in-line pack-
ages. Developed as part of AMD'S 
generic PROM series, they all employ 
Amp's proprietary platinum silicide 
fuse. All have a maximum access 
time of 50 ns. The Am27S190 and 
Am27S290 have open-collector out-
puts while the Am27S191 and 
Am27S291 offer three-state outputs. 
Imox II also is used to produce ver-
sions of these parts with guaranteed 
maximum access times of 35 ns. The 
Am27PS191 and Am27PS291 are 

three-state power-switched versions 
that satisfy more stringent power 
limitations. Switched via the chip-
select line, both devices recover their 
full operating capabilities in less 
than 10 ns with an address access 
time of 50 ns at most. In the power-
down mode, current drain is 90 mn. 
Prices in 100-unit lots start at $38.15 
each for the Am27S190/191 family, 
and $51.65 for the Am27S290/291 
family. They are available now from 
stock. 
Advanced Micro Devices Inc., 901 Thomp-

son Place, Sunnyvale, Calif. 94086. Phone 

(408) 732-2400 [417] 

C-MOS loop-disconnect dialer 

remembers, redials 20 digits 

The DF328 low-power, monolithic 
complementary-mos loop-disconnect 
dialer contains all the logic needed to 
interface the standard double-con-
tact keyboard with a telephone sys-
tem requiring loop-disconnect sig-
naling. It stores up to 20 digits and 
offers automatic redialing by push-
ing the number key. Using negligible 
standby current and low operating 
current and requiring an unregu-
lated supply voltage of 2.5 v, the 
DF328 interfaces with long tele-
phone lines. Component count is 
minimized in using the DF328 by 

the inclusion of an on-chip clock and 
high-impedance pull-down termina-
tions for programming inputs, as 
well as pull-up terminations for 
direct interfacing with the keyboard. 
The Siliconix DF328 is priced at 
$3.20 each in lots of 100 and is avail-
able from stock. 
Siliconix Inc., 2201 Laurelwood Rd., Santa 

Clara, Calif. 95054. Phone (408) 988-8000 

[418] 
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For two good reasons. 
ILA ore people fly on Pan Am from America to places 
!VI overseas than on any other airline. 

Because Pan Am provides more of what demanding 
travelers demand. 

Comfort and convenience. 
For example, take comfort. To the Pan Am passenger, 

that may mean the unabashed luxury of First Class. 
With its spacious cabin and Sleeperette seats. 
(A Pan Am first, we might add.) 

Or comfort could be Clipper® Class. Our separate 
section especially for business travelers. In Clipper Class, 
no one sits in the middle. No matter where in the world 
one is flying. 

Sleeperette service® and Clipper Class are available 
on most of our widebodies. And we've got more wide-
bodies than any other airline. 

But offering more widebodies is just the beginning 
of our convenience story. For another chapter, consider 
this: 

Pan Am can take passengers from more of the 
U.S. to more of the world than any other airline. From 
25 U.S. cities to 47 cities around the world. 

All with one ticket. One baggage check-in. On one 
airline. 

If all this isn't reason enough to get you to fly us, 
we've got more coming. More ways to make your trip 
even more comfortable. Even more convenient. 

Because at Pan Am, we intend to keep on 
giving you reasons for making us 
your number one choice. t 

n n Se 
y 

United States 
Detroit 
Ft. Lauderdale/  

Hollywood s Fo  

Honolulu 
Houston 
Jacksonville 
Las Vegas 
Los Angeles 
Melbourne 
Miami 
Mobile 
Newark 
New Orleans 
New York 
Norfolk 
Orlando 
Pensacola 
Phoenix 
San Diego 
San Francisco 
Sarasota/Bradenton 
Seattle /Tàcoma 

Peec 

West PaWashinLtol?ieac.li 

Caribbean 
San Juan 
Central and South  
America 
Buenos Aires 
Caracas 
Guatemala City 
Maracaibo 
Mexico City 
Montevideo 
Panama City 
Rio de Janeiro 
San José 
Santiago de Chile* 
São Paulo 
Europe 
Berlin 
Frankfurt 
Hamburg 
London 
Munich 
Nuremberg 
Paris 
Rome 
Stuttgart 
Warsaw 
The Middle East  
and Africa  
Abidjan 
Accra 
Ankara 
Bahrain 
Dakar 
Dhahran 
Istanbul 
Lagos 
Monrovia 
Nairobi 
The Far East  
and Pacific 
Auckland 
Bangkok 
Beijing (Peking) 
Bombay 
Delhi 
Guam 
Hong Kong 
Karachi 
Manila 
Melbourne 
Osaka 
Shanghai 

gYndrer re 
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Bendix Tri-Start 
For all your applications, 
from general-duty to 
high-performance 
Bendix-designed and DOD-preferred, 
our Series Ill Tri-Start Connectors 
meet higher performance levels than 
all other series in MIL-C-38999, 
including Series IV. This performance 
leader meets the challenge of new 
technology through its ability to: 

• withstand vibration (60G peak at 
temperatures up to 200°C) 

• withstand humidity after 
temperature life 

im suppress electrolytic erosion 
• provide superior EMI shielding 
• resist corrosion (by withstanding 
500-hour salt spray) 

A new breed of connector capability, 
Tri-Start eliminates lock-wiring, 
couples in a 360° turn of the cou-
pling nut, and intermounts with 
standard MS connectors. 
Rugged yet precise, Bendix Tri-Start 
is available in a variety of shell 
styles and service classes, including 
class K firewall. 
Insert arrangements cover contact 
sizes 12 through 22D, in a variety 
of types. 
For general-duty to high-performance 
applications, call 607-563-5323 
or write The Bendix Corporation, 
Electrical Components Division, 
Sidney, NY 13838 

We speak connectors. Bendix 

Circle 168 on reader service card 



New products 

Instruments 

Scope shows line 
from TV frame 

U. S. and European versions of 

dual-trace, 100-MHz scope 

trigger on frame-sync signal 

Aiming at what it sees as a growing 
market for specialized test instru-
ments in the professional television 
service field, Philips Test & Measur-
ing Instruments Inc. is introducing a 
specially tailored version of its 
PM3263 100-MHz oscilloscope 
[Electronics, Nov. 9, 1978, p. 143]. 
With the PM3263X, service techni-
cians can dial up any line of a TV 
frame for viewing. 
The new dual-trace scope has been 

designed to trigger automatically on 
a TV frame's synchronization signal. 
Setting the scope's event counter to 
the number of a desired line, which 
is shown on a light-emitting-diode 
display, causes the scope's processor 
to delay the trace until the processor 
has counted to that line. Two ver-
sions of the scope are available: the 
North American version conforms to 

-1111.1=-

the National Association of Broad-
casters' standards, while the Eu-
ropean version conforms to the line-
numbering standards of the Eu-
ropean Broadcast Union and of the 
International Radio Consultative 
Committee of the International 
Telecommunications Union. 

Coupled with the unit's dual-trace 
capability and its main and delayed 
time bases, the line selection capabil-
ity gives the user an in-depth view of 
the TV signal. For example, the main 
time base can be used to present a 
trace of an entire line while the 
delayed time base is set so that a 
particular portion of the line is visi-
ble in detail. Similarly, the scope can 
be set so that the entire frame is 
viewed at the same time as the indi-
vidual line, or the frame can be 
divided into two so that each half is 
displayed on a separate trace. 

According to the company, the 
scope should be particularly valuable 
for all types of video signals, includ-
ing radar, video disk and cassette 
recorder systems, and teletext. Its 
full general-purpose 100-m H z per-
formance allows the unit to be used 
for non-TV measurements. 
The PM3263X is priced at 

$4,595; deliveries are in eight weeks. 
Philips Test and Measuring Instruments Inc., 

85 McKee Dr., Mahwah, N. J. 07430 [351] 

48-channel, 100-MHz analyzer 

has 16 levels of trace control 

According to Ed Jacklitch, market-
ing manager for Gould Inc.'s Bioma-
tion organization, "a logic analyzer 
is not a field service tool, it is a 
design tool." The company's latest 
product, the K101-D, therefore of-
fers the sophisticated triggering and 
clocking needed by today's designer 
to capture data from its 48 100-MHz 
channels. 

Jacklitch points out that digital 
systems will process several mega-
bytes of data per second, "quantities 
so vast that they have previously 
defied convenient analysis." So the 
K101-D provides 16 trace-control 
levels, with the parameters for each 
level individually selectable by 
means of separate menus. For each 
level, then, the user can define the 
stop, jump, advance, and trace 
events and thus take from complex 
data streams at each level only the 
information that is germane to his or 
her task. Data is stored in a 515-
by-48-bit memory. 
The analyzer can make both time-

and data-domain measurements si-
multaneously using both internal 
and external clocks. Internal clock-
ing is possible with resolution to 10 
ns, with glitch capture better than 5 
ns. Twelve separate clock input lines 
are arranged as six sample clocks 
(edge active) and six latch enables 
(level active). 
The menus are extremely easy to 

set up, saving designers considerable 
time. Moving a cursor to each item 
in the menu allows the user to scroll 
through the possible selections for 
that item at the push of a button. 
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World's most popular — 

ieeD, 
MONOBLOC® 

Ceramic 
Capacitors 

Temperature 

Compensating 

Stable and 

General Purpose 

ERIE Red Cap Monobloc* 
Ceramic Capacitors are in a 
quality class by themselves 
and today represent a standard of 
excellence unequalled in 
the industry 

Monobloc capacitor elements, 
solid structures of fused ceramic, 
are produced in a wide range of 
capacitance values, charac-
teristics and sizes. They offer 
inherent stability with conservative 
voltage ratings for long, trouble-
free life. 
The combination of Monobloc 

and "Weecon®" capacitors, under 
the famous Red Cap name, 
provide circuit engineers with 
unlimited design flexibility. 

Best delivery in the 

industry for these popular 

Z5U values ... 

.1 47 .68 1.0 2.2 4.7 µF. 

• Capacitance range 
100 pF. thru 7.5 

III 25, 50, 100, 200, 500 Volts 

Ill Broadest range of TC 
materials and tolerances 

Write for catalog 8100 

ERIE TECHNOLOGICAL PRODUCTS, INC. 
State College, Pa. 16801 

814-237-1431 

New products 

Captured data can be displayed in 
binary, octal, hexadecimal, decimal, 
ASCII, EBCDIC, and sign. Probes to 
provide device-associated mnemon-
ics will be offered in the future. A 
graph display permits an overview of 
program behavior. The K101-D is 
priced at $23,500 and shipments will 
begin in September. 
Gould Inc., Biomation Division, 4600 Old 

lronsides Dr., Santa Clara, Calif. 95050. 

Phone (408) 988-6800 [352] 

Analyzer examines, modifies 

registers and memory 

The CAS-11 analyzer does not 
require a card slot in the LSI-
11—based system it is testing. With 
the device the user can halt the 
central processing unit, single-step 
it, run in real time, and run with 
system data periodically collected 
and displayed or modified. It can 
also examine and modify CPU work-
ing registers and any of the memory 
locations, even if resident in system 
random-access memory. The CAS-
1 l provides a 40-bit breakpoint func-
tion, a 256-machine-cycle trace 
memory, and a substitute program 
memory for the system under test. 
The breakpoint circuits consist of a 
breakpoint condition register, a 
breakpoint mask register, and a 
pass-count register. The CAS-11 
analyzer can identify such malfunc-
tions as a loose cable connection or 
an inadvertent interface foul-up fol-
lowing routine maintenance. Deliv-
ery of the $4,650 analyzer is 30 days 
after receipt of order. 
Electro-Design Inc., 7364 Convoy Court, San 

Diego, Calif. 92111. Phone (714) 277-2471 

[354] 

DEC-based Fastprobe network 

supports three test stations 

The Fastprobe network, which sup-
ports up to three 4500 test stations, 
increases test and repair throughput 
by dedicating one or more test sta-
tions to production testing while oth-
ers are used for fault isolation and 
repair. Since edge-connector testing 
approaches do not thoroughly exer-
cise and test microprocessor-based 
boards and systems, the test station 
uses three test methods—in-circuit 
emulation, time-domain analysis, 
and signature analysis—to provide 
real-time functional testing and fault 
isolation. The Fastprobe test net-
work consists of a Digital Equipment 
Corp. LSI-11/23 computer, dual 
floppy disks, 20-megabyte hard disk, 
control terminal, expanded applica-
tions software, 180-character-per-
second printer, and up to three 4500 
test stations and defect printers. 
Options include a modem and series 
200 or 9508 program development 
system. The network can be operated 
under constant computer control for 
production testing and factory repair 
or in a stand-alone mode for use in 
depot repair facilities and in the field 
to diagnose system problems. The 
Fastprobe network is $90,000 and is 
available 90 days after receipt of 
order. 
Millennium Systems Inc., 19050 Pruneridge 

Ave., Cupertino, Calif. 95014. Phone (800) 

538-9320 [355] 

Sweep generator covers 

75 to 110 GHz 

The 47726H solid-state millimeter-
wave sweep generator covers the 
entire W band of 75 to 110 GHz. It 
consists of a full-band sweep source, 
a leveling loop, and a full-band 
sweep plug-in. The sweep source 
includes three Impatt sweep oscilla-
tors and an electrically actuated 
waveguide switch. The leveling loop 
consists of a ferrite modulator, direc-
tional coupler, and a flat broadband 
detector. The full-band sweep plug-
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Connect the dots, 
discover our newest 

TINY SNITCH 

in contains all the controls needed 
for the sweep sources and leveling 
loops. 
The unit is designed to plug into 

the Hewlett-Packard 8620C main-
frame or the 8350A mainframe with 
high-resolution digital displays. Lev-
eled power output is 1 mw minimum 
across the 75- to 110-GHz band-
width, and frequency linearity is typ-
ically 1%. Compatibility with the 
IEEE-488 bus is optional. The 
47726H is $32,560, with delivery 40 
days after receipt of order. 
Hughes Aircraft Co.. Electron Dynamics Divi-

sion, 3100 West Lomita Blvd.. Torrance, 

Calif. 90509. Phone (213) 517-6400 [356] 

Thor 1 simulates noise 

for test and evaluation 

The Thor 1 high-performance noise 
generator tests computers and other 
electronic equipment in the design 
stage. Thor 1 induces controlled 
amounts and types of noise into a 
test environment, and on the basis of 
this simulation, users may evaluate a 
product's noise-susceptibility or per-
formance under actual operating 
conditions. The unit will induce 
either radiated emission or con-
ducted discharge, and two operating 
modes provide the user with a choice 
of single-shot or repetitive burst 
modes, both of which produce rela-
tively flat noise spectrums well into 
the megahertz region. It is battery-
operated (30 w) to maintain noise 
isolation from the user's power line; 
the unit is equipped with a battery 
charger. Optional trigger and scope 
modules are available for special 
applications. Thor 1 is priced at 
$2,985, and delivery is in 30 days. 
International Control Systems Inc.. Lakeview 

Office Park, 2622 West Lake St., Minneapo-

lis, Minn. 55416 [358] 

Tiny rocker switches with PC 
brackets provide added support 
when actuated. Rocker mech-
anism is fully enclosed, to keep 

contaminants from 
entering. 

70 
Our gold contacts 

and terminals allow 
low current use and 
aid in soldering. The 

/. rockers are made of 
nylon, with a choice 
of bright colors. Ter-
minal seals provided, 
no extra cost. 

Actual 
Size 

Our Engineering and produc-
tion groups can quickly accom-
modate your needs. Call the 
originators of the 56111TCH 

b• 

6%16 

•8 

13 
• 

Ask for a free sample of this TR Series switch. 

AUGAr RLECIS 

•4 

•2 

CH® 
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. Vine St. Pierre, Que. HaR 1A3 
Europe: Augat France SA (2.1. Sofitic) B.P. 440-CEDEX 94263 Fresnes, France 
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SYSTEMS & 
SPARES 

AN/ALT-6-7-8 
AN-APG-33 
AN/APG-51 
AN/APN-69 
AN/APN-102 
AN/APN-169 
AN/APO-50 
AN/APO-55 
AN/APS-20 
AN/APS-31A 
AN/APS-42-45 
AN/APS-64 
AN/AS B-4/9 
ANICPS-6B 
AN/CPS-9 
AN/DPN-32 
AN/FPS-6-8 
AN 
AN/FPS-20-75 
AN /FR C-39 
AN/FRT-15 
AN/GPA-30 
AN /GPA-126 
AN /MPO-4A-113 
AN /M P0-29 
AN/MPS-19 
AN/fit1PX-7 
AN/MS0-1A 
AN 
AN/SPA-8 
AN/SPN-5 
AN/SPS-5B 
AN /SPS-6C 
AN/SRW-4C 
AN/TPN-12/17 
AN/TPS-1D,E 
AN/TPS-10D 
AN /TPS-28 
AN/TPS-34B 
AN/TPS-37 
AN/TPX-21 
AN /UPA-25-35 
AN/UPX-4-6 
AN/UPX-14 
HIPAR 
MK-25 
Nike Ajax 
Nike Hercules 
SCR-584 

LARGEST RADAR INVENTORY IN THE WORLD 
AUTOTRACK ANTENNA SCR-584 

RADAR SYSTEM 

360 deg AZ 210 deg EL. 1 mil. accu-
racy. Missile vet. accel. and slew rates. 
Amplidyne control. Handle up to 20 ft. 
dish. Compl. control chassis. ALSO in 
stock 10 cm. van mounted rad. system. 
Conical scan. PPI. 6 ft. dish. 300 pg. 
instr. bk. on radar. $50. 

 RF SOURCES   
17-27 KHz 200 W CW 
125-450 KHz 4 KW CW 
2-30 MHz 3 KW CW 
4-21 MHz 40 KW CW 
24-350 MHz 100 W CW 
80-240 MHz 500 W 2-5 uS 
175-225 MHz 300 KW 1, 20 uS 
200-2000 MHz 40 W CW 
210-225 MHz 1 MW 5 uS 
385-575 MHz 1.5 KW CW 
400-700 MHz 1 KW .03 DC 
950-1500 MHz 1 KW .06 DC 
900-1040 MHz 5-10 KW .006 DC 
1.2-1.35 GHz 500 KW 2 uS 
1.5-9.0 GHz 150 W CW 
3.2-3.3 GHz 10 KW .002 OC 
2.7-2.9 GHz 1 MW 1 uS 
3.1-3.5 GHz 1 MW 1.3 uS 
2.7-2.9 GHz 5 MW 2-3 uS 
4.4-5.0 GHz 1 KW CW 
5.4-5.9 GHz 5 MW .001 DC 
6 GHz 1 MW 1 uS 
6.2-6.6 GHz 200 KW .37 uS 
8.5-11 GHz 200 W CW 
9.375 GHz 40 KW .5-1-2 uS 
8.5-9.6 GHz 250 KW .0013 DC 
15.5-17.5 GHz 135 KW .33-1-3 uS 
24 GHz 40 KW .15 uS 
35 GHz 50 KW .1 uS 

 MODULATORS 
25 KW 5.5 KV 4.5 A; .0025 DC 
• 144 KW 12 KV 12 A; .001 DC 
250 KW 16 KV 16 A; .002 DC 
405 KW 20 KV 20 A; .1 DC 
500 KW 22 KV 28 A; .001 DC 
1 MW 25 KV 40 A; .002 DC 
3 MW 50 KV 60 A; 30 uS 
10 MW 76 KV 135 A; .001 DC 
66 MW 160 KV 400 A; .00 

TRACKING SYSTEMS 
K BAND MONOPULSE 40 KW E-34 
X BAND NIKE AJAX/HERCULES 
X BAND HI-RES MONOPULSE MOD IV 
X BAND GCA PAR II 
X BAND FIRE CONTROL 250 KW M-33 
X BAND MOBILE 40 KW AN MPO-29 
X BAND BEACON 100 W AN/DPN-62 
S BAND 10' DISH 500 KW AN/MPO-18 
S BAND 250 KW AN/MPO-10A 
S BAND 250 KW AN/MPS-9 
X BAND HAWK MPO-34 
X BAND HAWK MPO-33 
C BAND 1.5 MW MPS-19(C) 
S BAND 14' DISH PRELORT 

SEARCH SYSTEMS 
KU BAND AIRBORNE 135 KW B-58 
X BAND WEATHER 250 KW AN/CPS-9 
X BAND WEATHER 40 KW AN/SPN-5 
X BAND 7 KW AN/TPS-21 
X BAND CW DOPPLER AN/PPS-9/12 
C BAND HGT FDR 1 MW TPS-37 
C BAND 285 KW AN/SPS-5B/D 
S BAND HGT FINDER 5 MW AN/FPS-6 
S BAND COHERENT 1 MW AN/FPS-18 
S BAND 1 MW NIKE AJAX/HERC 
L BAND 40' ANT 500 KW AN/FPS-75 
L BAND 500 KW AN/TPS-1D/GSS-1 
UHF 1 MW HELIHUT TPS-28 

C BAND TRACKER 
Pwr: 1.5 MW Range: 250 miles 
Recv: paramp Display 5" "A" scopes. 
10' dish w/linear or circ. polarization. 

NIKE HERCULES 
SPARES/MAINTENANCE 

Over 10,000 major components in stock 
w/repairs and overhaul facilities filet: 
SHOP 1 8 2 MAINTENANCE VANS. 

SEND FOR FREE 24 PAGE CATALOG 

( Radio 
Research 
Instrument 
Co., Inc. 

2 Lake Avenue Ext., Danbury. CT 06810 
(203) 792-6666 • Telex 962444 } 
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New products 

Components 

Sensor controls 
display brightness 

IC with photodiode produces 

analog or digital output to 

adjust display to ambient light 

TRW Optron has integrated a 2,500-
mil' photodiode with 10 other cir-
cuits to produce a single-chip light-
level control sensor. The integrated 
circuit, designated the OPL100, will 
sense ambient light levels and then 
automatically adjust displays—such 
as light-emitting diodes and incan-
descent and vacuum fluorescent de-
vices— for easier viewing. Initially, 
the bipolar chip is being targeted at 
automotive markets, but TRW Op-
tron indicates the OPL100 is also 
well-suited for similar applications 
in aircraft, military equipment, 
testers, television sets, home appli-
ances, and other consumer and 
industrial products. 

Housed in an 8-pin plastic dual 
in-line package, the OPL 100 will 
cost $5.31 each in quantities of 
1,000. The automatic light-level con-
troller, which is the densest circuit in 
TRW's Photologic line, will also be 
offered in an eight-pin flat-window 
TO-5 hermetic package at a slightly 
higher cost, says William Nunley, 
marketing development manager for 
TRW Optron. (No price has been set 
on this version.) 

Located on the OPL100 chip are: 
a photodiode, a high-gain tempera-
ture-compensated amplifier, an op-
erational amplifier, four compara-
tors, a latch, random logic, an output 
driver, and a voltage regulator. An 
off-chip fixed or variable resistor can 
also be used to set the control refer-
ence points of the integrated circuit 
with respect to the ambient light lev-
els. Pulse-width modulation is used 
to adjust displays from 0% to 100% 
of maximum brightness. 

Capable of operating in a supply 
voltage range of 4.5 to 24 v, the 
device has a relatively constant sup-
ply current of 12 mn. The OPL 100 
also features a totem-pole output, 
which will source 50 mn at a mini-

mum supply voltage of 2 v and sink 
10 mn at a maximum of 0.3 V. 

In the eight-pin DIP versions, the 
chip—which measures 108 by 92 
mils—is encased in a clear molding 
compound, MG18, made by the 
Hysol division of Dexter Corp. 

In addition to allowing external 
sensitivity adjustments with an off-
chip resistor, the OPL100 has both 
analog and digital outputs and syn-
chronous or asynchronous modes of 
operation. 
TRW Optron, a division of TRW Inc., 1201 

Tappan Circle, Carrollton, Texas 75006. 

Phone (214) 323-2200 [341] 

Analog chip 
suits many jobs 

Multifunction IC has two 

transconductance amplifiers, 

voltage follower, comparator 

The unique architecture of the GAP-
01 signal-processing chip equips it to 
satisfy a wide spectrum of possible 
analog functions with its single 18-
pin package. The high-level integra-
tion of this multipurpose part brings 
high performance, simpler design, 
greater reliability, and lower cost to 
a broad range of analog systems. 
Under external control, digital 

logic steers signals through the 
device in such a way that it can be 
configured for different applications 
[Electronics, April 7, 1981, p. 121]. 

The actual circuitry features two dif-
ferential-input transconductance 
amplifiers, two low-glitch current-
mode switches, an output-buffer am-
plifier, and a precision comparator 
on an 8,600-me chip. The control 
signals switch either amplifier's out-
put into the voltage follower, cre-
ating two digitally selectable signal 
paths through the device. Feedback 
selects the magnitude and sign of the 
gain through the two channels. 

Double duty. An external capaci-
tor supplies closed-loop frequency 
compensation and doubles as a hold-
ing capacitor in sample-and-hold 
applications. The on-chip compara-
tor rounds out the analog package 
for cost-effective applications in data 
conversion. 
The GAP-01 can be wired as a 

two-channel operational amplifier, 
multiplexer, or sample-and-hold am-
plifier; an absolute-value function 
generator; a precision half-wave rec-

tifier; a synchronous demodulator; 
and a host of other commonly 
needed functions. 
The amplifiers have a low 3 mv of 

offset voltage error, achieved by 
selectively shorting zener diodes 
across trimming resistors during wa-
fer testing. Their 400-kHz band-
width gives a settling time to 0.1% 
accuracy of 41 e for a 20-v step. 
The input bias current is 50 nn, and 
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the common-mode rejection ratio is 
86 dB. 
Comparator performance is also 

well above average, with a fast 200-
ns response time and a wide differen-
tial input voltage range of 24 v. The 
comparator's output level is set by 
external resistors, for the greatest 
possible noise immunity as well as 
direct interfacing to all standard log-
ic families. 

Internal current switching is ac-
complished in a mere 50 ns; charge 
transfer onto the external capacitor 
during switching typically falls be-
low 1 pc and is constant over a 20-v 
input signal range. These character-
istics exceed those of most dedicated 
sample-and-hold amplifiers. Sample-
and-hold applications also benefit 
from the voltage follower's high-
impedance field-effect-transistor in-
puts, which include a current cancel-
lation circuit that limits input bias 
current to 10 nA, even at 125°C. 
The BQ-grade device operates over 

the — 55° to + 125°C range, and the 
FQ grade handles — 25° to 85°C. 
Devices processed to MIL-STD-883 
and an FP grade for the 0° to 70°C 
range are planned. Sample devices 
are available now. Pricing for 100 
piece lots is $12.50 for the BQ grade, 
and $7.50 for the FQ device. 
Precision Monolithics Inc., 1500 Space Park 

Dr., Santa Clara, Calif. 95050. Phone (408) 

727-9222 [342] 

Low-power bi-FET op amps 

have high input impedances 

The LF441 single, LF442 dual, and 
LF444 quad operational amplifiers 
made with National's -Bi-FET II 
technology have extremely low pow-
er consumption, typically 150 µA per 
amplifier, and junction field-effect 
transistor inputs with impedances, 
typically, of 10 2 Q. These devices 
combine bipolar devices and FETS on 
the same chip, joining the low input 
bias and offset characteristics of 
FETS to the high performance of 
bipolar transistors. According to the 
company, when compared to indus-
try-standard op amps not made with 
the combined technologies, the 

LF441, -442, and -444 have a higher 
input impedance than parts with 
comparable specifications—a gain 
bandwidth of 1 MHz, a slew rate of 1 
v/ps, and a gain of 25 v/mv. 
The op amps have low input noise 

voltage and current of 40 nv/Hz1/2 
and 0.01 pA/Hz'h, respectively. The 
LF441 and -442 feature input offset 
voltages of 0.5 mv and 1 mv maxi-
mum, respectively, and input offset 
voltage drift of 10 etv/°C maximum. 

Available in 8-pin plastic dual in-
line packages and TO-8 metal cans, 
the LF441 is priced at 50¢ and the 
.LF442 is 95¢ in quantities of 100 or 
more. The LF444, in a 14-pin pack-
age, sells for $1.55 in lots of 100. 
National Semiconductor Corp., 2900 Semi-

conductor Dr., Santa Clara, Calif. 95051. 

Phone (408) 737-5000 [343] 

Vacuum fluorescent display 

has 256-by-64 dot matrix 

Consisting of 16,384 0.4-mm2 dots, 
the itron DM256X4A vacuum fluo-
rescent dot-matrix display panel is 
arranged in a 256-by-64 configura-
tion—an active area 166.15 mm long 
and 41.35 mm wide. Randomly 
addressable, the unit can display 
bright, high-resolution, cursive and 
block alphanumeric messages in a 
variety of shapes and sizes, graphic-
line and filled-in area pictorializa-
tions, symbols, and geometric pat-
terns in a number of combinations 
that can be scrolled from side to side 
or up and down. These images can 
be read from a distance and at wide 
viewing angles, even when subjected 
to intense ambient light. 
The DM256X64A can be used for 

computer-generated graphing, plot-
ting, and image display; automotive 

lor 

instrument panels; signature verifi-
cation systems; and word processors. 
The unit displays bright blue-green 
images over a temperature range of 
— 10° to + 55°C and can be stored 
from — 20° to + 70°C without degra-
dation. 

In quantities of one to nine, the 
display panel is priced at $290 each; 
in quantities of 10 to 99, at $255; 
and at $225 each for 100 and up. 
Delivery is within 60 days of receipt 
of confirming purchase order. 
Noritake Electronics Inc., 22410 Hawthorne 

Blvd., Torrance, Calif. 90505. Phone (213) 

373-6704 [344] 

Collimated light source im-

proves encoder's performance 

Dynalite, a gallium arsenide light-
emitting diode, is used in applica-
tions that require a high degree of 
collimation, such as optical encod-
ers. It reduces the influence of disk-
to-reticle distance variations and 
improves the waveform, ripple, duty 
cycle, and resolution of the linear or 
optical encoder assemblies. 
The 940-nm infrared light source 

features a precision lens; it provides 
a consistent light pattern and high 
output power. The high-intensity 
spot it develops is large enough to 
accommodate a standard six-cell sili-
con-array sensor. A typical beam 
angle is 5°, with a spot diameter of 
0.180 in. at 0.250 in. from the lens. 

Dynalite has an operating temper-
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Energy Density .05-.25 joules/in 3 at high voltage. Cap-

acitance to 40pf, voltage to 50KV, Temperatures to 125° 

without derating. 

Custom's C Series mica capacitors will meet your re-
quirements for a totally solid capacitor. Dielectric in-

spected before production for maximum reliability. Avail-

able in three basic types: CMR ("wrap and fill"); CER 

(epoxy housed); CEM (epoxy molded). 

Write for FREE C, K, CUSTOM ELECTRONICS, INC. 
T Series TechniTips. 10 Browne St., Oneonta, NY 13820 

PH: 607-432-3880 TWX: 510-241-8292 

ENERGY 
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New products 

ature of — 55° to + 90°C. It is 
designed in a custom package con-
sisting of a TO-46 header and a 
molded lens cap and is available in 
five models with typical radiated 
power levels of 1.5, 2.5, 3.5, 4.5, and 
6.0 mw. Prices for Dynalite are 
$1.49 each in quantity to original-
equipment manufacturers. Delivery 
will be in 30 days. 
Sensor Technology Inc., 21012 Lassen St., 

Chatsworth, Calif. 91311. Phone (213) 882-

4100 (345] 

Liquid-crystal displays 

offered in selection of colors 

Seiko Instruments' line of multi-
plexed liquid-crystal displays has 
been expanded to include models 
201 and 203 to be used in products 
that require a low-power visual dis-
play, such as toys, games, calcula-
tors, digital instrument displays, 
computer peripherals, consumer ap-
pliances, and medical and telephone 
add-on equipment. These LcDs have 
a life expectancy of typically seven 
years, a standard operating voltage 
of 3.0 or 5.0 v, and an operating-
temperature range of — 10° to 
+ 60°C, depending upon the model. 
The models are available in 

numeric and alphanumeric formats 
and can be specially designed to 
meet specific requirements. They are 
offered in a variety of shapes and 
sizes up to a 6-by-8-in. panel and 
come in a variety of display colors. 
Colored polarizers, reflectors, and 

KMART 
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A plan 
for all 

seasons. 

Te Payroll 
Savings Plan 

is a safe, automatic way 
to save for any and all 
seasons to come. 
A little is taken out of 

each paycheck toward the 
purchase of U.S. Savings 
Bonds. The amount is 
up to you. Depending 
on what goal you're 
saving for. 

Could be a new car 
in a couple of years. A 
down payment on that 
new house someday. 
For way down the road 
when you retire. Or even 
for that rainy day you 
can't predict. 

One thing is certain. 
Buying Bonds through 
the Payroll Savings Plan 
is one of the easiest, safest 
ways to get started on the 
savings habit. 

So whether it's a 
new venture for some 
coming spring, or a warm 
vacation during a cold 
winter, the Payroll 
Savings Plan is for you. 
It's a plan for all seasons. 
For all Americans. 

et,,N Take 
. stock )4,csi, 
mAmerica. 
When you put part of your savings 
into U.S. Savings Bonds you're 

helping to build a brighter future 
for your country and for yourself. 

ign A public service of this publicatioe 
and The Advertising Council. 

New products 

liquid-crystal materials are optional. 
The model 201 is priced at $10 in 

quantities of 1 to 29 and $8 in lots of 
30 to 99. The 203 sells for $11 in 
quantities of 1 to 29 and $9 in 30 to 
99 piece lots. Delivery will be in 70 
days. 
Seiko Instruments USA Inc., 2990 W. Lomita 

Blvd., Torrance, Calif. 90505. Phone (213) 

539-8777 [346] 

Active filter modules used 

for antialiasing applications 

Designed for antialiasing applica-
tions, such as data-acquisition sys-
tems and applications requiring El-
liptic (Cauer), Butterworth (maxi-
mum flatness), and Chebyshev and 
Bessel (linear phase) characteristics, 
are two active filter modules, the 
APL-6 and APH-6. 
The APL-6 is a six-pole active 

low-pass filter that passes frequen-
cies up to a specified cut-off frequen-
cy and attenuates those above. Its 
standard cut-off frequency is 10 Hz 
to 100 kHz. The APH-6 is a six-pole 
active high-pass filter that passes 
frequencies above a specified cut-off 
frequency and attenuates those be-
low. Standard cut-off frequency 
range is 2 Hz to 50 kHz; the upper 
3-dB cut-off point in the pass band is 
200 kHz. 
The units measure 1.35 by 2.75 by 

0.6 in. and are supplied in dual in-
line packages. They require a power 
supply current of ± 35 mA and are 
priced at $150 in quantities of 3 to 
10. Delivery takes two to six weeks. 
A. P. Circuit Corp., 865 West End Ave., New 

York, N. Y. 10025. Phone (212) 222-0876 

[347] 

nirde 
and 
nAdc 
on the 
Bus* 
IEEE 488 

GI)/113 
Our Model 501J mainframe instrument 

meets the IEEE 488-1975 interface specs 

to let your mini or maxi computer call for: 

Voltages of ± 10µV to 10Vdc 

Switciing & Settl ng time: 50µ sec. Ac-

curacy: 0.005°, (certified traceable 

NBS) with Optiors: from o 100 MI to 

o 1000 Vdc and 10 nA to it- 10 Adc. 

Applications: 

• Production Line, Automatic Calibration 

of AID Converters, Amplifiers, DVMs 

ATE System Standard 

Data Acquisition System Standard 

Process Control System Reference 

Prices from $1,995.00 (export prices 

sbghtly higher) 

Other programming formats also 

vailaole 

For more 

mormatIon call Bob Ross 

6 E PGS 27-'4-26 
GOLD BOCK PG") 260-62 

ELECTRONIC 
DEVELOPMENT 
CORPORATION 

11 Hacnlin Si.. Boston, MA 02127 Tel (617)268-9696 

TLX 9515% (ELECDEVCCit Cable Add r: • ELECDEVCO• 
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Easy readers. 

Bright, bold bar graphs by Burroughs. Easy to read up close or from across the 
room. Analog displays with digital accuracy; I/2%, 1% and 3 degree increment 
models available. Being bought by the thousands for applications from process 
control to automotive to instrumentation. Ready now for fast delivery. Get the 

full story. Call or write for the name of your nearest 
representative. 
Burroughs OEM Marketing, Burroughs Place, Detroit, MI 

48232. (313) 972-8031. East Coast: (201) 757-5000. Central 
U.S.: (612) 932-3800. West Coast: (714) 835-7335. In Europe, 
Langwood House, High Street, Rickmansworth, Hertford-
shire, England. Telephone Rickmansworth (09237) 70545. 

Burroughs 

Circle 176 on reader service card 

You (cmd we) are in a quick-moving business. 
News breaks frequently. Change is the name of 
the game. Awareness is the way to win. 

Give us one hour of your time every two weeks 
and we will keep you aware of what's going on 
around you and around the changing world of 
electronics technology 

Keep ahead of the pack. Send in one of the 
subscription cards in this issue. 

New products/materials 

Easypoxy K-45 is a two-part epoxy 
adhesive. It has a 5-min pot life and 
develops high-strength bonds in 2 to 
3 hours. Bonded assemblies can gen-
erally be handled after only 10 to 15 
minutes. In 24 hours at room tem-
perature, it develops a tensile shear 
strength of greater than 2,500 lb/in.' 
on aluminum. Easypoxy comes in 
repair kit, quart, gallon, and 5-gal 
units. In lots of 1 to 9, 6.8-oz kits are 
$5.20 each. A 90-lb 5-gal pail is 
priced at $414. Delivery takes from 
one to two weeks. 
Conap Division of Wheelabrator-Frye Com-

pany, 1405 Buffalo St., Olean, N. Y. 14760. 

Phone (716) 372-9650 [476] 

Two new series of Lamiglas thermal-
and flame-barrier cable wraps are 
made without halogenated fire retard-
ants. Employing halogen-free adhe-
sives, the laminated wraps use glass 
paper bonded to polyester film for 
the thermal barriers and glass paper 
bonded to glass scrim for the flame 
barriers. Halogens are avoided be-
cause of their corrosive effects on 
surrounding metallic components 
after ignition. The wraps protect 
conductors in service and equipment 
cables under heat or fire and thus 
permit equipment to continue oper-
ating with cable-circuit integrity 
during sudden or sustained external 
increases in temperature. 
Sun Chemical Corp., Facile Division, 185 

Sixth Ave., Paterson, N. J. 97524. Phone 

(201) 684-1000 [477] 

A new thick-film materials system 
for membrane switches and other 
flexible circuits is made of screen-
printable conductors and compatible 
organic insulators. Conductors in the 
system are filled with either silver or 
carbon powders depending upon ap-
plication requirements. Fired con-
ductors may be flexed into 180° 
creases. Conductors are available 
with conductivity ranges from 20 
mWsquare with processing tempera-
tures from 60° to 150°C depending 
upon requirements. The insulators 
are designed for use as dielectrics, 
and for crossover and cover coating 
applications. 
Cermalloy Inc., 320 Long Island Expressway 

South, Melville, N. Y. 11747 [478] 
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New literature 

Indicator lights. "Off-the-shelf Indi-
cator Lights for All Products and 
Purposes" is a 48-page catalog that 
covers Industrial Device Inc.'s line of 
indicator lights. It is divided into 
four sections—light-emitting diodes, 
indicator lights whose lamps are 
replaceable, those whose lamps are 
not, and standard variations for cus-
tom-designed applications. Each sec-
tion contains photographs, dimen-
sional drawings, mounting informa-
tion, technical specifications, and 
ratings. It provides information on 
the company's Safe-T-Klip test lead 
clips, test accessories, and engineer's 
kits of indicator light samples. An 
index helps designers locate the kind 
of indication light they need. For a 
free copy of the catalog, request 
form FDH from Industrial Devices 
Inc., Edgewater, N. J. 07024 or 
phone (201) 224-4700. Circle reader 
service number 421. 

Off-the-shell 
Indicator Lights For-
a products and 
purposes 

fue 

led 
relempable 

non-IC lampable 

Integrating spheres. A 20-page tech-
nical report, "Integrating Sphere 
Performance," by D. J. Lovell, a 
Labsphere staff scientist, discusses 
the three basic parameters — 
throughput, efficiency, and stabili-
ty—that are, used in describing the 
performance of an integration 
sphere, which can be employed to 
determine the total radiation of a 
lamp or to attenuate an intense 
source. The report is priced at $5.00 
and can be obtained by contacting 

Philip B. Lape at Labsphere, P. O. 
Box 70, North Sutton, N. H. 03250; 
(603) 927-4255 [422] 

Engineering adhesives. Stalok anae-
robic adhesive/sealants, the 7400 
series cyanoacrylate adhesives and 
the M890 acrylic adhesives, are the 
topics of an eight-page catalog 
entitled "Bostik Engineering Adhe-
sives." It discusses their application 
techniques, curing and priming 
times, surface activities, breakaway 
and prevailing torque, and their uses. 
Graphs showing their performance 
and chemical resistance characteris-
tics are provided, as are military 
specifications. Also included is a dis-
cussion on pipe sealant with Teflon 
and Redi-Form Gasket. For further 
information or to obtain a copy of 
the catalog contact Broadview 
Chemical Corp., 2910 S. 18th Ave., 
Broadview, III. 60153, or phone 
(312) 626-4416. [423] 

Software information. The sixth edi-
tion of Digital Equipment Corp.'s 
"Engineering Systems Software Re-
ferral Catalog" provides software 
analysis and design information for 
engineering and industrial manufac-
turing firms. It contains descriptions, 
licensing, purchasing, and availabili-
ty data for over 300 software pack-
ages developed by independent soft-
ware vendors to run on Digital 
Equipment computer systems. Disci-
plines covered include structural 
analysis and text processing. For a 
free copy of the 350-page publica-
tion, write to the Engineering Sys-
tems Group, MR1-1/M75, Digital 
Equipment Corp., 200 Forest St., 
Marlboro, Mass. 01752, for the 
attention of the SRC manager. [425] 

Ceramic capacitors. A 12-page cata-
log contains electrical, mechanical, 
and marking specifications, dimen-
sional data, and operating parame-
ters for Centralab's line of ceramic 
tubular, single-plate, and discoidal 
capacitors. It features a selector 
chart to guide in the selection and 
application of the capacitors, a sec-
tion on how to order, and the Elec-
tronics Industries Association indus-
try classification system and stan-

• 

CENTRALAB 
TUBULAR 

SINGLE PLATE 
AND DISCOIDAL CAPACITORS 

a>! 

.t1 t 4-4r 

T. •Ie din 

' R. 

CERAMIC CAPACITOR CATALOG SUPPLEMENT 

dard designations and codes. Copies 
of the catalog may be obtained by 
writing to Centralab Inc., a North 
American Philips Co., 5855 N. Glen 
Park Rd., P. O. Box 2032, Milwau-
kee, Wis. 53201. [424] 

Mercury relays. General-purpose re-
lays from 10 to 60 A, general-
purpose contactors from 80 to 150 A, 
high-voltage contactors, and time-
delay relays and flashers are dis-
cussed in a 16-page catalog, "Dura-
kool Mercury Relays." Typical coil 
data is provided in a chart form and 
dimensions are given in U. S. and 
metric standards. Ordering informa-
tion and explanations of product 
codes are also given. For more infor-
mation, contact Durakool Inc., P. 0. 
Box 280, Elkhart, Ind. 46515, at 
(219) 264-1116. [426] 

Time and frequency. The FTS 4050, 
4010, 4000, and 5000 cesium-beam 
frequency and time standards, the 
FTS 6016 digital clock, the FTS 
1000 series of quartz crystal oscilla-
tors, the FTS 1050 and 1150 quartz 
frequency standards, and the T-200 
satellite timing receiver are de-
scribed in a 19-page catalog. It dis-
cusses Frequency & Time System's 
capabilities in both commercial and 
high-reliability products. A list of 
manufacturer's representatives is in-
cluded. For a copy of the catalog, 
write to Frequency & Time Systems 
Inc., 34 Tozer Rd., Beverly, Mass. 
01915. [427] 
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GREAT working at Lawrence Livermore 

National Laboratory 

GREAT living in Northern California 

Electronics Engineers 

Engineering Development in 
Energy and National Defense R&D 

Technically Challenging Work in 
Multi-Disciplinary Teams 

• Fusion Engineering 

• High Energy Pulse Power Systems 

• Software Engineering 

• Nuclear Systems Safety Research 

. . . Extensive equipment, technical 
personnel and facilities support 

. . . On-site advanced degree programs 

• Mini/Micro Computer Control and 
Data Acquisition 

• Instrumentation, Control Systems, 
and Electro Optics 

. . . Three weeks' vacation 

. . . Quick access to San Francisco Bay 
Area, ocean, mountains 

University of California 

Lawrence Livermore 
National Laboratory 

Resumes may be sent in strict confidence to George Kumparak, Professional Employ-
ment Division, LAWRENCE LIVERMORE NATIONAL LABORATORY, P.O.Box 808, Dept 
FIT -0 71 , Livermore, CA 94550 Or call Ed Lafranchi, Department Head, collect at (415) 
422-8373, for more information U.S.CITIZENSHIP IS REQUIRED We are an equal 
opportunity employer MF. 
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Products Newsletter  
Delayed C-MOS 8048 Having resolved masking layout problems that delayed commercial availa-

bility of its complementary-MOS version of the 8048 n-channel single-arrives in volume 
chip microcomputer, NEC Microcomputers Inc., of Japan, is going to 
market with the p.PD80C48 and quoting 12- to 14-week deliveries. The 
Wellesley, Mass. marketing office says NEC is the first out with such a part 
and reports good volume-production yields. NEC has dropped its 1,000-
piece-lot price to under $10 per unit; it also carries a $1,000 read-only 
memory masking fee. The part draws 10 MA maximum at 6 MHz. 

TI continues quarterly Look for Texas Instruments Inc. to add a new member to its 8-bit, 
single-chip microcomputer family every three months. This one is the 7000 series introductions 
TMS 7040, which has 4-K bytes of read-only memory and sells for $9.40 

with the TMS 7040 each in orders of 1,000. The 7040, the third member of the TMS 7000 line 
[Electronics, Jan. 27, p. 107] is now available in sample quantities. Produc-
tion lots will be available later in the third quarter. The 7040's size is 
35,000 mil2, compared with 28,000 mil2 for the 7020. 

Perkin-Elmer machines Mostek Corp. is expanding its line of add-in memory board products to 
include support for Perkin-Elmer 3220 and 3240 minicomputers. The 

supported by Mostek's 
MK8032, which costs $4,200 in single quantities for a 256-K-byte version 

256-, 512-K-byte boards and $7,995 for the 512-K-byte model, uses Mostek's 16-K and 64-K 
dynamic random-access memory chips. The memory card, which is the 
Carrollton, Texas, firm's first add-in board for Perkin-Elmer computers, 
contains on-line/off-line switching and access light-emitting diodes. 

Comparator chip The CMP-05 from Precision Monolithics Inc., Santa Clara, Calif., satis-
fies the need for a monolithic voltage comparator with the speed and 

allows 7-gs, 12 -bit accuracy required for under 7 -gs, 12-bit analog-to-digital conversions. The 
a-d conversions unit has an offset voltage of 100 µv, a drift of 1.5 µv/°C, and a response 

time of 18 ns with 100-mv overdrive. Commercial and industrial operating 
temperature ranges are available in a variety of package styles and pricing 
begins at $4 in 100-unit lots. 

Service to translate Watch for Altertext Inc.'s August introduction of a disk-file translation 
service making stores from IBM's System 6 compatible with IBM's new 

IBM disk files Displaywriter. The two IBM office systems presently are incompatible, but 
not only would the Boston, Mass. firm's service allow them to share files, 
but it also would enable file sharing with systems from DEC, Wang, and 
Vydec. Also due soon is a service for converting files into and out of Xerox 
format. The service would cost a minimum of $100 with price based on the 
number of disks to be translated. 

Socket boards interface Robinson Nugent Inc. will be coming out shortly with a series of socket 
boards for interfacing with many popular mini- and micro-computers. The 

POP ular mini- and boards will be wired with the Quick Connect technique wherein insulated 
microcomputers wires are routed through special insulation-piercing terminals to make a 

gas-tight connection. The New Albany, Ind., company will supply boards 
for Digital Equipment Corp.'s computer interfaces, Intel's Multibus, the 
S-100 interface, and the Apple II interface. 
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POSITIONS VACANT 

Career outlook 
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. 

FACULTY POSITIONS 

VACANT 

Department of Electronic Tech-
nology, ASU. Electronic Engineer-
ing Technology/Solid State 
Device Manufacturing: Tenure-
track position beginning Fall; 
1981, (or Spring '82, or Fall '82, if 
not filled earlier). Rank (up to As-
sociate Professor) and salary 
dependent on qualifications and 
experience. Initial appointment 
as Research Associate, Lecturer 
or Visiting Professor, which are 
non-tenure track positions will be 
considered. Qualifications include 
B.S. or M.S. in Electronics with 
academic or industrial exper-
ience in solid state device man-
ufacturing. Applicants with de-
gree in related discipline with 
strong industrial or research lab 
experience in solid state device 
and related electronic manufac-
turing will be considered and are 
encouraged to apply. Application 
deadline August 14, 1981, or until 
filled. For additional information, 
submit letter of application and 
resume to Dr. Thomas A. Kan-
neman, Chairman, Department of 
Electronic Technology, IC 301-H, 
Arizona State University, Tempe, 
Arizona 85281. ASU is a commit-
ted Equal Opportunity/Affirma-
tive Action Employer. All appoint-
ments are based on merit princi-
ples without regard to race, color, 
religion, sex, age, national origin 
or handicap. 

POSITIONS WANTED 

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. 

Help wanted everywhere 

The electronics community is being 
bombarded by gloomy predictions 
and dire warnings about the current 
and future shortages of engineers, 
computer scientists, and technicians. 
Now, the American Electronics As-
sociation has come up with statisti-
cal fuel for the argument. Contained 
in a survey entitled "Technical 
Employment Projections," the num-
bers offer few surprises. 
The 198-page report is the result 

of responses from 671 electronics 
firms [Electronics, June 30, p. 46], or 
a third of the electronics industry, in 
AEA'S estimate. It is what the AEA 
calls "a bittersweet concoction," as it 
projects a robust future tempered by 
recent real-world layoffs by Texas 
Instruments Inc., Mostek Corp., and 
others. Many respondents hedged 
their 1981 projections, which were 
for a 22% increase overall, by saying 
that they were postponing several 
hirings until 1982. 
The projections, which run 

through 1985, show growth of more 
than 100% in several job categories. 
Laser technicians lead the pack with 
an increase of 228%, a demand that 
perhaps indicates that the laser 
industry has finally come of age. 

Bridge post. Another relatively 
new position, the electronics engi-
neer technologist, also shows a dra-
matic increase. The position is 
defined as a bridge between techni-
cians and engineers, and the firms 
surveyed project over 4,200 open-
ings, 113% more than are currently 
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employed. Other rapid growth areas: 
software-related positions, field-ser-
vice technicians, and electrical engi-
neers each show job projections of 
well over 100% and will require a 
large number of new employees. 

Regionally, according to the re-
port, the Sun Belt sections lead the 
way. Of the 671 respondents, those 
firms in the Southwest predict the 
most job openings, with over 28,500 
by the end of 1985, and the South-
east is the percentage leader with a 
22.6% rise in jobs, or about 13,500 
new slots. The West, New England, 
and the Middle Atlantic region 
should continue their growth in tech-
nical positions. The Middle Atlantic 
states expect over 20,000 openings. 
New England projects nearly 17,500 
new positions. As for individual 
states, California leads the nation 
with over 96,000 new positions by 
1985. Texas, Massachusetts, and 
Colorado follow with about 13,800, 
10,900, and 10,800, respectively. 
Action slated. "The survey is to 

verify the manpower shortage and to 
help us get a handle on how large it 
is," says Pat Hill Hubbard, manager 
of technology training and careers. 
The figures have been given to uni-
versities and government agencies 
and are being used by an 11-member 
panel created by the AEA to examine 
engineering education [Electronics, 
April 21, p. 312]. The panel will use 
the results to help shape a plan of 
action at a July 15 meeting and rec-
ommend a program it judges indus-
try could support. -Terry Costlow 
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*ELECTRONIC ENGINEERS/COMPUTER SPECIALISTS* 

SIGNALS WARFARE LABORATORY 
VINT HILL FARMS STATION 
WARRENTON, VIRGINIA 

Seeking a challenge? The Signals Warfare Laboratory, located at Vint Hill Farms Station, Warrenton, Virginia, is seeking recent 
college graduates, as well as experienced engineers, interested in the application of state-of-the-art electronics research and 
development to military equipment and systems. As the Army's leading laboratory in the development of techniques and equip-
ments to detect, locate, identify and counter all types of communications systems, we are looking for personnel with training/ 
experience in one or more of the following: 
• Electronic Countermeasures (ECM) • Communications Electronics 

• Electronic Support Measures (ESM) • Signal Analysis & Processing 

• Electro-Optics • Computer Science 
• Systems Analysts • Management Information Systems 

• Production Engineering 

Salary up to $35K commensurate with qualifications. Opportunities for advancement to senior level professional and/or manager-
ial positions with incentives for outstanding accomplishment. Liberal education benefits. These are career positions in the Federal 
Service. We also have student opportunities for interns (journeymen) and summer employment programs. U.S. citizenship is 
required. 

Vint Hill Farms Station is located between Manassas and Warrenton, Virginia, within 50 miles of Washington, D.C. If you are 
qualified, or expect to be in the near future, send your resume or an SF-171 (Personal Qualification Statement available at major 
Post Offices) with any supplemental information as may assist in evaluation of your qualifications to: 

Director, US Army Signals Warfare Laboratory 
ATTN: DELSW-MP 
Vint Hill Farms Station 

Warrenton, Virginia 22186 

WE ARE AN EQUAL OPPORTUNITY EMPLOYER 

MEDICAL PRODUCT ADVANCES 
CAN'T WAIT UNTIL TOMORROW! 

When it comes to the design and manufacture of vital medical 
supplies and devices —time and quality are essential. And we're 
meeting the challenge. We're Ohio Medical Products, a leading 
medical equipment manufacturer, committed to staying ahead 
of market demands for our highly sophisticated products: incu-

bators, disposables, anesthetics, and anesthesia and pulmonary 
function equipment. 

As we move into a new phase of growth and expansion, we 
seek the following professionals to help us achieve our goals: 

MECHANICAL PRODUCT DEVELOPMENT ENGINEERS 
SENIOR STAFF ENGINEER (EE) 

PRODUCT SAFETY MANAGER 
5 years directly related experience in an engi-
neering oriented environment including deal-
ing with regulatory agencies. 

GROUP MANAGER MANUFACTURING 
Requires 5 years experience in production 

— machining, supervisión and cost reduction. 
ME with MBA desirable. 

RESEARCH ENGINEER 
Minimum of 2 years industrial research expe-
rience with theoretical basis for innovative 
approaches to new problems. MSEE or PhD 
Physics desirable. 

In addition to exceptional challenges, rewards and recognition, the professionals at 
Ohio Medical enjoy the excitement of participating in high impact development 
groups, where the results of individual efforts are immediately visible. We also offer 
excellent compensation including generous relocation program as well as attractive 
lifestyle possibilities in our beautiful Madison, Wisconsin location. For further 

information, contact: 
(608) 221-1551 

Dept. E 714 

Ohio Medical Products 
P.O. Box 7550 / Madison, WI 53707 

An Equal Opportunity Employer M/F 

a dovls.on of 
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NOTICE 
TO 

EMPLOYERS: 

Why 
we can recommend 

our readers 
for the top jobs 

The subscribers to this magazine have 
qualified professionally to receive it. They 
are also paid subscribers —interested 
enough in the technological content to have 
paid a minimum of $19 for a subscription. 
As subscribers to ELECTRONICS, our 

readers have told you several things about 
themselves. They are ambitious. They are 
interested in expanding their knowledge in 
specific areas of the technology. And they 
are sophisticated in their need for and use 
of business and technology information. 

Our readers are now in senior engineer-
ing or engineering management, or they are 
on the road toward those levels. In either 
case, they are prime applicants for the top 
jobs in almost any area. 

If you are interested in recruiting the 
best people in electronics, these pages are 
open to you for your recruitment advertis-
ing. 

Our readers are not "job-hoppers". To 
interest them you will have to combine 
present reward with challenge and op-
portunity for future career advancement. 

The cost of recruitment advertising on 
these pages is $87 per ad-

vertising inch. For information call or write: 

Electronics 
Post Office Box 900, New York, NY 10020 

Phone 212/997-2556 

Electronics Engineer 
(Manufacturing) 

The demand for electronic precision instruments, 
made by the Analytical Systems Division of Bausch 
& Lomb, is increasing in markets worldwide. The 
need for higher volume output is clear., and the 
requirement for profit-protecting costs becomes 
more intense. Only an innovative problem-solver can 
meet this combined challenge: one who seeks a 
stable yet growth-oriented environment. 

The qualified professional will spearhead products 
from design through production: will conceptualize 
and layout process sheets; establish manufacturing 
and inspection procedures: specify tool require-
ments: develop cost estimates: write test pro-
cedures: and recommend cost reduction ideas. 

Qualifications include at least 3-5 years manu-
facturing engineering experience in low io medium 
volume electronic assembly. Knowledge of state-of-
the-art manufacturing and automated test tech-
niques essential. Degree in Electronic Engineering 
or equivalent preferred. 

We offer excellent salary, a fine benefits package 
and the opportunity to set the pace in a climate of 
expansion. For immediate consideration, send 
resume including salary progression, in confidence, 
to: 

Mr. James A. Hopkins 
Human Resources Manager 

ANALYTICAL SYSTEMS DIVISION 

BAUSCH & LOMB 
820 Linden Avenue, Rochester, New York 14625 

Equal Opportunity Employer, M, F 

o 

ENGINEERS 
ELECTRONICS ENGINEERS, 
$20K-S40K. 2000 immediate 
openings for Southern Cali-
fornia and Colorado. Send re-
sume in confidence to Barbara 
Michel, ATLAS AGENCY, 615 S. 
Flower St., #1108, Los Angeles, 
CA 90017 (213/627.9611). 

DESIGN ENGINEERS to USK. 
Central Penna. & nationwide. 
Design connectors / terminals, 
microprocessors, controls. Re. 
ply in confidence to Z. A. Gon-
g,ewski, MECK ASSOC. PER-
SONNEL, 1517 Cedar Cliff, 
Camp Hill, PA 17011 (717/ 
761-4777). 

I Me NATIONAL PERSONNEL 
CONSULTANTS 

ENGINEERING   
Due to a long-range expansion program, lead-
ing designer and manufacturer of high voltage 
equipment (power supplies, transformers and 
capacitors) has the following positions to fill: 

ELECTRONIC DESIGNER 
Knowledge of high density packaging: military 
experience desirable. 

POWER SUPPLY DESIGN ENGRS 
Minimum 3-5 year power supply and auxiliary 
circuitry design. High voltage experience desir-
able. but not mandatory. 

For consideration, submit resume in con-
fidence to: 
Vice President, Administration 

DEL ELECTRONICS CORP. 
250 East Sanford Boulevard 
Mt. Vernon, N.Y. 10550/1914) 699-2000 
An equal opportuney employ. M/F 

CALL IN 
YOUR 

CLASSIFIED ADS 

212/997- 2556 

• PROJECT • DESIGN 
• DEVELOPMENT • EDP 

$20,000-$50,000 

Schneider, Hill & Spangler, Inc. is a 
specialist in the placement of electrical 
and electronic engineers throughout the 
USA. We otter 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. 

et FISON,E 
NE rvvoRx 

Western Savings Bank Building 
Suite 710 
Philadephia, PA 19107 
215-732-9550 

S.W. & SUNBELT 
• Circuits EE's Microsystems 
• Systems EE's • Software Design 
• Product EE's • Hardware Design 

$20.000 to $45,000 
100% Fee Paid 

Specializing in placing EE's with data 
acquisition, peripheral and 

instrument manufacturers across 
Southern U.S. Send resume, geogra-
phic preference, salary and salary 
requirements to: 

j rebut, ittompson companies. Inc 
Management&Employment 

111 111 Consultants 
2200WestLoopSouth.Sulte800 
Houston. Texas 77027 
(7131827-11340 
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Advertising Sales Staff 

Advertising sales manager: Norman Rosen 
3200 Wilshire Blvd., South Tower 
Los Angeles Calif. 90010 [2131487-1160 

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. 
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Boston, Mass. 02118: Frank Mitchell 
Paul F. McPherson. Jr. 
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1221 Avenue of the Americas 
John Gallie [2121997-3616 
Matthew T. Reseska [212] 997-3617 
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Three Parkway. [212] 997-3617 
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Larry Goldstein, Lauren Scott 
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Paris: Michael Sales 
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United Kingdom: Simon Smith 
34 Dover Street, London WI 
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Scandinavia: Andrew Karnig and Assoc. 
and Simon Smith 
Kungsholmsgatan 10 
112 27 Stockholm, Sweden 
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Bectronics 
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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Was This Magazine Personally Addressed to You? 0 Yes ONO 

Industry classification (check one): 
a 12 Computer & Related Equipment 
b D Communications Equipment & Systems 
c CI Navigation, Guidance or Control Systems 
d D Aerospace, Underseas Ground Support 

Your design function (check each letter that applies): Your principal job responsibility (check one) 
X 0 I do electronic design or development engineering work. t D Management 
y D I supervise electronic design or development engineering work. y D Engineering Management 
z 0 I set standards for, or evaluate electronic components, systems and materials. r D Engineering 

e O Test & Measuring Equipment 
f D Consumer Products 
g D Industrial Controls & Equipment 
h D Components & Subassemblies 

8 Source of Inquiry—All Other INTI. 
j D Independent R&D Organizations 
k D Government 

Estimate number of employees (at this location): 1. D under 20 2. E 20-99 3.0 100-999 4.0 over 1000 

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 86 101 116 131 146 161 176 191 206 221 236 251 266 343 358 373 388 403 418 433 448 463 478 493 508 713 956 
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 90 105 120 135 150 165 180 195 210 225 240 255 270 347 362 377 392 407 422 437 452 467 482 497 702 717 960 
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If what you need 
is more of you... 

Pascal MT+® 
With our exclusive SpeedProgramming TM Package 

Do you ever wish that you had more good people like yourself when you really have to 
produce? Pascal/MT-Fe and the SpeedProgramming "Package makes you feel like you have 
an army of workers who know just what to do. With all of the tools we provide you for 
editing, checking, compiling, debugging and documenting your programs you aré able to 
produce working programs in an amazingly short time. With Pascal/MT** and 
SpeedProgramming" you will never feel short-handed again! 

Pascal/MP-is is a total prograrnming system including our native machine code compiler, 
linker, Pascal-level debugger, disassembler, run-time subroutine library and the exclusive 
SpeedProgramming " Package. Used by thousands of companies worldwide, our customers 
have told us that the Pascal/MT.-e system, with its built-in mini-assembler and language 
extensions, all but eliminates the need for any assembly language programming. The 
efficient machine code produced by the ISO Standard Pascal/MT-re compiler combined 
with our extensions to the Pascal language for bit/byte manipulation, I/O port handling, 
business arithmetic, hardware floating point support along with our exclusive interrupt 
procedures allow construction of programs ranging from ROM based controllers and 
operating systems to extensive data base applications. 

The Pascal/MT+ System: 
Compiler: Generates ROMable Native Code 
• Complete ISO Standard (st.perset of Jensen & Wirth) 
• Powerful Extensions Include: 
• modular Compilation 
• Direct production of binary relocatable modules 
• Dynamic strings 

• Chaining 
• Powerful Overlay system 
• Address and Size returning functions 
• Bit manipulation (test, set, clear, shifts) 
• Byte manipulation (high, low, swap) 
• Imbedded assembly language 
• Easy linkage to external assembly language 
• Full NEW and DISPOSE procedures 
• Direct access to I/0 ports 
• Fast floating point, both software and AMD 9511 
• Accurate 18 digit BCD (fixed point, 14,4) 
• Include files 
• Hex literal numbers 
• And more... 

Linker 
• Combines relocatable modules into executable files 
• Can generate Hex format for use with PROM programming 

Interactive Symbolic Debugger 
• Variable display 
• High-level breakpoints by procedure/function name 
• Tracing/single step by Pascal statement 
• Procedure/function entry and exit trace available 

FOR: 8080/8085/Z80/8086/68000 
Disassembler 
• Combines a relocatable module with its listing file to produce interleaved Pascal and 

approximate assembly language code. 

The SpeedProgramming Package'" 
The SpeedProgramming Package is an integrated set of tools which allows you to create 

Pascal/MI. programs, check them for correct syntax and undefined identifiers, format 
them to display flow of control, and do this all within the editing environment before you 
ever invoke the compiler. Programmers like SpeedProgramming because it frees them from 
the time consuming chore of repeated compilations to correct simple syntactic and typing 
errors. Managers find that SpeedProgramming improves productivity, thereby reducing 
development costs. SpeedProgramming combined with our field tested Pascal/MT* 
package gives you a comfortable, powerful, interactive programming environment in which 
to create your professional quality software. Your products demand production quality 
tools. Order Pascal/MT+e with SpeedProgramming today! 

Screen Editor 
• User configurable 
• Standard random cursor movement, file access, search and replace, insert, delete, 

exchange, etc. 
• Structured language editing features such as automatic indent, line adjustment, reading 
from and writing to a file, block text insertion and duplication. 

• Requires: 24 X 80 CRT (or larger), ASCII Keyboard (7 bit data), random cursor addressing. 
Interactive Syntax Scanner 
• Finds syntax errors in text being edited 
• Enters SPEED, puts cursor at error, prints error text 

Variable Checker 
• Catches undefined and mis-spelled variables before the compiler is invoked 
On-Line Reformatter 
• Beautify programs in seconds 
• Clearly show structure and program flow 
Source Code Management Tools 
• Automatic Modification Log and Backup utility program 

Pricing 
All systems include the SpeedProgramming Package" 

Available now: 
• 8080/8085/Z80  Price $475.00 

56K Min CP/M-80 
Compiler requires 150K bytes disk storage 
SpeedProgramming Package" requires 110K bytes disk storage 

Coming soon: 
• 8086/8088 Price 9800.00 
CP/M-86 or 86-DOS or RMX-86 

• 8086 cross compiler  Price $650.00 
Hosted on CP/M-80 

• 68000  Price (to be announced) 
Initially cross compiler 
Resident compiler to follow 
Available on 8" (3740) single density. Contact distributors for other formats. 

/ MT Micro SYSTEMS\ 
1562 Kings Cross Drive 

Cardiff. California 92007 (714) 755-1366 
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FUMES 
PHOTOCELLS 
from Clair« 

• 

We produce 24 standard 
types of P-series photocells, 
but if you can't use a 
standard type, we'll design 
a custom cell to meet your 
specific requirements. This 
is only one reason we have 
been known as the "light, 

-touch in automation and 
control" for 25 yew's. 

Give us your "light" 
problems. We'll develop 
the solution. Call (914) 
664-6602 or write Clairee; 
560 South Third Avenue, 
Mount Vernon,- N.Y. 10550. 

CLAIREX ELECTRONICS 
A Division of Clairex Corporation 
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