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WELCOMES A NEW PRODUCT 
TO THE FAMILY 

Seal Trim'Ceramic 
Capacitors 

e‘AA'see 

WITHSTANDS WAVE SOLDERING. 

7_1 CONFORMS TO SPECIFICATION MIL-C-81. 

HIGH Q FACTOR AND FREQUENCY RESPONSE. 

LOW TEMPERATURE COEFFICIENT AND DRIFT RATES. 

IMPERVIOUS TO ALL STANDARD P.C. BOARD CLEANING SOLVENTS. 

_ TAMPER PROOF, NON-SLIP ADJUSTMENT WITH UNIQUE SQUARE DRIVE TUNING. 

SEAL TRIM"' capaci:ors are a new, innovative outgrowth of the 
popular Johanson "Thin Trim" capacaor family. These sealed 
miniaturized variable ceramic capacitors are intended fo- microwave, 
RF, video and digital applications, where small size and 
contamination-free operation are required. (.250 DIA ) 

The sealed capacitor body is designed to prevent the intrusion of 
solder flux, cleaning agent and atmospheric contamination. 

See us at the Electro Show Booth No. 2646 

Circle 1 on reader service card 
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Model Z-2 
Up to 512K of RAM/ROM 

Z-2D 
emzerAstern_, 
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Model Z-20 
One or two disks 

Up to 512K of RAM/ROM 
Up to 184K of disk 

System Two 
Dual disk 

Up to 512K of RAM/ROM 
Up to 184K of disk 

Fill your computer needs 
with the industry's 

most professional microcomputers 

#1 IN RELIABILITY 

When you choose Cromemco you 
get not only the industry's finest 
microcomputers but also the indus-
try's widest microcomputer selec-
tion. 

What's more, you get a computer 
from the manufacturer that compu-
ter dealers rate 1 in product re-
liability.* 

Your range of choice includes 
our advanced System Three with 
up to four 8" disk drives. Or choose 
from the System Two and Z-2D with 
5" drives. Then for ROM-based work 
there's the Z2. Each of these com-
puters further offers up to 1/2  mega-
byte of RAM (or ROM). 
We say these are the industry's 

most professional microcomputers 
because they have outstanding fea-
tures like these: 

• Z-80A microprocessor — oper-
ates at 250 nano second cycle 
time — nearly twice the speed of 
most others. 

'Rated in The 1977 Computer Store 
Survey by Image Resources, Westlake 
Village, CA. 

ain c o r p or a ted 

Specialists in computers and peripherals 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 

Up to 512 kilobytes of RAM and 

1 megabyte of disk storage 

[1:3 owaha•mas  

II"  
System Three 

Two to four disks 
Up to 512K of RAM/ROM 
Up to 1 megabyte of disk 

• 30-amp power supply — more 
than adequate for your most 
demanding application. 

• 21 card slots to allow for un-
paralleled system expansion us-
ing industry-standard S-100 
cards. 

• S-100 bus — don't overlook how 
important this is. It has the in-
dustry's widest support and Cro-
memco has professionally imple-
mented it in a fully-shielded 
design. 

• Cromemco card support of more 
than a dozen circuit cards for 
process control, business sys-
tems, and data acquisition in-
cluding cards for A-D and D-A 
conversion, for interfacing daisy-
wheel or dot-matrix printers, even 
a card for programming PROMs. 

• The industry's most professional 
software support, including 
COBOL, FORTRAN IV, RATFOR, 
16K Disk-Extended BASIC, Z-80 
Macro Assembler, Cromemco 
Multi-User BASIC, Data Base 
Management System, Word Proc-
essing System — and more corn-
ing. 

• Rugged, professional all-metal 
construction for rack (or bench 
or floor cabinet) mounting. Cabi-
nets available. 

FOR TODAY AND TOMORROW 

Cromemco computers will meet 
your needs now and in the future 
because of their unquestioned tech-
nical leadership, professionalism 
and enormous expandability. 

See them today at your dealer. 
There's no substitute for getting 

the best. 

Cromemco 

Circle 2 on reader service card 
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Highlights 

Cover: Handling digital data by satellite, 91 

The power limitations, long distances, and 
kinds of noise encountered in sending data 
by satellite impose strict bounds on the 
choice of multiplexing, modulating, and 
coding techniques. 

Cover photograph is by Jerry Kresch. 

Magnetic bubbles make two big breakthroughs, 80 

At a recent conference in California, IBM 
Corp. announced a simpler, denser bubble-
memory design, Bell Laboratories a simpler, 
faster one. If the two advances prove 
compatible, the last barriers to the wide-
spread use of these memories may fall. 

What's doing in logic timing analyzers, 103 

Capable of synchronous or asynchronous 
operation, current models offer more chan-
nels, different speeds, and assorted trigger-
ing schemes in combinations that should 
meet almost every design need. 

A new breed of linear ICs run on just 1 V, 115 

A cadmium-nickel battery or even the resid-
ual voltages within a system are enough to 
power cleverly designed linear circuits built 
with standard bipolar technology. Altogeth-
er new applications open up. 

. . . and in the next issue 

Two special reports: VLSI lithography and a 
preview of Electro/ 79 . . . a program-
mable-memory-based controller. 
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Publisher's letter 

S atellite data signal processing, the 
subject of the cover article (p. 91) 

by communications editor Harvey 
Hindin, brings together various tech-
nologies in a perfect example of 
effective systems engineering. It's a 
packaging job. 
The special report describes how 

data is packaged for the most effi-
cient transmission via communica-
tions satellites. The objective is to 
use the least bandwidth and the least 
power with the least number of 
errors. 
"These techniques," comments 

Harvey, "will become more and 
more important as the satellite 
airwaves become more crowded. The 
theory and the basic concepts have 
been around for some time, but there 
was simply no need for their applica-
tion in terrestial lines. Now satellites 
have forced theory, hardware, and 
software to bear on the problems." 
The result: application of digital 

technology, large-scale integration, 
and signal-processing theory to the 
packaging of satellite data. These 
techniques, as a result, must be 
understood by the system user, the 
service operator, the hardware man-
ufacturer, and even the builder of 
the birds, Harvey points out. 

What's next in satellites? At some 
point, computers will communicate 
directly at their native bit rates with 
no special signal processing needed, 
Harvey predicts. 

K" moments in electronics technol-
ogies are often marked by a 

particular symposium or colloquium. 
The Third International Conference 
on Magnetic Bubbles held earlier 
this month on the desert at Indian 

Wells, Calif., seems to be one of 
those landmarks. 
As Larry Waller, Los Angeles 

bureau manager, who covered the 
sessions, observed, IBM and Bell 
Laboratories, which usually operate 
at low key, came out talking about 
their latest bubble-memory develop-
ments (p. 80). On short notice, 
publicity representatives held full-
scale press conferences, something 
not previously done at the ICMB. 
Another indication of the techno-

logical ferment was the increase in 
attendance, plus the appearance of 
high-level marketing personnel. "It's 
a sign that a technology is finally 
starting to take off," Larry remarks. 

Typical of electronics technologies, 
one product improvement often 

forces another. Such is the case with 
the programmable pacemakers de-
scribed on page 84 by Larry Marion 
of the Chicago bureau. 

After the change to batteries to 
extend the pacer's operating life, it 
became necessary to make the new 
unit programmable to adjust per-
formance to the patient's changing 
needs during that long period. 
Although in the past the medical 

profession has often been slow to 
accept electronics innovations in 
patient care, this has not been the 
case with the new pacers. And that's 
what is known as progress. 
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the filter store 
Krohn-Hite builds an active tunable filter for 

almost every purpose and application. In high pass, 
low pass, band pass, band reject and tracking 
configurations. Tunable from 0.001 Hz to 3 MHz. 
With selectable attenuation slopes as steep as 96 dB 
per octave. With Butterworth and low-Q response. 
Battery power option available. 

Circle 5 on reader service card 

If you need an active tunable filter for any 
purpose, call Krohn-Hite. We can probably ship you 
the filter you need from the store. After all, we've been 
number one in filters for over 30 years. 
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Aeroflex 
Brushless DC Motors 
for special applications 
High vacuum, high altitude aerospace or 
outerspace ... cryogenic or special environ-
ments—for that unique application Aeroflex 
has a line of BDCM's that can be customized 
to meet your extended requirements. Their 
long life, high efficiency and operational 
performance, without downtime, provide a 
cost per operating hour that cant be beat. 
Combining the latest in hybrid technol-

ogy. solid state sensing and switching tech-
niques that are state-of-the-art. the BDCMs 
from Aeroflex give you the brush-type mo-
tor benefits of high starting torque, linear 
speed/torque characteristics without the in-
herent problem of brush wear. You can have 
them with the electronics integral or exter-

MAGNETIC PRODUCTS DIVISION 

AEROFLEX LABORATORIES INC. nSOUTH SERVICE ROAD • PLAINVIEW, LONG ISLAND, NY 11603 
l g ir TEL (510) 694-0700 TWx 510-224-6417 

nal, bi-directional or uni-directional; for com-
mercial use or to meet MIL specs. You can 
have it your way—custom superiority at a 
cost productive price. 
Send for our latest literature package. 

There's a BDCM that Aeroflex can design 
for you. 

Circle 6 on reader service card 

Prices 
reduced 

up to 
across the board 

50 
• • 

on our sil icon 
photosensor chips. 

Name your application. OCLI has a complete range 
of standard silicon photosensor chips for: shaft 

encoders, punched card readouts, flow control, sorting, 
measurement, etc. 

Quality features include: wide spectral response; blue-
enhanced 300 nm to 1200 nm; 36 standard device configura-

tions available with or without leads. 
Write OCLI for full price information and product availability: 

Photoelectronics Division, 15251 E.. Don Julian Road, City of 
Industry, CA 91746. Tel: (213) 968-6581. TWX: (910) 584-4898. 

OCLI OPTICAL COATING LABORATORY, INC. 

Meetings 
International Symposium on Com-
puter Architecture, IEEE, Marriott 
Hotel, Philadelphia, April 23-25. 

16th Annual Rocky Mountain Bioen-
gineering Symposium, IEEE, Fitz-
simons Army Medical Center, Den-
ver, Colo., April 23-25. 

27th Annual Relay Conference, Na-
tional Association of Relay Manu-
facturers (Elkhart, Ind.), Oklahoma 
State University, Stillwater, Okla., 
April 23-25. 

1979 Photovoltaic Solar Energy 
Conference, IEEE and the Commis-
sion of the European Communities 
(Brussels), Kongresshalle, West Ber-
lin, April 23-26. 

Electro/79 Show and Convention, 
IEEE, Coliseum and Americana Ho-
tel, New York, April 24-26. 

Reliability Physics Symposium, IEEE, 
Airport Hilton Hotel, San Francisco, 
April 24-26. 

International Microwave Symposium 
and Workshops, IEEE, Sheraton 
Twin Towers, Orlando, Fla., April 
30—May 4. 

Newcom —The 1979 Electronic Dis-
tribution Show, Electronic Industry 
Show Corp. (Chicago), Las Vegas 
Convention Center and Hilton Ho-
tel, Las Vegas, Nev., May 1-4. 

25th International Instrumentation 
Symposium, Instrument Society of 
America, Sheraton Hotel, Anaheim, 
Calif., May 7-10. 

1979 SID International Symposium, 
Society for Information Display 
(Los Angeles), Chicago Marriott 
Hotel, Chicago, May 7-11. 

iss '79—International Switching 
Symposium, Colloque International 
de Commutation (Paris), PLM St. 
Jacques Hotel, Paris, May 7-11. For 
information in the U. S., contact 
A. E. Joel Jr., Bell Telephone Labo-
ratories, Holmdel, N. J. 

29th Electronic Components Confer-

6 Circle 168 on reader service card Electronics/March 29, 1979 



Use our 5 12 stand-alone. Orwithaste 

The best way to troubleshoot a microcomputer is with another 
microcomputer. Ours. 
The Paratronics Model 532 looks like a logic state analyzer. 

But it's more. It's really a powerful microcomputer programmed 
to perform logic analysis functions. 
With 32 channels, 21 triggering modes, and a deep, high-

speed trace memory, you can debug systems based on 8-bit or the 
latest breed of 16-bit microprocessors. 

Since the Model 532 is a microcomputer, it's smart and easy 
to use. For example, you can store your tests in RAM or a set of 
UV PROMS for automatic playback. Our analyzer even 
remembers front panel settings so you don't have to. 

!Natalie 

But that's not all. Software signature analysis on 32 channels 
is a standard feature. Options include RS-232 and IEEE-488 
interfaces, a serial communication test probe, and additional 
program space for defining special functions. 
Our Model 532 will solve your design, production test, and 

servicing problems. Contact us for a no-obligation evaluation 
unit from one of our local sales offices. Or write for our free, 
illustrated booklet, "Check It Again, Sam." See for yourself how 
our microcomputer can help yours. 

Paratronics Inc., 122 Charcot Ave., San Jose, CA 95131 
(408) 263-2252/TWX: 910-338-0201 
Outside California—Call Toll Free: (800) 538-9713 

p PARATRONICS INC. 

DEBUGGING 
MICROCOMPUTERS? 

It takes one to know one. 

Tbe Model 532 Logic Seale 
Analyzer mfull bloom 
norrocoreeter for only $19.50.• 
(plan pW« and options 
'U.S. price only 

A \ 

empg, 
j 1 .1\11 

\vir 
Circle #7 for additional information Circle #169 for demonstration 
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Like the performance you'll find 
in the 25-MHz D67A A real 
bench-top work horse with dual 
trace, calibrated delayed 
sweep, 10 mV div sensitivity. 
and a big 8 x 10 cm crt display. 
All for only $1,660* Ideal for the 
researcher. erigineer, educator, 
or service technician 

There are eight other TEL-
EQUIPMENT Instruments com-
bining the performance you'd 
expect from a division of Tek-
tronix with the high value you 
demand in low-cost instrumen-
tation Storage models battery 
powered portables, low-cost 
basic oscilloscopes, and even 
an inexpensive curve tracer. 
Priced from $495* to $1,995' 

And TELEOUIPMENT Instru-
ments are now sold through 
stocking distributors offering 
local availability, service. 
warranty repairs and models 
previously not sold in the 
United States 

For proof of Telequipments 
performance and the name of 
the Telequipment Distributor 
nearest you. write Telequip-
ment U.S. Sales, (43/000). P.O. 
Box 500. Beaverton, OR 97077 
or call (503) 644-0143 
'Suggested U S hst price 

A Ammo, DI ¡Odeon,. U k Lrtl aoubs.d.ry ol Tektrono Inc 
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UMMI — 

Meetings 

ence, EIA and IEEE, Hyatt House, 
Cherry Hill, N. J., May 14-16. 

Electrical and Electronic Measure-
ment and Test Instrument Confer-
ence, IEEE, Skyline Hotel, Ottawa, 
May 15-17. 

Naecon—National Aerospace and 
Electronics Conference, IEEE and 
Naecon (Dayton, Ohio), Dayton 
Convention Center, Dayton, May 
15-17. 

Huntsville Electro-Optical Technical 
Symposium and Workshop, Society 
of Photo-Optical Instrumentation 
Engineers (Bellingham, Wash.), 
Huntsville Hilton and Von Braun 
Civic Center, Huntsville, Ala., May 
22-25. 

Failure Avoidance Seminar, Inte-
grated Circuit Engineering Corp. 
(Scottsdale, Ariz.), Hilton Inn, Ja-
maica, N. Y., May 23-24. 

1979 International Summer Consum-
er Electronics Show, EIA, McCor-
mick Place, Chicago, June 3-6. 

Short courses_ 

Spring and summer program from 
Integrated Computer Systems in-
cludes microprocessor hands-on 
workshop and courses on military 
and aerospace microprocessor appli-
cations, spread spectrum communi-
cation systems, and small computing 
systems. Courses begin in April and 
are given repeatedly in cities 
throughout the U. S. and Canada. 
For information, contact Kim D. 
Sanson, program manager, Inte-
grated Computer Systems Inc., 3304 
Pico Boulevard, P. O. Box 5339, 
Santa Monica, Calif. 90405. 

Summer short courses at usc include 
reflector antenna theory, June 4-8; 
advanced microcomputer system de-
velopment, Aug. 6-10; and modern 
communication systems: analysis 
and design, Aug. 6-10. For informa-
tion, contact University of Southern 
California, Continuing Engineering 
Education, Powell Hall 216, Univer-
sity Park, Los Angeles, Calif. 90007. 

RESISTOR LEDS 

LED avec 
resistance 
incorpore 

Xciton's unique Resistor LED Lamps. 5 
and 12 Volt series, incorporate an internal 
current limiting resistor. Available in the 
popular T-I and T-1 34 packages, these de 
vices provide savings in PC Board space, as 
sembly costs and parts inventories. 

Operating directly from a I2V supply. the 
12V series provides easy interface to CMOS 
and finds wide application in the automotive 
and marine accessory market This series 
may also be used at reduced voltages to pro-
vide low current (2 5mA @ 5 volts) high 
readability status and fault indicators. The 
5V series is designed to operate directly from 
5 Volts D C. and provide interface to TIE 

Custom built LEDs, accessible technical 
assistance, plus unmatched product service 

with a 6 to 8 week lead time - is what 
Xciton is all about 

Catalog, spec sheet, samples are avail-
able from the factory direct-call 

)temroCififurus at 

Corp. 
5 Hemlock St., Latham, N.Y. 12110 

(518) 783-7726, TWX: 710-444-4962 
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MOVINCa 
Please give us 4 weeks ad-
vance notice. Attach the label 
for your old address, write in 
your new address below, and 
send to Fulfillment Manager, 
Electronics, P.O. Box 430, 
Hightstown, N.J. 08520. 

" Am Aor  

OLD 
ADDRESS 
LABEL 

NEW ADDRESS 

Name 

Address 

City 

State/Province 

Zip/Postcode 

Country 
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Dist Presents the NEW Man 11/03-L Systems 

FLOPPY 11V03-L 

Standard 11/03-L systems are 
available as 1 Megabyte Double 
Density Floppy Disk based or 

d 

‘..1-100 

HARD DISK 111-03-L 

10 Megabyte Hard Disk Cartridge 
based RT-11* systems. 

These systems are available with 
choice of LA36, VT52 or VT100 as 
consoles. 

11V03-L 11T03-L 

Order Number 

Backplane 

SRVXSSA SRVXSSB SRVXLLA SRVXLLB 

KD11-H CPU KD11-HA CPU KD11-H CPU KD11-HA CPU 

MSV11-CD, 16KW Memory MSV11-DD 
32(W Memory 

MSV11-CD 16 KW Memory MSV11-DD 
32KW Memory 

Floppy Interface Flo wy Interface MSV11-CD 16KW Memory RLO1 Controller 

DLV11-F Serial DLV11-J 
Serial (4) 

RLO1 Controller RLO1 Controller 

BDV11 Bootstrap BDV11 Bootstrap RLO1 Controller DLV11-J 
Serial (4) 

I 

Open Open DLV11-F Serial BDV11 Bootstrap 

Open Opel BDV11 Bootstrap Open 

Open Open Open Open 

Open Open Open Open 
— 

Price $9,475.00 $10,325.00 $16,265.00 $17.075.00 

Delivery 30 Days 60-90 Days 30 Days 60-90 Days 

Installation 
And 90 Day 
On-site Warranty 

Included Included 

By Digital Equipment 

Included 

Corporation 

Included 

Operating 
System 

RT-11* V3B Plus Enhancements 

MOS 
Memory 16KW 32KW 32KW 32KW 

Mass 
Media 
Storage 

Dual RX02 
Double Density 

Floppy 

Dual RX02 
Double Density 

Floppy 

Dual 131_01 
5 Megabyte 

Cartridge Disk 

' Registered trademark of Digital Equipment Corporation. 
Maynard. Mass 

Registered trademark of First Computer Corporation 
first 

TWX NUMBER 910-651-1916 

computer corporation 
corporate square/825 north cass avenue / westmont, am:Ns 60559/(312) 9201050 
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In 1964, Dr. Charles Kao of ITT 
was the first to see 

the communications potential 
of optical fiber. 

-de 



Today, ITT is the first 
to be able to offer you 
total optical fiber communications 
systems capability. 

Many commercial ITT designed 
and installed fiber optic systems 
ranging to 45 Mb/s are already 
in use. All are delivering the inter-
ference-free communications ex-
pected. Additional systems are 
currently in production. 

A unique record. A record 
only made possible by our early 
recognition of the potential of 
fiber optics, and the willingness to 
concentrate the scientific, tech-
nical, and production resources 
required to turn feasibility into 
practical reality. 

Today, the Electro-Optical 
Products Division of ITT can offer 
design and application engineers 
either complete systems or any 
components their work requires. 
• Optical fiber cable. • Light source 
and detector packages. • Electro-

optical transmitter and receiver 
modules (digital or analog). • Star, 
tee, directional and bidirectional 
couplers. • Connectors. • Connec-
tor and splice installation equip-
ment. All provide interference-free 
information handling capacity not 
achievable in conventional wire 
systems. All are compatible. All are 
field proven. 

If you envision use of fiber 
optics in your computer system, 
telecommunications, industrial ap-
plications, or for any other pur-
pose, write us on your letterhead. 
Because we may already have 

gone over the 
same ground. And 
because we 
both know the optical 
fiber communications age 
has begun. 

Imagine what we can 
do together. 

C 

ELECTRO-OPTICAL PRODUCTS DIVISION ITT 
7635 Plantation Road, Roanoke, VA 24019 



Editorial  

The door is still open 

Has the day of the venture-capital 
semiconductor start-up company—like Intel 
or Mostek —gone forever? Robert R. Noyce, 
Intel's chairman and a man who has been 
involved in his share of entrepreneurial 
endeavors, has some answers. He outlined 
them several weeks ago in London while 
accepting the Faraday Medal from Britain's 
Institution of Electrical Engineers. 
The subject is particularly relevant for 

British audiences, which have seen their 
government put $100 million into a start-up 
semiconductor maker called Inmos and 
earmark another $800 million to push British 
industry into the microcomputer age. Noyce 
aimed some jabs at the United Kingdom's 
hostile tax climate, which deters private 
capital and makes government intervention 
on such a large scale necessary. "This is 
curing a symptom rather than a cause," he 
said. "A Band-Aid can only be effective if 
healing is going on underneath." 

But Inmos has been started in the more 
hospitable American climate and has been 
staffed with a talented team of American 
semiconductor industry executives—so what 

Just the facts, please 

Every so often we are reminded that the 
appearance of validity in data substitutes all 
too easily for the actuality. Current controversy 
surrounding overseas recruitment for 
engineering jobs in the U. S. aerospace 
industry is just such a reminder. 

Companies can point to recruiting efforts 
that yielded nothing; engineers can point to 
their unemployed brethren; and both sides 
can present salary figures that seem not to 
deal with the same industry. But where are 
the facts? 
One answer may be that the U. S. Department 

of Labor is falling down on its job; that it 
should be tracking engineers' salaries more 
closely. That's true—so far as it goes. The 

are its chances of survival, and what indeed 
are the chances of any new company in the 
U. S. today? Said Noyce, "My philosophy 
for a start-up company is that it ought to do 
something no one else is doing" and that in 
targeting on memories and microprocessors 
Inmos "is not doing anything different." 
One important key to semiconductor 

entrepreneurism is chip integration: how long 
will the process continue, creating start-up 
opportunities in its wake? In Noyce's view, 
the physical limits of very large-scale integration 
lie not in optical or X-ray resolution, but in 
thermal noise in the semiconductor device, 
where the signal levels have to be at least an 
order of magnitude higher than thermal noise-
generating effects. That level, said Noyce 
in London, "would be reached by improvement 
of circuit densities within a further two orders 
of magnitude, by which time the supply 
voltage would be 0.5 volt and there would 
be between 10 and 100 million devices per 
chip." That equates with the largest computer 
to date, said Noyce. It also suggests a spectrum 
of opportunities bounded only by the human 
imagination and a benign tax climate. 

Labor Department does gather salary figures, 
and it will accept them from sources other 
than the employers (although it may not 
pursue them actively). But are the various 
engineering societies doing their part by 
surveying their members and reporting results 
to the agency? We think not. 
The working engineer must also play his 

or her part—especially the jobless engineer. 
The best way to let the world know you are 
looking and you have a salary history is to 
register for unemployment compensation. 
You are not only paid, but your name also 
goes into computer banks that can service 
you and provide hard data on availability 
and salaries to the Labor Department. 

12 Electronics/March 29, 1979 



The Microcomputers 
you should take seriously. 

The C3 Series is the microcomputer 
family with the hardware features, high 
level software and application programs 
that serious users in business and in-
dustry demand from a computer system, 
no matter what its size. 

Since its introduction in August, 1977, 
the C3 has become one of the most suc-
cessful mircocomputer systems in small 
business, educational and industrial 
development applications. Thousands of 
C3's have been delivered and today hun-
dreds of demonstrator units are set up at 
systems dealers around the country. 

Now the C3 systems offer features 
which make their performance com-
parable with today's most powerful mini-
based systems. Some of these features 
are: 
Three processors today, more 
tomorrow. 

The C3 Series is the only computer 
system with the three most popular pro-
cessors— the 6502A, 68B00 and Z-80. 
This allows you to take maximum advan-
tage of the Ohio Scientific software 
library and the tremendous number of 
programs offered by independent sup-
pliers and publishers. And all C3's have 
provisions for the next generation of 16 
bit micros via their 16 bit data BUS, 20 
address bits, and unused orocessor 
select codes. This means you'll be able 
to plug a CPU expander card with two or 
more 16 bit micros right in to your ex-
isting C3 computer. 
Systems Software for three 
processors. 

Five DOS options including develop-
ment, end user, and virtual data file 
single user systems, real time, time 
share, and networkable multi-user 
systems. 

The three most popular computer 
languages including three types of BASIC 

Circle 13 on reader service card 

C3-13 

C3-S1 

plus FORTRAN and COBOL with more 
languages on the way. And, of course. 
complete assembler, editor, debugger 
and run time packages for each of the 
system's microprocessors 
Applications Software for Small 
Business Users. 

Ready made factory supported small 
business software including Accounts 
Receivable. Payables. Cash Receipts. 
Disbursements. General Ledger. Balance 
Sheet. P & L Statements. Payroll, Per-
sonnel files, Inventory and Order Entry as 
stand alone packages or integrated 
systems. A complete word processor 
system with full editing and output for-
matting including justification. propor-
tional spacing and hyphenation that can 
compete directly with dedicated word 
processor systems. 

There are specialized applications 
packages for specific businesses, plus 
the vast general library of standard 
BASIC, FORTRAN and COBOL software. 
OS-DMS, the new software star. 

Ohio Scientific has developed a 
remarkable new Information Manage-
ment system which provides end user 

The C3 Series 
from Ohio Scientific. 

111110   
1333S Chillicothe Road • Aurora, °hit, 4/'ri', 

intelligence far beyond what you would 
expect from even the most powerful mini-
systems. Basically, it allows end users to 
store any collection of information under 
a Data Base Manager and then instantly 
obtain information, lists, reports, 
statistical analysis and even answers to 
conventional "English" questions perti-
nent to information in the Data Base. 
OS-DMS allows many applications to be 
computerized without any programming! 
The new "GT" option heralds the new 
era of sub-microsecond 
microcomputers. 

Ohio Scientific now offers the 6502C 
microprocessor with 150 nanosecond 
main memory as the GT option on all C3 
Series products. This system performs a 
memory to register ADD in 600 
nanoseconds and a JUMP (65K byte 
range) in 900 nanoseconds. The system 
performs an average of 1.5 million in-
structions per second executing typical 
end user applications software (and 
that's a mix of 8, 16 and 24 bit instruc-
tions!). 
Mini-system Expansion Ability. 

C3 systems offer the greatest expan-
sion capability in the microcomputer 
industry. including a full line of over 40 
expansion accessories. The maximum 
configuration is 768K bytes RAM. four 80 
million byte Winchester hard disks. 16 
communications ports, real time clock. 
line printer, word processing printer and 
numerous control interfaces. 

Prices you have to take seriously. 
The C3 systems have phenomenal 

performance-to-cost ratios. The C3-S1 
with 32K static RAM, dual 8" floppies. 
RS-232 port, BASIC and DOS has a sug-
gested retail price of under $3600. 
80 megabyte disk based systems start at 
under $12.000. Our OS-CP/M software 
package with BASIC. FORTRAN and 
COBOL is only $600. The OS-DMS 
nucleus package has a suggested retail 
price of only $300, and other options are 
comparably priced. 

To get the full story on the C3 systems 
and what they can do for you, contact 
your local Ohio Scientific dealer or call 
the factory at (216) 562-3101. 

C3-B wins Award of Merit at 
WESCON '78 as the outstanding 
microcomputer application for 
Small Business 



High Speed 
Planar PIN 
Photodiodes 
New inexpensive OPTRON de-
vices offer high sensitivity, low 
noise and last response for ap-
plications where space and cost 
are critical. 

OPTRON's new OP 905 and OP 915 
high speed silicon planar PIN photo-
diodes are especially designed for ap-
plications requiring high sensitivity, 
low noise and fast response and 
where space and cost are critical. 

Both new OPTRON devices have 
an active area of 7.5 mm2 and are 
available in an extremely small, low 
cost plastic package ideal for use 
where space is at a premium. The 
package design simplifies mounting 
on a printed circuit board, 
and the devices can be 
positioned side by side in 
close proximity to form 
multielement arrays. ACTUAL SIZE 

Sensitivity of the photodiodes is 
typically between 0.55 and 0.65 
amp/watt at peak sensitivity of 800 nm 
for the OP 905 and 920 nm for the 
OP 915. The spectral sensitivity range 
of 400 nm to 1200 nm makes the de-
vices ideal for visible or near infrared 
applications. 

Each device is suitable for opera-
tion in either the photodiode or photo-
voltaic mode. At a bias of 10 volts, the 
OP 905 has a junction capacitance of 
60 pf and a response time of 200 nsec 
with a 1 MI load resistance. Under 
similar conditions the OP 915 has a 
capacitance of 15 pf and response 
time of 50 nsec. 

Detailed technical information on 
these new high speed silicon planar 
PIN photodiodes and other OPTRON 
optoelectronic products is available 
from your nearest OPTRON sales rep-
resentative or the factory direct. 

S 1201 Tappan Circle USACarrollton,Texas75006, 
TWX-910-860-5958 
214/242-6571 

OPTRON, INC. 

People 

National hires Heikes 

for European push 

The goal, says its president Charles 
Sporck, is for National Semiconduc-
tor Corp. to climb until it has the 
same market position in Europe that 
it has in the United States. This 
means he wants the Santa Clara, 
Calif., company to become the No. 2 
supplier of integrated circuits in 
Europe, although its thrust will be 
across all its major product lines, 
both IC and discrete. 

Experienced. Leading National's 
charge in Europe at its offices near 
Munich is Robert Heikes, who took 
over this month in the newly created 
position of international vice presi-
dent. No stranger to Europe, he is 
reported to dote on travel on the 
Continent and French cooking. 

For five years he was Motorola's 
managing director in Europe, where 
he helped set up manufacturing and 
marketing for Motorola Semicon-
ductor. He returned to the U. S. in 
1975 to become assistant general 
manager of Motorola's Semiconduc-
tor Group in Phoenix, a job he left 
last year [Electronics, Nov. 9, p. 46]. 
Lower down. National has a lot of 

catching up to do. Its sales in Europe 
last year are estimated to have been 
under $60 million, placing the com-
pany at about the No. 11 spot. The 
leader is Philips, with an estimated 
$350 million in sales, followed by 
Texas Instruments with $250 mil-
lion, Siemens with $185 million, and 
Motorola with $135 million. 

Heikes has some very definite 
ideas about making it in the Euro-
pean market. He plans to do more 
than go toe to toe against the other 
semiconductor firms. 

Technologically, he feels that Eu-
rope is behind both the U. S. and 
Japan. National will benefit, there-
fore, by transferring technology to 
European companies, he says. The 
availability of new, high-perform-
ance devices will create larger mar-
kets, he reasons. 
"What I want to do is in some way 

to cooperate effectively in several 
countries to help them in the high-
technology business," says the 53-

Pusher. Robert Heikes will be pushing 

National Semiconductor's product line. 

year-old executive and holder of a 
Ph.D. in physics. One example of 
what to expect is National's recent 
joint venture in France with Saint-
Gobain, a French conglomerate, in 
which National will help establish 
production facilities for a metal-
oxide-semiconductor plant with 
French government backing [Elec-
tronics, Dec. 7, p. 66]. 
To the top. If deals like this work 

out, "once we get into those markets, 
at worst we'll be the No. 1 second 
source," Heikes says. He expects to 
develop all of National's product line 
in the European market, from small-
signal transistors to IBM-compatible 
mainframe computers. 

National already owns production 
facilities in Greenock, Scotland. The 
plant, touted to be one of the most 
modern wafer fabrication units in 
Europe, also has a design group, and 
Heikes, who directed Westing-
house's Electric Corp. Research 
Laboratory during his 15 years with 
that company, is as yet unsure if he 
will need another. 

William Warner has a system 

that's worth whistling for 

For William Warner, the design 
process probably began with a car 
accident almost five years ago. He 
woke up to find himself paralyzed 
from the waist down, in a room with 
three quadraplegics. 

"I spent a lot of time with them 
and I saw what they needed," he 
says. "When I left the hospital I 
decided to build a control system for 
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Introducing the 50c 
VMOS power FET 

Siliconix' VMOS is here with 
volume economy. Now you 
can really afford the switch from 
complicated bipolar designs — 
even in volume applications. Ever 
since we introduced VMOS 
technology in 1976, Siliconix power 
FET prices have been moving 
steadily downward. Now our new 
VN1OKM, with scaled down 
die size and new packaging, gives 
designers the lowest base price 
ever? And even better, production 
is in full swing to support 
volume requirements. 

But component price is just 
the start of the VMOS economy story. 
Because VMOS devices so 
dramatically reduce component 
count and simplify designs, 
your big savings will be in overall 
system cost. 
Using Siliconix power FETs 

instead of bipolar transistors 
eliminates the need for input current 
limiting, biasing, leakage 
compensation networks or switching 
time speed up components. Nor 
will you need input resistors, current 
buffers or preamplifier stages. 
Count on saving two components if 
you're replacing a darlington, 

are 

-v 
p• 

, * 

and up to five or more in most other 
bipolar applications. 

High performance comes in 
smaller packages. Faster 
switching, high gain, high input 
impedence, linear operation, no 
thermal runaway, no current hogging 
and blow-out proof operation. 
They're all part of the performance 
and reliability advantages that come 
with VMOS. Now our VN1OKM 

VN1OKM Specifications 

TO-237 

BVDSS 
ID (on) 
Roston) 
Po 

t(on), 1(off) 

60 volts 
0.5 amp 

5.0 ohms 
1 watt 
7 ns. 

gives designers a 60 volt, 5 ohm, 
1 watt device with 500 mA 
switching in 7 ns. VGS threshold is 
only 2.5 volts. 

'10,000 piece price, U.S. only, 50c each. 

Finally, we've put all this high 
performance in a plastic TO-237 
(T0-92 plus) package to minimize 
size and price. 

Avairable now in dealer stock. 
VN1OKM is available off the shelf 
and in volume from your local 
distributor. For immediate delivery, 
contact our franchised distributors: 

Alliance • Bell/Century • 
Cadence Components Plus • 
Wyle/Elmar • Wyle/Liberty • 
Future • Hamilton/Avnet • 
Industrial Components • Pioneer • 
Quality Components • R.A.E. 
and Wilshire. 

For more information, call 
(408) 988-4110. Or write Siliconix, 
Inc., 2201 Laurelwood Rd., 
Santa Clara, CA 95054. 

Siliconix 

Now you can 
kiss bipolars goodbye 
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The Titchener Difference 
saved 100% in 
internal costs and 
200% in weight in 
this microcomputer 

Digital Equipment Corp.'s PDP 11/03 microcomputer 

... A real plus in your production planning because we can 
nearly always improve performance characteristics, reduce 
weight and lower the unit cost of the part or component! Big 
claim? Then you'll be more interested in what one of our 
customers, Digital Equipment Corp., has to say about the wire 
and sheet metal chassis we did for their microprocessing 
equipment. 

"We used your wire form construction on both our PDP 11/03 
and PDP 11/04 units. As a result, internal structural costs were 
reduced 100%; weight of the component was reduced 200%. 
In addition we achieved more efficient cooling, better accessi-
bility and reduced assembly time. 

Because of the success of these two designs, we'll be con-
sidering your wire forms in future work!" 

That's what the Titchener Difference is all about. Want to bet 
we can do the same kind of thing for you? Just contact. 

TITCHENER 
211W- E. H. Titchener & Co. 

24 Titchener Place 

Binghamton, N.Y. 13902 (607)772-1161 

Creative design and production in wire, sheet metal and tubing. 

People 

Designer. A little intuition and logic helped 

William Warner design his controller. 

them to help with everyday living." 
The result is a control system that 

allows things like room lights and 
television sets to be turned on and off 
with a whistle (see p. 46) Warner, 
now 24 and in his junior year in the 
electrical engineering department at 
Massachusetts Institute of Technolo-
gy in Cambridge, Mass., has built 
three of the systems and hopes to 
license manufacturing rights. 

Quick. "I had no engineering 
background outside of Ohm's law," 
Warner says of when he began the 
design. "But the learning curve is 
fast in digital design. It's the physi-
cal design of things like printed-
circuit boards that takes so long. 
Knowing even 96% of it isn't 
enough—the other 4% is tough." 
Warner has been perfecting his 

device over several years and 
through three versions. He has been 
working with MIT Prof. Derek Row-
ell [Electronics, April 27, 1978, 
p. 14], to apply Motorola's 6800 
microprocessor or possibly an 8080. 
Warner has other design plans for 

the future, including redesign of his 
bamboo-framed, rickshaw-like tricy-
cle, which he pedals using his arms: 
"It needs more arm and shoulder 
momentum—merely a mechanical 
problem." He wants to work eventu-
ally in computer graphic design, 
using his architectural and photo-
graphic skills to solve problems with 
moving and stationary objects. But 
in the forefront of his concern is 
seeing that the whistle system is 
available to the people who need it. El 
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product advances from Hewlett-Packard 

ISSISER SPECTRUM aNeozEP a  gl••••11111111•11, 

1.1.elt , 1 •A.C. evo 

Whether used on the bench or combined with a desktop computer for automatic measuremalts, this 100 Hz t022 GHz spectrum analyzer (with its 10 Hz 

resolution and accuracy of a frequency counter) brings new power to microwave signal analysis. 

LI mg LLCII 

New microwave spectrum analyzer features high resolution, high accuracy, 
plus automatic measurement capability 
The state of the art in microwave spec-

trum analysis is now defined as: 
10 Hz resolution of signals to 22 GHz; 
signal frequencies measured with 

IN THIS ISSUE New concept in voice channel measurements • HP-IB switch driver 4-channel logging multimeter 

in» 
1 x 10 -9 per day accuracy; amplitude 
response flat within ±--2.2 dB from 
100 Hz to 22 GHz. 
These are just scme of the perfor-

mance highlights of the new HP 8566A 
100 Hz to 22 GHz Spectrum Analyzer. 
Additonal performance features include 
(continued on third page) 



Introducing a new concept in automated 
voice channeI measurements 

A compact, easy-to-use, microprocessor-based instrument, the 3779 Primary Multiplex Analyzer can check-out multiplexed telephone equipment in 

minutes rather than days. 

LOCKED SCO 1 

/MIDAIR 
2 1Gul.-nolee 
3:GuL-tone 
4:GAINyFREO 
S:ICN PSOPH 
S:OD -noise 
7:XTK int.! 
8:IMOD 2tn 
9:RET LOSS 
113:EIM SIG 
ji GAIN 
12:GuL-tone 
13:XTK inte A-D :PRT 
14:GAIN D-A PRT PRT 
15:GuL-tone D-A. F.RT 
1S ! OD -tone D:A . PRT .11 

:IF PASSIF FAIL 

R-A:PRT 
A-Al 
A-A: 
A-A: 
A-A' 
A-A: 
A-A' 
A-PU 
A-A . 
A-A.PRT 
A-D PSI 

.PRT 
: PRT 
.PRT 
PRT 
.PRT 
:PRT 
.PRT 
PRT • I 
.PRT 
'PRT WI 
PRT 

1,. 3779A PRIMARY MULTIPLEX ANALYZER 
..,[1— •••" •10.0 

• A-A, A-D and D-A measurements 
• End-end measurements with remote 

control 
• CCITT, CEPT and BELL compatible 
• Powerful, fast automatic measurement 

sequencing 
• User-level keyboard —measurement 

programming in minutes 
• Program storage in nonvolatile 
memory 

Versatile 
HP's new 3779 Primary Multiplex 

Analyzer provides within one instrument 
the capability to measure comprehen-
sively the performance of primary level 
Pulse Code Modulation (PCM) terminal 
equipment. Separate tests of analog-
digital (A-D) and digital-analog (D-A) per-
formance can be made in addition to 
characterizing the analog-analog (A-A) 
performance of the PCM channel bank. 
The instrument may also be used to mea-
sure FDM terminal and TDM switching 
equipment, including single channel 
PCM codecs, and both discrete and LSI 
devices. The 3779 has been designed 
specifically to measure to CCITT, CEPT, 

- 
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and BELL recommendations and makes 
significant contributions in new mea-
surement hardware and software. 

Two Versions 
Two versions of the Primary Multiplex 

Analyzer are available. The first, Model 
3779A provides voice channel mea-
surements to CEPT recommendations. 
With the digital option it will test PCM 
equipment, conforming to CCITT Re-
commendations G.711 and G.732, i.e., 
30 voice channels/32 time slots encoded 
using the A-law and time-division multi-
plexed into a 2048 kb/s digital stream. 
The second version, Model 3779B pro-

vides voice channel measurements to 
BELL recommendations. With the digital 
option it is designed to test PCM equip-
ment conforming to CCITT Recommen-
dations G.711 and G.733, i.e., 24 voice 
channels/24 time slots encoded using the 
p..-law and time-division multiplexed into a 
1544 kbis digital stream. 

Automatic Measurement Execution 
Organized around a microprocessor, 

the instrument can automatically se-

f.13111M01. 

0.0.40411 

quence through a number of measure-
ments to programmed limits, calculate 
and display results. A keyboard oriented 
towards voice channel measurements 
controls the 3779. Programming requires 
no special expertise, since all measure-
ment execution is preprogrammed. 

Conveniences 
If required, the measurement parame-

ters (test levels, frequencies, limits, etc.) 
may be modified via the keyboard. Once 
the 3779 is programmed, measurements 
may be assembled into a sequence 
which is stored in nonvolatile memory for 
future use. Indications of the status of the 
instrument, together with measurement 
parameters/results, are on an alpha-
numeric CRT display. A built-in self-test 
facilitates calibration and fault diagnosis. 
An electronic, keyboard-operated com-
bination lock provides security for the 
stored programs. 

For more information, check Bon the HP 
Reply Card. 
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New state of the art 
spectrum analyzer 

ezE> 
(continued from first page) 

80 dB distortion-free dynamic range and 
extremely high sensitivity (-137 dBm to 
1 GHz, -134 dBmto 5.8 GHz, -115 dBm 
to 22 GHz). The analyzer has built-in pre-
selection from 2 to 22 GHz and the ability 
to scan this wide range repetitively. (Simi-
larly, you can scan from 0 to 2.5 GHz). 

Operational Features 
The 8566As performance is matched 

by its powerful operational features. 
When operated manually, the analyzer's 
functions and operating state are 
keyboard selected, causing an internal 
microcomputer to administer controls, 
calculate and manipulate data (including 
correcting for hardware inaccuracies), 
and offer new operating features. Among 
these are tunable markers that greatly 
speed measurements, automatic peak 
search, automatic preselector peaking, 
automatic signal track, and complete 
CRT labeling of all pertinent operating 
conditions. 

Remote Programmability 
All of the keyboard functions are re-

motely programmable via the HP-
Interface Bus. Combining the analyzer 
with a friendly controller like the HP 9825A 
desktop computer forms a powerful au-
tomatic measurement and analysis sys-
tem. Applications well-suited for such a 
system include spectrum surveillance 
and automated production testing of 
sources and non linear devices. 

There is much more you will want to know 
about this analyzer; check C on the HP 
Reply Card. 

HP 8566A Spectrum Analyzer uses its 10 Hz 
resolution bandwidth to display a stable 18.5 

GHz signal. 
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New high-performance option now 
available for HP 2240A Measurement 
Control Processor 

O E> 

Widely used in product tests, and electromechanical equipment process and control, the HP 2240A 
Measurement Control Processor now offers even more extended data processing capabilities. 

Three new high-performance 
capabilities are now available for the HP 
2240A Measurement Control Processor, 
an intelligent front-end subsystem that 
executes measurement and control tasks 
by processing, conditioning, and control-
ling analog and digital signals. The 
2240A can be interfaced to any HP 1000, 
9825A/35/45 computer via the HP-IB in-
terface. 
The capabilities, available in an op-

tional package, include two new modes 
of data acquisition. The first, continuous 
data acquisition, allows the 2240A to ac-
quire analog and/or digital data and re-
turn it continuously to the computer at 
average rates of up to 10,000 readings/ 
second. The second capability, history 
data acquisition mode, enables the 
2240A to acquire data and subsequently 
discard it in the absence of an unpredict-

able but critical event. When the event 
occurs, (e.g., the closing of an alarm 
switch) data leading up to the event can 
be recovered, making the 2240A a good 
choice for many monitoring applications. 
IF-THEN decision-making capability has 
also been provided for in the 2240A. This 
allows it to alter its operation, based on 
the status of a digital input—indepen-
dently of the computer' With the addition 
of these new capabilities, the HP 2240A's 
high level measurement and control 
commands now number more than fifty. 

The Extended Performance Option can 
be ordered with an HP 2240A. 

For complete information, check Don the 
HP Reply Card. 

Analyze control systems 
on-line 

Now there's a fast and easy way to 
characterize control systems—in many 
cases while they are in operation. Appli-
cation Note 240-1, "Digital Signal 
Analysis - Feedback Control System 
Measurements," tells how HP's 5420A 
Digital Signal Analyzer does it. 

Check E on the HP Reply Card for a 
complimentary copy. 

APPLICATiON NOTE 

01(MAL A,ALYSIS 
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New personality module for HP's 1611A offers flexibility 
to monitor activity on virtually any ,u,P 

HP's 1611A Logic State Analyzer now otters a 

general purpose personality module, op. 001 

(Model 10264A for field installation) which en-
ables monitoring of virtually any P. Multiple 
clocks allow monitoring of bus structures in 

either multiplexed or conventional architec-

tures. The wide information display (up to 36 
bits) accommodates either 8-bit or 16-bit µP 

formats. 

1131.111111mmmummummim 

HP's Model 1611A Logic State 
Analyzer can now be configured for mea-
surements of microprocessors not co-
vered by dedicated personality modules. 
A new general-purpose personality mod-
ule now offers the flexibility to monitor ac-
tivity on virtually any microprocessor. 
Seven clock inputs allow multiplexed in-
formation on common bus structures to 
be latched into the analyzer at times 
appropriate for display. 
Each 8-bit half of a multiplexed 16-bit 

address bus may be separately clocked 
into the 1611A. Also, 8-bit bytes of a mul-
tiplexed 16-bit auxiliary bus can be 
clocked in separately. Furthermore, 4 
auxiliary bits can be interrogated at yet 
another time nibble on a separate clock. 

Multiple Clocks 
The multiple clocks also allow viewing 

of activity across several buses during 
different time segments. For example, 16 
bits of address, 8 bits of data, 8 bits for 
I/O, and 4 bits for other control lines such 
as MEMR, MEMW, I/0R, I/0W. 

Display 36 Bits of Information 
The ability to display 36 bits of informa-

tion allows this module to monitor activity 
on address, data, and up to four control 
bits of 16-bit processors. Separate 
switches for the 4 auxiliary lines let you 
use them as part of the trigger specifica-
tion. 

Flexible Codes 
Display listings with this module are in 

the absolute code being executed with 

respect to the established trace 
parameters. The displayed code for ad-
dress and data may selected in hexa-
decimal or octal. The same code may 
be used to display external and auxiliary 
inputs or they may be displayed in binary. 
Connection to a system under test is 
through two pods with individual leads 
and probes for each of the data, clock, 
and qualifier inputs. 

This module may be ordered sepa-
rately for field installation as Model 
10264A or as installed on a 1611A as the 
Mode11611A Option 001. 

For complete information, check Hon the 
HP Reply Card. 

Stimulus/response instrumentation ends costly improvisation 

Obtain fast, reliable characterization of 
digital logic-based circuits with new 
stimulus/response instrumentation 
from Hewlett-Packard. 

For testing RAM's or other IC's, the mul-
tichannel 8016A Word Generator and 
1615 Logic Analyzer combination give 
you timing as well as functional test 
capability. Elsewhere, instruments 
specializing in serial data interfaces or 
parallel bus communication are also av-
ailable. HP stimulus and response in-
struments offer programmable memory 
so that you can test different devices 
simply by changing the stored data. 
Rapid pattern loading is assured via 
HP-IB, and the addition of a controller 
provides a powerful, cost-effective test 
system. 

For further information, check your test 
interest on the HP Reply Card: 
Multichannel devices, 1; Serial data logic, 
.1: Parallel bus stimulation, K. and CMOS 
component testing, L 

16A Word Generator with card reader 

option for easy truth table loading. The 1615A 
Logic Analyzer displays state and timing as 
well as capturing glitches. 
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New dot matrix display 
has µP-based 
controller interface 

The newly introduced HDSP-24XX 
Series dot matrix alphanumeric display 
system couples HP's proven HDSP-2000 
LED display with a µP-based controller/ 
interface to substantially reduce en-
gineering development costs and time 
previously required for dot matrix 
displays. 
Low voltage, compact size, and solid 

state features make the HDSP-24XX 
Series excellent for applications such as 
data entry terminals, instrumentation, 
electronic typewriters, and other pro-
ducts using 5 x 7 dot matrix alphanumeric 
display systems. 
Each display system consists of two 

component parts: 

1. An alphanumeric display controller 
with preprogrammed routines to accept, 
decode and display standard ASCII data. 
Four separate display formatting modes 
allow easy interface to the customer 
keyboard or µP-based system. 

2. A display panel consisting of 
HDSP-2000 displays matched for lumi-
nous intensity and mounted on a low 
thermal resistance P.C. board. 

Optional upper and lower case charac-
ter fonts, programmed custom character 
sets, and single line 16-, 24-, 32-, or 40-
character display lengths are available. 

To order, contact any HP component dis-
tributor or check M on the HP Reply Card 
for more information. 

HP's new YELLOW 
alphanumeric display is 
a color alternative 
to the red display 

If your application requires small dis-
plays or prohibits the use of red displays, 
HP has the answer—the HDSP-2001. A 
YELLOW, four-character, solid state al-
phanumeric display, the HDSP-2001 of-
fers the same reliable performance as the 
proven Hewlett-Packard HDSP-2000 red 
alphanumeric display. 

In addition to its reliability, the 
HDSP-2001 has numerous other features 
including wide angle viewing, small size, 
uniform display appearance (segments 
are binned according to both color and 
intensity), TTL compatibility, integral shift 
registers, and constant-current drives. 
Such attributes make these yellow dis-

plays an outstanding choice for applica-
tions such as flight instrumentation, office 
equipment, military fire control and com-
munication systems. This new display 
may also be used in bright ambient envi-
ronments w:th appropriate filtering. 
Each HDSP-2001 character is formed 

with a 3.8 mm (0.15 in.), 5 x 7 dot matrix, 
capable of displaying the full ASCII code, 
lower-case, as well as upper-case letters, 
punctuation marks, mathematical and 
other symbols, plus numerals. Each 
four-character package measures 
17.7 mm (0.699 in.) long by 7.25 mm 
(0.290 in.) high. Small, yellow HDSP-2001 
alphanumeric displays are available 
in stock from HP distributors. 

Check N on the HP Reply Card for full 
information. 

Microwave broadband 
mixer combines high 
isolation with rugged 
mechanical design 

Rugged design in double balanced mixer pro-
vides excellent broadband performance and 
reliability. 

The HMXR-5001 is a broadband 
double balanced mixer that holds con-
version loss low and yet keeps isolation 
high across the full 2 to 12.4 GHz RF/LO 
band. Its IF band spans a 100:1 range, 
from 10 MHz to 1 GHz. 

At frequencies up to 8 GHz, conversion 
loss is typically held to 7.5 dB and to 
8.5 dB from 8 to 12.4 GHz. The device 
provides a typical isolation of 30 dB be-
tween its local oscillator and radio-
frequency ports. 

Hermetically sealed, high-perfor-
mance Schottky diode beam lead quads 
are used in the HMXR-5001 instead of the 
chip diodes found in most microwave 
mixers. In addition, the unit is built with 
small semi-rigid cables as transmission 
lines, instead of the more common strip-
line configurations. This combination as-
sures the user that most of the important 
high frequency signals remain confined 
within these components for improved 
isolation. 

Applications include frequency con-
versions in electronic surveillance sys-
tems, instrumentation, and measurement 
systems. 

For more information, check 0 on the HP 
Reply Card. 
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HP's IC Troubleshooters: fast, economical solutions 
to digital troubleshooting's basic problems 

For most jobs, there are basic neces-
sary tools to solve recurring problems 
economically and simply. For example, 
you reach for a screwdriver automatically 
when the need arises, and use it over and 
over without hesitation or concentration 
on the tool itself; you want to spend your 
time thinking about solving the problem at 
hand rather than how to use the tool. 

HP's IC Troubleshooters are basic 
tools just like the screwdriver: economi-
cal, ready for immediate use, simple to 
use and able to solve your basic digital 
troubleshooting problems over and over. 
To clarify what this means, we've 

shown here two tough troubleshooting 
problems made simple by the IC Trou-
bleshooters. In both cases, these tools 
indicate pulse activity, voltage or current, 
at the most basic circuit level—the node. 
You need these tools because your 
search for circuit faults must reveal the 
misbehaving node if you are to locate the 
faulty circuit element. And these tools are 
your best choice because they're low in 
cost, require no setup or similar atten-
tion, and show results through a lamp at 
probe's tip—eliminating the need to take 
your eye off the circuit you're tracing. 

To learn more about these highly useful 
digital tools, Just check Pon the HP Reply 
Card. 

CURRENT ft. 

Find Solder Bridges Quickly 
• Pulse the driver output at desired pulse rate 

using HP 546A Logic Pulser. 
• Adjust sensitivity of HP 547A Current Tracer 

at node driver output; use Current Tracer to 
follow current pulses to short circuit. 

• Light on 547A Current Tracer will go out 
when solder bridge is passed. 

Isolate Bad IC Input Quickly 
• 545A Logic Probe and 546A Logic Pulser 

test node for logic state and determine if 
state can be changed. (Shorts to Vcc or Gnd 
cannot be overridden by pulsing) 

• Pulsing the node with 546A Logic Pulser 
enables the user to follow current directly to 
the faulty input. 

Here are the HP 546A Logic Pulser and 547A 
Current Tracer in action. HP Logic Probes re-
semble them closely. All items available in var-
ious combination "kits" complete with carrying 
case. 

East-4 Choke Cherry Road, Rockvale, MD 20850. 
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New analog level detectors. 
From Texas Instruments. 

Our new line of monolithic analog 
level detectors is designed to meet 
all your cost/performance goals. 
Each is unique. Because it com-

bines a large number of compo-
nents on a single chip—and sells 
for a fraction of the individual 
component cost. 

Design flexibility 
Now, for the first time, designers 
have more flexibility for a wider 
variety of applications. 
Applications such as warning 

signal indicators, analog-to-digital 
converters, feedback regulators, 
industrial controls, audio level in-
dicators— even light intensity and 
frequency detection. 

Two degrees of resolution 
TI analog level detectors are avail-
able as five and ten step detectors 

in both linear and logarithmic scale 
formats. For applications requir-
ing greater resolution than 10 
levels, the 10- step linear detec-
tors can be cascaded to detect up to 
150 levels. 
Both open-collector and open-

emitter output options are offered 
to yield an extremely versatile 

DI 
twice Input Steps Type 100 Pcs. 

TL489 Lirear 5 LED $0.65 

TL487 Logarithmic 5 LED 0.65 

TL490 Linear 10 LED 1.08 

TL480 Logarithmic 10 LED 1.20 

TL491 Linear 10 VF 1.22 

TL481 _ogarithmic 10 VF 1.30 

*Prices etfective March, 1979. 

Commercial temperature (0-C to 111117 
range veriSiOns in plastic dual-in-I' 

family of products capable of being 
custom-tailored to specific applica-
tions, using significantly less power 
than discrete versions. 
Analog level detectors from 

Texas Instruments. A simple, cost-
effective solution to all, your level-
sensing applications. 

Free brochure 
A new 12-page bro-
chure (CL-410) gives 
full information on 
TI's line of monolithic 
analog level detectors 
and typical applica-
tions. Call your near-
est authorized TI dis-
tributor, or write 
Texas Instruments In-
corporated, P.O. Box 
225012, M/S 308, Dal-
las, Texas 75265. 

01979 Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
IN( OFZPOR A I F 82145 
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Shortcut to Success. 
Introducing iSBC 86/12; the single board computer 

that brings the power of the 8086 to the Multibudstandard. 

There's no quicker way to imple-
ment designs with the new 8086 
IC bit microprocessor than our new 
iS13C 86/12. It's dramatic evidence 
of the architectural capability of 
the 8086, with unprecedented 
computing power, memory and 
I/O capacity on a single board. 

Multibus TM architecture 
ensures success. 
The Multibus standard is your 

path to success with the iSBC 
86/12 board. Since we intro-
duced it in 1976 it has become 
the industry standard micro-
computer bus. Even then we 
were looking forward to the 
8086 and designed the 
Multibus architecture to 
support both 8- and 16-bit 
computers in single or 
multimaster systems, and 
a full megabyte of directly 
addressable memory. 

That gives you 
unlimited 
design 
flexibility, 
with immediate 
access to the complete 

iSBC family of 8-bit computers, 
memory boards, analog and digital 
I/O, peripheral control and com-
munications boards. 

Plus over 100 additional expan-
sion boards from more than 40 
independent suppliers. And Multi-
bus compatibility means you can 
preserve your design investment 
as your application requirements 
grow from 8 to 16 bits. 

iSBC 86/12 r" designed 
from experience. 

We drew upon all our design 
experience to make the iSBC 86/12 
board the most advanced 16-bit 
single board computer available. 

At its heart is our 8086 CPU that 
gives the iSBC 86/12 board ten times 
the processing power of our 8-bit 
single board computers. We added 
32K bytes of dual port RAM, fully 
accessible by all Multibus masters in 
shared memory designs. There are 
sockets for up to 16K bytes of EPROM. 
And the advanced architecture of 
the 8086 addressses up to a full 
megabyte of system memory. 

The iSBC 86/12 board has a 
flexible I/O structure, with 24 
programmable parallel I/O lines and 
a programmable synchronous/asynch-
ronous communications channel 
with RS232C interface and pro-
grammable baud rate generator. In 
addition, the iSBC 86/12 architecture 
provides nine levels of vectored inter-
rupt control and two programmable 
interval timers. 

all111111111111k 

More 
than a 
shortcut. 

The iSBC 86/12 
board is a fully assembled and tested 
computer, dramatically reducing 
development time compared to com-
ponent level design. More important, 
lower hardware costs enable you to 
incorporate the iSBC 86/12 board in 
hundreds of performance-dependent 
applications where the size and cost 
of larger computer systems would 
be prohibitive. 
See us at Computer Caravan 

And, with Intel, there's no penalty 
for success. When volume makes it 
more economical for you to build 
instead of buy your boards, we'll 
provide manufacturing drawings, pc 
artwork and a volume source for all 
the essential LSI components. 

The same Intellec® Microcom-
puter Development System used with 
all Intel® microcomputers supports the 
iSBC 86/12 board with features such 
as ASM 86 assembler and PL/M 86 
block-structured high level system 
programming language. You can debug 
your software right on your prototype 
system with ICE-86" In Circuit 
Emulator or with the iSBC 957' 
Interface and Execution package. 

Attend an iSBC  "seminar 
in your area. 

The best way to get started with 
this new-generation Single Board 

Computer is to attend the Intel 
iSBC seminar in your area. 

You'll learn about the 
iSBC 86/12 board 
and the rest of 
the iSBC product 
line. And we'll 
take you through 

the configuration and design cycle for 
several applications. For a seminar 
schedule and detailed information 
contact one of the Intel regional 
offices listed below. 

And, for a free copy of our 
iSBC Configuration Planning Kit, 
or for on-site configuration or pricing 
assistance, write: Intel Corporation, 
Dept. 4-903, 3065 Bowers Avenue, 
Santa Clara, CA 95051. 

Intel delivers. 
Intel Regional 
Santa AntLCA: (714)835-9642 Boston, MA: (617) 667-8126 
Chicago, IL: (312) 325-9510 Dayton, OH: (513) 890-5350 

For configuration planning kit circle 028 
For configuration pricing assistance circle #29 



One- and three-phase rack-mounted power supplies from 500 
to 10,000 watts. Call TOLL FREE 800-631-4298* for complete 
information and prices, or write for our catalog. 

When we say our SCR power supplies are good, it doesn't 
mean that much. But when our customers say it, it means a 
lot. They say it by being satisfied with what they get . And by 
coming back for more. 

In a word: quality. In another word: excellence. 

•Except in New Jersey. Hawaii & Alsska 

E4....) ELECTRONIC MEASUREMENTS INC. 405 Essex Road, Neptune, NJ 07753 
1 Phone: 201-922-9300. TOLL FREE 800-631-4298* 

Specialists in Power Conversion Equipment 

News update 
• John Locke is alive and well and 
living in Massachusetts—or at least 
a conception of his Social Contract 
is. The 89 member companies of the 
Massachusetts High Technology 
Council [Electronics, Jan. 5, 1978, 
p. 112] and the newly elected Gover-
nor of Massachusetts, Edward J. 
King, have signed what amounts to a 
new social contract. 
Under the terms of the contract, 

total state and local taxes would be 
reduced from 17.6% of personal 
income to 15.3% by 1982. In return, 
the member companies have pledged 
to create 60,000 jobs within the 
commonwealth over the next four 
years. "Council member companies 
alone will directly and indirectly 
generate 150,000 new jobs over the 
next four years. These jobs will 
generate $2 billion of additional 
personal income per year and $300 
million of additional tax revenues 
per year," observes Ray Stata, presi-
dent of the council and president of 
Analog Devices Inc., Norwood, 
Mass. Stata also notes that the 
companies are not seeking corporate 
tax breaks or other direct benefits 
for themselves, other than relief for 
their employees. 

If this social contract succeeds, 
the Sun Belt may once again have to 
compete with the commonwealth for 
jobs. Pamela Hamilton 

• The Canadian Radio-Television 
and Telecommunications Commis-
sion has refused to reconsider its 
previous ruling that Bell Canada's 
profit from $1.02 billion Saudi 
Arabian connection be treated as 
ordinary revenue. Although Bell 
fought the ruling vigorously [Elec-
tronics, Nov. 9, 1978, p. 8], claiming 
among other things that potential 
investors in the company would be 
discouraged by such procedures, the 
regulatory agency said that not 
enough evidence had been given to 
justify a review of its decision. 

Insisting that it doesn't pay to go 
into risky foreign ventures if the 
income is treated the same as home-
grown money, Bell is not giving up 
and may appeal to the prime minis-
ter's office. Harvey J. Hindin 
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ONE GIGAHERTZ 
REAL-TIME  BANDWIDTH 

See what you've 
never seen before. 

Now Tektronix proudly announces its 
new 1 GHz real-time scope, the 7104. 
Rise time: 350 ps. Plus a 10mV/div - 
1V/div vertical sensitivity, and a 20 cm/ns 
writing rate so any signal, single-shot or 
repetitive, can be seen and photo-
graphed. A window into a world previ-
ously invisible. 
As part of the Tektronix Plug-In family, 

the 7104 is compatible with 7000-Series 
plug-in units. Including several new 
ones that take the 7104 to the limits of its 
specifications. In addition, the 7104 
opens a whole new world of technology, 

both in circuit design and crt operation. 
Throughout the history of science, im-

portant discoveries have been made pos-
sible by similar advances in instrumenta-
tion. We believe the 7104 represents such 
an advance. 
The Tektronix 7104 Plug-In Oscillo-

scope. See what you've never seen before. 

See the 7104 at Electro-New York 

Tektroni'x. 
COMMUTED TO EXCELLENCE 

For literature, call (800) 547-1512 toll free. 

For Technical Data circle 31 on Reader Service Card 

For Demonstration circle 173 on Reader Service Card 



The Mostek 16K 

Now there's a total solu-
tion to 5 volt microcomputer 
systems. Mostek's new 4816 
makes it easy. It's 5 volt only. 
It's 2K x 8. It's a compatible 
Micro MemoryTM from Mostek. 

Easy as static. 

The 4816 is as easy to 
use as static RAMs, but offers 
all the performance and cost 
advantages of dynamic RAMs. 
The 4816 uses a dynamic 
cell and dynamic periphery to 
reduce die size to just 31,000 
mils2 as well as power dis-
sipation to only 25 mW stand-
by and 150 mW active. Access 
time of 15Ons and cycle time 
of 27Ons meet the needs of all 
microprocessor sockets. 

Easy to refresh. 

On-chip logic, refresh 
and interface circuits make 
the 16K RAM as easy to use 
as the static RAM it is de-
signed to replace. A single 

32 

5volt 
systems, 
the easy 
way. 

refresh pin allows flexible 
control of refresh, or automa-
tic refresh in battery back-up 
mode. The timing of the re-
fresh pulse is so flexible that 
it can occur during an active 
cycle or standby mode. In 
most 8-bit microprocessor 
systems as well as the new 
generation 16-bit micropro-
cessors, the refresh pulse 
may be conveniently gener-
ated from the processor's out-
put controls. In the Mostek 
system solution, our Z80 pro-
vides a refresh output signal 
that connects directly to the 
refresh input of the 4816. The 
4816 appears totally static to 
the system. 

@ 1979 Mostek Corp 

Easy to upgrade. 
Upgrading your system is 

as easy as replacing four 2114s 
or two newer generation 8K 
static RAMs with a single 
MK 4816 to improve speed and 
density while reducing power 
and costs. 

4816 

1 2114 

2114 

I 2114 

The 4816 is totally com-
patible with standard ROMs, 
PROMS, and EPROMs as well 
as next generation Micro Mem-
ories from Mostek. 

Just call 214-245-0266 for 
more information. Mostek 
Corporation, 1215 West 
Crosby Road, Carrollton, 
Texas 75006. In Europe, con-
tact Mostek Brussels; phone 
(32)02/660.25.68. 

MOSTEIC 
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Micro Memory 

Mostek's 5 volt System Solution 
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New CMOS microprocessor kit: 
You get the terminal, power supply 
plus all this from RCAfor only$325. 
Why is RCA offering such a terrific 

bargain? 
Answer: To demonstrate the low 

power consumption and easy pro-
gramming of our CMOS micro-
processors. 

For just $325 (optional with dis-
tributors), you get everything you 
need to build a microprocessor 
evaluation system: CPU, RAM's, 

ROM's, I/0's, passive components, 
p.c. board, hardware, even a micro-
terminal. And we're throwing in the 
power supply free. 

With the kit, you can discover how 
the RCA COSMAC architecture and 
a repertoire of 91 easy to use instruc-
tions give maximum performance 
with minimal memory. 
You can also use the kit to learn 

about basic system design, hardware 
interfacing, and programming. Or for 
breadboarding and prototyping your 
own COSMAC Evaluation System 
(CDP 18S025). 

For more information, contact your 
local RCA Solid State distributor. 
Or contact RCA Solid State head-

quarters in Somerville, New Jersey. 
Brussels, Belgium. Tokyo, Japan. 

The power supply for an NMOS system would have to be 
far more complex and much larger (as shown by the transparent box) 

than the one needed for a CMOS system. 
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RCA laser features A flurry of activity in solid-state laser development will result in the 
appearance of new models from three companies—RCA Electro-Optics and 

linear input/output 
Devices in Lancaster, Pa., Laser Diode Laboratories Inc. in Metuchen, 

up to 5 to 10 mW N. J., and Hitachi America Ltd. in Arlington Heights, Ill. RCA's David 
Sarnoff Research Center in Princeton, N. J., has developed a device that 
will become available later this year. Described as having an "adequate" 
lifetime, the single-mode GaAs-AlGaAs laser will have an input/output 
characteristic that is linear up to power outputs of 5 to 10 mw, with stable 
coupling efficiencies up to 70%. This makes possible heavy modulation 
and use in optical communications systems requiring wide dynamic range. 
The 820-to-860-nm-wavelength light is emitted in a narrower beam than 
previously available so the diode energy can more efficiently couple into 
thin fibers. The light is monochromatic. 
At Laser Diode, the lasers going to market have wavelengths of 1.15 to 

1.30 gm, lambdas that can cut attenuation losses of some fibers below that 
for outputs in the 830-nm range. Pulsed- and continuous-wave versions are 
available; the latter starts pumping at 250 MA and can deliver up to 8 mw 
for $1,500. And Hitachi has added à new series, the 3000, to its buried 
heterostructure HLP laser line. The units combine a low threshold current 
of only 35 mA and moderate power output of 6 mw. In four package 
styles, the devices cost $1,650 to $3,465. 

Two more bubble As magnetic-bubble memory systems begin advancing into the market-
place, the automatic tester end of the business is starting to inflate. 

memory testers 
Megatest Corp. of Santa Clara, Calif., is expected to announce a tester 

due out soon next month, and the test systems department of Watkins-Johnson Co. of 
Palo Alto, Calif., is due to follow with another. Megatest's system will 
handle both engineering and production testing; Watkins-Johnson will 
offer an Adate 1450 model for engineering and production and a 1475 for 
production only. Both the $100,000 systems use Digital Equipment Corp. 
PDP-11/V03 minicomputers, extended Pascal software, plus emitter-
coupled logic for the timing circuitry, and are capable of parallel testing. 
The Xincom division of Fairchild Camera and Instrument Corp.'s Test 
Systems Group also has a tester scheduled for a spring debut [Electronics, 
March 15, p. 33]. Pacific Western Systems Inc. of Mountain View, Calif., 
is also working on a system. 

18-bit hybrid What is billed as the first 18-bit hybrid digital-to-analog converter will be 
d converter announced by Hybrid Systems Corp., Bedford, Mass., at the International -a  

Electronic Components Exposition in Paris, April 2-5. The new DAC 374 
to bow at Paris packs 18-bit resolution and 0.0008% — equivalent to 17-bit — linearity into 

a 1.77-by-0.9-in. oversized dual in-line package. Until now, the smallest 
available converters have been modular units, according to Hybrid 
Systems' director of corporate planning, Michael J. Fields. Settling time is 
50 Ms, faster than that of many 16-bit converters. Applications for the 
new unit might include wide-dynamic-range measurements, precise graph-
ics with above-average gray-scale requirements, and high-accuracy refer-
ences. Hybrid Systems expects units meeting military specifications to sell 
for $375 to $400 in lots of 1 to 10; these will be followed shortly by a 
commercial version priced at $275. Delivery for both is in 10 to 12 weeks. 
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TI to add Pascal 

to Its FS990 

development unit 

NEC maps entry 

into market for 

small computers 

Dolby goes after 

video tape 

recorder market 

64-K RAM 

from Hitachi 

due at midyear 

Look for Texas Instruments Inc. to announce the availability of Pascal on 
its floppy-disk—based FS990 development system around midyear. The 
move will continue the in thrust to strengthen Pascal as the primary 
high-level language for its 9900 family of 16-bit microprocessors and 
associated high-level development systems. Pascal has been available on 
the Dallas company's hard-disk—based DS990 minicomputer since last 
April. Various step function improvements in the language are expected 
with the extension of its use to the lower-priced FS990. 

NEC Information Systems Inc. will unveil on April 9 a comprehensive 
small computer system aimed at the small business, electronic office, and 
distributed-processing markets. Not only does the Lexington, Mass., firm 
claim performance equal to that of Digital Equipment Corp.'s new LSI-
11/23 [Electronics, March 1, 1979, p. 34], but the Astra system may 
mark the boldest thrust yet into these markets by a Japanese company. 

Based on a 16-bit "business-dedicated" microprocessor chip designed by 
parent Nippon Electric Co., NEC'S Astra can support up to 32 stand-alone 
intelligent cathode-ray-tube terminals, each with its own mos random-
access and read-only memory, plus a microprocessor to handle preprocess-
ing, screen management, and keyboard management. Communication 
with the central processing unit is via a direct-memory-access link at up to 
a megabit per second. Several types of disk storage are available, and there 
is a range of printers. The smallest Astra, with a single terminal and 
printer, would sell for about $13,000. The largest, the 270, would be about 
$150,000. Deliveries are scheduled for June. 

At this week's National Association of Broadcasters convention in Dallas, 
Dolby Laboratories Inc., designers of the much-used industry-standard 
noise-reduction system, is slated to announce a noise-suppression system 
specifically for professional video tape recorders. Called the NRU-10 (for 
noise-reduction unit), the dual-channel unit, which contains two Dolby A 
system cards, fits onto the audio front end of studio quality VTRs. 

Expected out in the fourth quarter for under $3,000, the production model 
is designed to control audio noise only. But the San Francisco, Calit., 
company says it is investigating video noise reduction. 

Hitachi America Ltd.'s Electronic Devices division in Arlington Heights, 
Ill., will begin shipping prototype quantities of its 64-K dynamic random-
access memory chip in midyear. The n-mos, 16-pin chip will use a 5-v 
single power supply, which Hitachi officials hope will become the world-
wide standard. The new chip will not be made at its new Irving, Texas, 
fabrication facility, but be imported from Japan. Its new plant will be out 
next month, producing 16-K n-mos chips initially and later expanding into 
other mos memories. 

Meanwhile, Hitachi will second-source Motorola Semiconductor 
Group's 16-bit microprocessor line. Sources say Hitachi is committing 
itself to the 68000 family with a production schedule that as yet remains to 
be determined. 
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IJONV pass 
NÁctive filters 

4-Pole Butterviorth/Besselechebyscheft 
Models; 7E7L4B-Ic Butterworth • 7E7L4L-fc Bessel cheff 
7E7Le(A5W-fc Tchebyscheff • 7E7L4A2W-fc Tchebys  

7E7Lef1W-fc Tchebyscheff 
fc Range 10Hz - 20 1 

fc Tolerance -1- 5% 20mV 

DC Dfl set ±  
Linear Signa l ± 10V 
Gain 0 ± 0.02dB 

'These filters pass all signals 

from DC up to the corner 

frequen Ic• *$12. in 2,500 Quantity; $8.00 in 10,000 Quantit 00 y. cy  

al
F r e qu en cy Devices NE:. 

FrelcirencY 25 Locust Street, Haverhill, M A 01830 
Devices FACTORY CONTACT: William C Morse 

. 

INC Tel: (617) 374-0761, re: 710-347-0314 

$12.00 ea: 
Electronics/March 29, 1979 Circle 37 on reader service card 37 



"Sure, the biAz comjmnie 
They can aftord it: 

True. For many of the Fortune 500, custom 
LSI is a way of life. We've been making circuits for 
Whirlpool since 1968. And putting companies like 
IBM, Singer and Hewlett-Packard in the chips almost 
that long. 

More recently, Ford, Burroughs, Northern 
Telecom and ITT have swelled our blue-chip 
customer list. 

But suppose you don't have their resources 
for developing new products. How can you afford to 
compete with their dazzling new sewing machines, 
computers, hand-held calculators, communication 
systems, appliances and instrumentation? 

You do it the way hundreds of smaller companies 
have done it: with an imaginative product and 
custom circuits from AMI. 

A little LSI goes a long way. 
We have scores of case histories showing how 
emerging, innovative companies have forged to the 
front with the help of our custom microcircuits. 
Without going into hock to do it. 

A case in point. A manufacturer of low-speed 
modems wanted to enter the 9600 bps modem market. 
So the firm came to AMI for a custom solution. 
The result: a modem with an order of magnitude 
fewer components, superior performance and at 
less than half the going price. It catapulted the 
company to the forefront of this market. 

Two custom AMI chips have made another 
customer's DTMF (dual-tone-multiple-frequency) 
receiver the most popular circuit of its kind in 
modern telephone systems. Another firm has stolen 
a march on everyone with its high-security crypto-
graphic communication system. (Our chips, again.) 
And our circuits are helping another company 
open more garage doors than anyone else. 

As different as these companies are, they have 
one thing in common. None of them sat back and 
relaxed after getting their first custom circuit. Because 
they all know this: 

You're only as good as your next product. 
A custom LSI circuit could put you a year ahead 
of your competition. That can be the difference 
between success and failure. And, while your com-
petitors are figuring out how you did it, you move on 



-< 

to the next generation product. 
We've helped our customers stay ahead this 

way in a number of fields— EDP terminals, TVgames, 
PABXs, facsimile transceivers, burglar alarms and 
avionics navigation equipment, to name a few. 

The beauty of upgrading your product is that 
it's usually much easier once you have the first 
custom circuit. And a rapport is built between us. 
We understand your application and requirements, 
and you understand what we need to know to make 
the design changes. Often you work with the same 
engineers on every project, exploring ways to pack 
more performance onto the chip. And that again 
reduces development time and cost. 

Which brings us back to that concern. 

Doesn't it cost an arm and a leg? 
It really doesn't. Although there are initial design 
and engineering costs, a custom circuit often turns 
out to be more economical than using standard parts. 
That's because a custom circuit is a completely 
integrated system, usually on a single chip. And it 
comes ready to drop right into your product 

If you build with standard parts, you may 
be dealing with more expensive components or a 
larger number of circuits, perhaps providing more 
capability than your application requires. And 
remember, components aren't the only costs involved. 
Assembly and board overhead can run you as much 
as 50% of your parts price, not to mention the time 
and money spent on testing and, for microprocessor 
systems, software development. 

We also fabricate a great number of custom 
circuits along with our catalog products. This increase 
in volume leads to even more competitive prices, 
making custom a very attractive way to go. But it's 
by no means the only way. 

Some other alternatives to consider. 
As we also build the S2000 (4-bit), S6800 (8-bit) 
and S9900 (16-bit) microprocessor circuits, we 
obviously have no axe to grind with the standard 
approach. We'll steer you that way if it really makes 
more sense. Or maybe we'll work out a system 
based on a standard microprocessor with custom 
peripherals. A lot of our customers have found 
this the best solution, because many functions, 

such as AID conversion, special display drives 
and high-speed calculations, can't be handled by 
standard circuits. 

While we're talking about alternatives, 
remember that AMI gives you more custom 
choices than anyone else. We offer 25 variations 
of four MOS processes to get you the right speed 
and power dissipation you need. And we're 
happy to work with you in any of three basic 
roles. First, as a complete design and manufac-
turing service. Second, as a manufacturer only, 
with you supplying designs created by your 
company or an independent design house. Third, 
we could get involved in a joint development 
program where our circuit designers and your 
systems engineers work together on a family of 
circuits for you. 

Our new books show you what steps to take. 
We've just published two new brochures titled 
"MOS Systems Solutions: A Dozen Case Histo-
ries" and "Six Steps to Success with Custom LSE' 
They cover the most important factors to con-
sider in choosing a custom LSI supplier. When 
you see what AMI offers compared with other 
custom houses, you'll see why we're the leader 
in this complex field. 

So write or call AMI Custom III Marketing, 
3800 Homestead Road, Santa Clara, CA 95051. 
Phone (408) 246-0330. Or one of these regional 
sales offices: California, (213) 595-4768; Florida, 
(305) 830-8889; Illinois (312) 437-6496; Indiana, 
(317) 773-6330; Massachusetts, (617) 762-0726; 
Michigan, (313) 478-9339; New York, (914) 
352-5333; Pennsylvania, (215) 643-0217; Texas, 
(214) 231-5721; Washington, (206) 687-3101. 

We'll send you 
our brochures. Or, if you 
prefer, give you a 30-
minute presentation right 
in your office. With the 
help of custom LSI, you 
could be right up there 
with the big companies. 

MI 
AMERICAN MICROSYSTEMS, INC 
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TWELVE REASONS 
WHY THE 1135 15 THE 
MOST PRODUCTIVE 
131 BOARD TEST SYSTEM \ 
YOU MI OWN. 
To compare productivity in LSI board testers, take 
their three common operations: diagnosing, testing, and 
programming. Now, to each operation apply the basic 
measures of productivity: cost, throughput, and quality 
of testing. 

The L135 has the highest diagnostic 
throughput, the lowest operating cost. 
No other test system comes even close. 

1. The L135 finds bad LSI devices 
on long buses. 
The Electronic Knife does it. It takes just a few more 
probes after regular guided probing finds the failing bus. 
Without the Electronic Knife, you're faced with trial and 
error replacement of LS! chips. Or skilled technicians 
tying up the system for an hour or more per bad IC. 

2. The L135 makes fewer diagnostic 
probes— by an order of magnitude. 
State-sensitive trace does it. Most LSI boards are loaded 
with multi-input LSI chips linked through "wired-and" 
bidirectional buses. These often require hundreds of 
diagnostic probes per fault. State-sensitive trace cuts the 
number dramatically. 

3. The L135 produces immediate 
probe commands. 
The on-line circuit model with a large random-access 
memory does it. With circuit structure immediately 
accessible, the operator does not wait for commands 
between probes. Other test systems that use fault dic-
tionaries often delay each command several seconds, 
adding minutes to each diagnosis. 

4. The L135 mechanizes probing. 
The M150 Automatic Prober does it. Seven to ten times 
faster than a human operator, the M150 speeds up board 
diagnosis even more because its operation is both error-
free and fatigue-free. 
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The L135 delivers the highest quality of 
testing, thereby slashing costs for diagnosis 
later at systems test and service out in the field. 

5. The L135 emulates LSI-board 
operating environments. 
5-MHz clock-rate testing does it. To ensure adequate 
board quality, you usually have to run LSI boards at clock 
rates as the last step in testing. Only the L135 provides 
test rates of up to 5-MHz, the speed of many microproc-
essors seen in today's products. 

6. The L135 emulates and tests 
CPU sets. 
Multiple drive/compare phase control does it. During 
clock-rate testing, the test system must first replace the 
CPU set and then test it at speed. The associated micro-
processors usually receive multi-phase inputs and gener-
ate multi-phase outputs. The L135 provides the neces-
sary, easy-to-program, precise phase controls over 
driver inputs and comparator strobing. 

7. The L135 tests and diagnoses 
analog circuits. 
Integrated ac-dc-parametric capability does it. The L135 
offers many analog force-and-measure functions through 
matrix connections, all completely integrated into system 
hardware and software. If these capabilities aren't inte-
grated into the test system, they must often be added to 
accommodate the increasing analog content of LSI boards. 
That prolongs test time and slows diagnosis considerably. 

8. The L135 tests at dc and clock-rate 
on the same channel. 
All-speed pin compatibility does it. In clock-rate testing, 
high-speed tests are usually applied on the same pins 
tested earlier with dc. The L135 allows you to apply both 
types of tests at the same system channel, eliminating 
the need for awkward switching or extra channel capacity. 

9. The L135 has enough clock-rate 
channel capacity for the big jobs. 
432 110 pins does it. Big LSI boards have upwards of 
250 edge-connector pins, all active. In addition, you need 
simultaneous access to dozens of internal test points and 
devices invisible to the edge connector. The L135 offers 
the highest dock-rate channel capacity, enough for all 
foreseeable LSI boards. 

10. The L135 cuts total 
programming time. 
The P400 Automatic Programming System does it. 
The P400 automatically generates all the dc patterns and 
diagnostic data for the toughest part of most LSI boards: 
the jungle of random digital logic, as well as those por-
tions containing modeled LSI devices. Total program-
ming time is shorter. The best of the so-called "auto-
mated test generation" techniques offered by other 
systems still require manual pattern-writing. That takes 
longer and costs much more. 

The L135 cuts the time needed 
to get products into the production line and 
out to the market place. 

11. The L135 cuts system time 
for debugging. 
Immediate-response debug software does it. During test-
plan debugging, the L135 responds to the test engineer's 
commands and displays results immediately. Total 
debugging time is cut to a fraction because the test 
engineer is not distracted by system delays; he can con-
centrate on his circuit and his test plan. 

12. The L135 readily assembles 
the many parts of LSI test plans. 
Structure-merge Programming does it. Test plans origi-
nate in many places: manual patterns and circuit models, 
learned data from known good boards, circuit and device 
simulators, automatic pattern generators, etc. The 
L135's structure-merge software and its straightforward 
protocol assembles them all into a coherent package, 
saving your engineers hours of tedious and costly work. 
For more information on these and other L135 features, 
contact your local Teradyne Sales Office or call any of the 
numbers listed below. 

CHICAGO (312) 298-8610/BOSTON (617) 969-6300/SUNNYVALE (408) 732-8770 
LONDON WEYBRIDGE 932-51431/MUNICH (089) 33 50 61/PARIS 073 1698/99/TOKYO (03) 406-4021 leiteetile 
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We'll give you the 
bee reason in the world to 
switch from 3 terminals to 4. 

Money. 
The root of all product advantages. 

Our 4-terminal adjustable voltage regulators cost considerably less 
than any 3-terminal adjustable regulators on the market. Including our own. 

*--- ----'-   CHEAPER BY THE 100   And, they're 
100-Piece available right now, 

Part  Terminals  Current Type Price Pkg. in volume, from 
biA78MGUIC 4 .5 A Pos. $ 80 U I C the world's largest 
µA79MGUIC 4 .5A Neg. $ .80 WC 
µA78GU1C 4 1.0 A Pos. 1.10 WC 1 manufacturer of 
bi A79GU 1C 4 LOA Neg. 1.10 U I C voltage regulators. 
µA317UC 3 1.5 A Pos. 1.50 TO-220 I 

it A337UC* 3 1.5 A Neg. 1.50 TO-220 Fairchild's 4-
terminal adjustable 

\  regulator comes in both a .5 and 1 Amp version. Positive and \  

\ negative. In both commercial and military temperature ranges. 
It comes in a low-cost, 4-lead TO-202-type package 

and in a TO-3 military package. 
If you're not ready to switch over to 4-terminals yet, 

we also make 3-terminal adjustable regulators that are 
identical to the LM317 series. In fact, Fairchild is the 
only manufacturer offering both 3- and 4-terminal 
adjustable voltage regulators. 

For complete information, contact your Fairchild 
\ distributor, sales office or representative today. 
' Or call the direct line at the bottom of this ad. 

Linear Products Division, Fairchild Camera 
\ and Instrument Corporation, P.O. Box 880A, 
\ Mountain View, CA 94042. Telephone: 

(415) 962-4903. TWX: 910-379-6435. 

' •AwolloWe rtmd 979 

MAIRCHIL-I=1 

Call us on it. 
(415)962-4903 
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Electronics review 
Significant developments in technology and business 

A-ci converter 
hits 8 gigahertz 
with GaAs device 
by Larry Waller, Los Angeles bureau manager 

Experimental 5-bit unit 

developed by TRW applies 

transferred-electron device 

in serial conversion technique 

TRW Inc. is setting exceptional new 
records for high-speed analog-to-
digital conversion. It is now fabricat-
ing a 5-bit converter built around a 
gallium-arsenide device heretofore 
considered mainly a microwave-
frequency oscillator. 
"The converter will sample and 

digitize an analog signal at a vari-
able rate of anywhere up to 8 giga-
samples a second," says Thomas G. 
Mills, manager of compound semi-
conductors and microwave products 
at TRW's Microelectronics Center of 
the Defense and Space Systems 
Group, Redondo Beach, Calif. He 
directs the converter project, which 
is partly sponsored by the Office of 
Naval Research. "In contrast, pres-
ent commercial converters [includ-
ing board modules, hybrids, and 
chips] operate at fixed rates which 
are usually well under a gigasample 
a second," he adds. 

TED. At the heart of the converter 
is a logic element built around a 
transferred-electron device, or TED 
[Electronics, Jan. 22, 1976, p. 83]. 
The device resembles a Gunn-effect 
diode—a three-layer device with n+, 
n, and n+ regions that relies most of 
the time on the tunneling effect of 
electrons through the thin region to 
oscillate at microwave frequencies. 
To the conventional Gunn diode 

TRW adds a gate on the n channel, 
Mills explains. The gate can produce 
oscillations «by fast trigger pulses. 

Also, the gate allows the device to 
have a threshold voltage that can be 
made to range between values of 0 
and 3.75 volts. 

Moreover, the single gate can be 
biased to within 95% of the threshold 
voltage. And importantly, a dual-
gate design can also be built with a 
clock bias supplied to one gate and a 
signal to the other. 
The converters can get their very 

high sample rates because the TEDs 
can be built to generate an output 
pulse of less than 25 picoseconds and 
pulse widths of less than 50 ps. 

Simple. To make best use of the 
TEDs' properties, TRW puts the 
devices into what are called bit cells, 
each of which is dedicated to a single 
bit of the digital converter output. 
With only five active devices per cell 
(two TEDs and three field-effect 
transistors), the bit cell is a very 
simple device. Furthermore, when 
organized in a successive-approxi-
mation conversion system, the result-
ing a-d unit can attain high speed 

and accuracy, Mills says. 
In comparison, "without the TED 

to work with, a conventional succes-
sive-approximation converter is slow 
in terms of silicon technology." Also, 
the device can become very compli-
cated: it needs a sample-and-hold 
circuit, a comparator, a d-a convert-
er, an n-bit register with conversion 
logic, a dc reference, a timing 
circuit, and an output register. 
TRW's converter consists of a 

string of five bit cells connected in 
cascade, as shown in the diagram 
below. The input signal is applied to 
the first bit cell, which compares it 
to the Vn /2, where Vs is the full-
scale voltage of the converter. If the 
input exceeds VFs/2, the cell's logic 
output then goes high. The succes-
sive-approximation process then re-
peats in subsequent cells. 

In each, a dual-gate TED level 
detector functions as a comparator 
and a single-gate TED provides the 
clocked input. One FET operates as a 
current source and two FETs to-

- - BIT CELL r14 

VOLTAGE 
DOUBLER 

SUBTRACTOR 

FULL-SCALE 
ANALOG 
OUTPUT 

FIXED LEVEL 
COMPARATOR 

!LOGIC 
OUTPUT 

BIT CELL 

VOLTAGE 
DOUBLER 

SUBTRACTOR 

FIXED LEVEL 
COMPARATOR 

Fast mover. Successive-approximation converter (shown in simplified form) uses five bit cells 

in cascade. Extremely fast comparator is built around a dual-gate TED. 
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gether as a differential amplifier 
that provides a gain of 2 in the feed-
forward step. 

Better. With dc power dissipation 
of 330 milliwatts per cell, the part is 
far under the best high-speed silicon 
a-d converters, which can run above 
1,000 mw per bit, he claims. A bit 
cell measures 84 by 112 mils, 
already small, but will get even 
smaller in a 5-bit package because 
fewer pads will be needed. 

Since full performance specifica-
tions await finished converter test-

ing, planned for later in the year, 
how the unit measures up exactly in 
such factors as accuracy remains to 
be determined. But Mills sees no 
reason why it should not work at 
least as well as present converters. 
Any commercial fallout—it is too 
fast for most jobs in this area—is 
years away, he says. 

Mills expresses only one concern 
about the future of the device: "It 
bears so little resemblance to con-
ventional converters," he says, "that 
users might tend to back off." EJ 

Automotive 

TI quiets interference by switching loads 

using fiber-optic interconnections 
Surge currents in automobile igni-
tion and control wiring may create 
more than static on the car radio. 
Car designers have recently been 
concerned about possible electro-
magnetic interference (emi) in new-
fangled engine control systems built 
around low-current devices such as 
microprocessors and complementary 
metal oxide semiconductors. 

Recognizing this, engineers at 
Texas Instruments Inc. in Dallas 
have shown how to contain and 
reduce emi generated during the 
switching of heavy automotive loads 
like headlights and power-window 
motors. Their two-part solution sub-
stitutes emi-free fiber-optic cables 
for copper wiring, which radiates 
interference, and uses solid-state 
switching circuits in place of arc-
prone electromechanical relays. 
"We wanted to demonstrate that a 

low-cost, low-power drive circuit 
using a fiber-optic link can switch 
20-ampere loads," reports Joe 
Mings, who described the system at 
this week's Vehicular Technology 
Conference in Arlington Heights, Ill. 
He and co-designer Joe Bremmer, 
who has left TI since the completion 
of the work, add that reduced elec-
trical interference is not the only 
advantage of their circuit. They also 
make claim to greater reliability, 
savings in power and weight, and 
improved electrical isolation. 

Ti's circuit, shown in the figure, 
relies on infrared-light emitters 
linked by fiber optics to IR sensors 
and on high-input-impedance ampli-
fiers that switch current in either of 
two windings in a de motor of the 
kind that controls a power window. 
Open and shut. Closing switch SI 

causes an infrared-emitting diode of 
gallium aluminum arsenide to send 3 
microwatts of light at 7,900 ang-
stroms down a 30-foot length of 
commercially available Dupont Cro-
fon fiber. At the far end, the light, 
attenuated to 300 nanowatts, turns 
on a high-gain IR transistor. 

(Actually, TI uses two identical 
circuits—one controls the current in 

one winding, the second, not shown, 
controls it in a second winding). 

Trying to cut costs, Mings and 
Bremmer originally used an inexpen-
sive red-light—emitting diode as the 
light source. But they found that its 
metalization pattern focused much 
of its output laterally rather than 
through its top into the fiber. That 
problem and the phototransistor's 
poor response to visible light forced 
them to switch to the more expensive 
infrared emitter. 

Isolating. When the phototransis-
tor turns on, 5 volts is applied to the 
gate of Q1, a v-groove mos power 
field-effect transistor, turning it on. 
A FET, a 2N6657, was chosen for its 
high input impedance, which adds to 
the electrical isolation provided by 
the fiber. When Q1 conducts, its 
drain voltage goes low and turns on 
pnp bipolar power transistor Q2, 
driving one winding of the motor at 
20 A to open the window. Q2, a 
2N5683, was selected for its low 
collector-emitter voltage drop (1 NO 
at a collector current of 20 A. 

What's next? With proof that the 
concept works, TI hopes to sell it to 
automobile and aircraft manufactur-
ers seeking a way to reduce weight 
while increasing the reliability of 
their electronics. Mings says the 
firm is already talking to Detroit 
about the system, but he will not yet 
reveal to whom. 
Nor will he hint at the circuit's 

cost, though he is counting on the 
price of fiber-optic cable falling 

Light switch. Simplified schematic of control circuit shows how light signals over an 

interference-free fiber link activate solid-state switches and a high-power dc motor. 
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rapidly in the near future. In addi-
tion, he says TI is developing a line of 
fiber-optic connectors that should 
cut the cost of making terminations 
significantly. -John Javetski 

Careers 

Overseas hiring stirs 

aerospace dispute 
Booming business in the U. S. aero-
space industry is expanding engi-
neers' job opportunities—yet a cho-
rus of protest is rising. Its theme: 
jobless American engineers are be-
ing bypassed in favor of their over-
seas counterparts, who are being 
hired at wages under the prevailing 
rates. 
The focal point of the protest is 

the U. S. Department of Labor's 
division of labor certification, which 
is responding with a temporary halt 
to the certification, based on compa-
ny need, that allows U. S. firms to 
hire foreign engineers. 
The division reports a jump in 

requests for certification from al-
most zero to 600 or 700 in the past 
six months—mostly from agencies 
supplying temporary workers to the 
aerospace industry, but also for some 
50 positions at Emerson Electric Co., 
the St. Louis-based maker of electri-
cal and electronics equipment. Irwin 
Feerst, petition candidate for the 
IEEE presidency, has protested vigor-
ously to the Labor Department on 
the Emerson situation. 

Figures. Charges that aerospace 
employers are feeding the Depart-
ment of Labor false figures on avail-
ability of U. S. engineers and pre-
vailing wages come primarily from 
an ad hoc group called the American 
Engineers Association. In the same 
corner is the Council of Engineers 
and Scientists Organizations 
(CESO), the federation of bargaining 
units for engineers and technicians 
at big aerospace firms. 

Richard L. Hurwitz, head of the 
ad hoc group, says ads have appeared 
recently in publications aimed at 
English engineers. The ads have 
been placed by "job shops," which 

contract engineers for temporary 
jobs in the aerospace industry. Hur-
witz says that in his specialty—stress 
engineering—engineers imported for 
West Coast assignments are earning 
$3 an hour less than job shops are 
paying U. S. counterparts. 

However, there are no firm figures 
on the number of job openings and 
of available U. S. engineers, or on 
how many foreign engineers are 
coming in and at what wages. The 
regional offices of the Division of 
Labor Certification get their infor-
mation either from employers apply-
ing to import engineers or from 
government resources, which depend 
ultimately on information from local 
unemployment offices. 
One major problem is that engi-

neers and other professionals tend to 
bypass the unemployment offices, 
says Nandor Kertai, assistant divi-
sion chief of the certifying unit. At a 
March 12 meeting in Washington, 

the ad hoc group reported it had a 
list of 150 aerospace engineers 
actively seeking employment, and 
perhaps four times that number out 
of the industry but available. 
While exploring the possibility of 

using such sources of information as 
the ad hoc organization's list, the 
certifying office has imposed the 
temporary ban, Kertai says. It also 
wants to check the disputed wage 
data; figures will be supplied by the 
CESO, and perhaps by others. 
Few of the jobs (or job announce-

ments) in the controversy are for 
electronics engineers, but the situa-
tion may be different at Emerson 
Electric, which started hiring in 
England almost a year ago. The 
shortage of EEs in the U. S. is gener-
ally accepted, but Emerson has 
refused to respond to Feerst's 
charges that it started paying the 
English employees at rates below 
prevailing wages. -Ben Mason 

Industrial 

Japan, producing 7,000 robots yearly, 

leads world with 30,000 installations 
While Western nations struggle to 
catch up, Japan is running hard and 
fast to develop industrial robots. 
These will automate a wide variety 
of production processes from inte-
grated circuits to automobiles. 
Some 120 Japanese robot manu-

facturers turned out about 7,000 
units last year, raising the number of 
installations to 30,000, says Kanji 
Yonemoto, executive director of the 
Japan Industrial Robot Association. 
This number is 10 times that of the 
United States, according to John J. 
Wallace, president of the Robot 
Institute of America, and Japan's 
annual output is well ahead of the 
estimated 4,500 robots now in use in 
the U. S. and Western Europe, 
where applications are limited large-
ly to heavy industries like the auto-
motive. 

"Japan is very much the leader in 
robot applications, whereas the U. S. 
has been extremely slow," concedes 
Wallace, who is also president of 

Prab Conveyors Inc., a Kalamazoo, 
Mich., robot manufacturer. 
No one challenged Yonemoto's 

numbers, revealed for the first time 

Estimator. Japan has roughly 10 times the 

number of robot installations as the United 

States, according to John J. Wallace, presi-

dent of the Robot Institute of America. 
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in the U. S., or Wallace's assessment 
of the developing world markets for 
robotics at last month's three-day 
'international symposium in Wash-
ington sponsored by the RIA. "It's 
getting to sound like an old story," 
said J. F. Engelberger, president of 
Unimation Inc., Danbury, Conn. He 
contends that "Japan's banks are 
more patient and willing to live with 
a smaller return on capital invest-
ment" in the early years of a grow-
ing industry. In the U. S., however, 
there are no significant tax incen-
tives or depreciation allowances on 
old production equipment to stimu-
late investment in automation, RIA's 
Wallace says. 

NEc's move. Nippon Electric Co. 
demonstrated one area of innovation 
in industrial robot use by detailing at 
the meeting how it has automated 
the wire bonding of integrated 
circuits. NEC developers say their 
present system of bonding large-
scale chips employs an image-
processing unit controlled by a 
microcomputer to run five work 
stations. Each has a 256-element 
photodiode linear sensor to scan the 
chips and a microcomputer to carry 
out the bonding sequence. 
The microcomputer, with 10 kilo-

bytes of read-only memory and 6 
kilobytes of random-access memory, 
takes data from the scanners to 
determine the orientation of the ICS 
at each work station after the opera-
tor manually aligns the initial 
circuit's electrodes with the tool. The 
bonding sequence becomes automat-
ic thereafter, regardless of the orien-
tation of subsequent chips. The 
image processor detects the locations 
on each chip to be wire-bonded to 
the external leads. 
The scanning-field size is variable, 

NEC says, to a maximum of 2.56 
millimeters (0.1 in.) on the vertical 
plane and 8 millimeters (0.3 in.) on 
the horizontal. The scanner can 
detect elements as small as 0.4 mil. 

Successful. If the image processor 
fails to detect the circuit's position, 
the system will recycle until three 
failures occur. It then signals the 
operator. NEC engineers say the 
system, with a typical detection time 
of 0.9 second, is successful "more 

than 99.9% of the time." 
Without specifying numbers, NEC 

claims to have "many installations 
running in a number of plants," 
where bonding quality is improved 
and the necessity of finding and 
training skilled labor reduced sharp-
ly. Bonding system operators now 
need only be trained to change lead-
frame circuit cassettes and maintain 
the equipment -Ray Connolly 

Industrial 

TI fills out 

its industrial line 
Board-level products for industrial 
control applications continue to at-
tract semiconductor manufacturers. 
Now it's Texas Instruments Inc., the 
biggest semiconductor maker of all, 
weighing in with a series of new 
products designed to make its TM 
990 series of 16-bit microcomputer 
modules easier to use in signal-
conditioning and actuator applica-
tions by plant engineers with little 
computer experience. 

TI'S Houston operation is putting 
together a selection of interfaces for 
the TM 990 boards. Some are 
bought on the outside; others are 
already being made by TI'S Indus-
trial Controls division in Attleboro, 
Mass., and in the case of several 
brand-new products, by TI Houston. 

TI joins Intel Corp. and Motorola 
Inc., two other semiconductor giants 
that have introduced board-level 
products for industrial control [Elec-
tronics, March 1, p. 50]. 

Purchases. In a departure from its 
usual policy of building its own, TI is 
buying the complete lines of 990 
bus-compatible analog-to-digital and 
digital-to-analog interface modules 
from Analog Devices Inc., Norwood, 
Mass., and Analogic Corp., Wake-
field, Mass. The nine boards will be 
offered to fill out the line. 

For connecting high-voltage in-
dustrial lines to digital computer 
control, TI Houston will offer the ac 
and dc input/output modules—the 
5MT series—made by the Attleboro 
division. In addition, TI Houston is 

coming out with its own combination 
memory and I/O board with optical 
isolation—needed in an industrial 
environment. It has 32 isolated 1/0 
lines and memory expandability to 
32 kilobytes for use in a two-board 
system with the TM 990/100M and 
101M central-processor boards. 

In place. More than 1 million 
5MT units are currently in place, 
ready for non-computer-controlled 
plant applications, so it is certainly 
possible that inexperienced users 
may already be familiar with that 
hardware, notes Tom Miller, Ti's 
strategic marketing manager for 
metal-oxide-semiconductor micro-
processors in Houston. 

Besides the new hardware, added 
support for the company's move into 
the industrial market comes from 
new low-cost development systems 
brought out late last year and its 
Power Basic software introduced last 
June. An extension of standard 
Dartmouth Basic that TI has tuned 
specifically for industrial applica-
tions, Power Basic offers the inex-
perienced user much simpler pro-
gramming than with assembly lan-
guage, Miller notes. 
The firm will shortly be adding 

mass-storage capability to the prod-
uct line in the form of a bubble-
memory board and a floppy-disk 
controller. A typical industrial sys-
tem using the newly available equip-
ment could cost from $2,000 to 
$2,500, he says. -Wesley R. Iversen 

Medical 

Whistle system lends 

quadriplegics a hand 
For people who have lost the use of 
limbs, even simple acts are impossi-
ble. To help them turn on a light, or 
flip the pages of a book, or dial a 
phone, an energetic young man at 
Massachusetts Institute of Technolo-
gy, Cambridge, Mass., has develop-
ed a control system for quadriplegics 
activated by a whistle. 

"I chose whistling because almost 
everyone whistles, and, if not, it's not 
hard to learn," says William J. 
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Helper. Electronic aid for the handicapped senses a whistle signal, then activates the 

appliance corresponding to the number shown on the unit's light-emitting-diode display. 

Warner, a junior in the electrical 
engineering department at MIT and 
himself a paraplegic. "You don't 
need an external input device such as 
a button or breath-pressure switch." 

Warner's system, called the Whis-
tle System 3, can turn lights, televi-
sion, or stereo on or off; sound a 
buzzer to call a nurse; change Tv 
channels; and, with a speakerphone, 
answer the telephone and dial the 
operator. The switch controlling 
each device plugs into a jack at the 
back of the system, which is about 
the size of a stereo amplifier. 
Take a number. Warner's idea is 

to assign a number to each appliance 
and then display the numbers 
sequentially on a light-emitting 
diode on the front panel. The user 
merely whistles when the number 
corresponding to the task to be 
performed comes up. The system 
senses the whistle and switches the 
appliance on. To switch it off, the 
user whistles when the same number 
appears again. 
The whistle frequency to which 

the system responds can be adjusted 
between 800 and 2,500 hertz by 
turning a dial on the front panel. 
This range will accommodate most 
people, Warner says. The length of 
time the whistle must last is also 
adjustable: about 3/4 second is 
optimum, lasting longer than most 
stray noise in the room, he says. 
"Most noise won't trigger the 

system, but sometimes the televi-
sion — especially dramatic back-
ground music—will," he explains. 

He has built a defense against this: 
when the Tv is on, only whistles in 
sequence trigger the system. 
The system is built around a 

Signetics Corp. 567 integrated cir-
cuit, which is a combination tone 
decoder and phase-locked loop. The 
whistle tone is applied to the phase-
locked loop, which responds only to 
signals within its bandwidth. If the 
tone is the right pitch, it is applied to 
an internal transistor that saturates 
if the tone lasts long enough. The 
saturated transistor then toggles a 
flip-flop that controls the relay for 
the selected appliance, in this way 
turning it on or off. 
A random-access memory board 

with 1 kilobit of RAM is also avail-
able to store such things as telephone 
numbers. Numbers can be read out 
of the memory through whistled 
signals and dialed automatically into 
the phone system. 
Warner is currently adding micro-

processor technology. "Using a mi-
croprocessor and software, I'll have 
a more flexible approach. Adding 
more logic creates many more 
options, and software control will 
add more refinements," he notes. 
He has sold three systems for 

$950 each, but does not expect to 
build more in the near future. 
Instead, he has applied for a patent 
and hopes to license manufacturing 
rights. He figures that a stripped-
down microprocessor-based version 
with no more than five controls 
might eventually sell for as little as 
$30 or $40. -Pamela Hamilton 

Software 

CDC aims at 

hierarchical memory 
As computers become more power-
ful, their link to peripheral memory 
devices can become a bottleneck that 
limits their overall performance. 
This has stimulated recent work in 
both specialized hardware and soft-
ware toward better management of 
memory systems, especially as the 
hierarchy of storage devices varies in 
capacity, retrieval speed, and cost. 

Control Data Corp., the Minneap-
olis computer maker that is also a 
major marketer of IBM-compatible 
peripherals, is making what it calls 
the first move toward true hierarchi-
cal storage with its Storage Manage-
ment System software. Designed to 
work with IBM System/370 main-
frames and operating systems, the 
sms controls the flow of data files 
between direct-access storage de-
vices such as disk and tape drives 
and Control Data's Mass Storage 
System—a huge tape cartridge file 
intended primarily as an archive. To 
be delivered in August, the software 
will cost $20,000. 

Doing more. According to Gordon 
Brown, senior vice president for 
marketing and planning at cpc's 
Peripherals Products group, the new 
software does more "memory man-
agement than currently available 
packages. For example, if data on a 
disk drive has not been used for a 
certain amount of time it can be 
automatically moved to mass storage 
and later to tape." 

In addition to this so-called migra-
tion function, the sms also keeps 
backup copies of data files, and 
handles storage and restoration of 
archival files. Although some form 
of data management software is 
offered by virtually all computer 
manufacturers today, and by a 
number of software houses such as 
Cullinane Corp., MRI Systems 
Corp., and University Computing 
Corp., Control Data is one of the 
first peripherals makers to offer it. 
Brown says this software could be 
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a forerunner of a special data base 
processor—a concept that is gaining 
popularity but is not yet a commer-
cial reality. "A company with the 
resources and ability to put together 
such a back-end processor will have 
an opportunity to attach peripherals 
to IBM computers, including the new 
4300s." -Anthony Durniak 

Military 

Bendix to build 

bit-slice computer 
Bendix Flight Systems division, Te-
terboro, N. J., will produce an 
advanced bit-slice microprocessor 
emulation of its existing BDX-900 
series of digital flight computers for 
use in the latest phase of the U. S. 
Air Force Flight Dynamics Labora-
tory's Advanced Fighter Technology 
Integration (Am) program. 

In competition with Lear Siegler 
and Honeywell, Bendix was selected 
by General Dynamics Corp.'s Fort 
Worth (Texas) division last month 
to provide digital computers and 
associated hardware for the AFTI/F-
16 project. General Dynamics was 
awarded the $34.3 million contract 
last December. Sponsored jointly by 
the Air Force, the Navy, and the 
National Aeronautics and Space 
Administration, the project is man-
aged by the Flight Dynamics Labo-
ratory, Wright-Patterson Air Force 
Base, Ohio. 

Using flight computers provided 
by Bendix, GD will modify one of its 
F-16 fighters as a demonstration 
testbed for such developments as 
triplex-redundant digital flight con-
trol, multimode mission capabilities, 
and integration of fire and flight 
controls. The amount of the Bendix 
contract was not revealed. 
A breadboard version of the new 

Bendix computer—to include a new 
processor called the BDX-930 —is 
scheduled for delivery in December. 
Discrete medium- and large-scale 
integrated microcircuitry used in 
previous 900, 910, and 920 Bendix 
machines will be replaced by four 
AMD-2901 4-bit-slice microproces-

News briefs 

NTT drops fiber loss again 
The Nippon Telegraph and Telephone Public Corp. researchers who develop-
ed it call it the ultimate low-loss single-mode fiber. Operating at the theoreti-
cal minimum-loss wavelength of 1.55 micrometers, the silica-based optical 
glass fiber has an attenuation of 0.20 decibels per kilometer, compared with 
the previous NTT record of 0.66 dB/km [Electronics, Oct. 26, 1978, p. 184.] 
Careful processing of the raw fiber materials is the key to its low loss and 
core purity has been kept at a heretofore unheard-of 99.9999%. 

TI second-sources Intel codec 
As expected, Texas Instruments Inc. announced plans last week to second-
source Intel Corp.'s 2910/11 codec [Electronics, March 15, 1979, p. 34]. 
Though other semiconductor firms are said to be close to establishing 
second-source arrangements of their own, the TI-Intel codec marriage is the 
first involving such large companies. In a field crowded with manufacturers 
hoping to take advantage of the promised vast market in telecommunica-
tions for codec parts, TI, by failing to introduce a part of its own design, has 
been noticeably absent. But the Dallas company's agreement with Intel is 
seen by observers as aimed at gaining it a major chunk of the action by 
making the Intel part an industry standard. 
Few details of the agreement involving the n-channel metal-oxide-

semiconductor codec were revealed. TI says only that it "will develop this 
second-source capability in cooperation with Intel." Production samples of 
the 2910/11, which will be pin-for-pin compatible with the Santa Clara, 
Calif., company's part, will be available during the fourth quarter. 

IEEE's April showers are election petitions 
Members of the Institute of Electrical and Electronics Engineers can look 
forward to a spring full of petitions to get constitutional amendments and 
candidates on the ballot. A campaign to elect instead of appoint the vice 
president of professional activities is being spearheaded by Robert Bruce, 
former chairman of the Long Island Professional Activities Committee. The 
circulation of petitions for a member-elected nominations and appointments 
committee is just getting under way, with Harry M. Cronson of the Boston 
section heading the drive. Both campaigns come from the membership wing 
favoring greater activity by individual members on job-related issues, and 
Bruce's amendment is similar to a proposal by the institute's current 
president, Jerome J. Suran. On the candidate front, petitions for the presi-
dency are circulating for the current executive vice president, Leo Young, 
and four-time candidate Irwin Feerst. Their target is the board's presidential 
candidate, Burkhard H. Schneider; efforts to find a petition candidate to 
oppose the board's executive vice-presidential nominee, C. Lester Hogan, 
have been unavailing. 

Technology whiz leaves Biomation 
David Blecki, formerly its vice president of marketing, is the new general 
manager of the Biomation division of Gould Inc., Santa Clara, Calif. He 
succeeds B. J. Moore, who is leaving on an extended vacation before 
starting his own electronics consulting business. Blecki joined Biomation in 
1971 from Hewlett-Packard, where he had held several marketing and sales 
posts in the U. S. and Europe. Moore has been president since 1971, 
pursuing an innovative course in the development of test and recording 
instruments. He was an originator of the logic analyzer, for which he shared 
Electronics' 1977 Award for Achievement [Electronics, Oct. 27, 1977, p. 82]. 

sors. The microprocessors in the 930 
will have improved microcode and 
advanced pipeline architecture for 
improved performance in the emula-
tion version of the earlier machines, 

says Erwin Naumann, Bendix pro-
gram manager for the project. With 
a microcycle time of 250 nanosec-
onds, the 38-square-inch single-card 
930 will be faster, smaller and less 
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power-consuming than its predeces-
sors, Naumann observes. 
Such improvements fit well with 

AFTI program goals. Most current 
production fighters—including the 
F-16—use analog computer flight 
control in place of older mechanical 
control systems. But the current 
thrust of military technology is 
toward digital flight control. Be-
cause of its inherent self-testing abil-
ity, the digital approach is seen as a 
way to reduce required system 
redundancy to the triplex level, 
compared with the quad-redundant 
approach that achieves the needed 
reliability with analog systems, says 
Larry Lydick, chief engineer at 
General Dynamics for the AFTI/ 
F-16 project. 
Another digital system advantage 

lies in software programming: differ-
ent flight control laws optimized for 
flight modes such as air-to-air and 
air-to-ground combat can be made 
available to the pilot. Comparable 
multimode capabilities with an ana-
log system require additional hard-
ware, and thus added weight and 
size. And with their higher number-
crunching power, digital systems are 
also better suited to integrating 
other functions such as fire control 
into the flight-control system. 
The AFTI program, begun in 1973, 

has explored various promising flight 
technologies. The latest award to 
General Dynamics is a five-year, 
two-phase program aimed at inte-
grating into one F- 16 testbed those 
technologies that may be used in 
fighters in the mid-1980s. 
The first phase of AFTI/F-16 

flight testing of the triplex digital 
flight control system and up to 20 
multimode flight capabilities is 
scheduled for June 1981. The second 
phase, with integrated fire and flight 
control, will begin June 1982. 

Delivery of Bendix's breadboard 
system in December will be followed 
from Oct. 1980 to April 1981 by 
three "flyable systems," Naumann 
says. Each will consist of three flight 
computers and one actuator inter-
face unit designed to handle less crit-
ical flight functions. Software will be 
developed jointly by General Dy-
namics and Bendix. -Wesley R. Iversen 

Communications 

Analog method 

decodes satellite data 
The word that describes most high-
data-rate communications equip-
ment nowadays is "digital." But, in a 
reversal of form, Bell Laboratories' 
engineers are investigating high-
speed analog techniques to process 
data received via digital satellite 
communications links. The purpose: 
to detect errors and correct them. 
The analog technique—a version 

of the so-called Viterbi method of 
decoding—could be more cost-effec-
tive than the digital parallel process-
ing technique of error correction 
used until now, says Anthony Acam-
pora at the Bell facility in Holmdel, 
N. J. In particular, Acampora and 
his group want to decode at data 
rates of 200 to 300 megabauds, rates 
at which the Bell System expects to 
handle data on its satellite systems 
of the future. 

Digital parallel processing, the 
usual solution, is costly, requiring 
considerable circuitry, much of it 
custom-designed. It turns out that 
analog microwave circuitry using 
discrete transistors not only is fast 
enough but is available commercial-
ly and is cheaper. 

Both approaches can implement 
the Viterbi algorithm—an efficient 
and commonly used decoding 
scheme that detects and corrects 
errors. The hangup in a digital 
implementation of the Viterbi algo-
rithm is the sample-and-hold circuit-
ry. It is hard to make fast sample-
and-hold circuitry inexpensively at 
these data rates. Enter the analog 
approach. 
Hung up. Acampora designs the 

sample-and-hold circuits with dis-
crete bipolar and gallium-arsenide 
metal-oxide-semiconductor field-ef-
fect transistors. His group has 
built an experimental analog decod-
er to operate at 50 megabits per 
second, or 100 megabauds (see "Bits 
vs bauds," p. 50). 

(In contrast, the maximum data 
rate accommodated without costly 
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Bits vs bauds 

Computer engineers evaluate transmission-channel capacity according to 
the maximum number of information bits that may be sent in a specified time 
(usually bits per second). Communications engineers, on the other hand, 
evaluate the channel by expressing the modulation rate in bauds. A baud is a 
measure of signaling speed and is found by taking the reciprocal of the 
length (in seconds) of the shortest pulse used in a system. 
A further complication is the presence of bits that represent not data but 

address codes or synchronization information. These lower the effective bit 
or baud rate because they are not "raw" data. 

parallel processing is about 10 mega-
bauds using transistor-transistor 
logic and 30 megabauds using emit-
ter-coupled logic, Acampora says.) 
As for his analog system, Acam-

pora says that "devices for operation 
at 200 to 300 megabauds are already 
available, but we intended to evalu-
ate the effects of analog implemen-

tation error rather than demonstrate 
ultimate speed capabilities of analog 
decoding." 
So far, the evaluation is favorable. 

The measured bit-error rate is within 
1/2 decibel of the ideal, Acampora 
says. The next step will be to build a 
system that operates at still higher 
baud rates. -Harvey J. Hindin 

Fiber optics 

Bell Labs tests offer promise of 

extremely fast transmission rate 
Fiber-optic transmission of digital 
information up to the unheard-of 
rate of 200 gigabits per second? 
That's what has been indicated by 
recent experiments at Bell Laborato-
ries in Holmdel, N. J. And it's been 
done over a 760-meter-long single-
mode fiber whose core is only 9 
micrometers in diameter. 
Which is not to say that multi-

mode-propagation, larger-diameter 
fiber or coaxial cable have been 
superceded yet: the new system is 
strictly for demonstrating the tre-
mendous bandwidth capability of 
single-mode fibers. For example, the 
experimental fiber has a capacity 
2,000 times greater than the one 
used in AT&T'S recent experiment in 
Chicago with fiber-optic telephone-
transmission. 
Not ready. Another reason that 

the system is far from commercial 
use, of course, is that practical 
components such as laser sources 
and photodetectors in the 1.28-
micrometer wavelength region of the 
fiber are not yet available. 

Operation at 1.28 bim was chosen 

because at that wavelength the 
pulses can propagate through the 
fiber with almost zero distortion or 
smearing. This low distortion is 
necessary in a practical system so 
that data error rates can be kept to a 
minimum. 

In the Holmdel experiment, re-
searchers David M. Bloom, Leon F. 
Mollenauer, and ChinIon Lin used a 
laboratory laser that generated 
I-watt pulses only 5 picoseconds 
wide. These pulses propagated 
through the germanium-doped silica 
fiber with no broadening at all until 
laser power was stepped up to about 
60 w peak. Then, stability problems 
in the laser, not in the fiber, showed 
up as pulse smearing at the fiber's 
output. -H. J. H. 

A little squeeze alters 

optical-power phase 
Researcher Stuart Kingsley has been 
squeezing a lot of single-mode fiber-
optic cables lately. The variations in 

fiber length, diameter, and refractive 
index that result all phase-modulate 
the light traveling through them. 
The effect, though small, is 

enough to be both measured and 
controlled. Such a phenomenon is 
generally undesirable because mod-
ulation not induced by a transmitter 
is usually equivalent to noise. Yet 
the phase-modulation effect could be 
applicable to a device that resembles 
a hydrophone—an underwater elec-
tro-acoustic sensor typically used to 
listen for enemy submarines. Light 
transmitted through a fiber-optic 
surface would be phase-modulated 
by passing submarines. 

In his work at University College, 
London, Kingsley found that, at a 
wavelength of 0.6328 micrometer, 
the pressure sensitivity of a glass 
fiber results in a phase modulation of 
6.4 radians per meter of interaction 
length between the pressure and the 
fiber, per bar of applied pressure. 

Doubling. What's more, the effect 
doubles for each bar of pressure 
applied. Similar effects occur when 
the fibers are stressed along their 
lengths. After taking into account 
unavoidable experimental errors in 
his acoustic pressure generator and 
his optical phase-modulation detec-
tor, Kingsley "considers that the 
experimental and theoretical results 
are in reasonable agreement." 
Much work, not the least of which 

is to understand fully how the modu-
lation processes operate, remains to 
be done before a real system is prac-
tical. The calculations are, however, 
promising. If the pressure sensitivity 
of a silica fiber is 6 radians per 
meter for each bar of pressure, then 
a kilometer-long hydrophone operat-
ing with 2 milliwatts of optical 
power will generate a, modulating 
signal equivalent to 32 decibels 
below the threshold of hearing. 

This is the same as 50 dB below 
zero sea-state noise—a calm sea. 
Although this level would be diffi-
cult to detect for ordinary sonar with 
human listeners, it is quite another 
matter in these days of digital signal 
processing and computer echo en-
hancement. So the effect is under 
study at Kingsley's lab and at others 
around the world. -H. J. H. 
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But first, lay down that 
soldering iron and consider 
the following: 

For just $275, the Model 182 
gives you sine, square and 
triangle waveforms, plus 
trigger and gate functions. 
Imagine getting tone bursts 
and pulse bursts out of an 
under-$300 instrument! 
What's more, the Model 182 

can be used as a sweeper. 
The sweep range (up to 1,000:1 

Model 182 $275 

or three decades) is controlled 
by an external voltage 

For frequency range, youWAVETE 
applied to the instrument. lo( 

Circle 51 on reader service card 

get 0.002Hz to 2MHz, which is 
plenty broad for most 
applications. 

Write Wavetek and we'll 
send you literature for free. 
Include $275 and we'll send 
you a Model 182. Wavetek, 
9045 Balboa Ave., P.O. Box 651, 
San Diego, CA 92112. Tel. (714) 
279-2200. TWX 910-335-2007. 

If you want more 
function generator for 

the money, you'll have to 
build it yourself. 

• 

à 



King Carl XVI Gustav of Sweden— 
on the right in these photos—presents 
the 1978 Nobel Prize in Physics to 
Bell Laboratories scientists Robert 
Wilson (top photo) and Arno Penzias. 
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What does the Nobel Prize 
have to do 
with your telephone? 
The two scientists on the 

opposite page are receiving the 
highest honor a scientist can 
earn—the Nobel Prize. They are 
the sixth and seventh laureates 
who did their prize-winning 
research at Bell Telephone 
Laboratories. These scientists 
shared a common goal—the 
search for new knowledge to 
further advance the art of 
telecommunications. 

Clinton Davisson shared the 
Nobel Prize in 1937 for 
demonstrating the wave nature 
of matter. In 1956, John 
Bardeen, Walter Brattain and 
William Shockley were honored 
for their invention of the 
transistor. Philip Anderson's 
theoretical work on amorphous 
materials (such as glass) and on 
magnetism led to a Nobel Prize 
in 1977. And in 1978, Arno 
Penzias and Robert Wilson 
received the Prize for detecting 
the faint radiation from the "big 
bang" explosion that gave birth 
to the universe some 18 billion 
years ago. 

The search for knowledge 
These scientists and their 

colleagues at Bell Labs, given the 
freedom to explore, have proved 

time and again the value of 
investment in research—not 
only for telecommunications 
but for society in general. 
The transistor, for example, 
revolutionized communications 
and brought into being entire 
new industries—indeed, a 
new industrial society—based 
on solid-state electronics. 
Other Bell Labs advances— 

products of this same research 
environment—have included 
high-fidelity recording, sound 
motion pictures, long-distance 
television transmission in the 
United States, the electrical 
digital computer, information 
theory, the silicon solar cell, and 
the laser. The impact of this 
work—on almost every field of 
commerce, industry, education 
and even medicine—has been 
incalculable. 

The innovation process 
Research done at Bell Labs in 

the past is the basis for the 
products and services the Bell 
System offers its customers 
today, just as the research going 
on now is the foundation for 
tomorrow's telecommunications. 

Bell Labs scientists— 
specialists in physics, chemistry, 

mathematics and many other 
disciplines—team their efforts 
with those of our systems, 
development and design 
engineers. They, in turn, work 
closely with Western Electric 
manufacturing engineers and 
with the people of the Bell 
System operating telephone 
companies. 
This technical integration 

is the foundation for true 
innovation. One idea feeds 
another. A basic scientific 
discovery can make possible 
entire new technologies and 
products for telecommunications, 
and a concept for a new product 
or system can stimulate the 
research to find even more new 
knowledge. That interaction, 
that teamwork, has been 
extremely productive: Bell Labs 
people have received 18,645 
patents between our founding in 
1925 and the end of 1978. 
Sometimes, the search for 

knowledge may lead to a Nobel 
Prize. Often, it benefits all of 
society. And always, its ultimate 
aim is better service for Bell 
System customers. 

Bell Laboratories 
600 Mountain Avenue 
Murray Hill, N.J. 07974 

Bell Laboratories 

Keeping your communications system the best in the world. 
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with Burroughs SELF-SCAlle II gas plasma displays— 

Burroughs SELF-SCAN displays provide bright, easy-
to-read alphanumeric readout that will enhance the 
saleability of your product. Over one-quarter million 
have been built into everything from word processors 
to data terminals to paint matching machines. 
And now they're easier than ever to use. Optionally 

available microprocessor-based controllers save you 
most of the time normally 

spent to "design-in" 
a display. 

Give your product the visual 
excitement and dependability of 

SELF-SCAN displays. You'll benefit 
from each of these features: 

• Thin cross-section (under 2" with electronics) to 
keep your product's design efficient and low-cost. 

• Neon-orange characters are uniformly bright, 
flicker- and distortion-free, easy-to-read in high 
ambient light and at night without eye strain. 
• Easy interface with microprocessor-based systems. 
• Any of over 100 languages can be 
displayed with many special effects ( 
possible (such as SPAS IF 39   

word blinking). 
• Low power 
requirements, 
low heat buildup. 



now available with micropr cellar contra 

• Fewer connections required than with other displays. 
• Long service life even where vibration, temperature 
and high humidity are present. 
• No danger of implosion or X-ray radiation. 

Choose from our complete line. SELF-SCAN panels are 
available in both single and multi-line displays with and 
without memory. Our single-line models, in 16, 20. 32 or 
40 characters, are compact, low-cost and extremely 
dependable. The 20-character panel is stackable and 
buttabie for creating large message panels. Single-line 
panels range in price from $112 in 100-unit quantities. 

Low-cost SELF-SCAN multi-line displays in 240 and 
480-character sizes are rapidly replacing many CRT 
displays. They give you excellent message readability, 
big space and weight savings, plus 3 times :he life of 
most CRT's. Prices range from $311 in 100-unit quantities. 

Give your product the visual advan-
tages of SELF-SCAN displays. Write 
or call for specifications. 
Burroughs Corporation, OEM 
Operations, P.O. Box 1226, 
Plainfield, NJ. 07061 or ca I (201) 
757-5000. 

Overseas, contact Burroughs ECD International, 
Langwood House, High Street, Rickmansworth 
Hertfordshire, England. Telephoie 
Rickmansworth-70545 

the first name in displays 
the It word In displays 

Bur rough 
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MT-2 
THE VALUE-PACKED 
CASSETTE DATA PACK. 

MORE PERFORMANCE FOR LOWER PRICE. 

The case for 
digital cassette 

An all-round winner, digital cassette 
is easier to handle, lower in cost 
and smaller than floppy disk. 

Data transfer rate is approximately 
40 times faster than Kansas City 

Standard audio cassettes. 
And operating cost is considerably 

lower than conventional 
data cartridges. 

Easier 
maintenance 

The uncomplicated structure of 
the MT-2 is another big plus. 

Two reel motors and a disc encoder 
are the only moving parts—fewer 

servicing problems, less 
spare-parts storage and lower 

maintenance cost. 

Wide-range 
compatibility 

The MT-2 is totally compatible 
with ISO, ANSI, JIS and ECMA phase 

encoding standards. You can 
read tapes recorded on other 

machines complying to these standards, 
and vice versa. 

U.S.A. Triple I, 4605 N. Stiles, P.O. Box 18209, Oklahoma City, Oklahoma 
73118 Tel: (405) 521-9000 Canada R.H. NICHOLS CO., LTD., 214 

Dolomite Dr., Downsview, Ont. M3J2P8 Tel: (416) 661-3190 Hongkong 
Dah Chong Hong Ltd., Hang Seng Bank Bldg., 77 Des Voeux Road, Central 

Tel: 5-261111, 5-226258 Australia & P4ew Zealand JACOBY MITCHELL 
LTD., P.O. Box 70, Kingsgrove N.S.W. 2208, Australia Tel: 6307400 South 

NM» IviaYlair Sales (Pty) Ltd., Marshalltown 2107, Transvaal 
Tel: 011-834-2131 Belgium 8, Luxemburg Sumac Electronics S.P.R.L., 

Triomfiaan 148 1160 Brussel Denmark Danbit, P1antagevej 23 DK-2680 
Solrod, Strand Tel (03) 141515 France TEKELEC AIRTRONIC S.A.,   

TEAC 

Maximum 
reliability 

Small size is no detriment to this 
unit's reliability and precision. 
Soft error rate is better than 
1 x 10-a bits. MTBF is 

10,000 hours—real durability, 
and tape-life spans an outstanding 
1000 passes or more thanks to 

superior transport design. 

Easy 
microprocessor 

interface 
e MT-2 is available in four 

sions, two of which incorporate 
a unique interface controller 

developed by TEAC especially for 
this unit. It features a simplified 
design, and lets you connect 

the MT-2 to the bus lines of 8080, 
6800 and Z-80 or equivalent series 

microprocessors for greater 
flexibility and convenience than 

conventional, high-priced 
outboard devices. 

Cite des Bruyeres, Rue Carle-Vemet 92 Sevres Tel: (027) 7536 Holland 
Simac Electronics By., Veenstraat 20, Veldhoven Tel: 040-533725 Italy 

S.R.L. Corso Lodi, 47 20139 Milano Tel: 54.64.741-2-3 Norway 
R and Data, Gladengveien 3A Oslo 6 Tel: (472) 674950 Spain Ataio 
Ingenieros S.A., Madrid-16, Enrique Larreta 12 Tel: (215) 3543 Sweden 
Scant& AB, Tengdahlsgatan 24, 116, 41 Stockholm Tel: 08-24 58 25 
United Kingdom International Instruments Ltd., 92 High Street, Berkhosted, 
Hells, HP4, 2E1L Tel 044275959 West Germany Pi Austria nbn 
ELECTBONIK STARNBERG, 813 Sternberg, Max-Emanuel-Se. 8, West 
Germany Tel: (08151) 13036 

TEAC CORPORATION: 3-7-3 Naka-cho, Musashino, Tokyo, Japan Tel: (0422) 53-1111 
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Washington newsletter 
New flexible A new composite material developed by two Naval Research Laboratory 

scientists has resulted in a flexible electro-acoustical transducer that can be 
transducer material formed into almost any shape and used to replace the brittle piezoelectric 

reported by NRL ceramics of conventional transducers. NRL researchers Roy Rice and 
Robert Pohanka report that their new flexible composite combines ferro-
electric, piezoelectric, and/or electrorestrictive materials with a polymer 
such as silicone or polyvinylidene fluoride. The new composite can be made 
into different shapes to conform to that of another body to which it would 
be attached. The composite "shows excellent response to uniaxial pressure 
signals," the researchers report. 

Loran-C receiver The accuracy of shipboard position fixes using Loran-C navigation has 
been improved by a factor of five—to within 30 meters—by a new 

Improves location computer-controlled receiving system developed by Johns Hopkins Univer-
accuracy 500% sity's Applied Physics Laboratory for the Navy. The Laurel, Md., lab says 

the new Loran navigation receiving system, called Lonars, employs a 
statistical processing technique to track 100-kHz pulsed signals from up to 
eight stations simultaneously in as many Loran-C chains and then selects 
three low-noise signals for position fixing. "Serious noise in the Loran 
band is intermittent," explains APL's Lonars project engineer Leo Fehlner. 
"Therefore some Loran signals are contaminated and others are not. If you 
use only the uncontaminated signals you can base your position fix on 
signals of textbook quality. This is the advantage Lonars provides." It 
eliminates interference from atmospheric sources, like lightning, as well as 
interference from other Loran signals. 

Carter trade policies Pressure in Congress is growing to get the White House to increase 
domestic market protection for small and minority businesses in the new 

generating opposition Multilateral Trade Negotiation by restoring provisions that set aside 
In Congress certain Government contracts for small businesses. As part of the negotia-

tion, foreign producers would be permitted to bid on some Federal 
contracts. In return, Japan and European nations would open more of 
their procurement to U. S. companies. But House small-business subcom-
mittee chairman John LaFalce (D., N. Y.) warns that congressional 
approval of the trade pact, scheduled for completion later this year, will be 
hard to obtain unless the provision protecting contracts set aside for small 
businesses from foreign competition is restored. 

VCR sales continue Consumer electronic product sales to dealers provided a mixed picture in 
February with home video cassette recorders more than double the 1978 

to soar in February; level while color iv receivers increased only fractionally, home radios of all 
other markets mixed types declined, and auto radios advanced. The Electronic Industries Asso-

ciation reports that February VCR totals of 32,881 were nearly 120% 
ahead of 1978, putting the first eight weeks of 1979 more than 97% ahead 
of the same 1978 interval. Color TV sales of 711,411 sets in the month 
were 1.3% ahead of last year, but the first eight weeks' total was less than 
1% above a year ago. Monochrome receiver sales, however, gained 16.2% 
in February, rising to nearly 465,000 and putting the two-month total 
13.5% ahead of 1978. A-m/fm radio sales slipped 23% to 1.3 million units 
for the month, pulling the total for the year to date down 13.4% from this 
time last year. 
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Washington commentary  

Senator Hollings rings a bell with S. 611 

Senator Ernest Hollings was not yet born when 
a young Winston Churchill remarked in 1920 
that war and politics, despite their similar ex-
citements, had one distinctive difference. "In 
war," the British leader observed, "you can be 
killed only once, but in politics many times." 
The South Carolina Democrat seems to have 
had that maxim in mind while drafting his bill 
to amend the 1934 Communications Act. The 
Hollings bill, S. 611, moves neatly between the 
shellholes left from last year, when a barrage of 
criticism from industry and Government sorely 
damaged its House counterpart sponsored by 
California Democrat Lionel Van Deerlin [Elec-
tronics, June 22, 1978, P. 58]. 
Van Deerlin proposed a sweeping rewrite of 

U. S. telecommunications regulation that was 
long on Utopian principles but weak on their 
implementation. Hollings less immoderately 
wants major changes in the existing structure 
implemented with reasonable speed, the pace 
being set by both the developing competitive 
marketplace and the public interest. 

A rational compromise 

Van Deerlin's staff, which is nearly finished 
with its revisions to last year's bill, could learn 
from the Hollings proposals that successful poli-
tics is the art of the possible. Initial assessments 
by forces for and against competition agree that 
the 115-page Hollings draft is a bill that could 
pass and still be recognizable before the 96th 
Congress adjourns for the 1980 elections. "No 
bill is perfect, but this one is the best I have 
seen," says one telecommunications lobbyist 
who is an advocate of competition in this area. 
"I'm not altogether happy with it, of course, but 
it represents as good a compromise as any of us 
are likely to get." 
As chairmen of the communications subcom-

mittees in their respective chambers, both Sen. 
Hollings and Rep. Van Deerlin strongly support 
substitution of competition for Government 
regulation. Yet their approaches to this goal are 
vastly different. 
Some examples: Hollings would leave the 

Federal Communications Commission intact, 
rather than replace it, but require it to complete 
action on rulings within 180 days at the outside, 
rather than the years it may now take. Instead 
of opening markets quickly to competition and 
eliminating the requirement that the FCC weigh 
the public interest in its actions, Hollings would 
phase in competition and phase out regulation 
so that AT&T could not quickly swallow up new 
and competitive markets. Where Van Deerlin's 

bill put forth no public interest requirements, 
Hollings retains them, arguing that "increased 
competition is a means to an end; it is not an end 
in itself. Where an important public goal is not 
well served by competition, regulatory tools 
must still be available." 
One of Van Deerlin's most controversial 

requirements was that AT&T be required to spin 
off its Western Electric manufacturing arm. 
Hollings rejects that, but would require Western 
and any other Bell component to be operated as 
a "fully separated subsidiary" if it chose to 
enter a competitive market. While AT&T would 
be freed from the constraints of its 1956 anti-
trust consent decree and enter any market it 
wished—including unregulated information or 
data-processing services—it would have to do so 
in each case through a subsidiary with a sepa-
rate financial structure, facilities, directors, offi-
cers, and employees, and then be obliged to deal 
with AT&T on an arm's length basis like any 
unaffiliated company. This separation require-
ment is now being construed to include any Bell 
System telephone affiliate that chooses to 
compete in regional intercity markets, where the 
FCC's jurisdiction would be substituted for that 
of a state. States, however, would retain control 
of intracity telecommunications. 

Flexibility in numbers 

Concerning his domestic telecommunications 
proposals, the senator argues that "a skeptic 
might say this bill amounts to a giant handicap-
ping scheme. To which one would reply, that is 
exactly what is needed. The telecommunications 
markets are such that one cannot simply declare 
'there should be competition' and expect it to 
occur overnight. Indeed, if one were to remove 
all regulation, the probable result would be a 
speedy end to the budding competition that has 
begun to emerge. An intelligent, flexible handi-
capping system with built-in mechanisms for 
tightening or loosening the restraints as compe-
tition flourishes or flounders in each market is 
precisely what the telecommunications industry 
most needs during the next one or two decades 
of transition to a state of what we hope will be 
full competition." 

It is as appropriate as it is coincidental that 
the number assigned to the Hollings bill is the 
one most Americans must dial for telephone 
repairs. For S. 611 holds more promise than any 
legislation to have come along so far for fixing a 
national telecommunications system so that it 
can respond quickly to new technology and its 
innovators. Ray Connolly 
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SIEMENS 

Overvoltage protection devices 
proven in 100 million installations 

Inductive and switching transients, 
sparkover and lightning are the 
chief causes of voltage surges. 
Whatever the voltage surge source, 
however, Siemens metal oxide 
varistors (SIOV) and rare-gas 
filled surge voltage protectors 
(SVP) protect men and equipment 
from all voltage surges. 

SIOV varistors are low-cost, 
with high load capacity. Under 
normal operating conditions, 
their resistance exceeds one 
megohm; under surge conditions, 
the resistance decreases to as 
little as one ohm. Protection is 
steep, symmetrical and fast. 
Resistance decreases in less 
than 25 ns. 

Siemens offers more than a 
hundred SIOV types, covering: 
20 to 2,000 volt protection, 
surge current up to 25 kA, 
and energy absorption up to 
1800 , (Ws). 

Siemens rare-gas filled SVPs 
provide optimum protection against 
lightning and other atmospheric 
condhon surges. Therefore, mere 
than a hundred million are in use 
today. protecting telecommuni-
catior s, telemetering and tele-
control installations all over the 
world Siemens SVPs utilize the 
highly effective gas discharge 
princiDle. When surges occur. 
the resistance of the SVP drops 
from -0 gigaohms to less than 

Disc and block type metal oxide vanstors 
(SIOV) Rare-gas filled glass and ceramic 
surge voltage protectors (SVP) 

0.1 ohm ... in a matter of 
nanoseconds. The protection level 
range is 70 to 15,000 volts. 
Current handling capability is up 
to 60 kA. 

For more information write: 
Siemens Corporation 
components group 
186 Wood Avenue South, 
Iselin, New Jersey 08830, 
telephone (201) 494-1000. B
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Tailor-made protection from Siemens 
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DESIGN BECKMAN DISPLAYS IN. 
DESIGN PROBLEMS OUT. 
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Screened Image Displays are available now as custom designs or as 
standard products. Either way, it's the best, most flexible concept in display 
history for communicating your message in a single-package information dis-
play that's both reliable and cost-effective! How do we know? Our customers 
have told us so, repeatedly, about the literally hundreds of custom designs 
we've produced during the past three years. May we build one for you? 

Beckman Displays. 
The Visible Edge. 

1,165 9510 6095 
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This 7-segment numeric Screened Image Display 
is designed for use in applications requiring display 
of four digits (or, end-stackable multiples of four) 
at viewing distances up to 100 feet. The SP-431 can 
be used in either the Pulsed DC or multiplexed 
mode. Readability is assured by the 2.0-inch digit 
height and by 180 footlamberts of neon-orange 
brightness. Further application of the SP-43I. is 
enhanced by a plus and minus symbol in the most 
significant digit; and, a colon between the second 
and third digits. 

The SP-491 is a standard Screened Image 
Display that is ideally suited for point-of-sale 
equipment, instrumentation and electronic games. 
Readability is assured at distances up to 50 feet by 
the 0.7-inch height of the six digits and 210 foot-
lamberts of brightness. The SP-491 is a 7-segment 
display that is designed for multiplexed operation. 
It offers a wide, 130° angle of visibility; and, has 
a decimal point and comma in five digit positions. 

1‘11111111111111011111111011000Stessot 
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Here's a vivid demonstration of the suitability of the Screened Image 
Technology for producing large fields of versatile, 14-segment characters. The 
SP-452 provides 16 characters, each with its own decimal point and comma. 
The half-inch size is ideal for point-of-sale equipment and in other applica-
tions where large field, alphanumeric capability is needed. The 14-segment 
format makes possible a display set of the ten numerals and the alphabet plus 
special symbols — providing a character set that can be as versatile as you 
want to make it. 

Screened Image Displays. 
The Medium That FitsYour Message. 

For complete details and technical literature about Screened Image Displays, off-the-shelf standards or custom designs, write: 
Display Systems Division, Beckman Instruments, Inc., 350 N. Hayden Rd., Scottsdale, AZ. 85257. Phone: (602) 947-8371. 
TWX: 910-950-1293. In Europe write: Beckman Instruments (Belgium) S.A., 14, Avenue Hamoir, 1180 Bruxelles, Belgium. 

Phone: (02) 275.44.30. Telex: 23577. 

BECKMAN 
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Announcing nine new PALs ready to deploy 
against oppressive old style TTL logic. 

First new PAL (Programmable Array Logic) 
devices are available now. 

Available immediately are nine devices from our new 
PAL family of bipolar programmable LSI circuits which 
allow the designer to structure his own logic on a chip. 

The new PALs consist of four AND/OR arrays. 
PAL10H8, PAL12H6, PAL14H4 and PAL16H2, four AND, 
NOR arrays, PAL10L8, PAL12L6, PAL14L4 and 
PAL16L2. and an AND/OR/NOR array, the PAL16C1. 
Inspect these logic diagrams and pick out what you 
need to revolutionize your system today. 
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Reduce conventional logic chip count by 4 to 1. 

The PAL family will replace up to 90"'o of the entire 54 74 LS and S series of logic. 
Random logic chip count can be reduced by 4-to-1, with space and money savings as 
well as superior performance and reliability. 

Watch for more. The revolution 
is just beginning. 

Over the next few months well be 
introducing the entire family, consisting 
of fifteen PAL devices. Each will 
contain a programming network 
which interconnects gate arrays, 
consisting of AND OR and AND NOR 

gates, exclusive-OR 
gates, registers, pro-
grammable three-state 
outputs and feedback 
connections. Here's the 
entire family, developed 
by the world leader in 
advanced bipolar 
technology. Monolithic 
Memories, 1165 East 
Argues Avenue, 
Sunnyvale, CA 94086. 

Call (408) 739-3535. 
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PALIOH8 10 8 AND/OR Gate Array Now 

PAL12H6 12 6 AND/OR Gate Array Now 

PAL14H4 14 4 AND/OR Gate Array Now 

PAL16H2 16 2 AND/OR Gate Array Now 

PALIOL8 10 8 AND/NOR Gate Array Now 

PAL12L6 12 6 AND ,NOR Gate Array Now 

PAL14L4 14 4 AND NOR Gate Array Now 

PAL16L2 16 2 AND NOR Gate Array Now 

PAL16C1 16 2 AND OR NOR Gate Array Now 

PAL16L8 10 2 6 AND NOR Gate Array 3rd 079 

PAL16R8 8 8 AND NOR Array w Regs 3rd 079 

PAL16R6 8 2 6 AND NOR Array w Regs. 3,d 079 

PAL16R4 8 4 4 AND NOR Array w ,Reg's 3rd 079 

PAL16X4 8 4 4 AND NOR XOR Array 
w Reg S 

4th 079 

PAL16A4 8 4 4 ANO ,Carry/NOR,XOR 
w Regs 

4th 079 

EH Monolithic Memories 
Bipolar is our business. 

Available from 
Monolithic Memories' 
distributors. 
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"When are you going to get yours?" 

When are you going to get your very 
own, personal subscription to Electronics? 

It could be very important to you. 
And we're not just referring to your status in the 
office hierarcb,y. 

You (and we) are in a quick-moving 
business. News breaks frequently Change is the 
name of the game. Awareness is the way to win. 

You've got to follow what's going on 
beyond your specialty Your career may have to 
last longer than your specialty 

If change is the game, obsolescence is 
the penalty for losing. Obsolescence of products, 
of technology and, unfortunately of people. We 
can't change this fact. But we can help you cope 
with it. 

Give us one hour of reading 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 

Move up. Fill out one of the subscrip-
tion postcards in this issue. 

Electronics Magazine. 
The one worth paying for. 
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International newsletter 
Electronics goods 

look good for 1987, 

Arthur Little says 

Japanese firm builds 

16-K static RAM 

with 90-ns access time 

Canada lets firms 

run their own 

TV earth stations 

Fast GaAs circuits 

being tried out 

in French lab 

A bullish outlook for electronics-based goods amounting to $30 billion by 
1987 in the U. S. and Europe in the automotive, consumer, business, 
communications, and industrial sectors is the verdict of a two-year study 
completed by Arthur D. Little Inc., the Cambridge, Mass., management 
consultant firm. The $2 million study, sponsored by more than 60 clients 
from governments and industries in the United States, the Far East, and 
Europe, also predicts that worldwide shipments of microprocessor-based 
modules will reach 400 million units by 1987. Text processors, another 
key area considered, are expected to increase from $1.5 billion in 1977 to a 
possible $3 billion by 1987. By 1982, the study says, nearly all new cars in 
the U. S. and Europe will have intelligent electronic engine controllers. 

Samples of a static 16-K random-access memory will be supplied by Oki 
Electric Industry Co. starting in September. The MSM2128 is made to 
3-µm design rules and features a gate length of only 3 µm. It operates from 
a single 5-v power supply, with an access time of 90 ns. Power consump-
tion is a low 520 mw. Organized as 2-K by 8 bits, the chip is only 5.0 by 
6.2 mm and comes in a 24-pin dual in-line package pin-compatible with 
popular ultraviolet-light-erasable programmable read-only memories of 
the same capacity. The memory cell consists of four transistors and two 
high-resistance polysilicon transistors. The MOS RAM is made from masks 
fabricated by electron-beam exposure. 

Canadian cable television companies, broadcasters, and common carriers 
can now buy and operate their own television-signal receive-only earth 
stations under a new policy of Canada's Department of Communications. 
Until now, only Telesat Canada, the Crown corporation responsible for the 
Canadian satellite network, has been issued licenses. The new rules, which 
also allow reception of the 12-GHz signals from the Anik-C satellite to be 
launched in 1981, are expected to increase the use of television signals in 
remote areas. They do not, however, permit the reception of signals from 
U. S. satellites, which are specifically excluded. Several Canadian compa-
nies are already tooling up to meet the demand, and Micro-Sat Communi-
cations Ltd., Toronto, for one, is offering a 4-GHz receive-only station 
made under license from Hughes Microwave Communications Products of 
Torrence, Calif. 

Although RTC-La Radiotechnique-Compélec is just getting into volume 
production of 100-K emitter-coupled-logic circuits with a propagation 
time of 0.75 ns [Electronics, March 15, p. 68], its sister research and 
development company in the NV Philips Gloeilampenfabrieken group, 
Laboratoires d'Electronique et de Physique Appliquée, has already moved 
into its second generation of even faster gallium-arsenide integrated 
circuits. LEP'S first generation of GaAs field-effect transistors has gate 
delays of 65 to 150 ps. But the consumption is relatively high—as much as 
50 mw at fast speed. Since these circuits hold promise only for applica-
tions where a few gates will do, LEP has started work on a second 
generation with power consumption low enough for complex circuits. In an 
early try with ion-implanted GaAs FETS, a NOR gate with a fanout of two 
dissipated 13.5 mw at a propagation time of 102 ps. LEP expects to cut the 
consumption considerably, with little loss of speed. 
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International newsletter 

PAL decoder joins Valvo, the West German components-producing subsidiary of NV Philips 
Gloeilampenfabrieken of the Netherlands, is about to unveil a single chip 

brightness processor containing a complete PAL decoder and a luminance-signal processor. The 
on a single chip TDA3560 thus handles all the steps necessary to process the composite 

video signal into the red, green, and blue signals that drive the video 
modulator. It can also process the color inputs coming from external 
sources like a video recorder or a teletext unit. Only 10 square millimeters, 
the chip integrates some 750 elements. It operates off 12 v and 
consumes 1 w. The TDA3560 will be shown at the Hanover fair in West 
Germany next month. 

Siemens expands its Supplementing the 100-K family of small- and medium-scale integrated 
emitter-coupled logic already on the market, Siemens AG, Munich, is now 

100-K ECL family with coming out with a line of 10 standard large-scale integrated ECL devices 

LSI and more MSI chips and 4 additional msi ECL parts. The circuits will bow at the Paris 
components show next month. The ISI range contains devices with gate 
delays down to 0.5 ns. The parts, incorporating from 450 to 700 gate 
functions, consume from 2 to 3 w. The range includes a multiplexer, a 
register, a counter, a parity generator, and a sequencer. The four msi 
devices are a converter and three circuits for use in computer applications; 
gate delay is down to 0.7 ns. 

Ion Implantation All the components needed for high-performance signal processing in 
applications such as analog-to-digital converters, for example, have been 

makes bipolar packaged together in a low-power process developed at Plessey Ltd.'s Allen 
process versatile Clark Research Centre, Caswell, Northants. The process produces planar 

npn and pnp transistors and an n-channel junction field-effect transistor by 
extensive use of ion implantation. The f, unity gain point for the npn 
transistor is 2 GHz; for the pnp transistor, it is over 200 MHz—some 20 
times better than that achievable by a conventional lateral pnp device. 
Developed to meet an unspecified military requirement, the process could 
be used commercially to integrate complementary linear functions now 
produced in multichip hybrid packages, but Plessey is unlikely to have the 
resources to push in that direction. 

VW plans to acquire It looks as though West Germany's big auto maker, Volkswagenwerk AG, 
in its efforts to diversify into different product areas, has finally found the 

a majority share first company willing to enter a partnership—the Nuremberg small-
of small-computer firm computer and office-equipment producer Triumph/Adler, part of the 

Litton Industries group of the U. S. The partnership, which must still be 
approved by Litton's and vw's supervisory boards, as well as by West 
Germany's Cartel Office, provides for vw to take over 55% of T/A's stock 
from Litton for an estimated $200 million, leaving Litton with 19% (the 
remaining 26% is owned by several other firms). 
TiA rates as one of the most successful of West Germany's small-

computer makers. During the past 10 years, it has increased its sales from 
$130 million to more than $600 million. With vw backing, the company is 
expected to intensify its marketing efforts in the U. S. 
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Just published! 

Your guide into the 
fascinating world of... 

PERSONAL 
COMPUTING 
Hardware and Software Basics 

A reliable, easy-to-use resource that tells you... 
What's available in hardware and software, including costs. 
Who's using it, and what they've experienced. 
How it all works. 
Why it's caught on so fast. including practical applications to 
use now. 

Some of the most exciting advances in computing are taking 
place, not in research labs and commercial facilities, but in homes 
across the country. All sorts of people with a basic background in 
mathematics and electronics are taking the computer revolution 
into their own hands—experimenting with new equipment and 
technology, and devising their own personal applications. 

If you've considered joining them, if you've thought about building 
or buying your own computer—this is a fast, up-to-date guide that 
answers all your questions precisely and reliably. 

At your fingertips, all the most needed information on... 
• what's available in personal computers 
• the most popular microprocessor chips 
• programming at microprocessor level and in high-level languages 
• design hitches and how to prevent them 
• where to buy 
• plus a glossary of the most current terms in home computing 

Drawn from major publications throughout the industry... 

To get all the up-to-the-minute information and guidelines 
presented here, you'd have to read through numerous issues of... 
• Electronics • Datamation • Mini-Micro Systems • BYTE 
• Interface Age • IEEE Spectrum • Kilobaud • People's Computers 

peRsonal c,emputing handwaRe 
and 
sofTwaRe 
basics 

Bectronics 
Book Series 

edited by 
Raymond P. Capece, Solid State Editor, 
Electronics Magazine 
266 pages, $11.95 
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Part I: Introduction to Personal Computing. 
The term defined, equipment and compo-
nents, costs, applications. 

Part 2: Basic Computer Theory. 
Microcomputer architecture with the 
emphasis on memory. 

Part 3: Advanced Microcomputer Theory. 
Board-level computers using the most 
popular microprocessor chips. 

Part 4: Reviews of Personal Computers. 
Features and capabilities of the most widely 
used microcomputers. 

Part 5: Software for Microcomputers 
and Microprocessors. 
Description and uses of both machine-level 
and high-level programming languages. 

Part 6: Specifications and Other 
Clseful Information. 
Glossaries, microprocessor specs, elec-
tronics symbols, buying used equipment. 
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ANNOUNCING 
THE LOW-COST16-BIT 
MICROCOMPUTER, 

MP/100. 

THIS IS HOW FAR YOUR MONEY CAN GO. 
Function and economy. Those 

are the two reasons we packed 
more features in our new 16-bit 
microNOVA® MP/100 than anyone 
would have thought possible. And at 
a price lower than anyone would 
have thought possible. 

Available at chip, board or box 
level, the MP/100 is based on the 
new Data General designed and 
manufactured 16-bit mN602 NMOS 
microprocessor. This is where the 
true functionality begins. Our single, 
40-pin package includes the full 
NOVA® 16-bit architecture and mul-
tifunction instruction set, hardware 
stack and frame pointer, 16-bit mul-
tiply and divide, realtime clock, 
multiple addressing modes, stand-

ard and high-speed data channels 
(2M byte/sec), 16-level priority 
interrupt and dynamic RAM refresh. 
It's capable of supporting up to 
64KB of RAM/PROM/EPROM 
memory in standard application and 
up to 128KB in special application 
requiring additional memory. 
The MP/100 gives you the 

mN602 microprocessor, an asyn-
chronous interface with full modem 
control, automatic program load, 
power/monitor/auto restart and soft 
control panel all on a single 71/2" x 
91/2" board. 

All microNOVA computers are 
available in a compact, modular 51/4" 
eight-slot chassis featuring a single 
board power supply for increased 

reliability and maintainability. Plus 
a low cost four-slot card cage for 
product OEMs. 
Our new 16-bit microNOVA 

MP/100. It can take you a long way 
on a small amount of money. Most 
important, the MP/100 is not only 
compatible with other members 
of the microNOVA family but also 
within the entire Data General 
family of NOVA and ECLIPSE com-
puters. It's a smart way to grow. 
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ANNOUNCING THE HIGH 
PERFORMANCE 16-BIT 
MICROCOMPUTER, 

MP 

THIS IS HOW F U CAN GO. 
Speed and performance. These 

are the two features that give you 
the power of a mini in a 16-bit micro-
computer. Our new microNOVA® 
MP/200 is the highest performance 
microcomputer in the marketplace. 

Offering the flexibility of product 
line integration at multiple levels — 
board, box or fully packaged 
system— the MP/200 features fast 
instruction execution times with an 
0.84 microsecond ADD and a full 
16-bit hardware multiply in 4.9 
microseconds. Standard and high-
speed data channel (DMA) provides 
input/output data rates of up to 
3.7M bytes/second. An enhanced 
NOVA® instruction set featuring 
byte operations as well signed and 

unsigned integer Multiply/Divide 
add to the MP/200's power. 
The MP/200 is completely com-

patible with the MP/100 which 
means that all peripherals and inter-
faces are interchangeable. And the 
MP/100 and MP/200 feature the 
industry's broadest range of compat-
ible field-proven software for pro-
gram dEvelopment and execution. 
Including disc and real-time operat-
ing systems and high level languages 
such as Business BASIC, Extended 
BASIC and FORTRAN IV. 

Function and economy. Or, high 
performance. Whichever your need, 
you'll find the best, cost-effective 
answer in the MP/100 or MP/200 
16-bit microNOVAs from Data 

General. The right fit for today with 
the growth for tomorrow. Send the 
coupon for complete information. 
And fast. Or call 800-225-7282 or 
contact your nearest Schweber or 
Hall-Mark distributor. 

i—MAIL TO: microNOVA PRODUCT INFORMATION 
DATA GENERAL CORPORATION 
WESTBORO, MA 01581 

Name 

Title  

Company  Tel No.  

Address  

City  Stale_ Zip. 
Dala General Curpuranon, Westboru. MA 01501. (617) 366.8911 Data Gena,1 
(Canada) Ltd.. Untanu. Canada Data General Europe. tbl rue dr 
France. 766.51.78. Data effl.neral Australta. (03)09,0633 Data General Ltda.. Lust.. I< 
Ulm Amen.. 272.79 42. 11.04 Gener.a1 510911aa F.40 Stawar, I artara 9S2 0557 
4." 14141 arnrr41 Corporal> an. 1979 E 329j 

I.DataGeneral 
We make computers that make sense. 
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Electronics international  
SignIficant developments in technology and business 

Continuous addressing 
makes LCD bright 
and flicker-free 
Technique is employed 

in an experimental 

compact storage scope 

that needs only 500 mW 

A miniature storage oscilloscope with 
a liquid-crystal display and a minu-
scule power consumption of 500 
milliwatts could be just around the 
corner, thanks to a novel display 
addressing technique developed at 
the Royal Signals and Radar Estab-
lishment in Malvern, England. 

It has already been used in a 
prototype storage scope that displays 
analog waveforms as a dark trace on 
a bright background using a 100-
by-100-element X-Y matrix [Elec-
tronics, Feb. 15, p. 68]. The instru-
ment is approximately 7 inches wide 
by 7 in. long by 3.5 in. deep and 
weighs 4.5 pounds including battery; 
the display is 2.5 by 2.5 in. 
The new addressing mode results 

in a bright, flicker-free display over 
the entire temperature range of the 
liquid crystal used. For currently 
available twisted nematic LGDs, this 
range is from — 10° to 70°C. 

Instead of rapidly addressing rows 
and columns serially in a multi-
plexed arrangement, binary signal 
sequences are applied continuously 
to all row and column electrodes. 
The effective potential at any matrix 
node is thus the difference between 
row and column signatures. 

Black lines. "When there is a high 
correlation between the two signals," 
says Ian A. Shanks, who developed 
the technique, "the effective poten-
tial is zero and the liquid-crystal 
sandwich remains in a nontransmis-

sive state." But when there is no 
correlation, a 5-volt root-mean-
square voltage develops across the 
twisted nematic liquid crystal and it 
switches into the transmissive mode. 
As a result, the analog waveform 
appears as a black trace on a light 
background that is readily photo-
graphed and highly visible even in 
low or zero ambient lighting, accord-
ing to Shanks. 

Shanks, though, is reluctant to say 
much about the details of the 
addressing method, which will be 
presented at the Society for Infor-
mation Display's 1979 International 
Symposium to be held in Chicago 
May 8-10. But he is confident that 
the technique can be extended to 
displays of 1,000 by 1,000 elements. 

Full resolution is possible only 
when a single trace is displayed. 
However, dual-trace operation has 
been successfully demonstrated at 
reduced resolution by displaying one 
waveform on all the odd-numbered 
columns and the other on all the 
even-numbered columns. 

Storing. Data for the display is 
stored in two 256-by-4-bit comple-
mentary-metal-oxide-semiconductor 
static random-access memories 
organized as 128 words of 7 bits. 
The analog signal to be displayed is 
sampled and digitized by an analog-
to-digital converter, and the samples 
are stored in the RAM. The memory 
is then read out repetitively and the 
stored binary numbers are used to 
determine the position of the ad-
dressed element in each column of 
the display matrix. 
The system can operate in either 

an update mode with repetitive trig-
gering or a storage mode with a 
single-shot trigger. The latter, 

Shanks says, is the most valuable 
feature of the scope, providing "infi-
nite persistence for as long as the 
supply is maintained." 

Speedup. The prototype system 
has a bandwidth of 5 kilohertz, but 
this figure can be increased to 2.5 
megahertz for the storage mode by 
adding a charge-coupled-device de-
lay line before the a-d converter and 
may possibly be extended to about 
50 MHz, Shanks believes. 

For the immediate future, Shanks 
is upgrading the store and has a 128-
by-256-element display under way. 
Further out, he states, other LCD 
phenomena may be considered that 
would improve brightness, enlarge 
the viewing angle, and make dy-
namic response faster. 
One novel application Shanks sees 

for the LCD is as a projection display. 
Here, the rear reflector is removed 
and the LCD is used as a transparen-
cy in a conventional projector. Such 
a projection scope could be useful to 
teachers. 

Japan 

E-beam and liftoff 

produce finer lines 
Gallium-arsenide field-effect transis-
tors with submicrometer gate 
lengths show great promise both as 
discrete low-noise K-band devices 
and for ultrahigh-speed, low-power, 
very large-scale integrated logic. To 
fabricate such devices for use in 
receiving 12 -gigahertz satellite 
transmissions and in dividers count-
ing down from 1 GHz. Matsushita 
Electronics Corp. employs electron-
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beam exposure and a metal liftoff 
process, and has even come up with a 
two-layer resist. 
The company has thus been able 

to make a low-noise FET that oper-
ates at 12 GHz and a nine-stage ring 
oscillator with a gate propagation 
delay of 150 picoseconds. The typi-
cal gate length for both is 0.8 micro-
meter, though devices with 0.5-gm 
gate lengths have be:n made. 

Direct electron-beam exposure of 
a positive resist is the most attractive 
method for fabricating such fine 
features. Electron beams, of course, 
offer higher resolution than optical 
lithography, and the liftoff made 
possible by using a positive resist 
yields much sharper lines than would 
a negative resist and an etchant. 

Exposure and development of the 
positive resist strips it away from 
those areas where metalization is to 
be applied. Metal is deposited direct-
ly on the wafer only in the desired 
locations; elsewhere it overlies the 
resist. If the process is done properly, 
there is a clean break between the 
metal on the wafer and the metal 
overlying the resist (see the upper of 
the two diagrams). 

Sharp. The resist is then dissolved— 
in an organic solvent, lifting off the 
undesired metal and leaving a sharp-
ly defined pattern whose height can 
be several times the line width. For 
example, line widths as small as 0.2 
gm with a height of 0.5 gm have 
been fabricated. 

Liftoff is also aided by applying 
the vaporized metal from a point 
sourct far from the chip. The vapors 
that reach the wafer travel in a 
direction perpendicular to the sur-
face and therefore do not get into the 
crevices formed by undercutting. 

Another advantage of electron-
beam exposure is that electrons pass-
ing through the resist and striking 
the substrate ricochet off it, causing 
additional exposure close to the 
substrate. The width of the exposed 
line is thus wider near the substrate 
than at the surface, causing under-
cutting that facilitates liftoff. 

Enhanced. Though the amount of 
undercutting is satisfactory for dis-
crete transistors, it is insufficient for 
VLSI circuits. Matsushita has there-

IALUMINUM DEPOSITION 

-4-- ALUMINUM 

RESIST 

GALLIUM ARSENIDE t-4-SUBSTRATE 

Cut away. Electron-beam exposure yields desired undercutting (above), resulting in sharply 

defined lines when the remaining resist is dissolved and the unwanted metal floated free. Use 

of two layers of resist with slightly different sensitivities increases undercutting (below). 

fore developed a two-layer resist 
method that provides enhanced un-
dercutting. 
Two different resists are used for 

the two layers, with the bottom resist 
more sensitive than the top one. 
Because the electron beam scatters 
as it penetrates the resist, the higher 
sensitivity of the bottom layer causes 
greater undercutting (see bottom 
diagram). The sensitivities of the 
two layers must be close, though, to 
allow correct exposure of the two 
layers simultaneously. 

Initials. For the top layer Matsu-
shita uses polymethyl methacrylate 
(PMMA). For the bottom, it employs 
a versicn of Matsushita Positive 
Resist (mPR), a copolymer, that is 
formulated to be only slightly more 
sensitive than PMMA. 

Electron-beam exposure is used 
only for defining the gate, which is 
positioned accurately to within ±0.2 
Mm. Gates are made using either 
aluminum or chromium-platinum-
gold metalization; in either case, the 
metalization is 0.6 gm thick. 

The resist used in making the 
super-high-frequency transistors is a 
single layer of PMMA 1 gm thick. 
For the ring oscillator transistors, 
the bottom layer is MPR 0.5 gm thick 
and the top is PMMA 0.5 gm thick. 

Ism Corp., too, has been working 
on electron-beam exposure of a posi-
tive resist. It delivered a paper on a 
two-layer resist process at Decem-
ber's International Electron Devices 
Meeting in Washington, D. C. D 

West Germany 

Grundig launches 

projection Ws 
Ahead of its European competitors 
by at least a year, West Germany's 
Grundig AG has readied a color 
projection Tv system intended main-
ly for home use. It has thus ushered 
in a market that it expects will grow 
more quickly than the sluggish U. S. 
market (see "Projection TVS: a 
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Projection TVs: a brighter future 

Thus far, color TV home projectors, imported from Japan or the U. S., have 
turned up only sporadically in Europe. But now that Grundig AG has started 
to produce such systems in quantity—and will sell them for up to $500 less 
than the imports—the market should rapidly take shape. For 1980, Grundig 
predicts Europe-wide sales of up to 30,000 units as other companies join the 
act and as imports drop in price. 
The market rise, Grundig says, should be much faster than that in the U. S. 

There, forecasts say that a level of only 100,000 sold units will be reached in 
1979, about five years after home projectors were introduced. The reason for 
the relatively slow start, Grundig believes, is the high initial price, about 
$6,000, for a high-quality projector. But since prices have fallen to between 
$3,000 and $4,000, sales in the U. S. are gaining momentum, with the 
market predicted to eventually stabilize at 200,000 to 300,000 units a year. 

Besides the lower initial price, Grundig says two other factors should help 
the European market develop faster. One is a claimed more advanced 
technology. The other is the higher quality picture resulting from Europe's 
use of 625 TV lines, versus the 525 lines used by the U. S. and Japan. 

Of the European market, Grundig says West Germany will initially claim a 
55% to 60% share. That share should drop and stabilize at about 40% as 
sales in other European countries pick up. 

Besides home use, the firm sees many commercial and institutional appli-
cations for home projectors—for instance, in school and other auditoriums; 
at conferences, seminars, symposia, and meetings; in hotel lobbies, restau-
rants, and bars; at exhibitions; and for advertising. 

brighter future"). 
Having its debut at the current 

International Fair for Learning Aids 
in Düsseldorf, the Cinema 9000 will 
go to market in April and sell for 
about $3,800. It uses three projec-
tion tubes to produce, on a 96-by-
125-centimeter screen, a color pic-
ture about six times larger than that 
of a 26-inch Tv set. 

Remotely controllable by infrared 
signals, the projector also accepts 

inputs from external video sources 
like video recorders, TV cameras and 
slide or film scanners. The system 
also offers digital tuning and channel 
selection and automatic station 
search. 
What should prove to be a strong 

selling point is the projected pic-
ture's great sharpness and bright-
ness. It sports a maximum luminous 
intensity of about 140 candelas per 
square meter—equivalent to roughly 

40 fcibt-ramberts. More tangibly, the 
picture is more than twice as bright 
as that in a movie theater, Grundig 
says. This means the Cinema 9000's 
picture is clearly visible even in 
daylight. 
As Roland F. Klink, product 

manager for video and TV systems at 
the Nuremberg-based firm, explains 
it, the brightness is due to three 
factors: optimized optical systems, a 
special projection tube design, and 
the projection screen. 
The screen, made exclusively for 

the company by a U. S. firm, is 
constructed of a plastic that is 
covered with a highly reflective 
aluminum foil and then with a thin 
washable plastic layer. Its concave 
shape results in a uniform light 
distribution across the surface, 
which produces an acceptable view-
ing angle of 45°, according to the 
company. The shape, in combination 
with the foil, also yields a picture 12 
to 15 times brighter than that 
achieved with a diffuse light radia-
tor, Klink says. 
The optical systems, one each in 

the three projection tubes, consist of 
four high-precision plastic lenses 
whose surfaces are specially treated 
to increase the light transmission 
and thus further enhance the picture 
intensity. Called the Tv-Proclar, the 
optical system comes from West 
Germany's Schneider Optische 
Werke and is also made exclusively 
for Grundig. The system has a focal 

Picture this. Grundig believes its home projection TV (below, left) will initiate a fast-growing European market. The picture is 12 to 15 times 
brighter than that of U. S. and Japanese models, and the projector (below, right) can serve as a coffee table. 
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to power supply questions. 
Answers to better power and thermal efficiency. Answers to size and 
weight reductions. Answers to available off-the-shelf covered/open frame 
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These and many more answers can be found in our three product 

catalogs. And they're yours. Free. Just circle reader card number. Better 
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Power Supply Catalog — Comprehensive 60-pager describes our full line 
of 1,573 hi-efficiency, hermetically sealed, single and dual output power 
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length of 135 millimeters and an 
aperture setting of f:1.2. 

Like the screen, the projection 
tubes are supplied by a U. S. compa-
ny. The special phosphor materials 
they use considerably improve the 
light yield, contributing to the Cine-
ma 9000's high luminous intensity. 
(For competitive reasons, Grundig 
will not reveal the names of the U. S. 
suppliers.) 

Designed as a movable, glass-
topped unit that can serve as a small 
coffee table (see photos), the projec-
tor houses a 14-watt high-fidelity 

sound section and the same video 
receiver that Grundig uses in its top-
of-the-line color TV models. The 
three 6-inch-diameter projection 
tubes, for red, green, and blue, are 
arranged in a line and produce the 
picture by simple additive color 
mixing. 
As a shield against X rays, the 

designers have resorted to a 2.5-mm-
thick lead-glass plate mounted be-
tween the tubes and the optical 
system. They have thus kept the 
radiation to only 50 microroentgens 
per hour. EJ 

France 

Synchrotron lures researchers 

to X-ray lithography for IC fabrication 
In much human endeavor, success 
depends on knowing where to draw 
the line. But in the semiconductor 
business these days, it's getting to be 
as much a matter of knowing how to 
draw lines. For as integrated-circuit 
designers pack more and more 
elements onto their chips, line widths 
have to get smaller and smaller; 
sooner or later they will be shaved 
down to less than a micrometer. And 
when that happens, the major 
French chip makers expect to have 
the necessary expertise. 
Up and coming. Although conven-

tional photolithography and elec-
tron-beam lithography will surely 
predominate over the next few years, 
there is a good chance that when 
submicrometer geometries become 
prevalent, X-ray lithography will 
become standard. Work in this area 
has been going on for nearly five 
years at the suburban Orsay campus 
of the University of Paris, and a half 
dozen companies and government 
research outfits are now running 
experiments there. They are working 
with ACO (for Anneau de Collisions 
d'Orsay), one of two electron storage 
rings at the Laboratoire d'Utilisation 
de Rayonnement Electromagnétique 
(LURE). 

Although there are more powerful 
synchrotrons in the world, points out 
Yves Petroff, codirector of LURE, 

"at the moment, ACO is the most 
powerful ring available anywhere for 
this kind of work." The ring develops 
an energy of 540 megaelectronvolts 
and current intensities as high as 100 
to 150 milliamperes. Furthermore, it 
will not be until the early 1980s, 
Petroff maintains, that higher-inten-
sity storage rings now under con-
struction in West Germany and the 
United States will become available 
for use. 
The ACO spectrum extends from 

about 6 angstroms (X rays) to 
10,000 À (infrared) and peaks at 
about 16 À, a soft X-ray region very 
suitable for lithography. Equally 
important, the beams extracted from 
the ring have very low dispersion— 
about the same as a laser. As a 
result, at 10 meters from the ring the 
window through which the beam 
emerges measures 7 centimeters 
wide by 2 cm high. 

Keeping a distance. Because the 
beam diverges only slightly, masks 
can be anywhere from 10 microme-
ters or so up to 1 millimeter away 
from the wafer. The distance elimi-
nates contact damage without creat-
ing geometric and penumbral distor-
tion that are problems when the 
radiation originates from a point 
source [Electronics, Nov. 9, 1978, 
p. 99]. 
The outsiders now using ACO are. 

IBM -France, Thomson-CSF, the 
French atomic energy commissar-
iat's Laboratoire d'Electronique et 
de Technologie d'Informatique 
(LETO, Le Centre National d'Etudes 
des Télécommunications (cNET), 
Laboratoires d'Electronique et de 
Physique Appliquée (LEP) of the NV 
Philips Gloeilampenfabrieken group, 
and Engins Matra SA, which has 
joined forces with the U. S. firm 
National Semiconductor Corp. to 
produce metal-oxide-semiconductor 
ics in France. 
They share 18 hours a week—at 

some $300 an hour—on one of the 
six light lines that fan out from the 
storage ring. "Next year they will 
have a line all to themselves," 
Petroff says. 
The outsiders are conducting ex-

periments to see how mask materials 
and wafers stand up to X rays and 
what the optimum wavelengths 
might be for submicrometer lithog-
raphy. Silicon nitride is a commonly 
used mask substrate and the resist is 
usually polymethyl methacrylate 
(PmmA). As for damage to wafers 
caused by exposure to X rays, Pet-
roff reports that it has not been as 
much as was expected. 

Minuses. Although he helped pio-
neer the concept in France, Petroff 
realizes that X-ray lithography has 
drawbacks. "We are too far in 
advance," he says. "Masking is just 
part of the problem." When line 
widths get down 3,000 À (0.3 gm), 
he points out, the positioning system 
for the masks has to be accurate to 
within about 600 À (0.06 Am). 
Then there are the costs. A stor-

age ring designed to expose wafers 
would cost some $15 million, about 
10 times what an advanced electron-
beam machine to produce the masks 
would sell for, "and you'd still need 
an electron-beam machine to pro-
duce the masks for X-ray exposure 
of wafers," he notes. 

Still, a storage ring designed for 
X-ray lithography with a dozen or so 
working light lines may happen. 
Such a facility is one possibility 
being considered for the new labora-
tory that CNET is building at Greno-
ble as part of the national effort in 
very large-scale integration. 
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ELORG FERRITE DEVICES WILL 
NEVER LET YOU DOWN UNDER 
WIDE AMBIENT TEMPERATURE 
VARIATIONS 
HIGH HUMIDITY 
VIBRATION 
SINGLE OR REPEATED IMPACTS 
Ring magnets of "3.1 BA" Grade ferrite for moving-coil 
speakers: 

• minimum residual induction 0.38 T (3,800 Gs) 

• minimum induction coercive force 167 kA/m (2,100 0e) 

MI minimum magnetizing coercive force 171 kA/m 
(2,100 0e) 

• maximum specific magnetic energy 12.3 kJ/m , 
(3.1 MGs20e) 

Magnet standard Dimensions with tolerance, mm 
size Outside dia. Internal dia. Axial length 

K45 x 22 x 10.5 
K51 x 24 x 9 
K56 x 24 x 12 
K56 x 24 x 8 
K61 x 24 x 8 
K61 x 24 x 13 
K72 x 32 x 10 
K72 x 32 x 15 
K86 x 32 x 10.8 

45+1 
51 ± 1.2 
56 ± 1.2 
56 ±1.2 
61+1.5 
61+1.5 
72 ± 1.5 
72+1.5 
86±1.5 

22 ± 0.6 
24+0.6 
24 ± 0.6 
24+0.6 
24 ± 0.6 
24+0.6 
32 ± 0.7 
32+0.7 
32 ± 0.8 

10.5 ± 0.1 
9+0.1 

12 ±0.1 
8+0.1 
8+0.1 

13 ± 0.1 
10+0.1 
15+0.1 

10.8 ± 0.1 

Antenna cores 

E-shaped, U-shaped, ring and pot cores 

Yoke cores for deflection systems 

Sole exporter 
Lzr MAP  

32/34 Smolenskaya-Sennaya 
121200 Moscow 
USSR 
Telephone 251-39-46, Telex 7586 

.190" 
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.240" 

521.9174 

.500" 
[MIN.] 

521 SERIES T-1 3/4 LEDs for 
maximum front panel density. Mounting clips 
available for easy panel mounting. High luminous 
intensity, low cost. Vibration/shock resistant. 
Solid state for long life. Wide viewing angles. 

SNAP IN MOUNT 

559 SERIES MOUNTS IN 0.250^ HOLE 

0 281" ou 

o31 
050..r 

41AI 

188 um 

0 190" ou 

460. 0 050 

u, 

558 SERIES MOUNTS IN 0.156" 

275" 

Et 

558 and 559 SERIES Avail-
able in red, green or yellow LEDs, with and without 
integral current limiting resistors. Snap-in mount-
ing requires no additional hardware. Straight 
terminals suited for wire-wrapping and/or solder-
ing. Low power requirements-15 to 20mA. High 
brightness versions also available. Red, in 1000-
lot quantities each. 
558-0101-001 $.33 

559 SERIES 
MOUNTS IN 0.250" HOLE 

0 625" 
um 

0 210" um 

L 
0 281" ou 

0 190" D A 

0 188 u 

SNAP IN MOUNT 

558 SERIES 
MOUNTS IN 0.1E6" HOLE 

558 and 559 SERIES Avail-
able with 6" wire leads, these red, green or yellow 
LEDs are designed for quick positive insertion in 
0.031" to 0.062" pane's. Compact design allows 
high density packaging. High brightness versions 
also available. Red, in 1000-lot quantities each. 
558-0101-003. .$.71 559-0101-003. .$.71 

Dialight meets you -needs. So talk to the specialists at 
Dialight, first. Send for your free copy of Dia light's cur-
rent catalog today. 

13/A LIGHT 
Circle 177 on reader service card 

Dialight, A North American Philips Company 
203 Harrison Place, Brooklyn. N. Y. 11237 

(212) 497-7600 

Circle 75 on reader service card 



MAG 
The Z8 will 
make you do a 
double-take. 
Zilogs new Z8 takes advantage of 
the same, powerful, general register 
architecture as the 
revolutionary Z8000. 
It's the unprece-
dented, new micro 
that gives you the 
best of both worlds: 
a highly inte-
grated microcom-
puter system on 
a single chip plus a 
fully expandable micro-
processor for your 
more I/O and 
memory-intensive 
applications. 

Pick 
the fire-
works 
you need. 
Used as a single chip microcomputer 
the Z8 delivers 2K bytes of internal 
ROM, 124 bytes of RAM, 4 I/O ports 
(8-bit), 2 counter/timers and a 
true asynchronous serial communi-
cation, interface. 

Prefer to use it as a fully 
expandable microprocessor? In that 
role the Z8 can address up to 62KB 
of external program memory and 
62KB of data memory. Plus, an 

almost unlimited amount of I/O is 
available to you by using a memory-
mapped technique. 

Frustrated with 
primitive instruction 
sets that fizzle? 
You'll be delighted with the Z8 
instruction set. It contains the same 

type of power as found in 
advanced microprocessors 
such as Zilog's Z80 and Z8000. 
As a result, the Z8 can manipu-
late bits, bytes and words 
(16-bit) with ease. Combined 
with 9 powerful addressing 
modes, it can provide your pro-
grammers with a problem-
solving tool of near-unlimited 



A SINGLE CHIP MICROCOMPUTER 
THAT EXPANDS WITH 
YOUR NEED! ZIILOG'S Z8. 

Explosive Performance. 
The Zilog Z8 makes no compromises 
with speed. It is specified to operate 
off its own internal clock generator 
circuit at 4MHz. That's the same 
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144 
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2 
COUNTER/TIMERS 

ASYNCH PORT 
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11118 
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CONTROL 

speed as the famous Zilog Z80A! 
Instruction execution times typically 
range from 1.5 to 2.5 microseconds 
—fast enough for even your toughest 
application requirements! 

Imagine how your 
products can sparkle 
with new 
ideas. 

With the Z8 problem-solving instruc-
tion set, high-speed, and almost 
limitless expandability your products 
could easily become incredible not 
just excellent. 

To help develop and debug 
these exciting ideas, Zilog has a 
complete set of tools for you.The 
software development package con-
tains a Z8 Assembler and Simulator 
that runs on Zilogs' Z80-based MCZ 
or ZDS Systems. 

In addition there's also a special 
64 Pin version of the Z8 that 
uses external PROM for hardware 
simulation to permit thorough 
debugging and testing prior to com-
mitting to mask-programmed 
ROM 40 pin 18's. 

Additional development tools 
soon to corre include a proto-
typing board and a sophisticated 
systems analyzer. 

Zilog introduces 
the 
next generation 
with 
a bang! 
The revolution in microprocessor 
technology that began with the Z80 
and its supporting family of products, 
blazes on. Now its a soaring jump in 
architectural sophistication to the 
unprecedented Z8 and the incredibly 
powerful Z8000. And, there's a whole 
family of support products to come. 
It's what you expected from Zilog, 
the company that's pledged to stay 
"a generation ahead:' 

Get your 
own fireworks 
going today. 
Join the excitement. Place your 
order today with your nearest Zilog 
distributor. 

In the meanwhile, give your 
development staff a headstart by 
ordering the Z8 product manual set; 
order directly from Zilog in the U.S. 
Elsewhere contact your Zilog dis-
tributor. 

.0.0e"'wee 

ere, 

10460 Bubb Road. Cupertino, CA 95014 

(408) 446-4666 TWX 910-338-7621 

EASTERN REGION: (617) 667-2179 

MIDWESTERN REGION: (312) 885-8080 

SO WESTERN REGION: (714) 549-2891 
NO WESTERN REGION: (408) 446-4666 

EUROPE (ENGLAND): (0628) 36131/2/3 

WEST GERMANY: (08106) 4035 

JAPAN: 03-476-3010 

An affiliate of 
E&ON ENTERPRISES INC. 
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Big linear IC test systems have 
mally come down to this. 



The new GenRad 1731. All the big system 
capability you need at one-fourth the price. 

The GenRad 1731 is the first microprocessor-controlled 
linear IC test system. 

It's no bigger than a benchtop tester, but offers the 
kind of capabilities that have only been available with a 
roomful of hardware. You not only get the flexibility of 
software-controlled measurements, but also qualitative 
readouts on each IC, summary sheets, binning, and data 
logging. 

The GenRad 1731 system comes already programmed 
for most currently used ICs. And our high-level software 
lets workers with minimal experience develop new pro-
grams in minutes. 

We also offer unique socket adaptor kits, which let 
you assemble new adaptors as you need them — for about 
one-tenth of what it would cost to buy them complete. And 
in a lot less time. 

GenRad's 1731. Thorough diagnostics. Easy on-site 
programming. Fast turnaround. 

It's the kind of test sys-
tem you've dreamed about. 
At a price you never imagined. 

For details, call toll-free 
800-225-7335 (in Massachu-
setts, 617-779-2825) or write 
GenRad, Concord, MA 01742. 
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Programming the GenRad 1731 system for new ICs 
is as simple as filling in the blanks. Our software 
prompts you every step of the way. 

GenRad 
Put our leadership to the test. 
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Probing the news  
Analys, of technology and busmess developments 

Has bubble memory's day arrived? 
Evidence is that major developments reported by Bell Labs 

and IBM at California conference will overcome obstacles 

by Larry Waller, Los Angeles bureau manager 

For magnetic-bubble memories, 
March 12 could well emerge as a 
pivotal date. On that day, at an 
otherwise routine technology confer-
ence at Indian Wells, Calif., two 
firms that are giants in advancing 
technology disclosed research proj-
ects that appear to have found the 
means of overcoming some nagging 
obstacles. And, perhaps most signifi-
cantly, both techniques may be 
implemented by currently used man-
ufacturing processes. 

First up at the meeting—the 
Third International Conference on 
Magnetic Bubbles—was Bell Labo-
ratories scientist Andrew H. Bobeck, 
credited with initial development of 
the bubble. He told how he and his 
team eliminated the conventional 
magnetic coils presently used to 
drive memory devices. Following the 
Bell paper, International Business 
Machines Corp. scientists described 
their experimental 15-K bubble de-
vice, whose so-called wall-encoded 
structure has four times the informa-
tion-storage density of conventional 
devices. IBM also told of its other 
development, a contiguous-disk tech-
nique for building multimegabit 
bubble chips using conventional pho-
tolithographic methods [Electronics, 
March 1, 1979, p. 39]. 
The Bell technique, developed at 

Murray Hill, N. J., replaces magnet-
ic coils with a "dual conductor" 
method that applies current through 
over-and-under conducting layers to 
move the bubbles. In addition to 
benefits of one-third smaller size and 
potential lower costs, it exceeds pres-
ent speed limits of 400 kilohertz or 
so. "There's no limit, it can go to 20 
megahertz," says Bobeck. On the 
other hand, coils face speed limita-

tion for lack of response at higher 
frequencies, he says. Research to 
date has put the new configuration 
with 8-micrometer periods and 2-gm 
bubbles through its paces at 1 MHz. 
Bell has already fabricated experi-
mental devices to demonstrate the 
technology and is now designing the 
first bona fide chips, in the 1-to-
5-kilobit range. Furthermore, it ex-
pects to have a 256-K, 1-MHz coilless 
device in about a year. 

Look, no coils. It works this way: 
instead of the usual coils on each 
side of the device package that set up 
a single magnetic field where bub-

bles move, Bell Labs substitutes two 
conductive layers, similar except for 
slightly overlapping oval apertures. 
The conductive layers rest atop the 
garnet material holding the bubbles. 
When a 350-milliampere current is 
applied alternately to the layers, 
these apertures also become individ-
ual magnetic fields that do not quite 
touch. It is the four-phase pulsing of 
the current through the layers that 
drives the bubbles forward in a loop 
pattern from one aperture—acting 
as a magnetic pole—to another. 
Thus bubbles move from a generator 
on one side of a chip to a detector on 

Putting it all together 
Though each of the IBM and Bell Lab developments is highly significant in 
itself, the question to listeners at the conference, who included those in the 
forefront of bubble work, became: "Are they compatible, and can they be 
practically combined?" Answers IBM's Hsu, "I certainly think so." Bell's 
Bobeck concurs, saying, "I see no reason why they can't work together." 
As both developers see their creations, in addition to density and speed 

advantages, compatibility with existing processing technology is a most 
important feature. Many of the techniques for manufacturing semiconductors 
that present bubble memories also use can be applied without change to the 
new magnetic devices. 
The next step for the Bell and IBM innovations will become clear as their 

impact is felt throughout the industry. But Bell makes no bones about its rush 
to get coilless drive devices into operation where magnetic memories already 
store digitally recorded messages. The improved devices may also go into 
high-capacity digital switching systems, and in a variety of terminals, the 
company says. IBM, which so far has put no bubbles into commercial 
operation, is as usual keeping its plans close to its corporate vest. 

For commercial bubble producers, Rockwell International's Microelec-
tronic Device division in Anaheim, Calif., is quick to jump on the bandwagon. 
"It's a generational development," bubble business manager John L. Archer 
says of the two announcements. Rockwell has already done some work 
along these lines and will focus on getting them into its next generations of 
devices, he says. Texas Instruments vice president H. Dean Toombs 
indicates TI will work with the Bell approach to determine its commercial 
feasibility; the IBM technique is also interesting, he says, because of its 
"potential for higher density." TI's next-generation products will use present 
field-access structures, but the new technologies could be incorporated 
later, he adds. 
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IBM's technique. Scientists at the research lab in San Jose, Calif. 

have made an experimental 15,000-bit bubble device that uses two 

types of bubbles to gain fourfold increase in density over present 

devices. Chevron elements are half as tall and wide as usual. 

the other, without all the previously 
needed coils and associated drive 
electronics. 
"The bigger the aperture, the 

stronger the field, which looks like a 
bar magnet," observes Bobeck. The 
shape of the aperture produces and 
maintains the proper shape of the 
bubbles in the garnet layer beneath, 
solving a problem in earlier conduc-
tive approaches, he adds. 
Though the results he reports 

derive from 8-gm-period devices 
with bubble diameters of about 2 
gm, Bobeck says Bell can get to 
4-gm periods with little difficulty. 
One big difference is that the "over-
lapping ovals are easier to fabricate 
than 16-gm chevron gaps," he adds. 

Surprising many listeners was Bo-
beck's assertion that a 256-kilobit 
memory designed with the new drive 
will require just 350 mA, against 
some 600 MA needed by present 
devices from Rockwell International 
Corp. and Texas Instruments Inc. 
This works out to a milliampere-per-
micrometer figure of 1.5, says 
Bobeck —well on the way to the 
ideal of 1 mA/gm. He also expects 
cost per bit to decline sharply 
because of density and elimination of 
coils that, he estimates, account at 
present for 10% to 20% of the total 
package expense. 

IBM's Ta-lin Hsu, manager of the 

Bell's bubble. This is a portion of an 8-micrometer dual-conductor 

shift register fabricated by Bell Labs. The darker apertures are in the 

first conductor and the lighter ones are in the second conductor. 

Technique was developed at Murray Hill, N.J. 

exploratory device group at the 
research lab in San Jose, Calif., says 
that the basis of the super-density 
development is "a method for encod-
ing the domain walls of the bubble so 
that two different types of bubbles 
represent the 1 and 0 and can be 
distinguished from each other." This 
concept of distinguishable bubbles 
enables IBM to pack them more 
tightly into the same device, since 
conventional, magnetically similar 
bubbles require empty spaces to 
represent a 0 data location. "Such 
randomly located gaps in an array of 
bubles place a fundamental restric-
tion on the achievable storage densi-
ty," says Hsu. Also, they must be 
kept four to five bubble diameters 
apart. 
How it's done. IBM's wall-encoded 

bubbles overcome this by inducing 
different internal magnetic struc-
tures, after the company's earlier 
experimental work on lattice arrays. 
Those arrays were controlled by 
current, rather than by conventional 
magnetic fields, and required many 
costly and complex fabrication steps. 
IBM is therefore dropping its lattice 
technique and concentrating on wall-
encoding, says Laurence L. Rosier, 
manager of advanced storage tech-
nology at San Jose. 

Wall-encoding, Hsu claims, 
makes possible the storing of 15-x 

bubbles at a density of 3.3 million 
per square centimeter or 22 million 
per square inch. It uses bubbles of 
2.7 gm in diameter, but has a bubble 
period of only 5.6 gm because of 
essential differences with conven-
tional designs. 

Besides the two types of bubbles, 
the Permalloy chevron elements that 
the bubbles move between are half 
as tall and half as wide as conven-
tional elements. "Thus, four times as 
many can fit into the same area," he 
says. Furthermore, in contrast to 
present bubbles that have to be sepa-
rated by four to five diameters 
because they repel each other and 
would push into gaps in the array, 
the new IBM distinguishable bubbles 
may be packaged much more close-
ly. The oppositely coded bubbles 
permit separations, from center to 
center, down to approximately two 
diameters. Chevron gaps are 1.4 gm. 
The device is fabricated on a thin 

film of yttrium, samarium, calcium, 
and germanium, containing all the 
functions needed to read, write, and 
store data. Tests show the wall states 
of the bubbles are stable under all 
normal operating conditions, says 
Hsu. The only possible drawback of 
the quadrupled density is that access 
time is also increased by four. "So 
designers may want to partition the 
chip to compensate," he says. 
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Probing the news 

Consumer electronics 

British, French in U. S. teletext race 
Antiope backers seek to wipe out UK's head start 

in 'TV magazine' systems by winning CBS St. Louis shootout 

by Arthur Erikson, Managing Editor, International 

The British are a good two years out 
in front when it comes to teletext, 
one of the new batch of telecommu-
nications services that eventually 
will transform home television sets 
into computer terminals of sorts. 
And unlike the hare that built up a 
commanding lead on the tortoise in 
their fabled match race, the British 
have not by any means pulled off the 
course for a nap. Yet the French, 
their main adversaries in this do-
main, hope to leapfrog to the fore-
front—by capturing the teletext race 
in the United States. 

This month, the CBS/Broadcast 
Group of CBS Inc. is due to start 
side-by-side tests of the British and 
French teletext systems at its St. 
Louis station, KMOX-TV. The tests 
will run about a year and the results 
could be crucial to the decisions that 
the Federal Communications Com-
mission will one day have to make 
about teletext. This service broad-
casts digital signals on two lines 
during vertical blanking intervals (so 
as not to disturb regular programs), 
then decodes them at the receiver 
into so-called pages of alphanumeric 
information that televiewers can call 
up for display on their screens. 
As the tests in St. Louis go on, 

both the British and French will be 
hustling to line up backers elsewhere 
around the world. The British pitch 
is succinctly put by Keith Jones of 
Thorn Consumer Electronics Ltd., 
who heads the teletext working party 
of the British Radio Equipment 
Manufacturers' Association (Bre-
ma). Say Jones, "We have a proven 
system with two years' operational 
experience, together with teletext 
decoders already in production. 
What's more, the British system was 

optimized for broadcasting and is 
very robust with rugged error-
correction features." The rugged-
ness, the British claim, stems from 
using TV synchronization pulses to 
define data fields. 

Those arguments have persuaded 
broadcasters in Sweden and in West 
Germany to give the UK system a 
try. The Swedish Broadcasting Corp. 
will start a $500,000 trial this spring; 
it will involve some 200 receivers and 
the pages will consist of subtitles for 
the deaf on regular programs. 
German trial. Though still unsure 

who eventually will control the 
service in West Germany—the post 
office or the broadcasters—broad-
casters will stage a big teletext trial 
during the West Berlin radio and 
television show in August. This will 
be followed starting in early 1980 
with a tryout involving several thou-

sand viewers in Dusseldorf. 
The French counter that because 

their system came later, it has a 
more comprehensive design. "The 
UK system was conceived by televi-
sion people. Antiope was conceived 
by computer people working with 
television people," says Jean Guiller-
min, president of Sofratev (Société 
Française d'Etudes et de Réalisa-
tions d'Equipments de Radiodiffu-
sion et de Télévision), a company set 
up by the government-controlled 
broadcasting organization Télévision 
de France (TDF) to sell radio and TV 
technology abroad. 

Antiope (L'Acquisition Numéri-
que et Télévisualisation d'Images 
Organisées en Pages d'Ecriture) was 
worked out at a joint research center 
set up at Rennes by TDF and the 
Secretariat d'Etat aux Postes et 
Télécommunications (PTT), which 

Getting the picture. British teletext system, shown here in its British Broadcasting Co. 

version, which is called Ceefax, uses television synch pulses to define its data fields. 

,-r 100 [WAX 100 Thu ef Jue 14 80 ," 

MCRILIMES 10, TV a» ROSIO 
MVO I« »Yen. 102 U -114 GM 111.193 

NRUOILIMMI 150 
OlooMen 115 

114.119 

PIMP= éleellm[11 120 
FIUMCIM. WIWI 121.11, 

spouts ,1101 lSI-ii 

cOwee010 MŒCI1014 t40 

Cu,.. 
MCI 

ON-Tr 0041 
11404 • 
Ceve40114 

I" 
u, 

1M1010410 !It illgg'r* WOW "  Tre  
1st 

riii11111111 
t ,l1lI w. 

h t ¡O ily 
)—.‘ r r ( 

n600 4.% 4 

82 



has telephone services under its 
wing. The researchers made Antiope 
different in two significant ways 
from the predecessor British sys-
tems, called Ceefax by the British 
Broadcasting Corp. and Oracle by 
the Independent Broadcasting Au-
thority [Electronics, Feb. 5, 1976, 
p. 68]. 

For one thing, the British system 
transmits a 40-character row of tele-
text during the 50 microseconds it 
takes to transmit one television line. 
The French system is asynchronous, 
with no row/line correspondence. 
For the second thing, Antiope has 
16-bit coding for each alphanumeric 
element, compared with 8 bits for 
the British system. "We can work 
with smaller video bandwidths," 
Guillermin maintains, "and even 
adapt the frequency to avoid inter-
ference by multipath transmission." 

For the U. S. trial, then, adapting 
Antiope to the National Television 
Standards Committee (NTsc) video 
bandwidth of 4.2 megahertz from 
the 5-MHz bandwidth common for 
Europe was fairly simple: the num-
ber of 40-character rows per page 
was cut back to 20 from 24 by repro-
gramming the control microproces-
sor. The UK hardware suppliers, in 
contrast, had to cut the character 
count per row to 32 and the number 
of rows to 20 as well. 
Need for LSI. Like most people in 

the business, Brema's Jones is con-
vinced that decoders based on large-
scale integrated (Lsi) custom chips 
are essential to open mass markets to 
teletext and to Viewdata, the service 
that ties TV sets to computer data 
banks through telephone lines. (The 
British post office, which pioneered 
Viewdata and now calls it Prestel, 
has an extensive trial under way. 
Public service is to start this year 
backed by $200 million for five 
years.) Texas Instruments, GEC 

Semiconductors Ltd., Mullard Ltd. 
of the Philips Gloeilampenfabrieken 
group, and Motorola Semiconductor 
all have decoder chip sets on the 
market; General Instrument Micro-
electronics Ltd. is weeks from 
announcing its set, and Motorola 
Semiconductor is farther down the 
pike. Their goal is chip kits that 
would make decoder-equipped TV 

sets cost something like $200 more 
than regular sets. 

The R&D tab is high and going 
higher. For a Viewdata trial in 
Canada, GEC Semiconductors re-
worked the line and row counters on 
one chip of its teletext/Viewdata 
decoder to shift to a 32-character, 
20-row format. GEC managed to do 
the rework in just four weeks, 
reports managing director Chris 
Turner. But since a 40-character row 
will probably become standard for 
both teletext and Viewdata, UK 
decoder makers are looking for other 
ways around the bandwidth limita-
tion. Gerald Crowther, who heads up 
Viewdata and teletext development 
at the Mitcham laboratories of 
Mullard, says one possibility is to 
send the first 20 characters for a row 
on one line and the second 20 on the 
succeeding line. Mullard is working 
on this concept together with Signe-
tics Corp., also in the Philips group. 

Costs. The French, too, are sure 
that they will succeed only if they 
can hold the line on decoder costs. 
Says Guillermin, "We hope to set 
the added cost for a system board 
and controller for a TV set between 
400 and 500 francs [roughly $95 to 
$115] by late 1981." To get the 
figure that low means custom chips, 
so Guillermin sees less sophisticated 
decoders costing about 2,500 francs 
(roughly $590) for the interim. 
The UK semiconductor houses 

still have not had a substantial 
return from their heavy investment 
in decoder chips. That, not surpris-
ingly, has made their French coun-
terparts wary of developing decoders 
on their own. So the joint TDF/PTT 
research center in Rennes, the Cen-
tre Common d'Etudes de Télévision 
et de Télécommunications (ccETT), 
has set three semiconductor produc-
ers in France to work on chip sets. 

The three companies doing the 
work are Efcis, jointly owned by 
Thomson-csF and the French atomic 
energy agency; RTC-La Radiotech-
nique-Compélec, a components-pro-
ducing unit of the Philips group; and 
Texas Instruments. Each of the 
three has its individual approach, 
but the system dictates a common 
sectioning for the decoder—an ac-
quisition unit to extract the digital 
data from the broadcast (or tele-
phone modem), a microcomputer to 
process the data and store the pages, 
and a display driver. 
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Probing the news 

Programmables excite pacer firms 
Longer-life batteries and LSI circuits have led 

to pacemakers that last 10 years and cost up to $2,500 

by Larry Marion, Chicago bureau 

Large-scale integration and other 
state-of-the-art electronic technolo-
gies have spawned a whole new 
generation of cardiac pacemakers. 
The industry, which totals $300 
million per year worldwide, turned 
to upgrading electronic circuitry 
after licking reliability and power-
supply problems in the mid-1970s. 
Almost a score of new models have 
been introduced in this past year 
with a variety of programmable 
functions that allow doctors to tailor 
the devices to individual needs. 

"There's been an explosion of 
programmable pacemakers and all 
the manufacturers are jumping on 
the bandwagon," says Richard Reis 
of the Federal Food and Drug 
Administration in Washington, 
D. C., the agency responsible for 
regulating the design, manufacture, 
and use of pacemakers and other 
medical devices. 

Allowing for change. Part of the 
reason for making pacers program-
mable was the need to adjust to 
recent improvements in operating 
life. Longer-life lithium-oxide bat-
teries have been substituted for 
mercury-zinc, and better hermetic 
sealing now prevents moisture from 
shorting out pacer circuits. Because 
the power lasts five years or more, 
the change in a patient's condition 
likely to occur in that time calls for 
pacer adjustability. Physicians want 
units with, for example, pulse-gener-
ating sequences that may be varied 
to coincide more closely with the 
changing needs of the patient. 

Although programmable pace-
makers were first developed a 
decade ago, early units were cum-
bersome, concedes George M. Hee-
nan, senior vice president of Med-

tronic Inc., the Minneapolis-based 
giant in the industry. Also, the large 
number of discrete components and 
their big power drain led to a bulky 
package with a short lifespan, and 
doctors shunned them. 

Physicians receptive. But the new 
pacers are very popular. Dr. W. 
Gerald Rainer, a Denver, Colo., 
cardiac surgeon, reports: "When I 
first looked at the programmable 
pacer, I thought 2% to 3% of my 
patients would need them. But now 
60% of my new implants receive 
them." Some surgeons will put in a 
programmable pacer costing $200 to 
$300 more than a standard unit 
simply for its future value to a 
patient whose condition may change. 
About 10 firms now market 

pacers that can be programmed for a 
variety of pulse rates and widths. 
Some also sense and respond auto-
matically to heart malfunctions. 
At the core of the new units, 

which cost $2,200 to $2,500, are 
complementary metal oxide semi-
conductors on a hybrid substrate. 
Medtronic, Cardiac Pacemakers Inc. 
of St. Paul, Minn., ARCO Medical 
Products Co. of Leechburg, Pa., and 
Intermedics Inc. of Freeport, Texas, 
all have reduced the number of sepa-
rate components to about two dozen. 
This is less than half the number 
used in older fixed-pulse-rate devices 
and a tenth of the number in the 
earlier programmable units. Fur-
thermore, reducing pulse parameters 
to the exact level needed by the 
patient has doubled estimated pace-
maker lifetimes again—to 10 years 

Needler. Medtronic senior vice president 

George Heenan with needle used to program 

the first programmable pacemaker. 

or more, notes David J. Fischer, 
manager of pulse generator develop-
ment and applications at Cardiac 
Pacemakers. 
Although the models vary, they 

operate similarly. To reprogram the 
device after implantation, a physi-
cian would enter a new pulse rate or 
width using an external controller 
that transmits the new information 
to the pacer in digital form modu-
lated on a radio-frequency carrier. A 
pickup coil or a reed switch inside 
the pacer receives the signal, and a 
logic or rectifier-capacitor circuit 
decodes the signal and changes the 
characteristics of the pacemaker's 
output pulse. 
The new ARCO programmable 

pacemaker now undergoing clinical 
investigation features 8 pulse fre-
quency choices, 8 pulse energy 
(amplitude and duration) choices, 
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plus 12 sensitivity settings for 
responding to ventricular contrac-
tions (R-waves). The last parameter 
is only offered on the ARCO unit; 
combined with the other two pulse 
parameters it yields 448 meaningful 
programming possibilities. The pac-
ers can be made to compensate for 
things like heart rate changes, 
impedance buildup at the heart-lead 
interface, and diminishing sensitivity 
to R-waves due to body—pacer 
impedance mismatches. 
Chambers sequenced. The models 

being readied for introduction later 
this year are even more versatile. 
The FDA recently gave preliminary 
approval to Medtronic's Byrel mod-
el, which senses and paces both 
chambers of the heart in sequence. 
Heenan says the device will increase 
blood flow about 25%, "and will be 
the only one in the world with 
programmable rate and timing." 
Again using a c-mos logic circuit, 

many discrete transistors, and other 
digital components on a hybrid 
substrate, the Byrel "is basically two 
pacemakers with a timing and logic 
circuit between them," explains 
Whitney A. McFarlin, vice president 
for pacing products at Medtronic. 
The dual-chamber pacer is heavy 
and bulky by current standards. It 
weighs 135 grams and has 110 
components, several times the num-

ber in standard one-chamber units. 
To reprogram the Byrel, the external 
controller transmits a 15-millisecond 
pulse on a 150-kilohertz carrier. 

Multifunction. Though the Byrel 
was mainly a packaging challenge to 
Medtronic, its new Spectrax multi-
function programmable unit is its 
most complex electronics package. 
Two custom ICs, one a c-mos chip 
for logic, signal decoding, and mem-
ory, the other a linear ic for battery 
monitoring and heart-chamber sens-
ing, enable physicians to reprogram 
five functions, explains Ted Adams, 
manager of product development. In 
addition to pulse width and rate vari-
ability, the Spectrax can be changed 
from pulse on demand to continuous 
pulse, and it can alter the timing of 
the pacer's sensing circuitry. 
The fifth function adapts its 

output to a heart with a widely fluc-
tuating natural pulse rate: if the 
heart slows below a preset rate, the 
pacer will automatically take over 
and gradually increase the heart rate 
until it reaches a safe clip. The Spec-
trax also has fewer parts —15 — and 
weighs less-43 grams—than any 
other programmable or fixed-rate 
unit on the market, Adams says. 
Other manufacturers, including In-
termedics, are clinically testing their 
versions of a multiprogrammable 
pacer like the Spectrax. LI 

Complete set. Small, shiny objects are pacemakers; the controller with which they are 

programmed is at left. Called the Microlith-P, the unit is from Cardiac Pacemakers Inc. 
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Probing the news 

Companies 

Offshore subcontractors boom 
One independent operator, Interlek/Dynetics, links West Coast 

office with Manila plant to offer fast turnaround, high volume 

by William F Arnold, San Fancisco region bureau manager 

Even though most big electronics 
companies are international enter-
prises, when business is booming as 
it is now they turn to another 
offshore production—that of inde-
pendent subassemblers who contract 
to package a variety of high-volume 
parts, often on short notice. 

Without these subcontractors, 
electronics industries would be even 
more production-limited than they 
now claim to be. In fact, the subcon-
tractors are so much in demand that 
it's not unusual for one to package 
the same type of part, such as a 
dynamic random access memory, for 

competing semiconductor makers. 
Moreover, these plants assemble 
devices—including up-to-date mem-
ories, microprocessor parts, and tone 
generators—in a variety of packages 
from ceramic and Cerdip to plastic 
and from 8 to 40 leads. Nor are 
these subcontractors, which dot re-
gions of Hong Kong, the Philippines, 
Singapore, South Korea, and Tai-
wan, necessarily small operations. 
Interlek/Dynetics Inc., for example, 
has a 100,000-square-foot plant in 
Manila cranking out close to 
500,000 units a day, a figure it 
expects to double next year. 

"I view these services as necessary 
for flexibility," declares the manu-
facturing vice president of a leading 
electronics company who prefers to 
remain anonymous. The subcontrac-
tors offer short turnaround and capi-
tal savings, he says. Agreeing, anoth-
er electronics vice president also 
declares that, because the indepen-
dents deliver high-quality parts, "we 
would use them in good times and 
bad." 
The latter was referring specifical-

ly to Interlek/Dynetics, which he 
says provides "excellent" service— 
high yields, good delivery, and 
reasonable prices. "No one has the 
support they do," he says. What he 
means is that the company is 
unusual for an offshore independent 
in that it not only has a Manila plant 
employing 5,000 workers, but also a 
liasion office with 30 persons, 
including six engineers, in San 
Mateo, Calif., just north of Silicon 
Valley. Other offshore independents 

Taking a close look. Workers at Interlek's 

assembly plant in the Philippines inspect 

some of 500,000 devices made each day. 

have salespersons who report to the 
factory, acting, however, more like a 
combination of freight forwarder 
and order taker, declares Jacob 
Ratinoff, who is president of Inter-
lek, a California corporation, and 
chairman of the affiliated Dynetics, 
a Philippines corporation. "The 
U. S. side here keeps us in tune with 
the industry," he says. 
Quick response. The aim is quick 

response because "moving fast is one 
of our advantages over everybody 
else," Ratinoff states. For fast 
action, the two far-flung operations 
are connected by five leased tele-
typewriter lines, two on a 24-hour 
basis, and an international facsimile 
link. To process and analyze commu-
nications, the San Mateo end has an 
NCR 8250 computer, six cathode-
ray-tube terminals, and 20 million 
bytes of on-line memory, matched on 
the Philippines end by an equivalent 
NCR 8250 and two CRTs. 

Every morning, Ratinoff says, he 
and his staff monitor 40 meters of 
teletypewriter copy from the Philip-
pines plant containing yield, ship-
ment, and inventory information on 
each of its products. When a prob-
lem occurs, Interlek tells the custom-
er and the resulting solution goes 
back to the plant via teletypewriter, 
facsimile, or—if need be—by plane. 
By "quick turnaround," Interlek 

means delivery of 500,000 assembled 
parts in six to eight weeks, Ratinoff 
explains. Ninety percent of Dynetics' 
three-shift production is in medium-
and large-scale integrated circuits; 
the rest is split between watch 
modules and hybrids. Dynetics has 
packaged all the popular density 
random-access memory parts and 
expects soon to be assembling 64-K 
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Quick reactions. Jacob Ratinoff, president 
of Interlek, says his firm's advantage is fast 
response to customers requirements. 

versions as well, among others. More 
than half of the top 50 U. S. elec-
tronics companies have used Inter-
lek/Dynetics' services. 
"Our goal is to run at the indus-

try's speed," Ratinoff says. He may 
be exceeding it, because his opera-
tion has doubled in size each of the 
past few years to reach $30 million 
this year. Naturally, it expects to 
double again next year. To keep 
pace, he is spending a "few million-
dollars" on automated bonders, 
trimmers, markers, and the like, 
often acquiring them quickly by 
paying cash. "We're the most 
sophisticated subassembly operation 
in the world," he boasts. 

That's a far cry from the picture 
in 1973 when Ratinoff, a successful 
insurance and real estate entrepre-
neur, co-founded Interlek/Dynetics. 
The boom was on then, he recalls, 
and the operation quickly expanded 
from 10,000 to 40,000 square feet— 
just in time to lose "a couple of 
million dollars in 90 days" on light-
emitting-diode watches when the 
market bombed during the 1974-75 
downturn. Ratinoff says he's seen 
profits since mid-1975. 
The future. Although the track 

record is impressive, time will tell 
whether it will continue. Interlek 
staffers say that industry's attitude is 
changing and that "now people are 
penciling us into their long-range 
plans." But one electronics vice pres-
ident is not so sure. "They could get 
caught in a real pinch when the 
economy goes down," he says. How-
ever, another points out that it's in 
the industry's oy,,n interest to keep 
Interlek/Dynetics in business. El 
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Typical Applications: • Detection of periodicity in noise 
• Data communication/error correction coding 
• Pattern recognition 
• Matched filter 
• Programmable filtering 
• Adaptive/channel equalizers 

RETICON has other Time Series Analysis Monolitnic devices such as 
32 Sample Analog Signal Averager with Programmable Exponential 
Weighting (R5701); 32 Sample Parallel In/Serial Out Time Domain 
Multiplexer (R5501); Fourier Transform Devices (R5601, R5602, R5603). 

For complete details on these True Time Domain Correlation/-
Convolution devices or the other Time Series Analysis products, 
call your nearest RETICON field office now. 

=i=e RETICON 
345 POTRERO AVENUE 
SUNNYVALE, CA 94086 
TWX: 910-339-9343 

For assistance call: Bostor (617) 745-7400, Chicago (312) 640-7713, 
San Francisco (408) 738-4266, Los Angeles (213) 995-4663, 
Yokohama, Japan 045-471-8811, 
Regensdorf, Switzerland (01) 840-53-05 

•R5401 performs correlation or convolution between an analog signal and programmable binary function 

••R5403 performs correlation or convolution between two analog signals 
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"Ifs As Different 
From Other Systems 
As The Steam Shovel 
Is From The Shovel." 

Mark Levi 
General Manager, Microcomputer Systems 

Starplex TM 
Development 

System 

"Right now, what's holding back new 
developments in microprocessing are the 
existing development systems. 

The Starplex System is going to change 
all that. 

And as of this moment, if you're in the 
business of designing or programming 
8080/8085 based products, this is the tool 
that can make your life infinitely less tedious. 

So sophisticated is the Starplex System, 
it can virtually take you by the hand and 
walk you through its own operation. 

Where other systems require scores of 
individually typed instructions, the Starplex 
System can do the same job at one stroke 
of a key. 

Where other systems offer 
you blood, sweat, and repetition, 
the Starplex System offers 
HELP, PAUSE, EDIT DEBUG, 

CONTINUE. To name a few of the unique 
functions on our keypad. 

Where other systems leave you fumbling 
TARPLEITEL TEKTRONIX 

SIMPLE KEYSTROKE 
CONTROLS 

EDITOR 
SYSTEM 
UTILITIES 

NONE NONE 

SYSTEM OPERATING 

e*Ce3" 

FORMS OR 

DRIVEN 

C/elivEMAN ND 
D 

ONLY 

COMMAND 
DRIVEN 
ONLY 

CRT-ORIENTED EDITOR YES NO NO 

HIGH LEVEL LANGUAGES 2 2 NONE 

ISE CAPABILITY MULTI- 
PROCESSOR 

SINGLE 
PROCESSOR 

SINGLE 
PROCESSOR 

PROM PROGRAMMER 
'ME-
GRATED 
OPTION 

SEPARATE SEPARATE 

PRINTER STANDARD OPTIONAL OPTIONAL 

TOTAL PRICE 
lEni,...... re en,om Pcyram,e, Ana I 

113,800 $21,870 $21,230 



through thick manuals looking for escape 
clauses, the Starplex System guides you 
through your work path with a series of 
menus, prompts, lights, and audible signals. 

And while some systems can communi-
cate only in assembly, ours is fluent in 
BASIC and FORTRAN. Languages 
which can be loaded — as usual — with one 
keystroke. 

Now others may have claimed their 
systems were "easy" before. But we've got 
the software to prove it. Which is why we 

do not hesitate to publish here a comparison 
chart which will show at a glance where 
things really stand. 

The Starplex System is designed to be 
used with current and future National micro-
processors, as well as BLC/SBC Series/80 
microcomputers. 

It's fully expandable, with four chassis 
slots allowing the addition of standard 
Series/80 boards. Plus a programming 
station which accepts optional personality 
boards for 2708 and 2716 PROMs. 

Integrated into the Starplex package 
are five microprocessors, 64K bytes of 
memory, dual 256K byte floppy discs, a 1920 
character CRT, a 50 CPS printer, and stan-

dard ASCII keyboard in addition to the 
special function keypads. 

All the software you'll need is included 
in the package. A powerful operating sys-
tem, macro assemblers, editor, debugger, 
and other key software modules. 

We also offer the In-System Emulator 
(ISE), an extremely valuable option for hard-
ware development. It works through an easily 
understood command interface. ISE uses its 
own memory for memory mapping — a time-
saving feature which also allows true real-

time debugging. 
Because Starplex ISE 

incorporates symbolic 
debugging, you can debug 
code in the same assembly 
mnemonics in which it 
was written. And it's the 
only system emulator 
capable of debugging two 
microprocessors simul-
taneously in a multi-
processor system. 

By any standard of 
comparison, the Starplex 
Development System 
represents a colossal leap-
frog over the field in every 
category, save one: Price. 
And so, while others ask 
in excess of $20,000 for the 

privilege of unnecessary toil, our price is 
just $13,800. On the theory that not only 
is less more, but more should cost less. 

We would jump at the chance to tell you 
the whole story in detail. Write or call me 
for a complete brochure on the Starplex 
Development System. Address your request 
to Mark Levi, General Manager, Microcom-
puter Systems, National Semiconductor 
Corporation, Drawer 34, 2900 Semiconduc-
tor Drive, Santa Clara, California 95051. 
Or dial these toll-free numbers: 800-
538-1866; 800-672-1811 in California. 

In Europe, write National Semi-
conductor GmbH, Industriestrasse 10,8080 
Fuerstenfeldbruck, West Germany." 

Computer Products Group 
National Semiconductor Corporation 
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Every Rotron precision airmover 
increases the life of electronic 

,FD 
INCOAPORATED 

equipment. And, Rotron airmovers live 
longer than the products they cool. 
What's more, if we don't have a 
standard model to meet your 
application, we'll create one that will. 

Take our new MIL 901 fan. It's a 230 
cfm airmover - just six inches in 
diameter - that can withstand the 

ROTRON 

,Navy's 550G MIL-S-901 shock test. 
That's the equivalent of being struck by 
a hammer weighing 400 pounds 
dropped from a height of 5 feet! 

Learn more about the MIL 901 fan, and 
the many other Rotron airmovers 
available, and get your free 250 page, 
625 product catalog by contacting 
Rotron's Custom Division. 

Rotron has a way with air 

ROTRON INC. 

Woodstock, N.Y. 12498 0 914.679-2401 E TWX 510-247-9033 
Garden Grove. Cal 92641 • 714.898-5649 • Rotron B V Oosterhout, Netherlands. Tel 01620-32920. Telex NL 74174 
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Technical articles   

Transmitting data by satellite 
calls for special signal handling 

Long distances, limited carrier power, mixed kinds of noise, 
affect choice of multiplexing, modulation, and coding techniques 

by Harvey T. Hindin, Communications & Microwave Editor 

D When all the highly publicized satellite systems for 
digital data handling finally go into full operation, they 
will be able to handle just about any kind of signal that 
comes their way—digitized voice, facsimile, and televi-
sion, as well as data. They will be brilliant proof of the 
validity of signal processing theory developed carefully 
over the years and difficult for the nonspecialist to 
understand in detail. 

However, more and more nonspecialists will become 
involved with the technology, either as users, who need 
to make intelligent buying decisions, or peripherally, as 
suppliers of related communications, satellite, and satel-
lite-link equipment. Fo- their purposes, the principles of 
digital signal processing can be set forth simply. They 
concern multiplexing, modulation, and coding, their 
interrelationships, and subsequent effects on bit rate, 
bandwidth, and signal-to-noise ratio 
The suppliers of the new data handling systems are 

listed in "Who's who in satellite communications" on 
page 92, the many services available in the table on page 
94. When the high-speed options become available, the 
already flourishing market in data communications is 
expected to grow still aster. The demand will boom as 
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Who's who in satellite communications 

American Satellite Corp., Germantown, Md. 
• is only carrier without its own satellite 
• leases transponders from Western Union and RCA 
• specializes in data services from low speed to 56 kb/s 

American Telephone & Telegraph Co., New York, N. Y. 
• cannot legally own satellites at present, but decision will 
be reviewed by FCC in July 1979 
• uses Comstar satellites courtesy of Comsat 
• has proposed Advanced Communications Service for 
data transmission (might use Comstar replacement) 
• will compete with IBM's Satellite Broadcasting System 
and Xerox's XTEN if ACS is allowed 
• provides various data services now through telephone 
connections 

Communications Satellite Corp., Washington, D. C. 
• handles international U. S. communications by satellite 
• provides voice and data services 
• owns Comstar and Marisat systems 

Comsat General Corp. (subsidiary of Communications 
Satellite Corp.), Washington, D. C. 
• provides AT&T and GTE with FDM Comstar satellites 
• provides international maritime service with Marisat 
• owns 42.5% of Satellite Business Systems (service due 
in 1980) 

Intelsat Corp.,Washington, D. C. 
• operates international communications satellites 
• handles traffic between countries globally 
• is known as a carrier's carrier 

RCA American Communications Inc., Piscataway, N. J. 
• provides broadcast, Government, and commercial 

services on two TDM Satcom satellites, with a third to be 
added later 
• offers voice, data, and TV services—mostly cable TV 
• supplies Canada's Telesat with Anik B satellites 

Satellite Business Systems, McLean, Va. 
• will start its service for high-capacity users in 1980 
• owned by IBM Corp., Comsat General Corp., and Aetna 
Insurance Corp. 
• will directly compete with AT&T's ACS and Xerox's 
XTEN service 
• will handle voice, data, and television in a TDM 
approach at 14/ 12 GHz 

Teleast Canada, Ottawa, Canada 
• is a joint Canadian government-industry venture 
• operates 4 Anik satellites at 6/4 GHz 
• handles voice, television, and data 
• will offer 14/ 12-GHz digital data service 

Western Union Telegraph Co., Upper Saddle River, N. J. 
• flies two Westar satellites providing voice, television, 
and data channels 
• will launch a Tracking and Data-Relay Satellite System 
(TDRSS) in cooperation with the National Space and 
Aeronautics Administration for voice and data 
• will use four satellites for TDRSS having 6 / 4-GHz and 
14/ 12-GHz capability with TDM 

Xerox Corp., Stamford, Conn. 
• has proposed XTEN service that will compete with ACS 
and with SBS 
• will use local microwave links to earth stations 
• will lease transponder space 
• will provide data services of all kinds 

soon as people see just what can be done economically, 
explains Philip N. Whittaker, president of Satellite 
Broadcasting Systems, exclaiming parenthetically, 
"Who needed the car before it was invented?" 
At the heart of all of the digital data services is the 

question of packaging the data, so that it can be trans-
mitted efficiently. Proper packaging requires the choice 
of a multiplexing scheme before any other consideration. 

Data multiplexing 

The efficiency of a satellite-based communications 
system—that is, the measure of how much data can be 
transmitted, how accurately, and for how long—depends 
to a large extent on the multiplexing technique chosen. 
No practical design is possible until there is a method for 
combining multiple users into one bigger channel. 
The two possibilities are frequency-division multiplex-

ing (Fink.4) and time-division multiplexing (TDM) 
(Fig. I). For future digital systems, TDM is a natural 
choice. For one thing, it makes more efficient use than 
FDM of the channel bandwidth that determines channel 
capacity. Requiring only a single carrier, TDM can allot 
the entire available bandwidth to a single channel, 
whereas FDM shares the bandwidth among several paral-
lel channels and for this reason has to waste some of it on 

preventing interference between adjacent channels. 
The case for TDM is further strengthened by the 

availability of digital large-scale integrated circuits. 
These make it economical to build dedicated data termi-
nals, as Eugene R. Cacciamani, vice president (techni-
cal) of American Satellite Corp., is quick to point out. 
"Our whole satellite system is going digital," he says. 

There is a third advantage. "Voice, data, facsimile, 
and television signals may be efficiently combined for 
transmission using TDM after changing the analog 
signals to digital form," says Burton I. Edelson, assistant 
vice president and director of Comsat Laboratories in 
Clarksburg, Md. TDM is also particularly suitable for the 
latest satellite data-transmission technique, packet 
switching (see "Pick a packet," p. 95). 

In a typical TDM system, many earth stations link up 
with the same satellite transponder, which is used exclu-
sively by a single specified carrier during a specified time 
slot. At any one time the transponder output amplifier 
may therefore be operated at saturation or in a nonlinear 
mode with the most power output it can deliver. Since 
there are no adjacent frequency channels, there are no 
intermodulation or crosstalk problems. 
Though TDM is efficient in terms of bandwidth, the 

price paid for this efficiency is synchronization problems. 
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1. Time-division multiplexing. The signal from an earth station is a set of bursts of digital data with coded addresses to particular receiving 

stations. Each burst has a synchronized time slot, so that interference is not a problem. Each receiver reads only properly addressed bursts. 

DATA FROM 
STATION 4 

DATA FROM 
STATION 3 

DATA FROM 
STATION 2 

DATA FROM 
STATION 1 

Every pulse must be well synchronized by clock signals 
so the information of data bursts will come and go when 
they are supposed to and not interfere with each other. 
Real-time computing systems using large-scale inte-
grated circuits can do this—but at a price that increases 
rapidly as data rate increases. 

Desirable though TDM is for digital communications, 
it will take many years to affect the rather substantial 
present investment in FDM satellite and ground equip-
ment. American Telegraph and Telephone Co. and RCA 
American Communications, for instance, will still "pay 
the bills," as one wag at Bell Telephone Laboratories 
puts it, by transmitting voice and television information 
via satellite by fm/FDM. 

Indeed, many in the U. S. feel that digital TV trans-
mission is a long way off. "For TV transmission," says 
Bernard Mirowsky, manager of advanced technology for 
RCA American Communications, "the cost plus the tech-
nology of fm/FDM is up to the job." It also appears that 
analog techniques provide a certain subjective picture 
quality that broadcasters appreciate. However, digital 
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FOR 4 
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TV will ultimately be accepted, he feels. 
If TDM has failed to evolve fast in the U. S.—the first 

theoretical discussions were some 20 years ago—the 
same is not true of Canada. For example, it converted 
Telesat's FDM message service to TDM over two and 
one-half years ago. As is typical in such conversions, the 
TDM terminal equipment was designed to integrate 
smoothly into the fm/FDM, intermediate-frequency, 
radio-frequency, and baseband equipment. 

Modulation 

The older FDM system had a capacity of 240 duplex 
voice circuits. The digital setup has the equivalent of 400 
such circuits, providing a 61-megabit-per-second signal 
with quaternary phase-shift-keying modulation. The 
knowledge gained from it will be extremely useful in 
Telesat's 91-mb/s digital system for the forthcoming 
Anik C satellite. 
The outputs of most data-generating machines are 

baseband signals made up of direct-current components 
that cannot be transmitted through a satellite link. These 
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PROPOSED NEW SATELLITE DATA SERVICES 

Direct television 
broadcast 

Video con ferencing 

Videophone 

High-speed computer 
links 

High-speed facsimile 

Mobile marine 
aeronautical 

Telemail 

Telemedicine 

Telereference 

Electronic shopping 

Interactive tele-
education 

TV broadcasts directly from satellite 
to roof-mounted antennas 

Multiple locations connected on 
demand with television signals 

Individual telephones equipped with 
video screens 

Wideband computer-to-computer links 
permitting rapid exchange of large 
volumes of data 

Transmission of documents or pictures 
at nearly instantaneous speed 

Communications with individual 
vehicles, ships, aircraft,by satellite 

Transmission of mail by facsimile 
between post offices 

Consultations or transfer of records 
and data on individual patients 

Central reference service accessible 
by telecommunications 

Viewing and selection of merchandise 
by TV (with automated billing) 

Classes on TV, with students able to 
talk with instructor 

SOURCE. TRW 

signals must be impressed on a frequency— microwave, 
in this case—that can pass through the system. 

For binary signals, the simplest thing to do is switch 
the carrier amplitude between two or more values— 
usually on or off. The resultant amplitude-shift-keyed 
(ASK) modulated wave then consists of radio-frequency 
pulses representing binary As and spaces representing 
binary Os (Fig. 2a). Alternatively the frequency (Fig. 2b) 
or the phase (Fig. 2c) can be shifted. 

Frequency-shift keying (FsK), another simple proce-
dure, is also sometimes used to send digital signals over a 
TDM system. In this system, a carrier signal is made to 
alternate between two discrete frequency values. But 
most common is some form of phase-shift keying. 

In a binary PSK system, every shift from a 1 to a 0 or 
vice versa in the baseband data signal causes a 180° 
phase shift in the phase of the carrier it was modulating 
(Fig. 2c). With quaternary (four-phase) modulation, a 
phase shift of 0°, 90°, 180°, or 270° is applied to the phase 
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2. Baseband. A series of pulses representing is and Os can modu-
late a carrier frequency by turning it on or off (a) or shifting its 

frequency from one value to another (b). It may also cause the 

signal's phase to shift 180° at every change from 1 to 0 or 0 to 1 (c). 

of the carrier. Here each shift represents 2 bits from the 
sequence to be transmitted. Pairs of binary digits 
combine four ways (00, 01, 10, or 11), each of which is 
assigned a corresponding phase value. The transmitted 
carrier merely shifts phase for each pair of bits, or dibit, 
in the sequence of message bits. 

No limit 

There is theoretically no limit to the bit-grouping 
procedure. Tribit sequences in a message may be similar-
ly set up to phase-modulate a carrier with eight different 
phase shifts in a 360° range. 

According to Wilbur Pritchard, president of Satellite 
Systems Engineering Corp. in Bethesda, Md., the TDM 
signal assembly technique may be combined with almost 
any particular modulation to optimize the transmission 
qualities of a given system. So, "the user may have a 
choice of TDMA with binary or quaternary phase-shift 
keying and so on." For the newest services, like the one 
proposed by Satellite Broadcasting System for the large 
industrial users with dedicated earth stations, the trend 
appears to be toward TDMA/QPSK because it makes 
efficient use of bandwidth and power and can readily be 
digitally implemented. 

If the bandwidth is the limitation—the commonest 
satellite occurrence—a binary or quaternary-phase-shift 
keying scheme is preferable. Such a system can fully 
utilize the capabilities of an all-digital design since it 
offers the best tradeoffs between channel capacity, 
power and equipment complexity. 

Perhaps even more than available bandwidth, received 
carrier power, and cost, error-rate performance is what 
determines the most appropriate modulation method for 
a particular digital application, since a high error rate 
shrinks effective channel capacity. When the satellite 
data service companies considered all these factors, they 
mostly selected PSK over either ASK or FSK, in large part 
because of the low error rate achievable with this form of 
modulation. 

Yet for certain applications, those in which its simplic-
ity and hence inexpensiveness counts, FSK is not to be 
ignored. For instance, for Comsat Laboratories in 
Clarksburg, Md., it makes good economic sense on a 
series of environmental data-collection platforms — 
essentially antennas linked to a bunch of sensors and 
transducers—that it is using to transmit unsynchronized 
bursts of FSK-modulated rf carriers to a data-collection 
receiving terminal. 

Error rate is lower for PSK than for other modulation 
schemes because for receivers limited mainly by thermal 
noise— the best possible actual situation—the theoretical 
lower limit on digital error rate for any modulation 
scheme depends on how hard it is for that noise to cause 
one signal to appear to look like another. 

This error rate lower limit occurs when there are two 
signals and they are diametric opposites of each other in 
phase. This is the case with binary PSK and could not 
be so with a pair of frequencies in FSK, where the 
signals are at best orthogonal. 

Nevertheless to save on bandwidth, quaternary PSK is 
often used in preference to BPSK, with an adjustment 
that makes its error rate equal to that of BPSK. With 
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Pick a packet 

Digital data transmission by satellite packet switching is a 
natural for the time-division multiplexing approach since it 
is based on low-duty-cycle bursts of information 
Though not yet available commercially through satel-

lites, packet switching is a form of digital communications 
that is well suited to the unique nature—high data rates 
put out at random times—of certain computer communi-
cations. Simply put, a packet is a collection of data 
bits—of variable length up to thousands of bits—plus 
addressing and control information to allow the routing of 
data through a given network. 

All that must be done to put packets in a TDM satellite, 
says senior scientist Richard Binder of Bolt Beranek & 
Newman Inc. of Cambridge, Mass., is to attach "packet 
header information to each burst. This adds a small extra 
overhead to that already required for frame and phase 
acquisition but permits switching functions to be readily 
established. Each station must only monitor the downlink 
traffic for the proper header to reliably determine which 
traffic to accept." 

Binder and his colleagues Irwin M. Jacobs, president, 
and Estil V. Hoversten, vice president of development, 
Linkabit Corp. in San Diego, Calif., all agree that "the 
technology has significant promise for providing for a 
variety of data services and it will be be used for at least 
some applications in the 1980s." 
Because of the flexibility of system packet switching, 

the military originally conceived of it as a method to insure 
survivability of their data transmissions. Moreover, data 
encryption is readily achievable. 

Some packet experiments have already been per-
formed, with others in the offing. The Atlantic Packet 
Satellite Program organized by Bolt Beranek & Newman 
and Linkabit is typical. It used the facilities of Intelsat 4 to 
hook up earth stations in West Virginia, Sweden, England, 
and Maryland with Arpanet, the U. S. Defense Advanced 
Reserch Project Agency's computer-controlled data 
network. In this experiment, a computer control at each 
earth station switched the satellite channels. A 
38-kilohertz channel on Intelsat was used for the link. 
The program lasted four years and while much data 

concerning operational problems was obtained, perhaps 
the most interesting from a practical point of view was the 
final experiment. This experiment made use of 32-kilobit 
modulations and demodulation for burst acquisition and 
processing of both binary and quaternary phase-shift-
keyed-modulated signals. Of great interest also for the 
ultimate cost-effective communications link of the future 
was the fact that the Maryland site was unmanned and 
linked into the system only through the satellite. 
Many questions must be answered before data trans-

mission by packet switching through satellites becomes a 
reality. Not the least of these is the cost problem. The 
Atlantic experiment has shown that the concept is feasible 
but the cost of interfacing and processing—especially at 
high data rates—is still an unknown quantity. 
As a result of the work done to date, a wideband link 

experiment will be carried out. With this system, a domes-
tic satellite communications carrier will provide a digital 
packet link at up to a 3-megabit-per-second rate. 

QPSK, 2 bits of information are conveyed in a pulse that 
would carry only 1 bit of information with BPSK. But for 
equal bit rates, and equal received carrier power, the 
QPSK signals are twice as long as BPSK signals and 
contain twice the energy. This increased signal energy 
exactly compensates for the performance loss due to 
using 90° rather than 180° signals. 
The relative performance of different phase-modula-

tion schemes is characterized by what are known as 
"signal space" diagrams that show the carrier phase of 
the signals (Fig. 3). 
The diagrams are drawn for a fixed ratio of Eb/N. 

where Eb (watts per bit per second) represents average 
signal energy per received bit and N. (watts per hertz) is 
noise power spectral density. Because of this normaliza-
tion, the signal vectors, considered to be voltages, are 
larger by virtue of the multiple information bits and 
greater amount of energy they contain per waveform. 

Each PSK modulation implies a carrier bandwidth 
expansion factor, BE. The higher the number of signal 
levels, the smaller is BE but the greater the vulnerability 
to noise. The actual bandwidth required is equal to the 
transmission rate in bits per second divided by the band-
width expansion factor. In rare cases eight-phase PSK 
may be dictated by bandwidth considerations, despite its 
high error rate and the difficulty and expense involved in 
implementing it. 
A variation of QPSK, dubbed OKQPSK for offset-keyed 

quadrature phase-shift keying, may further reduce bit 
error rate. It is available, for example, as a switch-

selectable option on the 120-mb/s modulator-demodula-
tor built by Spar Technology Ltd. of Quebec, Canada, 
and sold to providers of satellite digital service. 

In contrast, the modem being built by Fujitsu Ltd. and 
Harris Corp., Cleveland, Ohio, for Satellite Broadcast-
ing System's TDM system will be straight —not offset — 
QPSK, says SBS's assistant director of engineering, 
William G. Schmidt. SBS concluded on the basis of 
several studies that the improvements due to OKQPSK 
were not cost-effective. The SBS modulators were 
designed—probably for the first time—to conform to a 
computer simulation of the path from earth station up to 
satellite and back down to earth station rather than an 
arbitrary set of fixed specifications, Schmidt says. This 
will certainly lower their error rate, he notes. 

Another typical QPSK modulator is Comsat Labs' 
1.544-mb/s device. This modulator is intended for use in 
an upcoming international computer-to-computer data 
link by satellite (Fig. 4). 

Controlling error 

Errors can be detected and eliminated if bits bearing 
information are interleaved at intervals with additional 
bits providing information about the data bits. When 
these redundant, or parity, bits are analyzed (decoded), 
it can be determined whether or not an error is present in 
the information bits. Then a request can be made for 
retransmission of the faulty portion of the message. 
A variety of such forward error correction (FEc) codes 

exist for distributing various percentages of redundant 
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3. Signal apace These schematic diagrams represent the relative amplitudes and phases of PSK-modulated signals. The decision threshold 

lines are boundaries for which a decision must be made by the receiver to determine which particular signal has been received. 

bits through the data bit stream. The problem here is the 
penalty paid in bit overhead. A 1/4 -rate FEC code, like the 
one used on Telesat's present 61-mb/s system, adds 1 
redundant bit to every 3 information bits. Similarly, 
7/8-rate FEC, like the one to be used by Western Union in 
its Advanced Westar, according to John Pope, assistant 
vice president, engineering department, limits the system 
to 87.75% of its theoretical maximum throughput. 
Which FEC rate is chosen depends on cost and other 
system tradeoffs in a complicated manner. 

Codes that correct errors as fully as possible must take 
the nature of the errors into account. For example, errors 
occurring on the link from earth station to satellite tend 
to be Gaussian or white noise, whereas those on a 
terrestrial connection tend to be of the burst kind. 
The best procedure in many cases is continuous trans-

mission with FEC combined with a procedure called 
automatic repeat request. ARQ takes care of the burst 
type of errors and FEC is best for distributed errors. With 
these two techniques, the data is transmitted continuous-
ly as if there were no possibility of error. But when a 
large block of data is determined from FEC to be 
substantially in error, the ARQ interrupts the transmitter 
and tells it to retransmit that block. 
The go-back-n approach is one ARQ technique. Here, 

when an ARQ is received, the transmitter storage buffer 
backs up and retransmits all the information starting 
from the offending block. The alternative is selective-
repeat ARQ, in which only the offending block from some 
time back is retransmitted. 

What's taking so long? 

That phrase, "some time back," bears examination. A 
satellite in geostationary orbit is about 36,000 kilometers 
above the earth's surface. At the speed of light, at which 
data is transmitted, this altitude causes a time delay of 
about 250 milliseconds in a one-way connection from 
earth station to satellite to earth station. For a voice 
circuit, this creates delay or echo problems that can be 
treated with echo suppressors or cancellers. But for data 
transmission, certain echo conditions can severely 
degrade the efficiency of a data communications proto-
col like IBM's Bisync [Electronics, June 8, 1978, p. 105], 
which is used by almost every data machine. 

This is due, in part, to the fact that such protocols 

were developed when only terrestrial delays—on the 
order of 35 milliseconds for a coast-to-coast link—were a 
matter of concern. 

For example, Bisync employs a stop-and-wait tech-
nique of error control that automatically requests 
retransmission when an error is detected. 

Consider, then, that it may take between half and 
three quarters of a second for a block of data to travel 
from earth station to satellite to another earth station, 
have an error detected, and send back a request to repeat 
data. Depending on the bit error rate of the system, the 
amount of retransmission and the time taken may be so 
drastic as to severely limit the system throughput. 

In satellite systems, therefore, ARQ-like functions are 
performed by satellite delay-compensation units, pieces 
of hardware that are used when maximum system 
throughput is necessary and will see more use as data 
rates and number of satellite users increase. Meanwhile, 
a more cost-effective solution lies in applying software 
rather than buying hardware. For example, newer data-
transmission protocols such as the Synchronous Data 
Link Control [Electronics, Sept. 14, 1978, p. 175] have 
been proposed as a Bisync replacement because they are 
character- rather than bit-oriented and can more readily 
accommodate satellite delay problems. These protocols 
are not yet in general use in systems. 
A delay compensation unit is simple in principle to 

construct although its actual implementation in any 
given situation depends on data and error rates, data 
block size, and throughput (Fig. 5). It is basically a 
data-stream controller. When all is well, no ARQ is 
received and transmission goes on as usual. When either 
a go-back-n or selective-repeat ARQ is received, the 
controller turns off the data source. An output is then 
sent to the satellite from a data buffer acting as a storage 
unit. This accomplished, the controller turns over control 
to the data source once again. 
The American Satellite Corp. claims that its satellite 

delay compensation unit, depending on the type of data, 
doubles or triples a system's throughput. The various 
forms of the devices can operate up to 56 kb/s. 

For the moment, though, not everyone is concerned 
with delay, and, for many customers, data rates are low 
enough for it not to be a problem. For example, RCA says 
that only two or three of its data customers at present 
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4. Computer to computer. More experiments soon to be performed by Comsat Labs will test computer-to-computer talk at their native 

channel-to-channel rates. Modulator-demodulators such as the one shown will be necessary at 1.544-megabit-per-second data rates. 

worry about delay affecting their throughput. 
All methods of coding and decoding data streams are 

binary in nature. This is due to limited theoretical under-
standing of nonbinary codes and the difficulty and 
expense of building digital but nonbinary coding 
machines. Though, in certain cases, nonbinary coding 
offers more efficiency, present and foreseeable systems 
will remain binary. This is so since in a binary code, once 
it is determined that a bit of information is incorrect, the 
correct information is known since there are only two 
possibilities. In a multilevel system, this is not the case. 

In any particular system, considerations of data rate, 
allowable error rate, efficiency, and expense help to 
determine which coding-decoding scheme is used. 
Coding may be as crude as a simple look-up table such 
as is used in parts of the data-encryption standard devel-
oped by National Bureau of Standards for encryption of 
data [Electronics, Feb. 15, 1979, p. 81], or coding may 
follow a specific algorithm. 

Parity checking 

A typical algorithm is the parity check code. In this 
code, the encoder accepts a block of k information bits 
from the data machine and calculates a set of n sums of 
combinations of these bits and possibly other past infor-
mation bits. The resultant block of n excess bits, dubbed 
parity bits, is appended to the k information bits. The 
code efficiency may be defined as k/n and the higher this 
number is, the better, in terms of system throughput. 

If the parity bits are used to check only the k informa-
tion bits preceding them in a given block (assuming that 
information bits are transmitted first, and then parity 
bits), the code is known as a block code. If the parity bits 

also check information bits which appear in preceding 
blocks, the code is dubbed a convolutional code. This 
latter code is commonly used along with a particularly 
efficient decoding scheme dubbed the Viterbi algorithm. 
Coding and decoding the bit stream in these ways is "a 

good means of increasing communications efficiency 
where signal-to-noise ratio is limited," as it is by the 
limited power of a satellite, points out Anthony S. 
Acampora, a member of Bell Laboratories' technical 
staff in Holmdel, N. J. "Power savings of several deci-
bels are readily achievable using simple encoders and 
decoders," he adds. 
To a great extent, these two major classes of codes 

have the same theoretical capabilities. But the imple-
mentation methods for each differ considerably. One 
may have advantages over another in a given application 
in terms of equipment cost alone. Thus most satellite 
coding is convolutional because this is more readily 
implemented than block codes. 

Since all of the block codes or convolutional codes in 
use in satellite data transmission circuits have a great 
deal of mathematical structure, they are amenable to to 
complete analysis using matrixes and number theory. 
The results tend to be exotic and code comparison is a 
subject for specialists. 
Much study on this subject has been done by John 

S. Snyder, a member of Comsat Laboratories' technical 
staff for the TDM Intelsat V satellites. Says Snyder: 
"Our preferred approach is burst encoding, in which the 
data sequence in a given time frame, or burst, is encoded 
as a whole." What's more, he applies FEC universally to 
all system data bursts. Snyder, however, feels that block 
coding will become easier in the future with develop-
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5. Hold on now. When the receiver decides noise has caused too 

many mistakes, it may request repetition of one or many blocks of 

data. The storage butler reacts to this signal until retransmission is 

complete. The data machine then takes over again. 

ments in large-scale integrated-circuit technology. 
Special codes have also been developed which are 

particularly suitable for correcting random errors or 
bursts of errors or combinations of the two. The 
performance of these codes is near theoretical optimum. 

There still is room for equipment makers to improve 
coding hardware. With the anticipated greater use of 
packet switching, codes that can deal with correction for 
losses in synchronization will have to be developed to a 
greater extent than they now are. 

And, perhaps most important of all, from the view-
point of military and sensitive commercial data, coding 
for data encryption is on the way. Typical is the equip-
ment provided by American Satellite Corp. Its data 
encryption device handles serial data on synchronous 
links and encrypts and decrypts it using the National 
Bureau of Standards' data encryption standard (DES) 
algorithm. Among other techniques, RCA and SBS will 
also offer data encoding. Says John Boning, RCA's vice 
president, "It's a real market for both commercial and 
military applications." 

Is there a limit? 

"The burst transmissions proposed for the Advanced 
Westar system will operate at up to a 250-mb/s rate" 
says Philip Schneider, vice president, satellite systems 
and services, at Western Union, which is putting up the 
bird. Western will operate four such satellites in the 
Tracking and Data Relay Satellite System in coopera-
tion with the National Aeronautics and Space Adminis-
tration. Two will be for use exclusively by NASA, one 
exclusively for commercial service, and one will be 
shared. Not only will TDM be available, but both 
common rf bands at 6/4 gigahertz and 14/12 GHz will 
be used with some switching done aboard the satellites 
instead of at the ground station. Now 250 mb/s is an 
exceptionally high rate compared to the 56-kb/s systems 
considered high now (most systems work is still lower) 
and leads to the question: is there a bit rate limit for 
digital modulation? 

It turns out that such a limit exists (Fig. 6) and the 
systems that have been used or proposed do not even 
come close. The limit is directly calculable, given some 
assumptions about the operating characteristics of the 
systems in question. And, though engineers may use all 
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6. Limits. The various forms of PSK modulation now popular for 

satellite data communication have far to go before they approach the 

theoretical channel capacity of a system limited by thermal noise. 

The limit is set by Shannon's law. 

their design ingenuity, any claim to exceed this upper 
bound (known as the Shannon limit) should be looked 
upon in the same way as a perpetual motion machine. 

Early work in this area was done at Bell Labs by 
Henry Nyquist, who studied the capacity of a noiseless 
communications channel—an idealized but useful limit-
ing case. He found that if a number of different voltages 
or symbols are transmitted, the channel capacity (C in 
bits per second) is C = 2Wlog2L, where W is the 
channel bandwidth in hertz and L is the number of 
distinguishable signal levels. 

While this is indeed a finite channel capacity, it is 
unrealistic, as it does not consider that real channels are 
noisy. It took another Bell Labs scientist, Claude Shan-
non, to find a limit for channel capacity under noise 
some 20 years later in 1948. 
Shannon found that with noise present, while the 

channel capacity is still proportional to the available 
bandwith, it is not proportional to the base 2 logarithm 
of the number of signaling levels, but is proportional to 
the base 2 logarithm of the channel signal-to-noise ratio 
increased by a factor of one. Or, expressed as an equa-
tion C = Wlog2(1 +S/N). 

There is no way to exceed this rate for the set of 
parameters and assumptions made. One of these 
assumptions—that of the nature of the noise—is critical. 
Shannon assumed that the noise was truly random or 
"white noise" with equal probability of appearing at any 
frequency. Shannon's noise assumption was the theoreti-
cal minimum he could count on. Even if all external 
noise and sources of interference were to be removed 
from the satellite system—and this is an impossible 
task—the fundamental motion of the atoms in the physi-
cal system would still produce white noise. In an actual 
system, total noise is higher. CI 
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Megabit bubble modules 
move in on mass storage 

Memory boards containing four 256-K bubble chips each 

form replacement for semiconductor or disk media 

by William C. Mavity, Rockwell International Electronic Devices division, Anaheim, Calif. 

El Putting new life into the old saying that good things 
come in small packages is the RBM256 bubble memory, 
which stores over 256 kilobits of information on a 
1-square-centimeter chip. Designed after extensive 
consultations with system designers, it will slip into place 
in applications where semiconductor memory and such 
storage media as disks are now the standard devices. 
The architecture and features of this bubble device 

help make it an attractive alternative. So do two new 
boards that together make up a bubble subsystem with 
more than 1 megabit of storage: a linear module with 
four of the chips and associated operating circuitry and a 
programmable control module that governs a number of 
the linear modules. 
The new chip provides all the recognized benefits of 

bubble-domain technology: small size, low power, 
nonvolatility, nondestructive readout, and moderate 
access time. Such memories also boast high reliability 
due to the complete absence of moving parts, storage 
density higher than any other type of serial memory, and 
low cost per bit due to both the high storage density and 
batch production processing. 

The structure 

The RBM256 fits into an 18-pin dual in-line package, 
1.2 inches on a side (Fig. 1). Two permanent magnets, 
one above and one below the cavity containing the chip, 
provide the magnetic bias field. Between the permanent 
magnets are two orthogonal coils, X and Y, driven 90° 
out of phase, with X leading Y to provide a clockwise 
rotating magnetic field in the plane of the bubble device. 
This 150-kilohertz magnetic drive field causes the move-
ment of the bubbles one bit position for each 360° of 
rotation. The coils may be driven continuously or in an 
intermittent stop-start mode with no data loss. 

Within the coils is a copper plate that acts as an 
electrostatic shield for the sense line. It also is an equipo-
tential surface, forcing the magnetic lines of flux to 
remain parallel to the chip; that is, it insures a uniform 
magnetic field over the surface. Below the plate, within a 
cavity, is a substrate holding the chip. The cavity is filled 
with epoxy when the device and its copper-laminated 
cover are in place. 

Only two precise masks are needed to fabricate the 
chip (Fig. 2), as opposed to several for silicon memory 
devices. First come two depositions onto the magnetic 

film: a thin layer of silicon dioxide to prevent stress on 
the surface of the thin garnet film, then a layer of 
aluminum-copper alloy. The first masking step defines 
conducting paths and loops in the Al-Cu for bubble 
switching and generation. 

Next, a second precise thickness of silicon dioxide is 

1. Go-between. The 256-K bubble chip is mounted on an intercon-

nect substrate, covered with a copper plate, and enveloped by two 

coils of wire. This assembly is then molded into an 18-pin package. 

The magnets on either side of the chip and coils provide the bias. 
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2. Two do. The bubbles reside in a thin film of magnetic garnet, 

which rests on a nonmagnetic substrate. Only two precise masks are 

needed for the other layers; the first defines paths and loops in the 

aluminum copper and the second makes chevrons out of Permalloy. 

deposited, insulating and spacing a following layer of 
Permalloy from the garnet surface. The second masking 
step, on the Permalloy, forms the chevron pattern of 
tracks defining locations for the bubble propagation and 
detection. Permalloy is 80% nickel and 20% iron and is 

3. Block-replicate. The chip has an input port where the bubbles are generated, loops where they are stored and an output port where they 

are turned into electrical impulses. There are 282 loops, each with 1,025 bit positions, so there are 1,025 blocks per device. 

easily magnetized and demagnetized. Ion milling defines 
sharp Permalloy edges. 
The chevron pattern incorporates only one gap per cell 

rather than the two required in older H- and T-bar 
patterns. Not only are there fewer gaps to fabricate, but 
they can be made larger, thus lowering the tolerance 
levels and increasing yield. The distance between the 
chevron centers is 14 micrometers, or about 4.5 times the 
3.2-gm diameter of the bubbles generated on the die. 
The garnet thin film is approximately 3 gm thick. 

The architecture 

The RBM256 patterns form a block-replicate archi-
tecture that provides complete block accesses just as do 
floppy disks and magnetic tapes. The chip has three 
distinct parts (Fig. 3): the bubbles are generated at the 
input port, stored in the loops, and read out and erased at 
the output port. A bubble's presence indicates a 1, its 
absence a 0. 
A data block comprises the same relative bit positions 

in all of the storage loops, with the bits feeding into and 
out of the loop alternately to the right and left side of the 
chip (even-numbered bits to the right, odd to the left). In 
the RBM256, there are 1,025 bit positions per loop, 
which means 1,025 blocks per device. In most applica-
tions, the 1,025th block is not used because this value is 
one greater than a power of two. 
The device contains 282 loops, with 260 of them 

guaranteed to meet specifications. The 22 unused loops 
are identified when the part is shipped. The user stores 
the good-/bad-loop data in an independent program-
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4. A million plus. The RLM658 linear module provides over a million 

bits of storage. The sense amplifier, coil drivers, and generator and 

logic circuits for four 256-K bubble modules are all on the board, as 

is a PROM that maps the positions of the defective loops. 

mable read-only memory. When a number of devices are 
put on a circuit board, which will be the typical use, a 
common mapping PROM can accommodate as many as 
16 bubble memory devices. If the loop data is stored in 
the bubble device itself, an electrical or logical failure 
can destroy that information, requiring factory service. 

In a typical application, 256 of the 260 good loops 
contain binary data and four are used for housekeeping. 
With 1,025 blocks of 260 bits per block, there are 
266,500 usable bits to accommodate many applications 
such as the replacement of fixed-head disks and other 
binary storage media. When eight RBM256 devices are 

6. Linear blocks. Four-bit-wide data from the bubble memories is routed to four of the linear module's eight data lines through a multiplexer. 

The other lines serve for module enable, coil enable to begin data movement, read or write, and the defective loop information. 

5. Controller. The RCM650 control module provides the interface 

between one or more linear modules and the system bus. It can 

handle up to 16 of the RLM658 linear modules, thus providing from 

128 kilobytes to 2 megabytes of memory. 

used in parallel, the extra 32 bits in the 2,080-bit block 
can embrace a 16-bit block-address header and a 16-bit 
suffix for a cyclic redundancy-check character. 
At the chip's output port, the loops are tangent to a 

series of replicate/transfer-out switches (Fig. 3). Either 
replication or transferral is performed on an entire block 
at a time. During replication, each bubble in the block is 
stretched and cut, forming two identical bubbles. One of 
the two sets continues around the loops; the other goes to 
one of two read tracks. The 282 data sites have the 22 
invalid sites scattered among them. All of the 282 sites 
are read, and control circuitry finally compacts the data 
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stream back into a valid 260-bit series. 
Two independent data detectors alternate in operation 

during the read process. Each is composed of two 
magnetoresistive elements. Active and dummy detectors 
connected in bridge configurations give maximum noise 
cancellation for a high signal-to-noise ratio. 

Since all 282 bits in a loop transfer out simultaneous-
ly, some means must be provided for interlacing them 
into a serial data stream. As shown at the top of Fig. 3, 
the extra bubble sites (called spacers) between the trans-
fer-out sites plus the extra step just before the active 
detector for odd-numbered bits do this interlacing. 

At the next cycle of the rotating field, the bubble 
labeled A will reach an active detector; B will be in the 
extra-step site; and C and D will have moved into spacer 
sites. At the next cycle, A will move into its dummy 
detector and B into its active detector; while C will be 
poised to move into its active detector, and D will have 
moved into the position B has in the figure. 

For erasure, a data block is simply transferred to the 
read tracks, rather than replicated at the output port. 
However, it is possible to read the block before erasure. 
At the opposite edge of the chip, bubble generation 

takes place. The controller circuitry uses the same PROM 
mask to assure that the data goes to valid loops. A pair 
of generators, connected in series, produces odd and even 
blocks of data, and a set of simple transfer-in switches 
then transfers the block into the loops at one instant— 
odd bits on the left, even bits on the right. 

At 150 KHz, the RBM256 takes less than 4 millisec-
onds on the average for access to the first bit of a block. 
It consumes about 1 watt of power when operating. Its 
temperature range is — 10°C to + 65°C; if operated at 
100 KHz, the range is — 10°C to + 70°C. Nonvolatile 
storage during shutdown is maintained from — 50°C to 
+100°C 

Linear module 

Of course, it takes more than a good storage site to 
make up a working memory. The RLM685 linear 
module (Fig. 4) and the RCM650 controller board (Fig. 
5) provide the remaining extras. The linear module 
contains four RBM256s, forming a 1-million-plus bit 
memory board, organized as 256 kilobits by 4 bits. 
The electronics necessary to operate the devices—the 

sense amplifier, coil drivers, generator, etc.—are all on 
the module (Fig. 6). Also resident is the PROM contain-
ing the mapping of the unused loops for each of the four 
devices. The user provides the power supply. 

Four-bit-wide data from the four RBM256s are 
routed to four of eight data interface lines, in accordance 
with a switch setting. Other interface lines serve for 
module select or enable, coil enable to begin data move-
ment, read or write, and defective loop information from 
the PROM. Each of these controls is designed to be 
functionally independent. 
The module interface uses transistor-transistor-logic 

voltage levels, with the low level being active for the 
bidirectional data buses and operational signals. When 
dc power is applied, the memory is ready to accept 
commands. All functional elements are protected; no 
command is recognized without the presence of the 

module-select terms and its board-enable signal. 
Coil-driver circuitry controlled by four timing signals 

drives the bubble devices in parallel. The sensing elec-
tronics consists of resistors (to complete the detection 
bridges), a preamplifier, sense amp, and latch. Data on 
the output lines is valid until the next cycle, provided the 
module remains enabled and the system remains in the 
read mode. 

Circuit operation 

The transfer-in, and transfer-out/replicate circuits all 
operate in parallel, but the four generator circuits are 
driven individually. Thus the generators may be acti-
vated every bit time to create a block of data, but the 
other signals may not be activated more often than once 
every 282 bit times, as they are required only once per 
block. Passing current pulses through the respective 
loops on the surface of the bubble chip accomplishes all 
these functions. Since the loop is designed for low-
duty-cycle current pulses, the functions are ac-coupled to 
protect against burnout from incorrect input signals. 
The addressed block is first positioned at the transfer-

out switch and activation of the transfer line empties it 
onto the read track, clearing the memory location. For a 
write or read operation, the external controller refers to 
the PROM for loop-redundancy information to use as a 
data mask. 

It also is possible to read data nondestructively. First, 
the replicate signal is activated when the block location 
corresponding to the desired address is at the transfer-
out switch. Then the control circuitry brings the 
read/write signal high and directs the stretching and 
cutting of each bubble in the addressed block. 
When used with an appropriate controller, the 

RLM658 is hardware- and software-compatible with 
Rockwell's System 65 software development system for 
the 6500 family of microprocessors. It can also be used 
with many 6800 microcomputer development systems. 
From 1 to 16 RLM658 modules in a system environ-

ment provide from 128 kilobytes to 2 megabytes of 
storage. However, implementing such a bubble memory 
subsystem requires controller circuitry. The RCM650 
programmable control module complements such an 
arrangement of RLM658s. It is also software-compati-
ble with the 6502 microprocessor and the System 65 and 
6800 development systems. 
A typical development system consists of one 

RCM650, two RLM658s, and a System 65. This 256-
kilobyte system is a good example of how a controller 
operates in conjunction with storage modules based on 
RBM256 bubble-memory devices. 

A controller board 

There are two fundamental types of circuitry on the 
RCM650. On the left of the dashed line in Fig. 7 is the 
System 65 interface, including the required address-
decoding, timing, and direct-memory-access logic. The 
PROM on the left of the line contains software programs 
for a System 65. On the right of the dashed line are 
circuits required to operate the linear modules, including 
all the control signals, redundancy logic, and board 
addressing needed to drive as many as 16 RLM658s. 
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7. Smart. On the left of the dashed line is the interface for the development system, in this case a System 65. On the right are the circuits to 

operate the linear modules. The heart of this RCM650 control module is a 6502 microprocessor and three 6522 versatile interface adapters. 

On initial power-up, the RCM650 controller goes into 
a reset mode and each memory section (a single 
RLM658 or a pair of them) is polled for its present 
address. The 128-byte random-access memory on the 
controller module stores this address. This power-on 
sequence also determines how many modules are present 
and how many bubble devices are active on each module. 
Block-length modifications are automatic. During opera-
tion of a memory section, a counter in the controller 
tracks the loop positions. With the current address of the 
memory modules always known, the number of cycles 
required to the next desired address can be calculated, 
and the bubbles move that many steps to provide access 
to any block of data. 
A separate 1-kilobyte RAM on the controller serves as 

a data buffer. The System 65 may not execute programs 
from this RAM while the controller is executing a 
command, but it can enter this space for data when 
operating a program elsewhere in the host's memory. 
The R6502 central processing unit and three R6522 

versatile interface adapters (viAs), to the right of the 
dashed line in Fig. 7, are the heart of the control module. 
The module is instructed by a program stored in a 
2-kilobyte PROM and by the contents of several registers, 
set up by the host processor and kept in the 128-byte 
RAM. Through automatic handshaking with one of the 
R6522s, the controller communicates commands and 
control data to the R6520 parallel interface adapter. The 
PIA acts as an input/output interfacing device under 
control of the System 65. 

For storage and reference involving a linear module, 

an invisible DMA transfers the data to the on-board 
1-kilobyte buffer RAM. (That is, the DMA does not 
interfere with the System 65 operation.) The controller 
accesses an R6520 port during these DMA operations, 
which allows the port to act as a bus buffer. It also lets 
the port act as a latch between the controller and the 
module's internal data bus. 

In the System 65, both read and write commands to 
the bubble memory are identical during setup and opera-
tion; they differ only in the direction of data flow. The 
user specifies the buffer RAM's starting address, block 
address, and number of blocks to be accessed. A set of 
subroutines called bubble-memory vo drivers, written 
for the System 65 and resident in the on-board system 
PROM, organize these blocks into files with names that 
are stored in a directory along with the associated block 
addresses. This directory is in a specific location on a 
bubble memory chip. 

These subroutines perform four major functions: open 
file, read byte, write byte, and close file. More complex 
file management routines can be derived from these four 
basic functions, such as initialize directory, compress 
data, delete file, rename file, list file, etc. The System 65 
assembler, editor, and loader can use these routines for 
source-program and object-code manipulations. 

In short, the user can employ the controller and linear 
modules to access information stored in the bubbles for 
any standard memory applications. Also, the System 65 
includes six vacant slots for adding more memory and 
vo modules. With an auxiliary card cage, the bubble 
memory can be expanded to 2 megabytes. El 
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Designer's casebook  

Rate multiplier controls 
noninteger frequency divider 
by Michael F. Black 
Texas Instruments Inc., Dallas, Texas 

Frequency dividers capable of dividing by integer and 
noninteger values can be built inexpensively from very 
few parts now that synchronous binary rate multipliers 
are available on single chips. To increase the resolution 
of the noninteger value, the rate multipliers are simply 
cascaded. 
The ratio at which division is performed is set in an 

indirect manner by the 5497 rate multiplier. This 
number lies between two values preset in the 54161 
synchronous counter, n and n — 1. The circuit divides the 
input frequency by a ratio directly proportional to the 
time the counter spends in the n mode versus the time it 
spends in the n — 1 mode. 

The number of input pulses rate multiplier C, passes 
to synchronous counter C2 is proportional to input 
address I. In this instance the counter is preloaded at 
either 14 or 15 by inputs A1,, through Du,. CI's output 
(pin 6) is connected to the counter's input A,,,. Address I 
consequently controls the percentage of time the counter 
spends at divide values n = 2 and n = 3. 
The rate multiplier's pulse-train output frequency is 

f = f,„(I/M), where M is the size of the rate multiplier 
(in this case 26 = 64). This particular circuit configura-
tion results in fo„, = M(f,„)/(nM — I). The actual divide 
ratio is n' = n — (I/M). 
The value of M determines the size of the available 

frequency step. The circuit as shown has been used to set 
fo„, from 4 to 6 megahertz in steps of about 30 kilohertz; 
adding one more six-line rate multiplier would bring the 
step size down to about 400 hertz. Frequency steps in 
hundredths of a hertz can be easily obtained by cascad-
ing more multipliers. 

This divider circuit will generate the exact number of 
clock pulses per second desired, but there will be some 
phase jitter, with 3,0= 360/n. 
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Continuous division. Synchronous frequency counter uses rate multiplier in two-chip circuit to program circuit's divide ratio at any value. 

Output frequency is proportional to the time spent between two preset divide values, n and n — 1. Multipliers can be cascaded for step-size 

resolution all the way down to hundredths of a hertz. The amount of phase jitter at the output, in degrees, equals 360/n. 

Standby crystal time base 
backs up line-powered clock 
by William D. Kraengel, Jr. 
Valley Stream, N.Y. 

This battery-powered, crystal-controlled time base 
provides accurate and glitch-free performance when it 
takes over as the 60-hertz frequency standard that drives 
a digital clock during a power outage. The cost of the 
unit is about $7. 
More long-interval timing circuits would probably use 

the ac power line as a time base because of its long-term 
average-frequency accuracy (1 part in 10v), were it not 
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Standby standard. Battery-powered, crystal-controlled time base, having sufficient accuracy for most short-term applications, takes over 

clock-driving duties of digital chronometer in event of ac power loss. Unit uses 3.58-MHz oscillator, which is divided down to 60 hertz. 

for the transients and blackouts that occur frequently. 
This back-up time base takes over smoothly in such 
instances and has sufficient accuracy over a period of 
several hours to satisfy all but the most demanding 
applications. 
The standby time base uses a low-cost crystal oscillat-

ing at 3.58 megahertz, which is generally the frequency 
required for the color-burst circuits in standard televi-
sion receivers. The frequency produced by the crystal's 
programmable oscillator-divider chip, A I, is 60 hertz. 
This signal is fed to one input of an AND gate, A2, which 
is activated if line power is lost. 

During normal operation, the battery is trickle-
charged (Ic) by the clock's supply through Rc, at a rate 
of 0.01 C, where C is the capacity of the battery in 
ampere-hours. Itc is equal to (V+ — V1)/(I c +IDD), 
where 'DD = 2.5 milliamperes. The digital clock must be 
modified slightly, as shown, in order to lengthen the 
charge life of the battery. Thus the digital clock's display 
will be blanked while the battery is the power source. 

Meanwhile, one-shot A3, configured as a missing-
pulse detector, is triggered by Schmitt trigger A4 at the 
beginning of each cycle of the ac input. 
The one-shot's pulse width is 20 milliseconds, slightly 

longer than the period of the 60-Hz line input. Thus, A3 
is continually retriggered, and so A2 is disabled. 
With a loss of line power, the battery takes over the 

supply chores. A3 times out, and then A2 is enabled, so 
that the 60-Hz signal derived by the crystal circuit drives 
the digital clock's timing chip. The maximum length of 
time between the power outage and the first clock pulse 
from the standby unit is 8.3 milliseconds. 
Almost the reverse action occurs when the ac line 

power is restored. When the filter capacitor in the clock's 
power supply recharges enough for the line pulses to rise 
above the set threshold of the Schmitt trigger, the one-
shot is triggered, and the AND gate is disabled. As the 
voltage across the filter capacitor rises further, the power 
source duties revert back to the digital clock's power 
supply. 
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MINI/BUS 
Printed Circuit Board Bus Bars 
Obsolete most Multi-Layer Boards 
MINI/ BUS PCB bus bars are the cost-lowering 
alternative to adding layers to printed circuit 
boards. 

Move power distribution off the board with 
MINI/BUS PCB bus bars. That means higher 
packaging density and more room for signal 
interconnections. 

LOW-COST MINI/BUS 
PCB BUS BARS ALSO AFFORD: 

Greater latitude in board layout. 

Low impedance, low inductance power 
distribution network. 

Lower capacitor count through inherent 
distributed capacitance. 

Noise Reduction. (Write for application 
notes.) 

MINI/BUS PCB bus bars are reliable! 

Prototype kits are in stock; dozens of standard 
MINI/BUS PCB bus bar configurations are in 
stock — for mounting either vertically on the 

board or horizontally under DIPs. 

You cant go wrong with MINI /BUS PCB bus 
bars. For fast action, call MINI/BUS PCB bus 

bar Product Specialist at (602) 963-4584. 

ROGEffl 
Rogers Corporation 
Chandler, AZ 85224 
(602) 963-4584 
EUROPE MeMtron NV. Gent, Belolum 
JAPAN NIppon Mektron, Tokyo 
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Circle 179 on reader service card 

3680 Wyse Road 
Dayton, Ohio 45414 
(513) 890-1918 

7 Major Routes to 
Reliability, Provided 
by the RAC 

• System Reliability and Maintainability Consult-
ing Services 
• Customized Data Searches 

• Semiconductor Device Reliability Databooks 
—Digital Data 
—Linear/Interface Data 
—Memory/LSI Data 
—Hybrid Circuit Data 
—Transistor/Diode Data 

• Reliable Equipment Design Guidelines 
—Design Reliability Handbook 
—Microcircuit Reliability Bibliography 

• Tutorial Reliability Courses 

• Annual Reliability Workshop 

• Periodic Reliability Seminars 

RAC 
Reliability Analysis Center 
RADC/RBRAC, Gnffiss AFB, NY 13-1-11 

Phone 315-330-4151, Autovon 587-4151 

RAC 1, a D.() Information A nalms Cerner Operated hr FIT Research Instil:de 
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Controller halts playback 
when taped voice pauses 
by N Bhaskara Rao 
U.V.C.E., Department of Electrical Engineering, Bangalore, India 

Few typists can transcribe a dictated message or speech 
without stopping the tape recorder from time to time. 
The illustrated circuit stops the recorder automatically 
at the end of a sentence or other pause. Its program-
mable halt time is proportional to the length of the 
preceding playback segment. 
The circuit is preset on power up by RI and CI. Audio 

signals from the output of the tape recorder may then be 
fed into a buffer amplifier having a low output imped-
ance, so that a dc voltage proportional to the audio input 
is produced by the full-wave rectifier, DI and D2. 
The 7413 Schmitt triggers and an RC network define 

the time delay, T. The voltage at x(t), which is initially 
set high by the audio signal, goes low when vo is low for 
a period greater than T, so that any pause in the audio 
signal triggers the recorder-halting circuit. The delay 
time selected may be varied for the particular applica-

tion by adjusting one or both elements of the RC 
network. 
As one-shot AI is triggered by x(t), A2 is cleared and 

starts to count up. If the time during which x(t) is high is 
T., then the output of A2 at the end of that period is 
given by N = fiTon, where fl is derived from divider A3 
and the master clock frequency, f. 
As x(t) goes low at the end of a phrase, one-shot A4 is 

triggered, flip-flop A5 clears, and the recorder's motor is 
braked to a halt. At the same time, A2 starts to count, 
down at a rate, f2, which is determined by divider A6 and 
the master clock. As A2 goes through zero after a time 
equal to Toff = Ton(L/M), where L and M are the 
divider ratios, it generates a borrow pulse that sets A5 
and restarts the recorder's motor. The audio output from 
the recorder then sets x(t) high, and the cycle repeats. 

Because the actual interface between A5 and the tape 
machine varies widely with the recorder used, the wiring 
details of this portion of the circuit are not shown. Other 
parts of the circuit may be easily modified to suit the 
application. For instance, the 74193 ratio counters each 
provide divisor ratios to 15, but they may be replaced by 
dividers that provide any value of L and M. 

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 $50 for each item published. 
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Pausing for write time. Unit brakes tape recorder's drive after each sentence of taped message to provide transcription secretary with time 

to write information. Circuit uses up-down counter to derive a halt time proportional to the length of the preceding playback period. 
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SUPER MINIATURE 
Neon Glow Lamps 

Circuits Volts AC105-125 
Series Resistance  150K52 
Nominal Current 0.3mA 
Total Flux    20mIm MIN. 

Average Life Hours • • • 30,000 

CLEAR-GREEN 
Fluorescent Glow Lamps 

Circuit Volts 
Series Resistance 
Nominal Current  
Total Flux(MIN.)   
Avg. Life Hours   

Dimension: mm 
f;38m 
, --

1', I mm 

I i 

NL -8S 

1'60 

9mm 

AC crDC 105-125 
33KS2 
I .6mA 

AC:120m1m.DC:130mIm NL-35 G 
AC:30.000 DC:40.000 

Circuit Volts AC 105-125 
Series Resistace   27KS2 
Nominal Current  I.5mA 
Total Flux  90mIm MIN. 
Avg. Life Hours  20,000 

• MAIN PRODUCT 
NEON GLOW LAMP, XENON FLASH LAMP, 
RARE GAS, DISCHARGE LAMP. 
MINIATURE : BLACK-LIGHT, UV-LIGHT, 

FLUORESCENT COLOR-LIGHT. 

NL-2 1 G 

ELEVAM ELECTRONIC TUBE CO., LTD. 
Na 17-8 CHUO 2-CHOME OTA-KU. TOKYO JAPAN 
TELEPHONE 03(774) 1231 - 5 

EXPORT DIVISION : JAPAN NANOTRONIX CO., LTD. 
OTA-KU 'TOKYO. TELEPHONE. I 031775-481i TELEX 246-6583 JNANOX 

Circle 108 on reader service card 

LET YOUR FINGERS 
DO THE TALKING . . . . 

Circle 109 on reader service card 

- 
With the touch of a ringer on the Elographics E270 Position SeirSorttite 

coordinates of the point touched are transmitted to a terminal or computer 
for limitless menu and graphic applications. Replaces light pens, joy sticks 
and opens new applications where finger touch simplicity is a must. 

The E270 is a transparent formfitting sensor mounting directly on 
CRT's. Utilizing modern continuous thin film coatings, the E270 gives high 
resolution coordinates. A variety of controller electronics is available to 
enable the OEM or system builder to interface easily to most micros and 
minis. 

• POINT MODE • LOW COST 
• STREAM MODE • RESOLUTION TO .003" 
• MODELS TO FORMFIT • HIGH RELIABILITY 
VARIETY OF CRT's • EASY TO INSTALL 

The E270 offers a uniquely simple and flexible way to communicate 
with computer systems. Let Elographics solve your man-machine interface 
problems. 

ELOGIRAPHIS,inc. 
1976 OAK RIDGE TURNPIKE OAK RIDGE, TENNESSEE 37830 1615) 482-4038 
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1. Microprocessors What you must know about available micro-
processor technology, devices, information, 4th printing. $8.95 

2. Applying Microprocessors 2nd and 3rd generation tech-
nology. 26 detailed applications from data networks to video 
games $9 95 

3. Large Scale Integration Covers the basic technology, new 
LSI devices, LSI testing procedures, plus system design and 
applications $9.95 
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5. Circuits for Electronics Engineers Contains 306 circuits 
arangea by 51 functions from Amplifiers to Volage Regulating 
Circuits. Saves design drudgery. $15.95 
6. Design Techniques for Electronics Engineers Nearly 
300 articles drawn from -Engineer's Notebook A storehouse of 
des.gn problem solutions. S15.95 
7. Memory Design: Microcomputers to Mainframes 
The technology, devices, and applications that link memory corn-
ponents and system design. S12.95 

8. Personal Computing: Hardware and Software Basics 
Data Communications magazine covering more than 11 key More than 50 articles from leading publications in the field. 
areas. $12.95 $11.95  
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Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 

I must be fully satisfied or you will refund full payment if the book is 
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_ copies of 1. Microprocessors @ $8.95 

_ copies of 2. Applying Microprocessors @ $9.95 

_ copies of 3. Large Scale Integration @ $9.95 
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What to look for 
in logic timing analyzers 

More channels, assorted speeds, display options, novel triggering schemes 
ensure there's an instrument for every digital timing problem 

by Martin Marshall, Marshall Enterprises, San Francisco, Calif 

Logic timing analyzers have learned a lot of new 
tricks in the six short years of their existence. From the 
start their high-speed asynchronous clocking marked 
them as the instruments of choice for solving hardware-
related problems like short-duration glitches, skewed 
signal arrival, and intermittent timing failures. Software 
troubles are usually taken on with logic state analyzers 
that synchronize their clocking with the clock of the 
system being tested and thus are 5 to 10 times slower. 
But sometimes problems that appear to be software-
generated are in fact hardware-related and require the 
more detailed analysis possible with the faster asynchro-
nous instrument. 

Small time windows 

Most currently available logic timing analyzers are 
capable of both synchronous and faster asynchronous 
operation. In either mode, the analyzer monitors digital 
signals on address, data, or control lines, confirming 
proper word construction on a bit-by-bit basis. 
An example of the need for a timing analyzer's inher-

ent speed advantage appears upon examining the status 
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activity of an 8080-type microprocessor. Though the 
microprocessor itself operates at only 2 megahertz the 
status information multiplexed onto its eight data chan-
nels is available only within a 50-nanosecond time 
window occurring between system clock cycles. Not only 
must the 8 status bits arrive within that 50-ns window, 
but two sync lines must change state as well. To examine 
the skew of these signals properly, the 50-ns interval 
should be broken down into five 10-ns samples. This is 
possible only if the analyzer is running at a 100-MHz 
sampling rate. A state analyzer running synchronously 
at 2 MHz cannot perform this kind of analysis, as the 
skew of the signals would not be magnified sufficiently. 

Examining the timing relationships of a microproces-
sor to its peripheral chips, or of timing within non-
microprocessor-based systems, brings up further exam-
ples. Even a slower microprocessor such as the 1-MHz 
6800 chip features input/output data hold times in the 
10-ns range. Faster, newer chips like Nippon Electric's 
high-speed version of the Advanced Micro Devices 
AMD 2900 can be added to the list of examples. Such a 
bipolar chip, with its 60-ns instruction cycle time, 

• • • 

«Nam 111111111111111 

1. Grabbing the glitch. In addition to data, the timing analyzer displays fast transients or glitches that can affect the system's operation. The 

glitch detection circuit stretches the duration to one sampling interval. Glitches can be seen above at the center and right side of the CRT. 
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2. Separate CRT. Logic analyzers often require an oscilloscope or a 

separate CRT for timing display. The 100-MHz Biomation 9100 D 

offers eight data channels, a sync channel, and choice of clock or 

trigger qualifier channels. It has a word depth of 1,024 words. 

demands the high speed of the timing analyzer. 
Another advantage timing analyzers have over most 

state analyzers is their ability to detect glitches. These 
infrequent transients are too short for detection at 
synchronous sampling times, but they affect system 
operation nonetheless. Special latching circuitry detects 
glitches as short as 5 ns in duration and stretches the 
transients to one sample interval for recording by the 
analyzer. Figure 1 shows several waveforms containing 
glitches captured and displayed using this circuitry. 

Evolution of the timing analyzer 

Since the beginning, manufacturers have searched for 
the best combination of triggering, memory size, speed, 
display, and data reduction to fit the user's needs. The 
number of channels of data the instrument can record is 
also of prime concern (see Table 1). 
The earliest units monitored 8-channel buses, but 

users needed more diagnostic capabilities and channels. 
The trigger qualifier, a separate channel whose history is 
not recorded in memory but whose state becomes an 
added trigger criterion, was introduced. Biomation Divi-
sion of Gould Inc., Santa Clara, Calif., offered a 
9-channel analyzer which recorded the history of an 
8-channel bus plus a sync line, with its model 920D and 
model 9100D (see Fig. 2). User demand for 16-channel 
bus analysis resulted in 16-channel timing analyzers 
such as the Biomation 1650; the LA501 and 7D01 from 
Tektronix Inc., Beaverton, Ore.; model 740 from Moxon 
Inc., Irvine, Calif.; the 50DI 6 from BP Instruments Inc., 
Cupertino, Calif.; and model 1850 from E-H Internation-
al Inc., Oakland, Calif. 
The latest increase in channel population is due to the 

synthesis of timing and state analysis in the Biomation 
K 100D and the 16I5A from Hewlett-Packard Co., 

Colorado Springs (Colo.) division. The reason for the 
combination of instruments is that timing analysis need 
only be done on a single bus, whereas state analysis may 
usefully include more than one bus. The HP 1615A 
offers 8 channels for timing analysis and assigns 16 
channels to state analysis; this allows monitoring of a 
16-bit address bus plus an 8-bit data bus. 
The K1OOD's 16 channels can perform timing and/or 

state analysis; with an optional adapter, the unit can be 
configured as a 32-channel data domain instrument. 
This permits the monitoring of a 16-bit address bus and 
a 16-bit data bus, or an address bus, an 8-bit data bus, 
and various control lines within the system. 

How fast is fast enough? 

Manufacturers have differed on how fast a timing 
analyzer should be, with some even presenting the user 
with a choice of speeds in different products. The first 
timing analyzers operated at 10 MHz, but none manufac-
tured since then are slower than 20 MHz. Today's units 
run at 20, 50, 100, or even 200 MHz—which is the 
proper selection? The answer, of course, depends upon 
the speed of the equipment that the user wishes to 
analyze. The user must determine the minimum time 
interval to be resolved in the system. Often skew factors 
in the hardware logic of the system, rather than the clock 
rate presented on the bus, determine this figure. 

If that minimum interval is 50 ns, then a 20-MHz 
analyzer such as the 1-1 P 1615A, Biomation 920D, or 
Moxon 740 (Fig. 3) is the answer. If it is 20 ns, then one 
of the 50-MHz analyzers such as the Biomation 1650, 
E-H 1850, or E-H 1320 can be considered. At 10 ns 
there is the 100-MHz Biomation K1OOD and Biomation 
9100D; and at 5 ns, or 200 MHz, the Biomation 8200. 
The Tektronix plug-in timing analyzer, model 7D01, is 
chameleon-like with respect to speed. It is configurable 
for 20 mHz on 16 channels, 50 MHz on 8 channels, or 
100 MHz on 4 channels. 

Probes are sometimes a forgotten component of logic 
analysis, even though they are the part of the analyzer 
that interacts directly with the system under test. Each 
probe affects the signals it is monitoring and limits the 
speed of the analyzer, depending upon the probe's input 
capacitance and impedance. 
The faster timing analyzers have probes in the 

megohm impedance range and capacitances of 5 to 15 
picofarads. Tektronix, Biomation, and E-H all specify 
impedances higher than 1 megohm, but E-H specifies its 
impedance at the analyzer's BNC input connectors, 
whereas Tektronix and the Biomation K1OOD have their 
impedances specified at the probe tip. 

Probe arrangement 

Manufacturers also differ on whether to arrange the 
probes individually or in groups. Hewlett-Packard 
arranges its probes in eight-channel pods, with short 
leads emanating from the pods; Tektronix attaches 
somewhat longer leads to the same type of pod arrange-
ment. Biomation and E-H have individual probes begin-
ning at the front panel of the analyzer, claiming that this 
allows easier connection of physically divergent parts of 
the system at the same time. Tektronix and Biomation 
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3. Analyzers evolve. This Moxon 740 timing analyzer can monitor up 

to 16 channels of data at a 20-MHz sampling rate. The elimination of 

numerous front-panel switches and addition of a CRT were two 

evolutionary changes in logic analyzer design. 

K1OOD analyzers reduce the degradation of high-speed 
signals by using hybrid circuits close to the point of 
probing. Tektronix places the hybrid circuitry in the 
probe pod; the K1OOD puts one in the tip of each 
individual probe (Fig. 4). 

Triggering is the key 

Although speed is a major factor in excluding some 
timing analyzers, final selection requires evaluating the 
analyzer's ability to trigger, its ease of use, and its ability 
to reduce the captured data into an intelligible display. 
The first of these criteria, triggering, has become an art 
form nearly as sophisticated as the programming tech-
niques it unravels. 
The earliest and simplest triggering criterion is the 

parallel word trigger. All of the analyzers have it. If the 
analyzer is connected to a 16-bit address bus and the 
selected trigger word comes along, the analyzer stops 
recording and its memory stores pretrigger information 
up to its capacity. 

Clock delay was the next feature added. With it, the 
user can examine the program in blocks, using the same 
trigger word. Examining sequential blocks of program is 
made possible by increasing the clock delay on successive 
analyzer recordings (Fig. 5). 

However, programs invariably contain subroutine 
loops and even nested loops, and potential trigger words 
occur many times on successive passes. To allow the 
analyzer to pick apart these loops, a pass counter was 
added to the triggering section. The pass counter delays 
recording into memory by counting trigger word occur-
rences, rather than clock cycles, to allow triggering on 
the nth pass through a subroutine. Nearly all the latest 
timing analyzers have this feature. 
Only two, however, can make use of on-board sequen-

tial word triggering. These are the Biomation K1OOD 
and the HP 1615A. Sequential word triggering is a very 
useful technique for selecting a unique program path out 
of a seemingly ambiguous set of paths. The analyzer will 
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4. Hybrid probes. Each Biomation K1OOD probe has a hybrid circuit 

providing a high-impedance input for high-speed signal monitoring. 

The K1OOD performs state as well as timing analysis and features an 

extensive array of triggering and display capabilities. 

5. Trigger tactics. The BP Instruments model 50016 16-channel 

timing analyzer's triggering capabilities include parallel word, clock 

delay, and events delay. The last two permit examination of a 

sequential program block or subroutines by increasing trigger delay. 

trigger on word B, but only when it is preceded by word 
A. In hardware terms, word A arms the analyzer and 
word B (or the nth occurrence of word B) triggers it. 

In software terms, one can picture a program path 
through a subroutine beginning with word A and ending 
with word D. Between A and D, there are three distinct 
paths by way of words B and C. These are ABD, ACD, 
and ABCD (Fig. 6). The three paths can be distin-
guished by triggering on sequences of words BD, AC, 
and BC, respectively. 

In a typical application, words A, B, C, and D are 
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S. Separating address flow paths. Sequential triggering can be 

used to sort out program paths that are otherwise indistinguishable 

to the logic analyzer. In practice, sequential triggering can be used to 

define key I/O maneuvers such as a particular subroutine. 

16-bit addresses in a microcomputer program. When 
triggered, the analyzer's memory will store a listing of 
the program's address flow. The K1OOD can take the 
extra step of qualifying the analyzer's trigger on sequen-
tial 18-bit words, allowing one to include control line 
signals in the trigger as well as a 16-bit address bus. 

HP's model 1615A performs sequential triggering 
somewhat differently. Its 8-channel timing bus can arm 
its 16-channel state analysis bus, or vice versa. Trigger-
ing on successive 16-bit address words is not included on 
the model 1615A. 

Intermittent failures are the most troublesome 
because they occur infrequently and do not show up 
during normal repetitive measurements. To combat 
intermittent logic problems, a number of analyzers 
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include a trigger-on-noncomparison mode. 
The mode works like this. The unit captures a normal 

block of data from a suspected portion of the program, 
using trigger criteria X, Y, and Z, and transfers it into a 
second reference memory inside the analyzer. Next, 
using the noncomparison mode, the analyzer will first 
wait for data that meets criteria XYZ. When that data 
arrives, it will compare the captured data with the 
normal data in its reference memory. If the data is 
different, the instrument triggers. If not, it re-arms itself 
and waits for criteria XYZ to recur. 

Reducing the captured data 

Biomation's K1OOD adds a useful twist to this process. 
It can define both the channel width and the word depth 
of the memory used for comparison. For example, 
suppose an unusual combination of data in subroutine A 
is suspected of causing a jump to an incorrect address. If 
the data in subroutine A is always changing, then it is 
possible to limit the comparison to just the 16 address 
channels, even though the analyzer is simultaneously 
recording the data bus. 

Next, given that subroutine A is 103 addresses long, 
the comparison can be limited to just those 103 words in 
the reference memory. This is most useful in the likely 
case that subroutine A is accessed from any of a number 
of different places and exits into other subroutines. In 
other analyzers, the length of the comparison memory is 
fixed, but the number of channels compared can still be 
limited very simply by pulling the probes off the 
unwanted channels. 

Trigger on disappearance 

Another convenient triggering feature shared by the 
E-I-I 1850 and Biomation KlOOD is the ability to trigger 
on either the appearance or disappearance of the trigger 
word. This is helpful in triggering on the end of a 
message using the system's message-valid signals. For 
example, it may be that three control lines must go high 
in order that a peripheral device receive a message on a 

7. Displaying the data. Tektronix' 7D01 logic analyzer features data domain (left) and timing diagram (right) display formats. It offers a 

vertical line, or cursor —the bit makeup of the data word it intersects is displayed at bottom (right). Trigger word position reads out at top. 
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Manufacturer and model e 

LOGIC TIMING ANALYZERS COMPARED 

Triggering 

y  . e 

Ê g • .2, e., è. 71-- i zi -.• e 

/ / / / / 

Biomation K1OOD 100 16em 1,024 yes yes yes yes yes 2 2 yes 14 samples yes T, A, B, 0, H, S 

920 20 9 256 no yes yes yes no 1 1 no none no T 

1650/116 50 16 512 yes yes no yes no 1 2 yes none no T, 0, H, M 

9100D 100 9 1,024 yes yes yes yes no 1 1 no none no T 

8200 200 8 2,048 yes no no yes no no no no none yes T 

BP Instruments 20D 20 8 256 no yes no yes no no no no none no T 

50D16 50 16 510' yes yes yes yes no no 5 yes 3 samples no T, B, 0, H, M 

E-H International 1850 50 18 512 yes yes yes yes no 1 3g yes 4 samples no T, B, 0, H, M 

i 
Hewlett-Packard 1615A 20 13° 256 yes yes yes yes yes 6 no no 15 ns to 2 us yes T, B, 0, H 

Moxon 740 20 16 64 no yes yes yes no 1 no no none yes T, B, 0, H 

745 20 16 1,024 no yes yes yes no 1 no no none yes T, B, 0, H 

100 4 1,016 no yes' yes' yes no 1 2 yes yes 

Tektronix 7D01 F/7704 50 8 508 no yes' yes' yes no 1 2 yes 31 Oc on sn st o yes T, B, 0, H, S, M 

20 16 254 no yes' yes' yes no 1 2 yes yes 

Notes: a 16-state channels included T = timing 
b 32-sta e channel option B = binary 
'2,046-word memory option 0 = octal 
d Delay feature option H = hexadecimal 
'ASCII character option M = mapping 
t Glitch only included S = search 
gWith optional probe pod A = ASCII 

separate 8-bit data bus. To find the end of the message, 
the unit can be triggered when the three control lines go 
from 1-1-1 to any other state. The easiest way to do this 
is to set the analyzer to trigger on the first disappearance 
of the trigger word 1-1-1. 

Glitch filtering 

The timing analyzer's equivalent to the oscilliscope's 
trigger holdoff feature is called digital filtering, glitch 
filtering, or digital trigger holdoff. It simply requires 
that the trigger word remain valid for more than one 
sampling interval. It is especially useful when examining 
three-state buses or systems that are insensitive to very 
short glitches. In these cases one may be sampling at five 
times system clock speed and yet not want to generate a 
false trigger on a glitch that is only a fifth of a system 
clock interval in duration. 

E-H's model 1850 will digitally filter a trigger word for 
up to 4 samples, whereas Biomation's model KlOOD will 
filter for up to 14 samples. HP'S 1615A filters a trigger 
from 15 ns to as long as 2 microseconds; Tektronix' 

model 7D01 will filter from 10 to 300 ns. 
Interpreting the analyzer's data often depends on the 

display method chosen. This means the captured data 
must be reduced into more convenient forms. 
The first timing analyzers offered only a timing 

diagram display. However, manufacturers soon realized 
that their timing analyzers would also be used for state 
analysis, so they included data domain display formats 
such as binary, octal, and hexadecimal representations of 
the data (Fig. 7, left). Most timing analyzers currently 
available have these display modes, along with other 
auxiliary display features. 

Cursor calculations 

One of the most useful of these is the cursor. This is a 
vertical line superimposed on the CRT that not only helps 
align the raw data vertically, but is also helpful in 
calculations. For example, the position of the cursor in 
the analyzer's memory is read out digitally on the CRT 
(Fig. 7, right), as is the position of the trigger word. To 
find the time difference between two points, the cursor 
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8. ASCII format. The optional ASCII character display converts 7-bit 

ASCII information into letters, numbers, and symbols for direct inter-

pretation of program statements. This feature is helpful in debugging 

software-generated problems. 

position readings are subtracted after placing the cursor 
successively over the two points. 

Biomation's model K1OOD has two cursors and reads 
out their difference in position and time directly. The 
two cursors are also used to define the word depth of the 
comparison memory for the trigger-on-noncomparison 
(or the comparison) mode. 

Horizontal magnification in the timing diagram mode 
has become another standard feature. The magnification 
factor is displayed digitally on the CRT on the Tektronix 
and Hewlett-Packard models. It registers automatically 
on the time line transversing the middle of the Biomation 
K 1 °OD's CRT screen. 
The time line is a row of dots showing sample inter-

vals, with intensified dots every five markers and digital 
readout of the location of the first, last, and center 
sample displayed. Expansion factor readout is also given. 
Previous Biomation analyzers and the E-H model 1850, 
also have a horizontal expansion feature, but the magni-
fication factor is not read out on the CRT. 

ASCII display mode 

An optional feature worth considering is an ASCII 
character display offered by both the Tektronix 7D01 
and Biomation's K1OOD. This mode displays 7-bit ASCII 
information directly as ASCII characters on the CRT. The 
Tektronix unit uses a separate plug-in ASCII module in 
place of the normal formatter (Fig. 8). The K 1 OOD 
houses ASCII circuitry inside its mainframe. 
These two analyzers also provide a search mode for 

scanning the analyzer's memory for a user-specified 
word. This feature is useful when observing the number 
of passes through a given subroutine, for checking access 
to portions of a program, and for finding unnecessarily 
long loops. The word can be keyed in on the K1OOD; the 

7D01 selects it from among those words in the analyzer's 
reference memory. 
The number of occurrences of the searched-for word is 

read out digitally on the K 1 °OD's CRT, and an asterisk is 
placed next to each such word in a data domain listing of 
the data. Repeatedly pushing the 7D01's search button 
and counting the number of button pushes on one sweep 
through the memory gives the number of occurrences of 
the searched-for word. 

Strictly speaking, a logic analyzer's usefulness lies in 
its data acquisition and data display features. But as the 
analyzer's sophistication increases, so does the possibility 
of error in control settings. To combat this, HP, Bioma-
tion, and Moxon have gone to keyboard control of the 
instruments' functions, with the result that the front 
panel of the logic analyzers look more like computer 
terminals than oscilloscopes or minicomputers. 

Keyboard entry complements the use of a micropro-
cessor inside the analyzer to perform self-checking as 
well as calculation and display functions. On older 
timing analyzers, the user's memory of trigger and 
control settings was mechanical, indicated by the posi-
tion of the switches on the front panel. Keyboard-
controlled models display the settings on the CRT either 
in menu format, as in the HP 1615A, or in a status 
display mode, as in the Biomation K1OOD. 
The microprocessor inside both units performs the 

housekeeping chore of making sure the key connections 
are operating at each startup. The Biomation K1OOD's 
microprocessor performs the additional function of 
controlling an error light on the instrument's front panel. 
It goes on whenever the operator makes a mistake in 
entering control settings. 

Future timing analysis 

From probes to display output, the logic timing 
analyzer has come a long way since 1973. Further 
improvements will probably be in the area of finding 
smarter ways to reduce the captured data. Perhaps data-
reduction schemes such as Hewlett-Packard's signature 
analysis techniques [Electronics, March 1, 1977, p. 89] 
may be implemented. 
Another possibility is the addition of an RS-232 inter-

face capability so that the analyzer can be used for 
remote analysis. This could permit a centrally located 
diagnostic center to perform and interpret tests using a 
telephone modem. Such a center could take advantage of 
computer-aided diagnosis and a factory service team to 
locate problems remotely. The on-site technician would 
only be needed to position the probes. 
Timing analyzers may also eventually use on-board 

programmable read-only memories to store previous 
trigger settings and comparison data tables. This would 
allow a measurement to be repeated by a single press of 
a button, avoiding the resetting of every function on a 
complex analyzer. 
The complexity of logic timing analyzers must expand 

along with the complexity of the digital designs they are 
intended to debug. And since highly skilled personnel 
remain in short supply, future analyzers are bound to use 
microprocessors to do more and therefore ask less of 
their operators. 
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A new breed of linear ICs 
runs at 1-volt levels 

Clever circuit design turns standard bipolar processing 

into a micropower technology 

by Robert J. Widlar, 

Sophisticated linear circuits such as operational 
amplifiers, comparators, and voltage references can be 
made to run at micropower levels supplied by a single 
power cell. This has implications beyond portable instru-
ments, medically implanted devices, and remote teleme-
try. Entirely new areas of applications are opened where 
the lc need not operate from system power supplies, but 
from residual voltages within the system. 

It turns out that precision linear integrated circuits 
can be made to operate with a total supply voltage of 1 
volt, even over a — 55°C to 125°C temperature range. 
What's more, minimum biases of 0.8 v should be accept-
able over limited temperatures. This does not require 
special processing. It can be accomplished with standard 
bipolar devices that use new methods of circuit design 
and ic layout. And the techniques described here are in 
no way restricted to low-voltage operation. In fact, they 
can be used to improve the performance of devices 
operating from higher voltages. 
The purpose of this article is to acquaint both users 

and designers of ICs with what can be done at low 
voltages and to show that its engineering base is sound— 
sound enough to give some assurance that low-voltage 
devices can be produced in high volume with yields that 
are reasonable. 

These designs are not theoretical analyses. They are 
based on an lc in volume production at National Semi-
conductor Corp., the LM 10.* This is a high-perform-

Puerta Val/arta, Jalisco, Mexico 

ance op amp and voltage regulator completely specified 
for operation down to 1.2 V. Limited operation down to 
1.0 v is possible. 
Although linear circuitry can be made to work at 

voltages little greater than the base-emitter voltage 
(V BE) of the transistors used, the first thing to set 
straight is that no processing trick is likely to produce 
silicon transistors with a drastically reduced Vgg. 

What determines VU 

Area, gain, and current determine Vgg as shown by 
the empirical relationship of the following equation, 
which expresses \ri gs in terms of readily available engi-
neering data: 

kTo  lc  
= In 

JsBhreA; (1) 

where 
k = Boltzmann's constant 
To = absolute temperature 
q = the charge of an electron (kT/q = 25.8 mv at a 

temperature of 27°C) 
lc = collector current 
A, = the junction area 
hre = peak ac current gain 
Jsg = a factor depending on transistor structure. 

*All substantial rights for the ideas presented have been sold to National Semiconductor 
Corp., Santa Clara, Calif. 

2. Class-B amplifier. The output stage of 

this circuit requires 1.2 V just to turn on, 

2.4 V for operating at half the supply. 

1. Low-voltage Darlington equivalent. Circuit performs the same function as a Darlington 

device, except that its output can go into hard saturation while being biased from 800 mV. 

The standby current for the 20-mA output is 10 µA, ideal for proper biases. 
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3. Ideal solution. This circuit provides answer to the output stage problem: a class-B amplifier that saturates to supply rails and operates from 

0.8 V. The lower of the two signal paths, 016 through Q,, is the Darlington equivalent diagrammed in Fig. 1. 

The double-diffused npn transistors used in high-
performance linear ICS almost always have negligible 
electron-hole recombination in the base region, as 
required by the equation. For To = 300 K, they give 
JsB = 4.4 x 10 -D ampere per square centimeter, or 
2.8 X 10 -18 ampere per square mil. Deviations of 10 
millivolts from the predicted VBE would be considered 
unusual. 
Thus an npn transistor with a 1-mil-square emitter 

and current gain of 200 exhibits a VBE of 550 my at 1 
microampere. Changing any one of the terms of Eq. 1 by 
a factor of 10 alters this V88 by 60 my.* 

Equation 1 also applies to vertical and lateral pnp 
transistors with JSB = 7 X 10 A/cm2. However, good 
processing is required for base recombination to be negli-
gible (h re in the order of 100). Further, determining 
effective junction area is a three-dimensional problem 
that is especially onerous when it has to be solved for 
lateral transistors. 

Significant reductions in VBE would require a material 
like germanium with a lower bandgap voltage. It is 
doubtful that ics will be made with low bandgap materi-
als in the foreseeable future because they have a limited 
(65-80°C) maximum temperature and the processing is 
not compatible with existing techniques. 
To obtain operating voltages in the vicinity of 1 v, 

many standard design methods that have been applied 
it might be argued that J« can be made a factor of 10 larger, but the h.„ for a given 
collector-emitter punch-through voltage would be lowered as much and the V« would stay 
the same for all practical purposes. 

for years simply cannot be used. The Darlington connec-
tion is one of these. It is not practical to stack up two 
VBEs and have the sum approach 1 v under worst-case 
conditions. Let this be a guiding rule for low-voltage 
design. 

A Darlington equivalent 

Figure 1 shows a circuit that performs the same 
function as a Darlington, except that the output can go 
into hard saturation and can be biased from 800 my. A 
boost circuit is used (transistors Qz, Q3, and Q4) to 
increase the current available to the base of the output 
transistor as a function of load current. This is required 
to eliminate biasing difficulties and reduce standby 
current when the circuit must deliver large peak 
currents. The standby current for the 20-mA output is 
10 µA. Since the emitter current of Q5 increases with the 
current through Q1, the transconductance of the circuit 
is higher than that of a single transistor. Resistor RI 
limits boost as maximum output is approached, so that 
the base current of Q5 does not produce an excessive 
voltage drop across R2. 

Considerable experience with such boost circuits has 
shown that they do not unfavorably alter the frequency 
response of the inverter, at least with frequencies below a 
few megahertz. 

Proper operation requires that the voltage drop across 
R2 be about 100 mv. This is arranged by making Q1 and 
II no larger than necessary, then making Q5 large 

116 Electronics/March 29, 1979 



4. Combined structure. The collector of the lateral pnp transistor 

(0,2 in Fig. 3) recovers excess current from the npn device (0,, in 

Fig. 3). On occasion, this configuration can be implemented to 

operate the npn device linearly in saturation. 

enough to get the required VBE differential. Tolerances 
are no great problem. Equation 1 shows that the VBE of 
an npn transistor will vary ± 20 mv for an li fe between 
100 and 400. The tolerance of VBE in a pnp transistor 
depends on epitaxial layer thickness and resistivity. A 
variation in excess of ± 10 mv indicates the process is 
running out of control. 

Push-pull outputs 

The output stage presents one of the more interesting 
problems in low-voltage linear design. The convertional 
circuit in Fig. 2 is of little value because it requires 1.2 y 
just to turn on and 2.4 y to get an unloaded output swing 
equal to half the supply voltage. 
A class-A output could be used to get a full swing 

signal. But the quiescent current would then have to be 
at least equal to the peak load current. This would result 
in a great deal of wasted power, even if the operating 
current could be tailored to individual applications. 
The circuit shown in Fig. 3 provides a nearly ideal 

solution to the output stage problem. It operates from 
less than 1 v, has a quiescent current of some 50 µA, can 
swing to the supply rails, and will deliver a ± 20-
milliampere output current. It is also an excellent exam-
ple of the kind of problems encountered in low-voltage 
design. 

It can be seen that there are two distinct signal paths. 
The lower one, Q15 through to Q1, is the Darlington 
equivalent described earlier. The upper one, driving the 
pnp output transistor, is much more complicated. Three 
common-emitter stages are used to get the required level 
shift and phase relationships. 
At first glance, it would seem that this complicated 

signal path would be impossible to frequency-compen-
sate as a feedback amplifier, especially when included 
with other gain stages. However, R4, the R2—Q H) shunt, 
and Q6 are used to lower gain, and overall feedback is 
provided through Q. This controls response ane reduces 
gain to about that of the lower signal path. 

In positive saturation, a separate feedback path is 
established through Qs, so that excessive base drive is 
not fed to the output transistor. 

At high temperatures, Q11 is required to operate in 
saturation. Its collector-emitter voltage is the emitter-

5. Saturation threshold. This equivalent circuit is helpful in analyzing 

the saturation characteristics of npn transistors in linear ICs. Depend-

ing on current gain, the pnp can run at 1/200 of the current of the 

npn, enabling the saturation threshold to reach 187 mV. 

base voltage of Q9 minus the voltage drop across R4. 
Under no-load conditions, the current through Q9 is I to 
2 MA, so that its VBE is low. As a result, the collector-
emitter voltage of Q11 will become forward-biased, 
increasing base current. The resulting voltage drop 
across R6 can drastically reduce gain. This is especially 
noticeable with light loading on the pnp side. 

This problem can be solved using the structure in 
Fig. 4, which is a combined npn (Q 11) and pnp (Q12)• 
When Q11 goes into saturation, its collector-base junc-
tion is forward-biased and the base acts as a lateral pnp 
emitter, increasing base current. This excess current is 
picked up by the pnp collector and routed through R7, 
producing an equal and opposite voltage drop, so that the 
net change at the emitter of Q14 is negligible. 

A limitation 

This suggests a fundamental limitation of low-voltage 
micropower circuits. As operating currents are reduced, 
VBE goes down, but the voltage at which saturation starts 
(VTH) does not. With increasing temperature VBE goes 
down, while VTH goes up. Thus, lower currents will 
reduce the maximum operating temperature. The tech-
nique described above will permit operation into satura-
tion, but it is useful only in certain applications. 
The VBE of the npn transistor can be determined from 

the method described earlier. Because the calculation of 
effective junction area for the lateral pnp is quite 
complex, it is probably best determined by measurement. 
Typically, the npn VBE at 11,- = 200 might be 50 mv 
higher than that of the pnp with equal currents. If a drop 
in net current gain to 100 is considered the threshold of 
saturation, the pnp will be running at 200 times less 
current than the npn (see Fig. 5). This produces a 
further difference of 137 my in VBE, so the saturation 
threshold becomes 187 my at 25°C. Variations in this for 
a given process can be computed from a knowledge of 
the allowed npn hie values. Lower threshold can be 
obtained by designing the pnp for high VBE —that is, 
with a wide base; but not much help can be expected 
from changes in geometrical factors, unless the structure 
is very wrong in the first place. 

Discrete transistors normally have an offset voltage of 
100 to 200 mv, even in hard saturation. This is not 
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6. Isolation-wall capacitor. One electrode in the structure consists 
of the p* isolation diffusion, connected to V-, while the other 

electrode is an n• emitter diffusion, made in an area that is otherwise 

unused. Thus the capacitors do not require additional die area. 

necessarily true for lc devices. The reason for this can be 
seen with the aid of Fig. 5. As base drive is increased 
above the value shown, the pnp absorbs the current, and 
its VBE goes up. This requires lower collector-emitter 
voltage on the npn. This will continue to VCE «e 1 MV as 
long as the current gain of the pnp is high enough not to 
cause excessive npn collector current. The low lateral 
pnp current gain is what gives gold-doped ics a high npn 
saturation offset. 

Isolation-wall capacitors 

For frequency compensation, the complex signal paths 
in Fig. 3 require over 300 picofarads of capacitance. This 
can be emitter-isolation capacitance, which yields about 
1 pF/mi12, instead of the 0.1 pF/mil2 of metal-oxide-
semiconductor capacitors. In addition, 75% of this 
capacitance is diffused into the isolation wall itself. The 
structure is shown in Fig. 6. Since this region is normally 
dead space, the capacitors do not increase die area. As 
an example, the LM108 on a 58-by-59-mil die has over 
1,000 pF of isolation-wall capacitance available. The 
negative electrode of this capacitor is, of necessity, 
connected to the V- terminal. Breakdown voltage is 
around 5 v, and the capacitance is voltage-sensitive. In 
practice, it requires some diligence to arrange a circuit 
so that this type of capacitance can be used rather than 
one that increases die area. It would seem that such 
effort is well spent. 

Standard bandgap references can easily be designed to 
operate from a 1.3-v supply. This is unnecessarily high 
and undesirable in that it excludes the rechargeable 
nickel-cadmium cell as a power source. The circuit in 
Fig. 7 was designed to get around this. It provides a 
200-mv output voltage while operating with supply volt-
ages down to 800 mv. 

The 800-mV reference 

Circuit operation is most easily understood if R2 and 
R5 are shorted out for the moment. This done, it can be 
seen that the reference voltage is equal to the voltage 
drop across R3 plus the emitter-base voltage differential 
between Q1 and Q2. The former component is propor-
tional to the emitter-base voltage of Q1 and has a nega-
tive temperature coefficient. The latter has a positive 

7. Voltage reference. The reference provides an output of 200 mV 
and operates with bias voltages below 800 mV, making it possible to 

use the rechargeable nickel-cadmium cell as a power source. The 

drift is 0.002%/M versus 0.004%/°C for standard references. 

temperature coefficient. First-order temperature com-
pensation can be obtained by adding these voltages in the 
proper proportions. 
The collector current of Q1 is essentially the bias 

current (lb.) less the current through the R3-R4-R5 
divider. If the bias current does not change with temper-
ature and the divider current varies as emitter-base 
voltage, the collector current of Q1 can be made propor-
tional to absolute temperature. This done, the value of 
R2 can be chosen so that the reference output does not 
change for small changes in bias current over a wide 
temperature range. 

Drift-curvature correction is obtained by holding the 
collector current of Q2 constant while that of Q1 varies 
with temperature. This causes the ¿VBE component to 
have a nonlinear term like VBE, but with opposite sign: 

kT, JoIT 
¿VBE = 

tf J02 I 0 

kT ,J01 kT , T 
= — in -r- -I- — in — 
q J02 q To 

Excessive correction is actually obtained, but this can be 
fixed by returning RI to the proper tap on Ra-Rs. The 
result is a typical 0.002%/°C drift rather than the best-
case 0.004%/°C for the standard bandgap reference. 

FETs considered 

Some thought has been given to using field-effect 
transistors for low-voltage linears because of their 
success in digital ics. It is true that FETS can be made to 
operate more or less independently of the bandgap 
restriction of bipolars. But, as a practical matter, their 
threshold voltage (Vp) has a tolerance at least as great as 
the VBE of bipolar devices. In a production environment, 
some devices might have a lower operating voltage than 
bipolar, while others might not. 
Another drawback of FETS is that the transconduct-

ance, even at moderate current densities, is much less 
than that of bipolars. This means that a 10:1 change in 
drain current can easily require a change in gate-source 
voltage as great as the VBE of a bipolars. 

There are numerous other problems with all-FET 
circuits as far as low-voltage operation is concerned. But 
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The bandgap reference 
The bandgap reference compensates for the second-
order nonlinearities in the emitter-base voltage and for 
temperature drifts inherent in the resistance paths. It is 
well known that the emitter-base voltage of a bipolar 
transistor has a fairly linear negative temperature coeffi-
cient. The emitter-base voltage differential between two 
transistors operating at different current densities has a 
positive temperature coefficient. If these two voltages are 
combined in the proper proportion, a temperature-stable 
voltage equal to the bandgap voltage of the semiconduc-
tor material will result (V,,, = 1.205 V for silicon). This is 
illustrated with the simplified circuit. 

Analytically, the emitter-base voltage differential is: 

kT J, 
AVBE = —In— 

q 

where J, and J2 are the current densities in 0, and Qz. The 
VBE as a function of temperature is given by: 

leiAs v 

R2 

6 852 
600 52 

a, 

.5WBE 

R2 
— AVBE 
R3 

R3 

600 P. 

•  

VRer 

T T kciT 
VBE = Vg, (1 -To + . BE, V + [ (n — 4)In + In k• 

where VBE, (Eq. 1 on p. 115) is VBE 's value at To and lc,. and 
n is related to base minority-carrier mobility. 
The logarithmic terms in the VBE equation require that 

the reference be raised above the bandgap voltage for 
minimum drift. They also introduce a nonlinearity that 
limits the best-case temperature stability to about 
0.004%°C, as shown in the plot. Some correction for this 
curvature can be made by splitting RI (see figure) and 
connecting a diode across one part. 

Precise measurements have indicated V9, = 1.185 V 
and n 1 for double-diffused npn transistors. This 
contrasts with V9, = 1.205 V and n = 2 for lateral and 
vertical pnp transistors. The upshot of these differences 
suggests bandgap narrowing because of disorder in the 
crystal lattice due to heavy base doping. 
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this does not mean that FETS need be excluded. If prop-
erly biased, they may well complement bipolar devices in 
such slots as op-amp input stages. However, there is an 
uncertain future for all-FET circuits particularly when 
standard bipolar technology can so readily be shown to 
be a successful competitor. 

Processing 

As mentioned earlier, standard linear processing 
developed in 1968 for such devices as the LMIOIA and 
LM 1 1 1 will suffice for the designs discussed here. 
Current gains of 200 for npn transistors, 150 for lateral 
pnps, are typical. 
Minimum breakdown voltages should be 45 v, except 

as altered by localized defects. Therefore, these tech-
niques are not restricted to low voltages, although there 
would certainly be a market for those devices with low 
breakdown voltage. 
The circuit complexity apparently required for low-

voltage design involves the use of many high-value resis-
tors, especially when micropower operation is involved. 
This requirement can be satisfied by ion-implanted resis-

tors, as long as the required sheet resistance is less than 4 
kilohms per square. Above this value, there seems to be a 
practical problem of control. 

Implantation is not a new technology, but it does have 
its quirks. For one, implanted resistors are necessarily 
quite shallow, resulting in a small radius of curvature 
where the junction intersects the surface. This reduces 
breakdown voltage and increases sensitivity to spurious 
surface phenomena. Recognizing this, however, it is not 
difficult to arrange the design and chip layout so that 
these resistors see only a small fraction of the total 
supply voltage. 

In conclusion 

The foregoing indicates that low-voltage circuits can 
be more complicated than conventional IC designs. 
Applying these techniques to discrete designs would be 
absurd. But this is not so for ics. The LM10, for exam-
ple, has about the same die size as an ic voltage regula-
tor. Manufacturing yield, to date, is also about equal. 
Ultimately, cost should be lower since the more expen-
sive power package is not required. E 
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Engineer's notebook  

Digital voltmeter 
has audible output 
by William S. Wagner 
Northern Kentucky University, Highland Heights, Ky. 

Using a program written for the 6800 microprocessor, 
and an appropriate interface, this system converts a, 
0-to-5-volt dc signal into an equivalent sequence of audio 
tones. Thus, the system will be particularly useful to 
visually handicapped technicians who troubleshoot logic 
circuits, as well as in applications where it is not practi-
cal to read the voltage from a standard voltmeter's 
display face. 
The voltage to be measured is converted to a series of 

tones of short duration (dits) to represent quantities 
extending from 1 to 9. The quantity 0 is represented by a 
single tone (dah) of relatively long duration. A decimal 
point is represented by a pause. Thus, for example, 2.5 v 
yields an equivalent audio output of dit-dit, pause, dit-
dit-dit-dit-dit. An 0.3-v signal yields dah, pause, dit-
dit-dit. And a 4.0-v signal generates dit-dit-dit-dit, 
pause, dah. The resolution of the measurement is about 
0.1 v. 

As implied in the figure, the 6-bit MC 1406 digital-
to-analog converter is used in a feedback loop with the 
741 operational amplifier for tone generation. The dc 
input signal is compared to the voltage t the inverting 
port of the 741. If there is a voltage 'difference, the 
digital input to the MC 1406 is adjusted, under program 
control, until the voltage difference is minimized. The 
binary word at the output of the MC 6820 peripheral-
interface adapter then represents the de voltage, and is 
converted to an audio output by the remainder of the 
program. The frequency and length of the individual 
tone, the time interval between digits, and the rate at 
which the dc input signal is sampled are all controlled by 
the software. 
The program requires 250 bytes of memory. The first 

four instructions initialize the program. The instructions 
contained between addresses 000C and 00021 comprise 
the digital-voltmeter part of the routine. Steps 0012 
through 0016 set a built-in delay in order to allow the 
analog portion of the interface sufficient time to update. 
The instructions commencing at 0018 cause the program 
to jump to the audio portion of the program (addresses 
0023 through 00A0) when the aforementioned match of 
input and d-a voltages occurs. 

In the analog part, the de voltage is converted to a 
final 6-bit binary-coded word and stored in an accumula-
tor. Each bit is checked to see whether it is a 0 or an 

MC 6800 

MICRO-
COMPUTER 

9 

PA, 
PB, 

MC 6820 PB ,, 

PERIPHERAL PB 
INTERFACE PB, 
ADAPTER 

PB, 

PB 

PB, 

17 

5 

% 7400 

15 

14 

13 
6 

12 
7 

8 

10 9 

10 

+5 V 

2.1 kS2 

12 

MC 1406 

DIGITAL-TO-
ANALOG 

CONVERTER 

_E 

VOLUME 
CONTROL 

100 pF 
1 kS2 

CALIBRATE 
CONTROL 

2.7 kS2 

1 kS2 

-12 V 

3  

100 pF 
4 j_,_ 

2.7 kS2 

AUDIO 
OUTPUT 

II 
47 pF 

+12 V 

7 

301 

-12 V 

— I'-
100 pF 

1 kl2 

100 pF 

+5 V 

741 

10 kS2 

0-5-V 
SIGNAL 
INPUT 

7 

-5 V 

1 MS2 

1N914 

1 kS2 

Potential cure. Microprocessor-based system transforms logic-range voltages into coded series of audio tones for technicians who are 

unable to observe standard voltmeters. The resolution of the measurements, limited by interface's d-a converter, is 0.1 volt. 
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6800 PROGRAM F 

Address Mnemonic 

0000 

0003 

0006 

0009 

000C 

000E 

000F 

0012 

0015 

0016 

0018 

001B 

001D 

001E 

0020 

0021 

0023 

0026 

0027 

0029 

002B 

002E 

002F 

0030 

0031 

0032 

0034 

0035 

0036 

0037 

0039 

003A 

0036 

003C 

003E 

0040 

0042 

0045 

0047 

0049 

004C 

004E 

0050 

0053 

0055 

0058 

0059 

0056 

LDX 0004 

STX 8000 

LDX FF04 

STX 8002 

LDB FF 

CLRA 

STAB 8002 

LDX 0055 

DEX 

BNE FD 

TST 8000 

BPL 06 

DECB 

ADDA 01 

DAA 

BRA EC 

LDS 00B0 

PSHA 

ANDA 70 

BGT 03 

JMP 0120 

PULA 

ASLA 

ASLA 

PSHA 

BCS OC 

PULA 

ASLA 

PSHA 

BCS OE 

PULA 

ASLA 

PSHA 

BCS 10 

BRA 13 

LDA 04 

JSR 0100 

BRA ED 

LDA 02 

JSR 0100 

BRA EB 

LOA 01 

JSR 0100 

LDAA 01 

LDX FFFF 

DEX 

BNE FD 

DECA 

R AUDIO VOLTMETER 

Address Mnemonic 

005C 

005E 

005E 

0060 

0062 

0064 

0065 

0066 

0067 

0069 

006A 

006B 

006C 

006E 

006F 

0070 

0071 

0073 

0074 

0075 

0076 

0078 

007A 

007C 

007F 

0081 

0083 

0086 

0088 

008A 

008D 

008F 

0091 

0094 

0096 

0099 

009A 

009C 

009D 

009F 

00A0 

00A3 

0100 

0101 

0104 

0106 

0109 

0106 

BNE F7 

PULA 

PSHA 

ANDA FO 

BEQ 3F 

PULA 

ASLA 

PSHA 

BCS 11 

PULA 

ASLA 

PSHA 

BCS 13 

PULA 

ASLA 

PSHA 

BCS 15 

PULA 

ASLA 

PSHA 

BCS 17 

BRA 1A 

LDA 08 

JSR 0100 

BRA E8 

LDA 04 

JSR 0100 

BRA E6 

LDA 02 

JSR 0100 

BRA E4 

LDA 01 

JSR 0100 

LDAA 02 

LDX FFFF 

DEX 

BNE FD 

DECA 

BNE F7 

PULA 

JMP 000C 

JMP 0140 

PSHA 

LDX OOFF 

ORAB 7F 

STA 8002 

LDAA 25 

DECA 

Address Mnemonic 

010C 

010E 

010F 

0111 

0112 

0114 

0117 

0118 

011A 

0116 

011C 

011E 

0120 

0123 

0125 

0128 

012A 

012B 

0120 

012E 

0130 

0131 

0133 

0134 

0135 

0136 

0137 

0138 

0139 

0140 

0143 

0145 

0148 

014A 

014B 

014D 

014E 

0150 

0151 

0153 

0154 

0155 

0156 

0157 

0158 

0159 

BNE FD 

DEX 

BEG 03 

COMB 

BRA FO 

LOX 1FFF 

DEX 

BNE FD 

PULA 

DECA 

BNE E2 

RTS 

LDX 03FF 

ORAB 7F 

STAB 8002 

LDAA 25 

DECA 

BNE FD 

DEX 

BEG 03 

COMB 

BRA FO 

PULA 

ASLA 

ASLA 

ASLA 

ASLA 

PSHA 

JMP 0053 

LDX 03F F 

ORAB 7F 

STAB 8002 

LDAA 25 

DECA 

BNE FD 

DEX 

BEG 03 

COMB 

BRA FO 

PULA 

ASLA 

ASLA 

ASLA 

ASLA 

PSHA 

JMP 0094 

integer from 1 to 9, so that it can be determined if short 
or long tones are to be produced by the dit and dah 
subroutines, respectively. The instructions commencing 
at 0053 sets a time interval between the processing of the 
first and second integers of the measured voltage, and 

the instructions starting at 0094 set the time interval 
between readings, or samples. 
The actual short-tone subroutine extends from 

addresses 0100 to 011E. The instructions specified from 
0101 to 010F determines the length and frequency of the 
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short tones. Addresses 0114 through 0118 set the time 
interval between dits. 
There are two subroutines for the generation of long 

tones. One is called (address 0120) when the first integer 
of the voltage measured is 0. The second is called (0140) 

where the second integer is 0. Both contain instructions 
for setting the length and frequency of the long tone. III 

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids. measurement and test techniques, and other ideas for 
saving engineering time or cost. Well pay $50 for each item published. 

Calculator notes  

TI-59 converts s coefficients 
into two-port net parameters 
by G. Papaioannou 
Physics Laboratory, University of Athens, Greece 

The two-port scattering (s) coefficients that are so 
important in characterizing the small-signal behavior of 
microwave circuits are easily translated into their popu-
lar y, z, g, and h parameter counterparts with this TI-59 
program. The program also performs the reverse conver-
sions—that is, from the y, z, g and h parameters to the s 
coefficients. 

Using the s parameters is advantageous at high 
frequencies for two reasons. First, the parameters of a 
two-port network are more appropriately related to the 
measurement of the incident and reflected waves of a 
device having a specified input and output impedance 
than to the measurement of admittances and imped-
ances. Second, it is difficult to determine the y, z, g, and 
h parameters at high frequencies, because finding the set 
of four values required to characterize each parameter 
involves the absolute short-circuiting and open-circuiting 
of either the input or output port—conditions difficult to 
achieve in the microwave region. Still, engineers often 
desire to know the conventional parameters at high 
frequencies, and vice versa, and this program has been 

developed to aid them on those numerous occasions. 
Given the known parameters A, of a two-port, four-

terminal circuit, where i and j may equal 1 or 2, corre-
sponding to the two input leads and two output leads of 
the device under test, the program solves the complex 
(real and imaginary term) matrix for the desired M 
parameter: 

Mil = c[(2/D)(1 +aA 22)— 1] 
M 12 = c(2/D)A l2 
M21 = cde(2/13)A21 
M 22 = bd[(2/D)(1 +aeA ll)— 1] 

where constant a through constant e vary with the type 
of conversion being performed (see table), and where 
D = (1 + aeA ll )(1 + aA 22)— eAl2A21. This set of equa-
tions in A is valid for the y, z, g, and h parameters if 
they are normalized to Zo, the output impedance of the 
circuit whose characteristics are represented by the s 
parameters. The normalizing of the conventional param-
eters must take place before the conversion to the s 
parameters is carried out. The required normalization 
formulas are shown in the table (right). 

In order to check the program, consider the conversion 
of the z parameters to the s parameters, where 
Z11 = 1009 + j5052, Z12 = 200 + j50, Z21 = 200 + j0, and 
Z22 = 400 +j400 at Zo = 50 ohms. Keying in the 
required information as instructed, keeping in mind to 
divide all Z„ by Zo before entering, yields sil = 
0.391 +j0.558, sl2 = 0.096 — j0.266, s21 = 0.028 — j0.273 
and s22 = 0.911 +j0.198. 

CONVERSION OPERATORS AND PARA/V1ETER NORMALIZERS 

Transformation 
a b 

Constant 

c d e 
Zn Y, G, H, 

s — y 1 1 -1 1 1 

Z11 = 

z,2 = 

Z21 - 

Zi1/ZO 

Z1220 

Z21 /ZO 

1,11 = Yll ZO 

Y12 = V,2 Z0 

Y21 = V21 ZO 

911 = G11 ZO 

912 = G12 

921 = G21 

h11 = 

h12 = 

h21 - 

H11 ZO 

H12 

H21 

S •-• 1 1 1 1 1 1 

s - g 1 1 1 -1 -1 

s — h 1 1 1 1 - 1 

y -• s 1 1 -1 1 1 

1 -1 1 1 1 

g - s -1 1 -1 1 -1 

Z 22 = Z22 20 Y22 = Y22 ZO 922 = G2220 h22 = H22 Z0 

h - s 1 -1 1 -1 1 
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TI -59 PROGRAM FOR TWOP •RT PARAMETER CONVERSION 

000 LBL 
001 A' 
002 R'S 
003 
004 RCL 
005 00 
006 
007 RCL 
008 19 
009 
010 1 
011 
012 STO 
013 05 
014 STO 
015 01 
016 R/S 
017 
018 RCL 
019 00 
020 x 
021 RCL 
022 19 
023 
024 STO 
025 06 
026 STO 
027 02 
028 RS 
029 
030 RCL 
031 00 
032 + 
033 1 
034 
(35 STO 
036 07 
037 STO 
038 03 
039 R'S 
040 x 
041 RCL 
042 00 
1)43 
044 STO 
045 08 
046 STO 
1)47 04 
1)48 PGM 
049 04 
050 C 
051 STO 
1)52 09 

053 xt 
054 STO 
055 10 
056 R 
057 STO 
058 11 
059 STO 
060 01 
061 RS 
062 STO 
063 12 
064 STO 
065 02 
066 R 
067 STO 
068 13 
069 STO 
070 03 
071 R/S 
072 STO 
073 14 
074 STO 
075 04 
076 PGM 
077 04 
078 C 
079 
080 RCL 
081 19 
082 = 
083 INV 
084 SUM 
085 09 
086 x t 
087 
088 RCL 
089 19 
090 
091 INV 
092 SUM 
093 10 
094 RCL 
095 09 
096 STO 
097 01 
098 RCL 
099 10 
100 STO 
101 02 
102 PGM 
103 05 
104 E 
105 

106 2 
107 
108 STO 
109 03 
110 x;:t 
111 x 
112 2 
113 = 
114 STO 
115 04 
116 RCL 
117 07 
118 STO 
119 01 
120 RCL 
121 08 
122 STO 
123 02 
124 PGM 
125 04 
126 C 
127 
128 1 
129 = 
130 X 
131 RCL 
132 16 
133 = 
134 FI /S 
135 xt 
136 
137 RCL 
138 16 
139 --
140 R 
141 RCL 
142 11 
143 STO 
144 01 
145 RCL 
146 12 
147 STO 
148 02 
149 PGM 
150 04 
151 C 
152 
153 RCL 
154 17 
155 = 
156 R/S 
157 5:1 
158 • 

159 RCL 
160 17 
161 = 
162 R/S 
163 RCL 
163 13 
165 STO 
166 01 
167 RCL 
168 14 
169 STO 
170 02 
171 PGM 
172 04 
173 C 
174 
175 RCL 
176 17 
177 X 
178 RCL 
179 18 
180 Y 

181 RCL 
182 19 
183 
184 RS 
185 x t 
186 
187 RCL 
188 17 
189 
190 RCL 
191 18 
192 
193 RCL 
194 19 
195 = 
196 RS 
197 RCL 
198 05 
199 STO 
200 01 
201 RCL 
202 06 
203 STO 
204 02 
205 PGM 
206 04 
207 C 
208 
209 1 
210 
211 

212 RCL 
213 16 
214 X 
215 RCL 
216 18 
217 
218 RS 
219 x t 
220 
221 RCL 
222 16 
223 x 
224 RCL 
225 18 
226 =-
227 R/S 
228 LBL 
229 A 
230 SBR 
231 E 
232 GTO 
233 A' 
234 LBL 
235 B 
236 SBR 
237 E 
238 EXC 
239 00 
240 EXC 
241 17 
242 GTO 
243 A' 
244 LBL 
245 C 
246 SBR 
247 E 
248 STO 
249 00 
250 STO 
251 18 
252 STO 
253 19 
254 GTO 
255 A' 
256 LBL 
257 D 
258 SBR 
259 E 
260 EXC 
261 19 
262 EXC 
263 17 
264 GTO 

265 A' 
266 LBL 
267 8' 
268 SBR 
269 E 
270 EXC 
271 16 
272 EXC 
273 17 
274 GTO 
275 A' 
276 LBL 
277 C' 
278 SBR 
279 E 
280 STO 
281 00 
282 STO 
283 19 
284 GTO 
285 A' 
286 LB ) 
287 D" 
288 SB • 
289 E 
290 STO 
291 16 
292 EXC 
293 18 
294 STO 
295 17 
296 GTO 
297 A' 
298 LBL 
299 E 
300 1 
301 STO 
302 00 
303 STO 
304 16 
305 STO 
306 18 
307 STO 
308 19 
309 e 
310 STO 
311 17 
312 INV SBR 

Registers 

Ro a 

R16 

R17 

R18 d 

11 19 

Labels 

A s y 

B 8-.2 

C S --. g 

D s — h 

a-e coefficient E subroutine 

A' main program 

13' z — s 

C, g — s 

D' h — s 

Instructions 

• Key in program 

• Select the conversion desired and press the corresponding label key 

A program subroutine will set the appropriate values for constants a-e (see accompanying table). Note that one key 
serves for the s y and y — s transformations; constants a-e are identical. 

• Enter real and imaginary components of known parameters 

R), R,S, Ir fi.S,(A22 R ), R,S, (,4221), RS, (A F), R S, (,4121), RS, (A21 R), R S, (A21 1), R S 

Parameters z, y, g, and h must be normalized before they are entered (see accompanying table) 

• Real part of MI1 will be calculated and displayed. 

Press R/S to recover M,1 t. The remaining parameter components will be displayed in the arder M12, M21, M22 
each time R/S is pressed. 
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Engineer's newsletter 
Getting started 

in custom ICs 

Test Jig simplifies 

amplifier testing 

"No experience necessary," says educational projects manager Bob Simp-
son of Interdesign Inc.'s integrated-circuit design course. He claims the 
course will allow engineers outside the semiconductor industry to design 
their own custom ics and set them up for specific applications. The 
company spent more than a year and a half preparing the material, which 
consists of text, 10 self-contained audio-visual lectures, and three technolo-
gy kits (c-mos, bipolar, and one on linear and n-mos devices). At $975, 
it's not something the individual engineer will buy but it's a good deal for 
company purchase or lease at $100 per week. Contact Bob at 1255 
Reamwood Ave., Sunnyvale, Calif. 94087, or call him at (408) 734-8666. 

Testing amplifiers for compliance with the data sheet is hard enough 
without having to put together a base plate for the heat sink, banana jacks 
for the power supply connections, pin sockets for connection to the 
amplifier's pins, and other bothersome trivia. TRW RF Semiconductors is 
offering a $39 test fixture dubbed "The Demonstrator" to save you the 
trouble. The kit, which includes a sample wide-band high-power hybrid 
amplifier, fits the TRW 28XX series and the Motorola MHW series, 
according to TRW applications engineer Don Feeny. Call him about the kit 
at (213) 679-4561 or write TRW RF Semiconductors, 14520 Aviation 
Blvd., Lawndale, Calif. 90260. 

Get hot on With high-density packaging finding its way into nearly every electronic 
system, it's important to keep up with the latest techniques for soldering 

printed-circuit printed circuits and microminiature assemblies. One way would be to 
soldering attend the Illinois Institute of Technology's 14th Annual Soldering Tech-

nology Seminar held April 30 through May 2 at the McCormick Inn in 
Chicago. The three-day seminar, conducted by Howard Manko, author of 
"Solders and Soldering," will cost $335. His subjects will include the 
physics of wetting, the chemistry of fluxes, electrical and mechanical 
design, printed-circuit troubleshooting, inspection, and quality, and special 
considerations for soldering hybrids. For registration and hotel information 
call (312) 567-3300 or write the program chairman, Soldering Technology 
Seminar, Department of Electrical Engineering, Illinois Institute of Tech-
nology, Chicago, Ill. 60616. 

Finding the right ion In ion implantation, an ion beam is directed at a wafer of single crystal 
silicon to produce controlled deposits of dopants. High-yield semiconduc-

Implantation angle tor or lc production demands precise calculation of implantation "channel-

ing" —the phenomenon by which ions are steered through the crystal by 
collisions with its atoms. The angle at which the ion beam strikes the 
substrate strongly influences ion channeling. 

Information about the relation between ion beam angle and the atomic 
number and energy of the ions has only been available for older implanta-
tion types. But now a National Bureau of Standards publication sponsored 
by the Defense Advanced Projects Research Agency can bring you up to 
date with current laboratory practice. Send $2.50 for "Angular Sensitivi-
ty of Controlled Implanted Doping Profiles" (number SD-003-003-01997-
6) to the Superintendent of Documents, U. S. Government Printing 
Office, Washington, D. C. 20402. Add 65 cents for delivery abroad. 

Harvey J. Hindin 
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Tektronix expands graphics system line 
New units in 4050 family use bipolar bit-slice microprocessor 

to increase speed up to 30 times over 6800-based 4051 

by Robert Brownstein, San Francisco regional bureau 

Aiming to offer greater resolution for 
an ever-widening applications base 
while simultaneously topping the 
competition, Tektronix is expanding 
its single, desktop graphics comput-
ing system into a line of three. It is 
adding models 4052 and 4054 to its 
popular four-year-old model 4051. 

In a market for desktop computers 
that is growing fast — (about 40% 
per year according to Venture Devel-
opment Corp.'s 1978 estimate) — 
Tektronix sees the three products 
satisfying a broad range of user 
requirements from low-cost graphic 
systems to high-end systems. Their 
particular strengths are for applica-
tions geared to research, engineering 
design, and management reporting, 
according to Howard Mikesell, gen-
eral manager of the information 
display division of the company. 
The 4051, which was introduced 

in November 1975, uses a 6800 
microprocessor, imposing certain re-
strictions on the new system because 

the designers had software compati-
bility among the three systems as an 
important design goal. On the other 
hand, they also wanted to increase 
system speed in the new units. 
"What really slows down systems 

like the 4051 are floating-point 
numerics and transcendental func-
tions, which are prominent in line 
transformations," explains Gary P. 
Laroff, product marketing manager. 
The 6800, with its fixed instruction 
set, is not the most efficient tool for 
computing these functions. There-
fore Tek chose to redesign the entire 
system using a fast 16-bit bipolar 
bit-slice processor that emulates the 
instruction set of the 6800. Their 
design employs four 4-bit 2901s. 

Unlike the metal-oxide-semicon-
ductor 6800, the new processor has 
its transcendental functions and 
floating-point instructions in its mi-
crocode. The result, in some cases, is 
that programs can run up to 30 
times faster on the 4052 than on the 

4051, according to Laroff. Needless 
to say, the new systems also beat the 
tar out of competitive systems built 
around mos microprocessors. 

Having taken care of the speed 
problem, the designers next shifted 
their attention to the resolution 
arena. Whereas the $9,800 4052 
looks exactly like the $5,995 4051 
(both have 11-inch screens) and is 
easily mistaken for its lower per-
formance relative, the $16,500 4054 
with its 19-inch screen and cursor 
thumbwheels is immediately distinc-
tive. The large screen makes a differ-
ence in resolution, too. "There are 
about 300,000 resolvable points in a 
typical desktop raster-scan graphics 
system compared to 13 million for 
the 4054," Laroff points out. 

What's more, the larger screen 
accommodates up to 133 lines of 
text, which means a user can preview 
whole pages of computer printout on 
the screen—a first in desktop sys-
tems. Instead of a dot-matrix char-

Fratenal twins. Although the units are nearly identical externally, the processor in the 4052 is totally redesigned, replacing the 4051's 6800 

with a bit-slice emulation. As a result, the former is much faster than the latter yet retains software compatibility. 
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When are you going to get your very 
own, personal subscription to Electronics? 

It could be very important to you. 
And we're not just referring to your status in the 
office hierarchy 

You ( and we ) are in a quick-moving 
business. News breaks frequently Change is the 
name of the game. Awareness is the way to win. 

You've got to follow what's going on 
beyond your specialty Your career may have to 
last longer than your specialty. 

If change is the game, obsolescence is 
the penalty for losing. Obsolescence of products, 
of technology and, unfortunately, of people. We 
can't change this fact. But we can help you cope 
with it. 

Give us one hour of reading 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 

Move up. Fill out one of the subscrip 
Lion postcards in this issue. 

Bowman new analog APM-100 
It gives you what other 
panel meters don't 
There is no other panel meter like our new 
APM-100. The LED bargraph display can be lit 
from zero to full 3" scale with 2.5 msec response 
and 1% resolution. High input impedance - well 
in excess of needle APM's. High reliability. 
Completely solid state; immune to vibration, 
sticking, and over-travel. No high voltages, no 
blurred numbers. Overrange and underrange 
indicators. Full scale and zero adjust. Center 
zero, differential input, autopolarity and 
brightness control options. New. Unique. Smart, 
trim design. Great way to design your panels for 
up-to-the-minute styling. Space saving, too. 
Send for complete information on our new 
APM-100. It gives you what the others don't! 
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Rugged, easy-to-mount. 
14 standard ranges; 8 scales 
Custom scales available. 
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New products 

acter generator like that used in the 
two smaller systems, the 4054 
features a vector character genera-
tor. The quality of the characters is 
better and more fonts are available. 

Both the 4051 and 4052 have 
constant-time vector generators; it 
takes the same time to draw a short 
vector as it does to draw a long one. 
In contrast, the 4054 has a constant-
rate generator. Its ability to draw 
short vectors faster adds up to a 
significant overall improvement in 
drawing speeds, according to Laroff. 

Like the 4051, the new systems 
come equipped to interface with 
other accessories such as X-Y plot-
ters or printers via the IEEE-488 
general-purpose interface bus, but 
they do it three times faster. A user 
can buy an optional serial interface 
and here, too, the communications 
rate is given a boost: the 2,400-
bit/second maximum rate of the 
4051 is now pushed up to maximum 
of 9,600 b/s in the option for both 
new units. 
System memory capacity is en-

larged from the standard 8 kilobytes 
of read/write memory in the 4051 to 
32 kilobytes in both the 4052 and 
4054. Both may be expanded to 56 
kilobytes with add-in options., ac-
cording to Laroff. Read-only memo-
ry packs for binary loading and 
matrix commands that are optional 
for the 4051 are included in the 
firmware in the new systems. 

All three systems will run the full 
selection of Plot 50 software, includ-
ing Tek's new modeling and report-
ing software, which allows users to 
work in English-like statements, 
store data in matrix format, and 
construct a model for problems like 
budget analysis, key performance 
indicators, and profit planning. Re-
ports with graphics to spotlight data 
trends are then quickly constructed 
by running the model as a program. 

Both the 4052 and 4054 are avail-
able for lease as well as for sale. The 
prices given on the previous page 
apply to small quantities. In addi-
tion, the usual large-quantity dis-
count and original-equipment-manu-
facturer terms apply. 
Tektronix Inc., P. O. Box 500, Beaverton, 

Ore. 97005 [338] 



New products 

Chip handles I/O channel 
Monolithic device implements common mainframe technique 

for Intel's 8086 and other high-performance microprocessors 

by William F Arnold, San Francisco regional bureau manager 

The input/output channel so popular 
in boosting the systems performance 
of large mainframe computers has 
been adopted by Intel Corp. for its 
16-bit 8086 and other high-perform-
ance microprocessors. To be avail-
able in sample quantities during the 
second quarter, the 8089 input/out-
put processor, or 10P, as it is called, 
is the first 1/0 controller of its kind 
for microprocessors to be designed 
on a single chip. 

Eight-bit microprocessor systems 
commonly employ direct-memory-
access controllers to swap data 
between system memory and high-
speed peripherals. But these control-
lers typically cannot handle the 
throughput, power, and control func-
tions of the newer 16-bit processors, 
says Intel product manager Bruce 
McCormick. Even tying a separate 
microprocessor to the DMA control-
ler does not help the situation much 
either, he adds. 
No interruptions. Intel designed 

the 8089-device as a bus-compatible 
peripheral controller dedicated to 
input/output handling that works in 
real time and in parallel with the 
8086 without interrupting it, 
McCormick says. 
"Suppose the host CPU requires 

vo. It 'wakes up' the 8089, which 
picks up the ho program it's going 
to need from memory. Then, under 
control of that program, it sets up 
the peripherals, does the direct mem-
ory access, data conversion, and 
comparison, and then lets the host 
CPU know it's finished," he explains. 
One 8089 can control, for exam-

ple, a floppy disk and keyboard, as 
well as a cathode-ray-tube's display 
memory and refreshing. Managing a 
CRT can take 20% of a processor's 

time—time the 8086 can now devote 
to other, more important tasks, he 
points out. 
The single-chip 8089, made with 

Intel's advanced metal-oxide-semi-
conductor process, HMOS, "is ad-
dressing a need in a way it's never 
been addressed before in microcom-
puters," McCormick declares. 
The Santa Clara, Calif., company 

has high hopes for the chip in appli-
cations involving things like indus-
trial control, text editing, word 
processing, and communications 
control. To complement the 8086's 
multiprocessing orientation, "you 
can group 10PS together in modules 
of two for almost any number of iio 
channels you want," he says. 

Speed. To make sure that the 8089 
is fast enough as a DMA controller, 
Intel designed it with two fast 
speeds, a 5-MHz version with a DMA 
transfer rate of 1.25 megabytes per 
second, and due later, an 8-MHz part 
with a 2-megabyte/s rate. For 
larger systems, where the 8086 and 
8089 would share the system bus, 
Intel has developed a bipolar 8289 
bus-arbitration unit to act as a traf-
fic cop. In this configuration, the 
8089 would have a program of up to 
64 kilobytes, accessible through its 
own local bus. In some smaller 
systems, it would use the 8086's 1 
megabyte of system memory and 
thus share the same bus. 
The 8089, an approximately 240-

mil-square die in a 40-pin package, 
can interface with either 8- or 16-bit 
units on either its local bus or the 
system bus. Included also is a power-
ful instruction set that includes bit-
manipulation instructions. 
Intel Corp., 3065 Bowers Ave., Santa Clara, 

Calif. 95051 [339] 

Get your 
1978 EBG 
while 
they last. 
1979 edition 
not available 
until June. 

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. 

Electronics Buyers Guide 
1221 Ave. of the Americas 
New York, N.Y. 10020 
Yes, please send me _ copyties) of 
1978 EBG. 
I: I've enclosed $25 per copy delivered in the 
USA or Canada. 
D I've enclosed $35 per copy for delivery 
etsevihere ($,17 if shipped by Air) F.,11 ihrhciy - 
back guarantee if returned in 10 days 
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PBS-Series 

horizontal 
mounting 
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ushbutton switc 
ility of Centralab 

witch systems. 
on-lighted switch 

panel mounting; si 

assemblies with 1 
2-4-6 or 8 pole d 

push-pull, morne 

operation with loc options; silver or 
gold contacts; epoxy sealed terminals; 
and a variety of switch housing materials. 
An outstanding choice of other options 
include buttons, colors, lenses, filters and 

legends. 
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ular pushbutton 

find lighted and 
pc board or front 

.station or ganged 

25mm spacings; 
for push-push, 

or interlocking 

r comprehensive catalog will show you 
how to expand your horizon of choice with 
Centralab pushbutton switches. For a 

copy, or for application assistance, call 
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GLOBE-UNION INC. 
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... call your Centralab 
Sales Representative 

ALABAMA 
Huntsville 
Cartwright & Bean, Inc 
(205) 533-3509 
ARIZONA 
Phoenix 
Clemick-Neenan & 
Assoc. 
(602) 279-7649 
CALIFORNIA 
Palo Alto 
Brooks Technical Group 
(415) 328-3232 
Sherman Oaks 
Clemick-Neenan & 
Assoc. 
(213) 990-3150 
Tustin 
Clemick-Neenan & 
Assoc. 
(7141 547-0966 
COLORADO 
Denver 
Electro-Rep. Inc. 
(303) 744-2821 

CONNECTICUT 
Meridian 
Centrelab 
1203) 235-0766 
FLORIDA 
Ft. Lauderdale 
Cartwright & Bean, Inc. 
(305) 735-4900 
Orlando 
Cartwright & Bean, Inc. 
(305) 422-4531 
GEORGIA 
Atlanta 
Cartwright & Bean, Inc. 
(404) 255-5262 

HAWAII 
Honolulu 
Dougherty Enterprises 
1808) 847-4144 
ILLINOIS 
Des Plaines 
Centrelab 
(312) 634-4870 
INDIANA 
Indianapolis 
Les M. DeVoe Co. 
(317) 842-3245 
IOWA 
Cedar Rapids 
Jerry Vrbik Co. 
(319) 366-8733 
KANSAS 
Shawnee Mission 
Lowell-Kangas & 
Assoc. 
(913) 631-3515 

LOUISIANA 
Metairie 
Cartwright & Bean, Inc. 
(504) 834-2350 
MARYLAND 
Columbia 
Bresson Assoc Inc. 
(215) 664-6460 
Towson 
Bresson Assoc. Inc. 
(215) 664-6460 
MASSACHUSETTS 
Needham 
Centrelab 
(617) 444-4781 

MICHIGAN 
Lathrup Village 
Centrelab 
(3131 559-9095 
St. Joseph 
Centrelab 
(6161 983-0233 
MINNESOTA 
Minneapolis 
Centralab 
(612) 831-5212 
MISSISSIPPI 
Jackson 
Cartwright & Bean, Inc. 
(601) 981-1368 

MISSOURI 
St. Louis 
Lowell-Kangas & 
Assoc. 
(314) 821-4050 
NEW JERSEY 
Paramus 
Centrelab 
(201) 262-6716 

NEW YORK 
Albany 
Reagan/Compar Albany 
(518) 489-7408 
Endwell 
Reagan/Compar Albany 
(607) 723-8743 
Fairport 
Reagan/Compar Albany 
(716) 271-2230 
New Hartford 
Reagan/Compar Albany 
(315) 732-3775 
NORTH CAROLINA 
Charlotte 
Cartwright & Bean, Inc. 
(704) 377-5673 
Raleigh 
Cartwright & Bean, Inc. 
(919) 701'6560 
OHIO 
Cleveland 
Centrelab 
(216) 526-1205 
Columbus 
Centrelab 
(614) 888-2150 
OREGON 
Portland 
Centrelab 
(503) 620-1611 

PENNSYLVANIA 
McMurray 
Centrelab 
(412) 941-7440 
Narberth 
Bresson Assoc. Inc. 
(215) 664-6460 
TENNESSEE 
Knoxville 
Cartwright & Bean, Inc. 
(615) 693-7450 
Memphis 
Cartwright & Bean, Inc. 
(901) 276-4442 

TEXAS 
Austin 
Centrelab 
(512) 454-9529 
El Paso 
Centrelab 
(915) 779-3961 
Farmers Branch 
Centrelab 
(214) 243-8791 
VIRGINIA 
Lynchburg 
Bresson Assoc. Inc. 
(215) 664-6460 
WASHINGTON 
Bellevue 
Centrelab 
(206) 454-7754 

WISCONSIN 
Milwaukee 
Centrelab 
(414) 228-2122 

PUERTO RICO 
Santurce 
E. Franceschini Assoc. 
(809) 726-0225 
CANADA 
BRITISH COLUMBIA 
North Vancouver 
Arwin Tech Sales Ltd. 
(604) 980-4346 
ONTARIO 
Ajax 
McHugh Electronics 
Ltd. 
(416) 683-1540 
QUEBEC 
Ste. Dorothee Laval 
Harnett Enterprises 
(514) 689-4184 

New products 

Computers & peripherals 

Printer churns out 
up to 150 c/s 

Using a 9-by-18-dot matrix, 

unit quickly produces 

letter-quality ibrintouts 

Throughput rates on word processors 
aren't what they could be, to say the 
least. Text generation is done in a 
snap, but waiting for the printout 
can seem like an eternity. Centronics 
Data Computer Corp., however, 
promises to change that situation 
with a dot-matrix printer that can 
knock out 130 to 150 characters per 
second while producing nearly letter-
quality copy. 

"Letter-quality printing is what a 
lot of people want from a word-
processing system," notes Richard J. 
Buba, product marketing manager, 

"and we're supplying the end user 
with it at five times the speed and 
about half the cost of current daisy-
wheel printers." 
The microprocessor-based model 

753 uses a nine-pin printing head to 
produce a software-controlled dot 
matrix that is 9 dots high and up to 
18 dots wide. Since each letter is 
printed in this format, the dots are so 
close together that they seem to 
overlap, practically eliminating the 
white space between them, which is 
so obvious with other printers. 
The 753 offers a choice of uniform 

or proportional spacing. Right-
margin justification is also available. 
With proportional spacing, the print-
er adjusts the horizontal space allo-
cated to each letter depending upon 
the letter's width, just like the print 
on this page. With uniform spacing, 
the space occupied by each letter is 
constant, as with a standard type-
writer. 

Other product features include: a 
96-member ASCII character set, 
132-column printing, bidirectional 
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MIME 
COMMERCIAL  

2 to 30kV, 3 to 30 watts. 
High voltage power supplies. 
Custom flyback transformers. 

MILITARY 
• 

Mil grade units for ground, 
ship and aircraft. 

L.V. / H. V. COMBO'S 
• 

High voltage power supplies 
combined with a multiple 
output low voltage switcher. 

SPECIALS 
• 

Miniature and sub-miniature 
high voltage power supplies 
to 20kV. Ultra stable or ultra 
low ripple designs. 

Send for Data Package on 
standard product lines, or 
call Factory for technical 
assistance. 

PTK Corporation 
1173 Los Olivos Avenue 
Los Osos, CA 93402 
1805/ 528-5858 

H I G   VOLTA71 
FOR VIRTUALLY ALL CRT APPLICATIONS 

C-100 Series 

MAJOR FEATURES: 

• Low Cost • 2 to 22kV at 10W. 

• Excellent Transient Performance 

• Focus and G1 Bias Voltages to ± lkV. 

• Standard Input +26V ± 10% 

• Demonstrated MTBF > 100,000 hours 

• UL Recognized for Medical Applications 

• Input, Output, Mounting and Connector 

Options Available. 

• 3 YEAR WARRANTY 
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THINK 
BAUSCH & LOMB 
RELIABILITY 
Since BAUSCH & LOMB introduced the first zooming 
stereo microscopes in 1959, more and more people all 
over the world have selected and used StereoZoom" 
microscopes than any other instruments of their kind. 
And for good reasons .. . like an optimum balance of 
resolution and depth of field from precision optics and 
highly reliable mechanical components; unmatched 
variety of illuminators, stands, and accessories; 
precise photomicrographic exposure capabilities; as 
well as dependable, time-tested construction. The 
StereoZoom microscope is the one instrument you can 
rely on to help you do your job better year after year. Find 

out which StereoZoom microscope is 
best suited to handle the job for you. 
Write or call BAUSCH & LOMB for a 
detailed StereoZoom microscope 
catalog or a personal demonstration. 
THINK BAUSCH & LOMB. .. the name 
in reliable microscopes since 1874. 

BAUSCH & LOMB Ci 
Scientific Opucal Products Division 
ROCHESTER NEW YORK 14602 USA 
716.338.6000. TWX 510.253.6189 
TELEX 97.8231 CABLE BAUSCH & LOMB 

BAUSCH 
StereoZoom 

ANNIVERSARY 

In CANADA BAUSCH 8 LOMB Canada Ltd 
2001 Leslie St 
Don Mills. M3B2M3. Ontario. Canada 
(416) 447-9101 
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lenses are of the fresnel type and 
have either regular or low-profile 
front-panel projections. At 20 mA, 
they have a minimum average life-
time of 10 years. 

In quantities of 100 or more, stan-
dard LEDs are priced at $2.93 apiece. 
Delivery takes three to five weeks. 
Data Display Products, 303 North Oak St., 

Inglewood, Calif. 90301. Phone (213) 677-

6166 [346] 

IREDs offer up to 60 mW 

in any of four packages 

The HLP20-60 series is composed of 
infrared-light-emitting diodes 
(IREDs) housed in any of the four 
packages shown. Models of the 
gallium-aluminum-arsenide units, 
which have hemispherical emitting 
surfaces, can provide up to 60 mw of 
output power, and any wavelength 
between 715 and 950 nm can be 
ordered. 

The IREDs have a power efficiency 
of over 18%, rise and fall times of 
less than 12 ns, and bandwidths to 
40 MHz. Delivery is from stock to 
eight weeks. Details on other advan-
tages of GaAlAs IREDs over GaAs 
units are covered in the HLP series 
application manual. 
Hitachi America Ltd., 707 West Algonquin 

Rd., Arlington Heights, III. 60005 [345] 

Data 
Communications 
Standards 

1133 pages 
Edited by 
larold C. Folts, 
)ata Communications 

Standards Consultant 
and 
Harry R. Karp, 
Editor-in-Chief 
Data Communications 
Magazine 

Presents all 89 relevant standards 
promulgated by: 

• consultative Committee for International Telephone and 
elegraph (CCITT) 

• International Organization for Standardization (ISO) 

• American National Standards Institute (ANSI) 

• Electronic Industries Association (ER) 

• Federal Telecommunications Standards Committee 
(F'I'SC) 

Phis... descriptions of the standards groups 
relational charts of interfacing standards 

Order today using this coupon! 

Return coupon to: 
Data Communications Standards 
P.O. Box 669 
Hightstown, New Jersey 08520 

Send me copy (copies) of DATA COMMUNICA-
TIONS STANDARDS (099782-9) on a 10-day money-back 
guarantee. I understand that if I am not absolutely satisfied, 
I may return the book(s) within ten days at no further obliga-
tion. Otherwise. McGraw-Hill will bill me S1ó5. for each copy, 
plus applicable sales tax, shipping and handling charges. 

SAVE MONEY! Enclose payment in full, plus local sales tax, and 
McGraw-Hill pays all regular shipping and handling charges. 
Ten-day money-back guarantee still applies. 

Check enclosed  Bill me 

Bill my company  Company 
purchase order # 

Name   

litle   

Company  

Address  

City State Zip  

"his otter subject to acceptarce by McGraw-Hill ELV 
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New products 

Packaging & production 

Versatile inspector 
sells for $22,900 

Z80-based analog IC tester 

performs like costlier units, 

is easily programmed 

GenRad has been strong in incoming 
testing since the early 1970s. Now 
the company may have scored a 
major price-performance break-
through with the introduction of its 
model 1731, a microprocessor-based 
analog integrated-circuit tester that 
sells for $22,900. About twice the 
price of a typical benchtop tester, the 
1731 compares in accuracy, flexibili-
ty, and breadth of capability with 
large testers costing four to six times 
more, according to the company. 
With a Z80 microprocessor run-

ning the tests and a 6502 controlling 
the cartridge tape system, the 1731 
offers: 
• Software that permits fast, com-
prehensive testing of 3,000 to 5,000 
different analog devices (ranging 
from operational amplifiers, voltage 

comparators, regulators, and voltage 
followers to current-mirror op 
amps). Up to 20 tests per device can 
be made in from one-half to three 
seconds. 
• Prompting that enables un-

skilled personnel to make exact 
quantitative tests in addition to 
simpler evaluations. 
• Data logging, through IEEE-488 
and teletypewriter ports, and statisti-
cal analysis by external computer. 
• Self-test and diagnosis to mini-
mize downtime and modular con-
struction to speed repair. 
• Test fixtures, at one-sixth the cost 
of other available units, that can be 
wired for the user in 15 minutes to 
one hour. 
• A proprietary slew-rate test meth-
od that makes measurements of 
1,000 vigs possible. 
• Current-sensing protection of 
fragile metal-oxide-semiconductor 
input devices. 
• Provision for automatic device 
handling. 
• Growth potential for testing other 
analog devices. 
Comparing the 1731 with units 

priced in the hundred-thousand-
dollar range, William Kabele, pro-
ject manager of the Electronic 
Instrument division, reasons that 

while the overall throughput may 
not be as great, one half to three 
seconds per device is more than 
adequate for incoming tests. "You 
can buy a lot of 1731's for what one 
of the larger systems cost," he adds. 

Easy operation. With a calculator-
like keyboard, users step from one 
program section to another during 
initial set-up. For example, following 
a GenRad-supplied program sheet 
and watching the display, a user 
presses the device-select key and 
keys in identifying data from the 
program sheet for the unit to be 
tested. He then selects his sorting 
requirements and keys the test 
conditions: up to eight different sets 
of supply voltages, loads, and source 
impedances. 

Using another menu, the user 
selects specification or performance 
limits for up to 20 device character-
istics—from offset voltage to power 
supply rejection ratio. Again, this 
data is taken from a supplied 
program sheet or, as with test condi-
tions, is tailored to suit the applica-
tion. Once this information is keyed 
in by, for example, a supervisor, test-
ing is a simple matter of inserting a 
device, pushing a button, and remov-
ing the unit—a process that can be 
totally automated with the addition 
of handling equipment. 

Users have a choice of a simple 
pass-fail display or of a thorough, 
quantitative display of device per-
formance showing which parameters 
failed to match specification. Nega-
tive alphanumerics highlight out-of-
spec values. 
The 1731 also includes self-testing 

at power-up. A small program in 
read-only memory checks to see that 
the basic architecture is sound, then 
loads the operating program from 
the unit's magnetic tape. After the 
program is loaded, internal testing 
proceeds throughout the system. 

If there is a flaw, the display says 
so; the operator can insert a diagnos-
tic tape and specialized socket 
adapter and test further. Faults can 
be isolated down to the individual ic 
if necessary, but board-level isolation 
is usually sufficient since GenRad 
will swap a good board for a bad 
board in one to two days. Delivery 
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The Personal 
Computing Book 

time for the entire system is approxi-
mately 12 weeks. 
GenRad Inc., 300 Baker Ave., Concord, 

Mass. 01742. Phone (617) 369-8770 [391] 

Analyzer measures 

photo-mask line widths 

Designed for automatic, highly accu-
rate measurements of line widths on 
integrated-circuit photo-masks, the 
MPA-2A Micro-Pattern Analyzer 
measures line widths from 0.5 to 
199 gm. It is accurate to within 
±0.1 gm, and repeatable to within 
±0.05 gm. Mask sizes cover the 
range from 2.5 by 2.5 in. to 6 by 6 in. 
and may be checked using a magnifi-
cation of 800 X. 
The instrument automatically 

scans the image of the mask 
produced by the system's objective 
lens with a mirror slit in the image 
plane. A linear encoder detects the 
line edge and the movement of the 
slit in units of 0.03 gm. 

Measurements, which are pre-
sented on a 5-digit display, are auto-
matically recorded by the printer. 
The price of the instrument is 
approximately $60,000; delivery 
takes 30 days. 
Nikon Inc.. Instrument Division, 623 Stewart 

Ave., Garden City. N. Y. 11530. Phone (516) 

222-0200 [395] 

Tester classifies LEDs by 

brightness and color 

With light-emitting-diode displays 
being increasingly used in high-
volume applications, a need is devel-
oping for an instrument that not only 
can measure an LED's brightness but 
can also recognize its color. The 
microprocessor-based 4000 tester 
can do both in less than 2 seconds. 

With its color-recognition option 
the tester can distinguish between 
green, amber, orange, and infrared, 
as well as make spectrophotometric 
measurements. A classification sig-
nal can sort displays into 16 differ-
ent brightness categories. The 4000 
tests any LED readout of up to 10 

digits, each digit with up to 40 
segments. 
The instrument can perform in-

coming inspection tests, production 
tests, and production selection. It 
can be programmed to perform tests 
in any order and may be reprogram-
med when necessary. 
The standard model 4000 includes 

a cathode-ray-tube terminal, a 
photodetector, a microprocessor-con-
trolled high-speed test system, and 
one preprogrammed programmable 
read-only memory. Additional 
PRoms can be supplied; a printer and 
a PROM programmer are also avail-
able as options. 
The 4000 sells for $38,500 and has 

a delivery time of 60 days. The color 
option sells for $10,000. 
E-H International Inc., 515 Eleventh St., 

Oakland, Calif. 94607 [394] 

Wafer preparation system 

is microprocessor-controlled 

Designed to ease the processing of 
semiconductor wafers, the Autofab 
system can be configured with wafer 
scrubbing, coating, baking, and de-
veloping subassemblies. The system 
provides direct access to all wafer 
processing steps through its micro-
processor-based control unit. Com-
mands, readouts, and warnings are 
displayed in simple English, making 
operator training time as little as 30 
minutes, according to the company. 
A built-in audiovisual alarm system 
indicates error conditions without 
erasing the existing display. If power 
fails, a battery backup system 
retains stored data for up to 24 
hours. The system sells for from 
$40,000 to $120,000. 
Computervision Corp.. Cobilt Division, 2727 

Augustine Dr., Santa Clara, Calif. 95051 

[396] 
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Take the computer 
revolution into 
your own hands! 

More than 50 articles are presented 
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to give you this up-to-date guide that 
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Hardware • Software • Theory 
• Applications • Helpful Hints 
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valuable Electronics Magazine Books 
listed in the coupon below. 

r Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 Di?! 
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  copies of Applying Microprocessors 
@ $9.95 
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Discounts of 40% on orders of 10 or more 
copies of each book. 
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New products 

Microcomputers & systems 

Z8000 gets 
development unit 

Especially designed for 

16-bit microprocessor, unit 

supports 8-bit processors too 

When the Z8000 hits the streets 
later this year, it will not be the only 
16-bit kid on the block. In order to 
become king of the hill, it will need a 
microprocessor development system 
able to rally support from the 8-bit 
processor gang. The question, then, 
is: with which of the 8-bit processors 
should such a system ally itself? 
At next month's Paris component 

show, Advanced Micro Computers 
plans to unveil its answer in the form 
of the AmSYS 8/8, a development 
system designed for the Z8000 that 
supports the 8080 and 8085, as well 
as the Z80. Amc's American parent, 
Advanced Micro Devices, will be a 
second source for Zilog's Z8000 and 
has for some time been producing its 
version of Intel's 8080A (the 
Am9080A) and the 8085. 
"The reason the Z80 is in the 

group is that some people will grow 
from the Z80 to the Z8000, so it is 
essential to include it in the system," 
states John Drakeford, marketing 
manager for AMC. He also notes that 
since "it gives people a warm feeling 
to keep their 8080 routines," an 
8080A-to-Z8000 translator is in-
cluded in the software package. 
The present system is built around 

an Am9080A because, under the 
terms of its agreement with Zilog, 
A M D cannot yet make its own 
Z8000, Drakeford explains. But 
AMC plans two option boards that 
will employ the 40-pin version of the 
Z8000 and plug directly into the 
8/8's multimaster bus (Multibus). 
Due out this summer is an evalua-
tion/prototyping board that should 
cost under $1,000. A second module, 
the 96/4116, is being readied for fall 
delivery. This will include 16,384 
16-bit words of memory, two read-
only memory sockets, and three 8-bit 
input/output ports. With the 4116, 
estimated to cost $1,400, the 8/8 
will be able to go by a new name: the 
AmSYS 8/16. 

Besides the Am9080A central pro-
cessor, the standard 8/8 includes 32 
kilobytes of random-access memory 
(expandable to 64 kilobytes), 512 
kilobytes of die storage, one RS-
232 serial port, six 8-bit parallel 

ports, macro-assemblers for the 
Z8000 and 8080 in addition to the 
translator, plus such items as a link-
ing loader, editor, and debugger. 

Designed as a desktop system, the 
50-lb unit is priced at $7,450. 
Options include macroassemblers for 
the Z80 and 8085, an additional 
pripted-circuit board for expanding 
read-only memory and erasable pro-
grammable ROM, a cathode-ray-tube 
terminal, and line printers of various 
speeds. 
Advanced Micro Computers, 3340 Scott 

Blvd., Santa Clara, Calif. 95051. Phone 

(408) 988-7777 [371] 

High-speed microcomputer 

aims for place in mini world 

Continuing the trend toward abol-
ishing the traditional distinctions 
between microcomputer and mini-
computer markets [Electronics, 
March 15, 1979, p. 88], the Mk-16 
is a high-speed 16-bit machine that 
offers memory-to-memory instruc-
tion speed rivaling that of high-end 
minis. In step with software trends 
too, it executes UCSD Pascal p-code. 
The Mk-16 is available in two 

versions: one that employs high-
speed bipolar circuitry and another 
that uses a single-chip processor 
built with complementary-metal-
oxide-semiconductor-on-sapphire 
technology for low power. Both 
versions employ a writable dynamic 
control store, which lets users modify 
instructions during running time; 
this follows the microprogramming 
philosophy of bit-slice architectures. 
Over 20 address modes are provided 
and up to 16 megabytes can be 
addressed under the Mk-16's Mega-
bus memory-management system. 
Any of the system's 14 16-bit 

accumulators can serve as a stack 
pointer. The system handles byte 
and 16-bit word instructions and also 
has an instruction set for 32-bit 
math, so that it can emulate various 
microprocessors. Two 16-bit num-
bers multiply to a 32-bit product in 
just 9.6 is or, with the high-speed 
option, 2.8 gis. 
The Mk-16 is being offered as a 
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LAMBDA LAS 3905, 8 AMP, 80 WATT 
MONOLITHIC POSITIVE 
VOLTAGE REGULATORS 

ABSOLUTE MAXIMUM RATINGS 

Description 
8 amp positive regulator 

The LAS-3900 series voltage regulators are monolithic in-
tegrated circuits designed for use in applications requiring 
a well regulated positive output voltage. Outstanding fea-
tures include full power usage up to 8.0 amperes of load 
variation, internal current limiting, thermal shutdown, and 
safe area protection on the chip, providing protection of 
the series pass Darlington, under most operating conditions. 
In addition, a sense terminal is provided for elimination of 
voltage drop problems at high currents. Hermetically sealed 
copper TO-3 packages are utilized for high reliability and low 
thermal resistance when used with an appropriate heat sink. 
A low-noise temperature-stable diode reference is the key 
design factor insuring excellent temperature regulation of 
the LAS-3900 series. This coupled to a very low output 
impedance insures superior performance and load regulation. 

The LAS-8900 series of four terminal regulators is 
available in a fixed output voltage tolerance of ±5% with 
a nominal output voltage of +5 volts. 

MINI- MAXI-
PARAMETER SYMBOL MUM MUM 

Input Voltage VIN (1) 0 25 (1) 

V (1) IN - V OUT 0 20 
Differential 

Power Dissipation PD 
@Tc <-_94°C 

Thermal Resistance 
Junction To Case 

Operating Junction TJ 
Temperature Range 

Storage Temperature TSTG 
Range 

Lead Temperature TLEAD 
(Soldering, 60 
Seconds Time Limit) 

(1) 

(2) 

(3) 

°Jc 

80 (1) 
(2) 
(3) 

0.7 °C/WATT 

UNITS 

VOLTS 

VOLTS 

WATTS 

-55 150 .c 

-65 150 

300 

The maximum input voltage of the LAS-3900 Series is 
limited by the maximum input-output differential, maxi-
mum power dissipation, or the maximum current limit 
safe operating area, whichever is less. 

For operation above 94°C T ASE, derate @t42 watt/ °C. 

In case of a short circuit, the second breakdown pro-
tection designed in this regulator may require the 
removal of the input voltage to re-start the regulator. 

Regulator Performance Specifications 
Input voltage test condtions are as follows: V1 = Vo + 3 Volts, V2 = Vo + 10 Volts, V3 = Vo + 150 volts. 
or the maximum input whichever is less. 

TEST CONDITIONS 

PARAMETER 

Input Voltage   
Output Voltage   
Input-Output   

Differential   
Output Current 
Line Regulation (2)   
Load Regulation (2)  
Quiescent Current 
Quiescent Current Line. . 
Quiescent Current Load . 
Current Limit   
Short Circuit Current 
Temperature Coefficient . • 
Output Noise Voltage . . • •VN 
Ripple Attenuation  RA 

SYMBOL VIN 

VIN  
Vo   

VIN -VO 
VIN-Vo 
10  

REG(LINE) . 

REG(LOAD) 
la  

• IGILINE) " 
' •' (21LOAD) • ' 

ILIM 

(1) 

(2) 

(3) 

lo TJ MIN 

10MA  Vo+2.6. 
V1 to V2. 10MA to 8.0 Amp 0  95[Vo1 (1) .. 

80 Amp 2 6 
0  5 Amp  

V1   
V1 to V3. 5A   

V1 10MA to 8.0 Amp 
VI Output/Open 

. .V1 to V2. . 10MA  
10MA to 8.0 Amp   

  Vo+5V   
Vo+5V   

V1 0.1 Amp   
 VI 0.1 Amp   
 V1 2.0 Amp   

Nominal output voltages are specified under ordering in -
formation. 
Instantaneous regulation, average chip temperature changes 
must be accounted for separately. 
BW=10Hz — 100 Hz. 

(4) 

(5) 

MAX UNITS 

25 (5)  Volts 
25°C 1.05(Vol .  Volts 
0°C to +125"C  Volts 

0°C to +125°C   20 Volts 
25°C   0   8.0  Amps 
25°C  20  %Vo 
25°C  06  %Vo 
25°C   20 MA 
25°C 5  MA 
25°C 5  MA 
25°C   14 Amps 
25°C   14 Amps 
0°C to +125°C  003  %Vor C 
0°C to +125°C   10 (3)  uVrms/V 
0°C to +125°C 60 (4)  dB 

Ripple attenuation is specified for a 1 VRMS, 120 Hz input 
ripple. Ripple attenuation is a minimum of 60 dB at a 5 volt 

output. 
The maximum input voltage of the LAS-3900 series is limited 
by maximum input-output differential voltage, maximum 
power dissipation, or the current limit-SOA, whichever is less. 

Price List 
NOMINAL DEVICE QTY QTY QTY QTY QTY QTY QTY 

Vo PART 
VOLTS NO. 1-24 25-49 50-99 100-249 250-499 500-999 1000-2499 

5 LAS-3905 $18.00 $ 16.50 $ 15.75 $14.75 $13.00 $ 11.90 $10.65 

QTY 

2500-4999 

$10.00 

CONTACT THE FACTORY FOR HIGHER QUANTITY PRICES. DEVICE CONFIGURATIONS, SPECIFICATIONS, 
AND PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
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Outline Drawing 
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New products 

Pascal development system (PDS-1) 
that includes video display terminal 
and 56 kilobytes of memory, as well 
as floppy disk, monitor, and p-code 
software. So configured, the Mk-16 
sells for $12,500. 
Mikros Systems Corp., 845 Central Ave., 
Albany, N. Y. 12206. Phone Mike Marvin at 

(518) 489-2561 [373] 

Adapter links Itellec MDS 

with 9900-based modules 

Used in conjunction with Pivot 9900 
software [Electronics, Nov. 9, 1978, 
p. 187], the Pivot MDS adapter unit 
lets 9900 code developed on the 
widely used Intellec 800 micropro-
cessor development system be down-
loaded into a 990 module. The 
adapter also permits transfer of the 
module's memory to disk files and 
operation of its monitor from the 

MDS console, as well as normal MDS 
operation. 

With the adapter, users can set 
breakpoints, examine memory, mon-
itor input and output, and execute 
code from the console. It is priced at 
$260 with cables. 
Processor Innovations Corp., 118 Oakland 

St., Red Bank, N. J. 07701. Phone Ken 

Wilson at (201) 842-8110 [374] 

Utilities enhance OEM 

Basic and Fortran usage 

Two software utility packages—one 
for Intel Corp.'s Basic-80, the other 
for its Fortran-80— allow original-
equipment manufacturers to apply 
these high-level languages more di-

rectly to their single-board computer 
systems. Both are available as librar-
ies of routines, stored on diskette, 
and run on the Intellec development 
system under the RMX/80 real-time 
multitasking executive. 
The iSBC 802 Basic-80 Interpret-

er Package allows Basic-80 to be 
executed directly by the iSBC 80 
family of single-board computers. It 
is supplied in two forms: relocatable 
and predefined. The former is com-
patible with a wide range of hard-
ware, whereas the latter is specifical-
ly tailored for the iSBC 80/30, 
32 kilobytes of RAM, and the iSBC 
204 floppy-disk controller. 
The iSBC 801 Fortran-80 Run-

Time Package permits existing For-
tran-80 programs to be executed on 
iSBC 80 systems without modifica-
tion. It also offers formatted in-
put/output and compatibility with 
the iSBC-310 high-speed math unit. 
The iSBC 802 Basic-80 package 

costs $4,995, and the iSBC 801 
Fortran-80 package is $1,000. Both 
these prices include resale licenses. 
Intel Corp., 3065 Bowers Ave., Santa Clara, 
Calif. 95051 [372] 

EXORciser-compatible drives 

store up to 2 megabytes 

The ExoRdisk III is designed for 
EXORciser, EXORterm, and Micro-
module systems and consists of two 
double-sided, single-density floppy-
disk drives in a tabletop cabinet with 
power, a controller board, and a 
cable to interconnect the two. The 
system's megabyte storage capacity 
can be expanded to 2 megabytes by 
adding a separate dual-drive unit. 

Supplied with the system on one 
diskette is the disk-operating soft-
ware, MDOS 3.0, enabling data 
transfers between single- and dou-
ble-sided floppy disks. A complete 
1-megabyte system costs $4,800 and 
can be expanded to 2 megabytes for 
an additional $4,200. A controller 
board with interconnecting cable 
may be purchased for $1,200. 
Motorola Microsystems Group, P. O. Box 

20912, Phoenix, Ariz. 85036. Phone (602) 

962-2156 [375] 

Electronics 
eigaëlleok Series 
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design 
memory 
design 

memory design: 
MICROCOMPUTERS 
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design 
merrxxy 
design 
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The Memory 
Book 

Now available 
The new technology, devices, and 
applications you can use to meet 
specific memory design goals. 
Compiled from the pages of 
Electronics Magazine. Memory 
Design: Microcomputers to 
Mainframes, 180 pages, $12.95. 
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  copies of New Product Trends in 
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I must be fully satisfied or you will refund full 
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New products 

Data acquisition 

D-a converter uses 
diffused resistors 

12-bit monolithic device is 

differentially linear to 

± 1/2 LSB without trimming 

Traditionally, digital-to-analog con-
verters have employed precision 
thin-film resistors that in most 
designs have required trimming, 
either by laser or zener diodes. 
Advanced Micro Devices has taken a 
new route with the monolithic 12-bit 
Am6012 by implementing a design 
with diffused resistors that do not 
need trimming. The resulting device 
provides true differential linearity to 
within ± 1/2 least significant bit. 

Monotonicity is achieved by a 
combination of the classical R-2R 
and 2^R resistor ladder techniques in 
what is called a segmented 9-bit d-a 
converter. With the three most 
significant bits, a segment decoder 
divides the full output range into 
eight major segments. The 9-bitter 
further divides a selected segment 
into 512 parts. Summing all selected 
pieces generates the full output. 

Diffusing the resistors in a single 
crystal assures better long-term sta-

bility and tracking, as well as high 
moisture resistance. The differential 
nonlinearity is guaranteed to be 
within ±0.12% of full scale over the 
range from —55° to + 125°C. Fur-
thermore, full-scale current output is 
specified at 4 mA, so that designers 
can use smaller load resistors and 
minimize RC delay. Typically, the 
unit settles to within ± 1/2 LSB in 250 
ns under load conditions. 
The Am6012's price depends on 

temperature and package grades, 
ranging from $9.95 to $49.95 in 100s. 
Advanced Micro Devices Inc., 901 Thomp-

son Pl., Sunnyvale, Calif. 94086. Phone 

(408) 732-2400 [381] 

C-MOS multiplexers work 

over wider temperature range 

Data-acquisition systems can now be 
built to endure wide temperature 
variations using complementary-
metal-oxide-semiconductor devices 
that operate over the range from 
— 55° to +125°C. This specification 
applies to -01 versions of the differ-
ential four-channel 4553 and the 
single-ended eight-channel 4554, 
which are plug-compatible with the 
popular MPC4D and the MPC8S, 
respectively. 
The units, compatible with tran-

sistor-transistor logic as well as 
c-mos, switch channels in break-
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before-make fashion on receipt of an 
enable signal and a logic word (2 bits 
wide for the 4553 and 3 bits for the 
4554). They accept maximum inputs 
of ± 15 y, have a maximum input 
leakage current of ±50 nA, and 
typically settle to within 0.01% of 
full-scale range for a change of 20 y 
between channels in 5 gs. Typical 
power dissipation is 7.5 mw. 

Units that operate over the — 55°-
to- +125°C range are priced at 
$27.48 in single quantities; the 0°-
to-75°C versions sell for a relatively 
low $13.30. All models are available 
from stock. 
Teledyne Philbrick, Allied Drive at Rte. 128. 

Dedham, Mass. 02026. Phone Ted Serafin at 

(617) 329-1600 [383] 

I2L a-d converter resolves 

7 bits for only 650 

Designed for use with 4-bit micro-
computers, the TL507C is an ana-
log-to-digital converter that resolves 
7 bits at a cost of only 65¢ in 100s. 
The integrated-injection-logic device 
uses a single-slope conversion tech-
nique to create an output pulse 
proportional in duration to the level 
of the analog input. 
The converter consists of a 7-bit 

synchronous counter, a binary-
weighted ladder network, a summing 
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amplifier, two comparators, a buffer 
amplifier, an internal regulator, and 
the required logic. Conversion takes 
approximately 1 ms and, with a 5-v 
supply, typically consumes only 
25 mw. The TL507C will work from 
an unregulated 8- to 18-v or a regu-
lated 3.5- to 6-v source over the 
temperature range from 0° to 70°C. 
Texas Instruments Inc., Inquiry Answering 

Service, P. 0. Box 225012, M/S 308 (Attn: 

TL507C) Dallas, Texas 75265. Phone Mary 

Perkins at (214) 238-5908 [384] 

16-bit d-a converter 

settles in 10 ms 

Engineers who need a fast-settling, 
low-cost digital-to-analog converter 
that accepts 16-bit binary or 4-digit 
binary-coded-decimal inputs can 
turn to the DAC71. The converter 
settles to within 0.003% of full-scale 
range in just 10 gs, typically. 
The six models provide a choice of 

input codes (unipolar, bipolar, or 
binary-coded decimal) and voltage 

or current outputs. Output voltage 
ranges can be 0 to 10 V or ± 10 V, 
and output current ranges of ± I MA 
or 0 to — 2 MA are available. In 
addition to being linear to within 
± 0.003% of full-scale range at 
25°C, the DAC71 has a gain temper-
ature coefficient of ± 15 ppm/°C. 

Housed in a 24-pin ceramic pack-
age measuring 1% by 1/4 by 1/4 in., 
the DAC71 is priced from $39 
apiece in lots of 100 or more. 
Delivery is from stock to four weeks. 
Burr-Brown, P. 0. Box 11400, Tuscon, Ariz. 

85734. Phone Herman Loopeker at (602) 

746-1111 [385] 

STOP 
TRANSIENT 
NOISE 

Eliminate errors in your computer 
or instrument system with Deltec's 
Super Isolation Transformer 

Deltec DT series isolation 
transformers drastically 
reduce memory and 
transmission errors 
caused by transient noise 
on. commercial power 
lines. Common Mode 
Rejection is 140dB and 
interwinding capac-
itance is less than 
1 femtofarad (0.001 pf). 
Stock models are 
available from 250 VA to 
5 KVA 1 0 and 15 KVA 3 0: 
50/60 Hz. For detailed 
specifications write or 
call Deltec. 

'UL LISTING PENDING 

AC POWER HANDBOOK 
AC POWEIS 

PROBLEIIIS 
AND 

SOLUTIONS 

This book should 
interest any 
executive, 
manager, 
engineer or 
technician who 
depends on 
electronic 
instrumentation 

to assist in meeting his objectives. 
This handbook of problems and 
solutions relating to AC Power is 
written in layman's language to 
the greatest possible extent. Now 
available at our cost of $3.00.Write 
or call for a copy. 

ro E E G 
CORPORATION 
980 Buenos Ave., San Diego, 
CA 92110. Telephone (714) 275-1331 
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New products 

Power supplies 

Lab supply 
sells for $275 

Unit has a 5-V output and 

two 0-to-25-V supplies that 

can track or work alone 

To work on breadboard designs, 
project engineer Prim Fernandez 
used to stack three single-output 
power supplies on his bench. But he 
found the stack cumbersome and 
difficult to control and, after looking 
around, decided that existing triple-
output supplies were too expensive. 
So he persuaded his bosses at the 
B&K Precision division of Dynascan 
Corp. to branch out and produce an 
inexpensive three-output laboratory 
supply. The model 1650, now avail-
able at distributors at a cost of $275, 
is the result. 
The 1650 has a fixed 5-v dc 

output that can deliver 5 A, plus a 
pair of completely isolated 0-to-25v 
dc outputs that can pump 0.5 A 
apiece. A front-panel switch allows 
the variable supplies to operate inde-
pendently or in a tracking mode. 
When working in the latter mode, 
the variable outputs will track within 
1% over the range from 2 to 22 V. 
Since they are completely isolated, 
the supplies may be connected to 

provide the bipolar outputs common-
ly needed by analog circuitry. 

Regulation for the 5-v output is 
within 0.4% for a 20-v line change 
and 3% for a full load change. The 
variable supplies are regulated to 
within 0.2% for 20-v line changes 
and to within 0.1% for load varia-
tions from 0 to 0.5 A. Output ripple 
and noise is specified at less than 
5 mv rms for the 25-v outputs and 
10 mv rms for the 5-v. 
Overvoltage protection for the 5-v 

supply is triggered at 7 v. In case of 
current surges, the supply output 
folds back to 2.5 A. The unit is guar-
anteed not to latch at the foldback 
current. The variable outputs also 
have current-limiting circuitry. 

According to the company, the 
design of the isolated tracking 
outputs is unique, and it has applied 
for a patent on the concept. The 
circuit is built around a GE model 
HI 1A5 optoisolator that "is used in 
a pulse mode, not linearly," Fernan-
dez explains. "It's like an analog-
to-digital converter." 
To keep costs down, the U. S.-

made 1650 has a single analog meter 
with a switch that allows it to 
measure all six output voltages and 
currents. Meter accuracy is within 
5% of full scale. To cut costs further, 
input filtering for the internal power 
supply is provided by a resistor in 
series with the rectifiers; more com-
monly a capacitor would be used. 
Possibly the most significant cost-
cutting move is that the front-panel 

controls have been directly connect-
ed to the component-carrying 
printed-circuit board. 
The 1650 also carries a one-year 

guarantee. 
B&K Precision, Dynascan Corp., 6460 W. 

Cortland St., Chicago, III. 60635 [401] 

Single-output supplies pack 

greater power in same space 

Consisting of single-output linear 
supplies, the R series can provide 
25% more power than competitive 
units the same size, according to the 
company. Purchasers can select from 
among 42 models with outputs rang-
ing from 5 to 24 v and 1.5 to 33.7 A. 
Maximum power available is 315 w. 
These supplies have line and load 
regulation of 0.1% of output and 
ripple and noise specifications of 1.5 
mv rms. Prices for single units begin 
at $37. 
Deltron Inc., Wissahickon Avenue, North 

Wales, Pa. 19454. Phone (215) 699-9261 

[404] 

High-voltage power supply 

reacts to remote commands 

A modular high-voltage supply, the 
remotely programmable model 230 
is intended as a power source for 
sensitive applications like photomul-
tiplier excitation. It is less than one-
third the size of comparable rack-
mountable power supplies. 
The 230's output, which can be 

varied from 0 to 2,000 y dc and from 
0 to 4 mA, can be specified as either 
positive or negative. An auxiliary 
output of 1 y per kv of main supply 
permits remote monitoring. The 230 
sells for $300. 
Pacific Precision Instruments, 1040C Shary 

Ct., Concord, Calif. 94518 [405] 
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Products newsletter  
IBM offers Since it was first announced in November 1976, the Series/1 minicomput-

er from IBM Corp.'s General Systems division lacked one thing every other 
quantity discounts minicomputer company offered—quantity discounts. Now the Atlanta-

on its Serles/1 based division is offering discounts on all Series/1 processors and 
Series/1 peripherals with 4900 model numbers, and even Series/1 
licensed software. Customers buying from 50 to 99 of any one item get 
5% off the list price, whereas those purchasing between 100 and 149 units 
get a 10% reduction. The maximum 15% discount is applied to purchases 
of more than 150 items. IBM notes, however, that the units all must be 
installed within an 18-month period. 

Ailtech digitizes 

spectrum analyzer 

Look for Ailtech, the Ronkonkoma, N. Y., division of Cutler-Hammer 
Inc., to come out with an updated version of its model 727 rf spectrum 
analyzer. The new instrument, which will be designated the 757, will 
feature a digitized display section offering such functions as a hold button 
to freeze the display for leisurely study, a mode in which the difference 
between the input spectrum and a stored spectrum is displayed, and 
on-screen readout of six key parameters. The 757 will cover the frequency 
range from 1 m Hz to 22 GHz and will sell for $19,975. 

Data General Data General Corp. is cutting memory prices and adding software as part 
of its continuing effort to broaden the minicomputer marketplace. The 

Cute memory cost, Westboro, Mass., firm is expanding the Eclipse C/150 and C/250 
adds software computers to accommodate 1 and 2 megabytes of read/write memory, 

respectively. At the same time, the company has slashed the price of its 
300-to-600-ns MOS/ERCC memory to $28,000 per megabyte—a 53% cut. 
With cheaper, larger main memory available, designers are adding Data 

General's AOS (advanced operating system) to the Eclipse C/150. Further 
adding to the usefulness of Ws machines are four new software 
packages: INFOS QUERY, the AOS text entry and editing system, Virtual 
Cobol, and RDOS X.25. Highly interactive INFOS QUERY allows nonpro-
grammers to cull data from existing data bases and have it processed to 
reflect, say, sales trends. AOS text entry and editing includes word process-
ing functions as well as data-base management. Virtual Cobol separates 
programs into the part in use, which goes into the main memory, and the 
remainder, which goes into mass storage. RDOS X.25 software provides 
access to packet-switched communications networks for pay-by-the-bit 
data transmission. 

Graphics units Employing a new technique called adaptive timing, Megatek Corp. of San 
Diego, Calif., is producing modular, stroke (vector-refresh) systems capa-

write over ble of writing more than 20,000 short vectors on a 4,096-by-4,096-element 
20,000 vectors monitor with 30-Hz refresh. The Whizzard 5000 and 7000 families, whose 

members range from Data General-compatible boards to stand-alone 
systems, employ a 32-bit architecture built from 2900-family bit-slice 
chips; one model, the 5014, emulates Tektronix' 4014 storage-tube termi-
nal and, like the others, provides high-quality moving graphics. Prices for 
the 5000 series start down at $6,400 for the graphic processor and vector 
generator boards. 
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CAREER OPPORTUNITIES AT GOULD 
Join The Search For The Technology of Tomorrow 

Gould Ocean Systems is the world's leading pioneer in the field of oceanic technology, and is continually striving to stay 01. Significant 

growth coupled with forecasted expansion and a solid commitment to new product development has created exciting professional oppor-
tunities for imaginative engineering talent with Gould's fast-moving Ocean Systems Division. Immediate Openings are now available for 

professionals with U.S. Citizenship in the following areas: 

ELECTRICAL ENGINEER 
To quality, candidates must have at least 5 years experience in the 
design of test circuits for use in complex digital and analogy 
systems. Primary responsibility will involve the design and develop-
ment of test circuits and specifications for performance testing. 
ABS in Electrical Engineering is required. 

SENIOR ENGINEER 
Prior work experience should include at least 

7-10 years of power control engineering 
demonstrating strong leadership abilities as 
well as solid experience in Fortran IV and 
other computer aided analysis. Areas of re-

sponsibilities will include analyzing power 
systems used for undersea propulsion, gener-
ating system requirements and overseeing 
design integration and evaluation processes. 
A BSEE. MS or PhD in Electrical Engineering 
is required. 

FLIGHT TEST TEST 
ENGINEERS 

ELECTRICAL ENGINEER 
For consideration, candidate must have experience in either hard-
ware design or test program development, plus a background in 
automatic test equipment. Primary responsibilities will involve the 
analysis and synthesis of circuits for prototype development, the 
development of software and hardware test programs, as well as 

the generation of engineering documentation. A BS in Electrical 
Engineering is required. 

ELECTRICAL ENGINEER 
For consideration, candidates must have 0-3 years electronic ex-

perience in either hardware design or test program development, 
plus a solid background in automatic test equipment. Primary \ 
responsibilities will involve the analysis and synthesis of circuits 
for prototype development and the development of software and 
hardware test programs, as well as providing liaison with other 

departments to expedite realization of hardware and software 
products. ABS in Electrical Engineering is required. 

II you're up to the large scale challenges and the exhilarating growth pace that have established Gould 
as an integrated technology company ...you'll be rewarded with an exceptional salary, a full benefits 
package and highly-visible advancement opportunities. Submit letter or resume in confidence with 

earnings history and salary requirements to. 

e  114C1:10IVIVELL 00IUGLAS 11,1 11,...._)_ _ 

McDonnell Aircraft Company has immediate openings 
for engineers experienced in Flight Test data systems 
applications. Career opportunities include development, 
operation and support of Flight Test data systems on 
F-15. F-18. AV-8 and advanced aircraft projects in one 
or more of the following applications. 

• Mini-Computer Technology 

• Computer Programming 

• Flight Test Data Assessment 

• System Design 

• Airborne Instrumentation 

• Installation Design — Electrical & Mechanical 

• Electronic Circuit Design 

• Micro-Processor Technology 

Please send your resume in confidence to: 

W. B. Kellenberger, Section Manager 
Professional Employment 
Department E-02 • P. O. Box 516 
St. Louis, Missouri 63166 

n/ 

An Equal Opportunity Employer 
COFZI=.007ATION 

GOULD OCEAN SYSTEMS DIVISION 
18901 Euclid Avenue 
Cleveland, Ohio 44117 

An Equal Opportunity Employer, M/F/H 

ENGINEERS—HARDWARE/SOFTWARE 
Due to recent expansion and new business development 
activities, several clients within the Electronics and Computer in-
dustry have presented a number of requirements in the following 
disciplines: 

* Digital Circuit Design ( TTL, Schottky, Ed, CMOS, etc.) 
* Real-Time Software Development 
* Analog Cirucit Design (RF) 
*Communications/Digital Switching Systems 
* Control Systems Design 
*Micro/Mini Computer Applications 

tint(' 1elld I 

RECRUITING 
Eastern Division 
2367 Auburn Ave. 
Cincinnati, Ohio 45219 
ATTN: Mr. William Cooke 
513, 721-3030 

SERVICES, INC. 
Western Division  
3822 Campus Dr., Suite 140 
Newport Beach, CA 92660 
ATTN: Ed Renner 
714-549-0853 

ENGINEERS 
We currently have numerous 
positions available for engineers 
throughout the Northeast. If you 
are in the salary range of 18-
35K and have a desire to ex-
plore our career opportunities. 
please call or send resume to 
Mike Haburay at: 
New England Recruiters 
900 Chapel Street 
New Haven, CT 06510 
203/624-0161 

ENGINEERS 
CORPORATE RECRUITERS serves 
leading Electronic/Electrical indus-
tries nationwide. Our current require-
ments include: 

R&D Lab Mgr./Microproc.  32K 
Microprocessor Des 22-30K 
Digital Des/Controls 23-32K 
IC. Design  19-27K 
Power Equip. Des.  25K 
Entry/Sprg.Grads   18-21K 
Send resume w salary data to 
CORPORATE RECRUITERS 
525 Omaha Tower 
2120 S 72nd, Omaha. NE 
68124 402 393-5515 
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Hardware/Firmware, Software, 
Product and Application Engineers 

At Allen-Bradley Systems DivisiLn. we apply "state of the-art- computer and 
microprocessor technology to industrial systems. This Division has grown 
four-fold since 1975 and is still growing ...strong! As an important part of an 
international corporation. employing over 13.000 people, we emphasize stability 
and a sophisticated professional environment, which promotes your growth 
and ours. 

Opportunities exist for engineering professionals in the following areas 

HARDWARE/FIRMWARE DESIGN ENGINEERS 
We have a variety of challenging assignments for engineers able to 
take responsibility to design and develop programmable controllers 
and numerical control systems employing digital and analog design 
techniques. Your background should include a B.S.E.E., scientific or 
advanced degree with 2 • years of related experience. Involvement 
with computer and micropr ocessor design is highly desirable. 

SOFTWARE ENGINEERS 
Since receiving your engineering or scientific degree (FE., Comp. 
Eng., Comp. Science, Math. or Physics), you have two or more years 
experience estabtishing a strong engineering orientation and an assembly 
language background, preferably with minicomputers. You are ready 
to assume project responsibility for software specifications, including 
design, test and documentation. Projects can include numerical control, 
communications and machine dependent software. 

PRODUCT/MARKETING ENGINEERS 
Draw upon your experience to identify market possibilities for new 
products. Duties include participation in research, exploration, identi-
fication and recommenda:ions for product opportunities based on 
anticipated industry-wide requirements. BackgroJnd should include 
B.S.E.E. with 2 or more years experience and understanding of micro-
processor technology and applications. 

APPLICATIONS ENGINEERS 
Use your engineering skills to define customer control system require-
ments, determine design strategy and prepare proposals. Also implement 
control systems, participate in customer/sales training programs 
and be involved n new product planning and development. You presently 
have an engineering degree cr equivalent experience in industrial control 
systems. Exposure to microprocessors and/or programming helpful. 

If your experience and career goals match these professionally rewarding 
positions, you owe it to yourself to contact us. The total compensation plan 
is good, including generous benefits and the career growth possibilities are 
exceptional! Act NOW! Send your resume and salary history/requirements to: 

William Henderson. Salaried Employment Supervisor 

ALLEN-BRADLEY CO. 
Systems Division Dept EM 

747 Alpha Or:ve • Highland Heights, Ohio 44143 

Quality in the best tradition. 
An Equal OpportunIty Employer M/F 

Electronics/March 29, 1979 151 



(FLIGHT TEST .\ 
DATA SYSTEM  

Electrical 
Engineers 
Solid-State 
Power Conversion 
The Advanced Energy Systems group of Exxon Enterprises, Inc., the new 
business development arm of Exxon Corporation, is seeking engineers with 
experience in all aspects of solid-state power conversion. We're a unique 
and dynamic organization with attractive opportunities and highly visible 
positions. Presently our needs include: 

Senior Project Engineer 
You'll be working on the development of advanced power conversion equip-
ment with primary application to variable speed AC motor drives. 
Responsibilities include overall system design and the coordination of elec-
tronic design engineers. The successful candidate will have a working 
knowledge of variable speed motor controls, multi-variable feedback 
systems, and power semiconductors. Design experience with analog IC's 
and digital logic is required. Familiarity with microprocessor controllers a 
plus. You should have a minimum of 8 years experience and demonstrated a 
high level of achievement with minimum supervision. BS degree in EE 
required, MS desirable. 

Electronic Design Engineers 
We seek creative engineers with extensive hands-on experience developing 
power transistor switching circuits, dedicated analog and digital feedback 
control circuits, or microprocessor based real-time controllers. You will be 
working on the development of state-of-the-art inverter circuits and 
systems in small project teams, working under minimum supervision. 
Familiarity with electromagnetic machine fundamentals and computer-
aided design is also desirable. BS degree in EE and minimum of 5 years 
experience is required, MS desirable. 

Our new project facilities are located in Florham Park, New Jersey, a 
pleasant suburban location in proximity to both rural and metropolitan 
areas. If you're the type of engineer we seek, you'll find that our salary and 
benefit package is attractive and commensurate with your qualifications. 

For consideration, please send us your resume and salary history in 
assured confidence to: Exxon Enterprises Inc., Department MD-3, 
P.O. Box 192, Florham Park, New Jersey 07932. 

E&ON ENTERPRISES INC. 
the accent is on enterprise... 
We are an equal opportunity employer, m/f 

McDonnell Aircraft 
Company has immediate 
openings in Flight Test Data 
Systems associated with the 
collection processing and 
presentation of Flight Test 
Data. 

• Technical Specialist 
To direct the software 
development of 
minicomputer systems. 
M.S. in computer science 
with E.E. basis. 
Familiarity with 
minicomputer operating 
systems, assemblers, and 
source file management, 
and the ability to deal 
with system hardware as 
well as software are 
required. 

• Senior Programmer 
and Programmer— To 
write or direct the writing 
of minicomputer 
applications for Raytheon 
RDS-500, Data General 
Nova and H.P. Scientific 
Minicomputers. 
Experience with afore-
mentioned systems is 
desirable but not 
required. M.S. or B.S. in 
E.E., Computer Science 
major. 3-5 years 
experience in 
minicomputer 
programming preferred. 

Please send your resume in 
confidence to: 

W. B. Kellenberger 
Section Manager, 
Professional Employment 

(62-2AI 
Department E-04 
P.O. Box 516 
St. Louis, Missouri 63166 

Engineers—SE Locations, Process, 
Powerlight, Software, Hardware, 
Systems, Instrumentation, Facilities. 
Fee Paid, No Contracts, 12 yrs. 
experience. 

Beall Associates 
P.O. Box 5042 

Spartanburg, S.C. 29304 
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XEROX 
OPPORTUNITY 

UPDATE 
Our Electronics Division in El Segundo is growing in so 
many directions that we've established this convenient 
way of keeping qualified people posted on openings. All 
the diversified areas of this advanced organization are 
focused on the development of innovative new compo-
nents and subsystems that enable the worldwide growth 
of every Xerox product line. Career potential is outstand-
-ing for those qualified. 

MICROELECTRONICS POWER SUPPLY 
CENTER TECHNOLOGY 
Take a closer look at one of the most 
advanced, best equipped LSI/ VLSI 
facilities in Southern California. To-
gether. we can develop the semi-
conductor technologies to meet the 
demanding electronics challenges of 
tomorrow. 

MOS/LSI Circuit Designers 
MSEE or Phd (or equivalent) required. 

• to develop LSI/VLSI design technology 
and new design concepts 

• to design and simulate advanced NOS 
circuits 

MOS/VLSI Device 
Design, Modeling & 
Process Development 
PhD or MSEE (or equivalent) required. 

• to develop new device technology 

• to model and optimize VLSI device 
designs 

• to work on circuit simulation and new 
design concepts 

• to carry out process development 
and simulation 

A'sc cpe- •-q 

• Plastics Encapsulation 

Technician 

• MOS/LSI Layout Designers 

• MOS/LSI Technology Develop-

ment Project Technicians and 

Associate Engineers 

• Silicon Process Technicians 

For above positions, please send resume 
to: Thomas Householder, Dept. 329E 

You'll be working at the leading adge 
of this key technology with highly 
diversified assignments to meet the 
power requirements of new kinds of 
circuits 

Consulting Engineer 
We seek an authority in power systems 
design and development for this position 
of technical leadership. Must be innova-
tive With broad experience in analog sys-
tems and circuits. Familiar with computer 
modeling techniques. Interested in stale-
of-the-art developments in power systems 
and circuits to 2 KW high and low 
voltage. 

Test Specialist 
BSEE or equivalent and minimum 5 years 
experience in the area of product test 
and evaluation of electronic power sys-
tems and circuits. Should be capable of 
assuming project test responsibilihr from 
design qualification through project de-
livery and follow-on. Work will include 
writing test plans and reports, design 
and selection of test equipment, inter-
face with Engineering and internal or-
ganizations, and communication . with 
upper management. 

PhD—Entry Level 
PhD or equivalent—Electronics or Phys-
ics. You will work with and be imrolved 
in the design of electrochemiccl and 
electrophysical devices. Must be able to 
do imaginative circuit design. Experience 
in computer modeling, network synthesis 
and analysis. 

Also openings for: 

• Documentation/Standards 
Engineer 

• Power Supply Test Technicians 

• Layout Drafters 

For above positions, please send resume 
to: Thomas Householder, Dept. 3:9E 

If you're interested in one of these positions, send your 
resume, including salary history, to the person indicated— 
who is a placement specialist in the area involved, and 
who will make sure you're reviewed by the right people. 
If you don't see a position listed for which you are qualified, 
check future "Updates" for added openings. 

COMPONENTS and 
PACKAGING 
These are key positions calling for 
proven effectiveness in state-of-the-
art components and packaging dis-
ciplines. 

Semiconductor 
Component Test Engineer 
Senior component test engineer needed 
to develop programs for VLSI and mem-
ory components on Sentry VII, Macrodata 
and/or Megatest test equipment. Several 
years ATE experience required and de-
tailed understanding of advanced com-
ponents characterization needed. BSEE 
or equivalent. 

VLSI Device Engineer 
Senior applications and evaluation spe-
cialist required to work on VLSI com-
ponents. Will work on selection of VLSI 
parts for new systems and characteriza-
tion of devices. Five to ten years of elec-
tronics experience required with recent 
experience on microprocessors and VLSI 
peripherals. MS or equivalent. 

Senior Circuit Designer 
Familiar with commercial logic families, 
but with special emphasis in analog cir-
cuit design and interface circuits (and 
devices) for controlling electromechani-
cal devices. The person should be well 
versed in power-ground distributions and 
noise problems The job has project re-
sponsibilities and leadership experience 
is useful. You must be well organized 
and goal oriented and familiar with in-
dustrial environment for large volume 
products. MSEE or equivalent preferred: 
5 years experience minimum. 

For above positions, please send resume 
to: Ruth Cat telle, Dept. 329E 

An affirmative action employer (male/female) 

XEROX 

DIGITAL SYSTEMS/ 
LSI DESIGN 
Assignments involve the develop-
ment of advanced digital electronics 
subsystems for a range of products. 

LSI Systems/Logic 
Experienced in systems/logic design and 
system integration of LSI based con-
trollers. Responsibilities to include 
controller design using LSI devices, in-
terface definition and development for 
controller I/O options required by the 
product definition. Degree in Electrical 
Engineei ing and Computer Sciences (or 
equivalent) is preferable 

Test Pattern Specialist 
MS in Computer Science or EE (or equiv-
alent) with 6 or more years experience 
in the field of test and diagnostics in-
volving design verification, design for 
testability, digital printed circuit board 
test program development utilizing auto-
mated test techniques. Background in 
logic design highly desirable. Knowledge 
of commercial printed circuit board test 
equipment. 

Microprocessor 
Architecture 
8 years experience in design and de-
velopment of computer related equip-
ment. The candidate should have a 
strong technical background and leader-
ship capability in developing complex 
digital systems products from a con-
ceptual level through to production. 
Background should include computer 
architecture logic design, firmware de-
sign and good knowledge of software 
systems. Advanced degree in Computer 
Science or Electrical Engineering (or 
equivalent). 

Also openings for: 

• Development Technicians 

• Test Technicians 

For above positions, please send resume 
to: Thomas Householder, Dept. 329E 

701 S. Aviation Blvd., El Segundo, California 90245 



PRD Electronics Division 

HIT A NEW 
CAREER 
HIGH! 

PRD Electronics Division, the world leader in 
Automatic Test Equipment, needs MORE versa-
tile and imaginative hardwaresoftware engineers 
to maintain its outstanding growth record and 

4 peak systems performance. 
In fact, we support more than 80°o of all new military aircraft 

and are currently developing an entire new generation of Auto-
matic Testing Equipment systems which are giving PRD a depth 
and breadth of knowledge no other company in ATE can match 
We want to retain our leadership position and reputation for qual-
ity, obviously, and to do so we have an immediate need for addi-
tional skilled engineering professionals. 

These Are Among Present Opportunities 
to Give Your Future Security and Potential: 

PROJECT ENGINEERS (Software) 
Lead technical teams to define hardware and interface 
requirements with advanced ATE systems as well as com-
puter based processing and control systems. Familiar with the 
disciplines of software development, language standardiza - 
tion, compiler throughput and on system operating systems 
capable of conceptual design. BSEE/Physics/Comp. Sc' 
Adv. Degree desirable. 

SENIOR ENGINEER (Software) 
Responsible for detail design of programs and subsequent 
systems integration. Capable of working from overall software 
specifications into systems analysis and subsequent coding 
conversions. Experience with mini-base systems as well as 
mircoprocessor designs and applications. Comp. Sci., Aciv 
Degree desirable 

PROGRAMMER ANALYST 
Capable of working from conceptual specifications to the 
establishment of design to software specifications. Primary 
area is the expansion of computer systems technology to 
automatic programming aspects as well as program valida-
tion. BS Comp. Sci. required 

TEST PROGRAM ENGINEERS 
Translate circuit operation in computer programs for auto-
matic fault detection and isolation. Experience in design and 
analysis, digital, analog. R and micro-processor applications 
with BSEE or equivalent desirable 

PROJECT ENGINEERS 
SENIOR ENGINEERS 

(Analog, Video) 
BSEE, 3-10 years hands-on design experience in current Ana-
log and Video signal processing technologies. Heavy empha-
sis on synthesizer and wide bank op amp applications. 

PROJECT ENGINEERS 
SENIOR ENGINEERS 

(Digital Design) 
BSEE, 3-10 years hands-on experience in LSI and micro-pro 
cessor technology, with leadership capability. 

PRD Electronics Division is conveniently located 
in Syosset, Long Island: just minutes away from 
the magic of New York City. We're easy to take in 
terms of living cost, and nationally recognized for 
excellent schools and residential areas. 

All our current openings feature competitive 
salaries and comprehensive benefit packages as 
well as a relocation allowance, if required. 

Please forward your resume with salary history 
in confidence to: Mr. Tony Pfarrar, Harris Corpora-
tion, PRD Electronics Division, 6801 Jericho Turn-
pike, Syosset, New York 11791. 

MCOMMUNICATIONS AND 
INFORMATION HANDLING 

HARRIS 

An Equal OpportunIty ErnpI0yer — Male and Female 

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 $15 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. 
...... ....... 111•1 

The cost of recruitment advertising on 
these pages is $65 per ad-

vertising inch. For information call or write: 

Electronics 
Post Office Box 900, New York, NY 10020 

Phone 212/997-2556 
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James Alimena, VP-PRODUCT ENGINEERING 

"Norden Systems continues to lead the field in winning 
major long-term military contracts. For instance, 
RGWS and AEWS for the Navy and TAWDS for the Air 
Force. And we were selected to modify and update 
radar systems for the B-52—which is bringing involve-
ment with the latest technological developments 
including 'side-looking' radar. We're also implement-
ing advanced concepts in such fields as synthetic 
aperture radar and high-speed programmable digital 
signal and data processors. And several of our projects 
are integral parts of a larger program focusing on 
next-generation electronic countermeasures. 

"Our impressive record in radar development is 
matched by our extensive contract performance in 
other military areas involving data, display, and navi-
gation systems. We offer engineers the chance to make 
a personal impact on every phase of a project—from 
concept and proposal through delivery. Personal and 
professional development is further enhanced by our 
association with United Technolcgies—a corporation 
whose R&D investment exceeds $1 million per day. And 
our own expansion, of course, will continue to open 
up higher level positions for ambitious engineers." 

"If you are interested in the kind of opportunity 
we offer, and would like more details, you can 
reach me or an appropriate member of my staff 
by calling James E. Fitzgerald COLLECT 
at (203) 852-5408." 

Or you may send your resume including salary 
history to Mr. James E. Fitzgerald, 
Norden Systems, Inc., United Technologies 
Corporation, 308 Norden Place, Norwalk, 
Connecticut 06856. 

"Major new 
contract awards 
will keep our 
engineers in 
the forefront of 
radar systems 
technology for 
years to come 

Openings at Norden Systems— 
Melville, Long Island, 
and Norden Systems— 
Norwalk, Connecticut for: 

• Radar Systems Engineers 

• Radar Signal Processing Design Engineers 

• Microwave Design Engineers 

• Receiver Design Engineers 

• Command & Control System Engineers 

• Fire Control System Engineers 

• Ship Combat Systems Engineers 

• Real Time Software System Designers 

• Real Time Software Programmers 

• Sr. Mechanical Design Engineers 

• Power Supply Design Engineers 

• Sonar Systems Engineers 

• ECM/Radar Engineers 

• Test Equipment Design Engineers 

• Hybrid Development Engineers 

• Digital Design Engineers 

• EMI Engineers 

• Computer Architects & Designers 

• Display Systems Engineers 

The military systems house. 

NORDEN 4Nor Subsidiary of 
SYSTEMS UNITED 

TECHNOLOGIES 
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ELECTRONIC ENGINEERS 
FACULTY POSITIONS VACANT 

ENGINEER, ELECTRONIC 

ELECTRONIC 
TEST SYSTEMS 

DESIGN 
GENERAL ELECTRIC's Power System 
Management Department has a position 
available for a Quality Equipment 
Engineer skilled in electronic test system 
design. 

Foremost responsibility will encompass 
the design and development of advanc-
ed analog and digital solid state test 
equipment for a diversified line of elec-
trical and electro-mechanical products. 

Must possess technical capability in the 
field, plus have a BSEE or the 
equivalent. Experience with the pro-
gramming of microprocessor-based 
automated test equipment would be 
highly desirable. 

Excellent salary to the high 20's, a full 
range of benefits and advancement op-
portunities. Interested applicants should 
send resume, including salary re-
quirements, to: 

Professional Relations 101304 

GENERAL6 ELECTRIC 

Switchgear Division 
6901 Elmwood Ave. 

Philadelphia, Pa. 19142 

An Equal Opportunity Employer MIE 

ENGINEERS 
Take advantage of the most individualized 
lob search in the Engineering field today. 
You pay absolutely NO FEE for our local or 
nationwide service Forward your resume in 
confidence to. 

. ENGINEERING SEARCH • 
3152 Linwood Ave Cinti Oh 45208 
all re dies answered 

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, 
Linchburg, OH 45142. 513/364-
2305. 

Move to Sunny Houston 
Rapidly growing southwest Houston 
electronic medical instrument manufac-
turer with excellent work environment, 
benefits and competitive salaries has open-
ings for two electronic engineers Both 
positions offer excellent opportunities for 
advancement and professional growth. 

Design Electronics Engineer 
Ideal candidate will have extensive 
experience designing and documenting 
small hybrid analog/digital medical instru-
ments for production. Previous design 
involving low level analog circuits a must 

Sustaining Electronic Engineer 
Degreed candidate must have experience 
as sustaining or production engineer for 
electronics instrument company. Complete 
understanding of TEL logic and analog 
design with ability to write required. 

Call or send Andrew C. Kyle 
resume to Life-Tech Instruments, Inc. 

P.O. Box 36221 
Houston, TX 77036 
713-783-6490 

RESUMES 

Resumes—Complete instructions 
and examples: $4. Consultants. Box 
567—J. Bergenfield, N.J. 07621. 

SCHOOLS 

World Open University—A Non-
Resident Graduate School—Division 
of Electrical, Electronics & Computer 
Engineering offers full graduate 
courses in areas: Applied Math-
ematics & Physics; Electronics 
Engineering; Electrical Circuits; Com-
puters & Advanced Programming; 
Communications Systems; Control 
Systems; Energy-Power Systems; 
Nondestructive Testing—leading to 
MS., Ph.D., Sc.D., Eng.D., Tech. D. — 
guided by full professors having a 
series of original contributions to 
inter-national learned societies. 
Request complete information to 
WOU, PO Box 5505, Orange, CA 
92667, USA, enclosing $5 in US, or 
US $7 outside of US, for airmailing. 
Self-authored original paper reprints 
from national learned societies may 
get proper credits. WOU is racially 
nondiscriminatory. To mention 
Electronics in request. 

BUSINESS OPPORTUNITIES 

How To Earn Money As A Consultant 
(including specimen contracts) $31 
Business Psychology Intl 890/44 
National Press Bldg. Washington, 
D.C. 20045. 

Junior Faculty And Research Posi-
tions In Semiconductor Device 
Technology. Applications are so-
licited for junior faculty and research 
staff positions in the Department of 
Electrical Engineering and Computer 
Science at M.I.T. in the general area 
of semiconductor-device and in• 
tegrated-circuit technology. Faculty 
duties include teaching at the 
graduate and undergraduate levels. 
research, and supervision of theses. 
Research staff duties are primarily in 
research, with opportunities for 
teaching or thesis supervision when 
appropriate. As part of an expanding 
M.I.T. program in semiconductor 
device and integrated circuit 
technology, a new faculty or staff 
member will be expected to become 
a collaborative member of one or 
more existing research programs, 
and to develop original research pro-
grams in such areas as semiconduc-
tor device fabrication: characteriza-
tion and modeling of submicrometer 
structures and devices; physical 
device limitations; design tech-
nologies for device and integrated 
circuits; or novel devices, inte-
grated circuits, and integrated 
systems. Prior industrial experience 
will be helpful. Applicants should 
have an interest in working with 
groups at M.I.T. that seek to develop 
integrated circuits and systems for a 
wide range of disciplines, such as 
computer technology, signal and 
image processing, biomedical 
engineering and communications, 
and should be interested in develop-
ing working relationships with in-
dustrial organizations. Applicants 
should provide a resume and the 
names and addresses of three or 
more references. Applications should 
be sent to: Professor Stephen D. 
Senturia. Room 13-3010, Massa-
chusetts Institute of Technology, 
Cambridge. Mass. 02139. Indicate 
citizenship and, if not a US citizen, 
describe your visa status. M.I.T. is an 
equal opportunity/affirmative action 
employer. 

Applicants are invited for a faculty 
position in The Electrical Engineering 
Dept. at South Dakota State 
University, Brookings. SD to begin 
Aug. 16. 1979. Rank and salary are 
commensurate with background and 
ability. Acceptance of applications 
until position is filled. Contact Dr. V. 
Ellerbruch Head, or call 605-688-
4526. An equal opportunity/affirma-
tive action employer. 

Anticipated faculty position in 
Bachelor of Technology Program Fall 
1979. Teach courses in areas of 
digital electronics micro-processors. 
and computer interfacing. Ph.D. re-
quired for assistant professor ap-
pointment; industrial and teaching 
experience desired. Send resumes 
to: Dr. George DePuy. Director of 
Technology Programs, School of 
General Studies, SUNY-Binghamton, 
Binghamton, New York 13901. An 
equal opportunity employer. 
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San Francisco Peninsula 

You'll make the 
right connections 
at GTE LEF1KURT 

Join a people-oriented TELECOMMUNI-
CATIONS Company that is not only 
stable, but also growing rapidly to meet 
the expanding demand for a variety of 
communications systems. 

Our customers depend on us for excellence in design, manufacture, 
and service of sophisticated video, voice and data communication 
systems. We offer a rewarding career, excellent advancement potential, 
interface with knowledgeable professionals. 

DEVELOPMENT 
ENGINEERS 

Electrical Engineers at all levels for 
projects in subscriber carriers, signal-
ling and VF equipment design. PCM 
carrier and switching as well as digital 
microwave radio. Experience in either 
linear, digital or microprocessor con-
trol circuit design. 

PCM DEVELOPMENT 
ENGINEER 

As a key member of a product develop-
ment team, you will have significant 
responsibilities for system and circuit 
design of high bit rate PCM equipment. 
This equipment will utilize State-of 
the-Art techniques including high 
speed digital circuits and micropro-
cessors, and will be used with fiber 
optic and microwave radio systems. 
Applicants should have a minimum of 
4 years digital design experience, pre-
ferably including ECL, and a BSEE 
degree. A background in PCM tele-
communications equipment design 
is desirable. 

PCM TERMINALS 
ENGINEERS 

Responsible for circuit design of PCM 
voice/data channel bank equipment 
from concept to factory production. 
Position requires BSEE degree and 
experience in analog design. Prefer 
some digital experience or desire to 
learn digital design. Openings at all 
skill levels. 

MICROPROCESSOR 
SOFTWARE ENGINEERING 
For a Stored Progi am Digital Tele• 
communications Switching System 
Should have a BS or MS degree in one 
or more of the following areas: Tele-
phone Cal' Processing, Structured 
Software Design, Real Time Systems 
Design. Sys.ems Diagnostics, PL/M. 

APPLICATION ENGINEER 
Responsible for analyzing customer 
orders and determining exact detailed 
requirements. This requires performing 
varying amounts of System Engineer-
ing, scheduling, contract interpreta-
tion and direct customer cr sales con-
tact plus tactory support. Must have 
prior technical experience in 1 or more 
of the following areas: microwave 
radio, multiplex, supervisory and con-
trol and switching systems. 

MICROWAVE 
TRANSMISSION 

ENGINEER 
Utilize topographic and other maps 
to select radio repeater sites, deter-
mine tower heights and antenna equip-
ment needed to meet customers com-
munications requirements. You will 
also calculate system noise perfor-
mance, oredict radio propagation 
reliability and analyze potential micro-
wave interference situations. BSEE 
or equivalent degree and experience 
required. 

GTE Lenkurt offers excellent salaries and a comprehensive 
benefits package including Paid Vacations and 11 Paid 
Holidays; Medical/Dental/Life/Disability Insurance; Stock 
Purchase; Savings & investment Program; 100% Tuition 
Refund; Pension Plan; Employee Store and Credit Union, 
and Relocation Assistance. We are an Equal Opportunity/ 
Affirmative Action Employer. 

Please send your resume or a brief letter outiiiing your 
qualifications to DICK NELSON, Employment Manager GTE 
Lenkurt, 1105 County Road, San Carlos, CA 94070. 
(415) 595-3000. 

POWER ELECTRONICS 
ENGINEER 

Position requires a BSEE with 2-5 
years experience in power electronics 
and power processing. Knowledge of 
solid state components, power elec-
tronic circuits and power magnetics 
is required. 

CUSTOM IC 
DEVELOPMENT 
ENGINEERS & 
DESIGNERS 

BS/MS or PhD in Electrical Engineering 
to develop custom integrated circuits 
in Bipolar and N-Mos technologies. 
Analog and/or digital design and com-
puter simulation desirable. Willing to 
train Engineer with solid experience in 
discrete circuit design. You will have 
full responsibility for the development 
of your telecommunication circuit. 
Need Electrical Engineer to generate IC 
modeling test pattern and to develop 
automatic programs for high speed 
test systems. Solid background in 
linear or digital circuit analysis and 
aptitude in programming required. 
Programmer or IC Designer to develop 
and maintain IC layout design rules 
and to generate software programs for 
digitizing and mask design. 

EQUIPMENT 
MECHANICAL/ 
PC DESIGNERS 

Must have know:edge of electro-
mechanical packaging and/or printed 
circuit board layout for proprietary 
products. No degree necessary. 

LET1KURT 
A Part of General Telephone Er Electronics Corporation 

Electronics/March 29, 1979 157 



ENGINEERS 

E LiJ Unx 
AMI ON tilillellin Yoe 

Put Your Ideas Up Against 
Our Best in EW/ECM Systems. 
We work on the leading edge of EW and ECM 
systems, and our success is measured by the major 
programs in house with production follow-on to 
provide systems operating capability through the 
year 2000. If you are an innovative Microprocessor 
or EW Software Engineer we challenge you to 
work in the development of multifunction 

distributed microprocessors. 
These positions range from Member of the 
Technical Staff to Senior Scientist with salaries to 

$35,000. Find out more about the challenges waiting for you 
at AMECOM. Please send your resume including 
salary history, or better yet, call COLLECT to. 

Philip T. Foster 
(301) 864-5600 

AMECOM also has openings for 
Telecommunications and RF Engineers at our 
College Park headquarters. We are located in a 
pleasant Maryland suburb close to the Nation's 
capital with your choice of city, suburban, 

vvaterfront or country living. 13 Artledorn Divisiel 

LIT'l'ON 
SYSTEMS, INC. 
5115 Calvert Rd., College Park, Md. 20740 
An Equal Opportunity Employer M/F H 

ELECTRONICS ENGINEERS 
$15,000-$45,000. Choice entry-
level to management posi-
tions immediately available in 
Pennsylvania & national loca-
tions. Reply in strict confi-
dence to J. G. Weir, President, 
WEIR PERSONNEL SERVICES, 
535 Court St., Reading, PA 
19603 (215/376-8486). 
DESIGN ENGINEERS to $38K. 
Central Penna. Design con-
nectors/terminals, micro-pro-
cessors. Outstanding reloca-
tion packages. Prompt confi-
dential reply. MECK ASSOC. 
PERSONNEL, 1517 Cedar Cliff, 
Camp Hill, PA 17011 (717/ 
761-4777). 
ENGINEERS, $15K-$40K. West 
Coast & nationwide positions 
entry level thru mgmt. Design, 
Inst., Application, Test, etc. 
Reply in confidence. Call or 
send resume to GLENN ENG-
LISH AGENCY. 7840 Mission 
Center Ct., San Diego, CA 
92108 (714/291-9220). 

ENGINEERS, $17-$35,0004-• 
We have access to hundreds 
of positions. Openings in de-
sign, applications, systems. 
Reply in strict confidence to 
Phil Riddick, RIDDICK ASSO-
CIATES, 9 Koger Center, Nor-
folk, VA 23502 (804/461-3994). 
BSEE / ELECTRONIC DESIGN 
ENGINEERS, $15,000435,000. 
Immediate, desirable upstate 
New York & nationwide. Jun-
ior to senior project manage-
ment. In confidence send re-
sume or call James F. Corby, 
President, NORMILE PERSON-
NEL ASSOC., INC., 5 Leroy 
St., Box 110 Westview Station, 
Binghamton, NY 13905 (607/ 
723-5377). 
ENGINEERS. WHY not LIVE. 
WORK and PLAY in tax-free 
New Hampshire? Numerous 
career opportunities at all 
levels with salaries form $15,-
000 to $30,0004- +. Contact 
AVAILABILITY PERSONNEL 
CONSULTANTS, 160 South 
River Rd., Bedford, NH 03102 
(603/669-4440). 

all positions fee-paid 

Inpo NATIONAL PERSONNEL 
CONSULTANTS 

Tennessee Eastman Company's Research 
Laboratories in Kingsport. Tennessee. 
needs an experienced electronics engineer 
for a broad range of "hands-on" and 
developmental engineering. The work is 
related to the performance, reliability, and 
improvement of electronic instrumentation 
used for chemical and physical analyses 
and for the processing of materials. Duties 
include servicing scientific instrumentation 
designing instrument-computer interface-, 
and developing micro computer applica 
bons for automation. 
Candidates should have a B S. degree 
Electrical Engineering and "hands-on 
experience with instrumentation and 
computers. The ideal candidate will entoi 
the challenges of analyzing instrumen• 
failures and restoring optimum perform 
ance as well as developing electronic sys 
tems for automation Please send resurnii 
to Mr. M.F. Lowe, P.O. Box 511, Tennessee 
Eastman Company, Kingsport, TN 37662. 

An Equal Opportunity Employer 
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At Hughes Fullerton, 
we offer you a creative 
environment. And your 
family a friendly one. 

Very few places in the world can 
offer you the challenges, the oppor-
tunities, the excitement that the 
Hughes Ground Systems Group can. 
And even fewer can offer you an 

environment that is designed to bring 
out the greatness that is in you. 

For the Ground Systems Group is 
run by engineers and scientists, for 
engineers and scientists. And be-
cause of that, you work for people 
who understand what you need and 
want. 
And very few places in the world 

can offer your family the oppor-
tunities, the security, the peace-of-
mind that Fullerton, California and 
the Orange County area can. 

«:e Fullerton and all the commu-
nities in Orange County are good 
places to raise families, to make 

new friends, to expand culturally and 
intellectually. Yet, it's just 15 minutes 
to the beach, 2 hours to the snow, 2 
hours to Mexico, and 45 minutes to 
one of the world's exciting cities— 
Los Angeles. 
So if your family's looking for a 

better life, and you're looking for a 
better job, come to Hughes. In 
Fullerton. In Orange County. 
We currently need good people 

to work in air defense, communica-
tions, computers, microwaves, 
radar, and sonar; people like: Radar 
Systems Engineers, Electronic War-
fare Engineers, Microwave Antenna 
Engineers, Analog Circuit Design 
Engineers, Microprocessor Applica-
tions Engineers, and Test Equipment 
Engineers. 

Just write to Hughes Ground Sys-
tems Group, Professional Employ-
ment, Dept. EL, Box 3310, Fuller-
ton, California, 92634. Telephone 
(714) 732-4080. Or come visit us at 
1901 West Malvern. 

HUGHES 
 _1 

HUCHES AIRCRAFT COMPANY 

Ground Systems Group 
Where people and ideas grow together. 

IS. Citizenship Required. Equal Opportunity M/F/HC Employer. 
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11  
Communications 
Systems 
Professionals ... 
At ORI 
Our Growth Pays 
Off — for YOU! 
ORI is an employee-owned company offering 
uncommon career opportunities for your 
professional and personal growth. Were searching 
for technical professionals as well as individuals 
capable of generating new business in the area of 
Communications Systems Engineering. 

Functioning as a diversified technical consulting 
organization in space vehicles and communications 
systems (military and commercial), transportation 
systems, and information sciences, our rapid growth 
offers you involvement in any of these areas of your 
professional interest: 

ANALYSIS, DESIGN OR SPECIFICATION of 
military and commercial communications systems 
and subsystems. Your work will include the analysis 
of coding and signalling performance and 
comparison of user requirements with system 
specifications. 

COMMUNICATIONS SYSTEMS APPLICATIONS 
using networking theory on military C, studies. 
You'll be working on advanced system concepts for 
LANDMOBILE applications. 

REAL TIME COMPUTING SYSTEMS and 
distributed processing for spacecraft operations 
control centers. You'll use your knowledge of large 
computing systems and systems architecture to 
direct a technical staff and solve customer problems 
both real time and off-line. 

MISSION PLANNING of spacecraft operations. 
You need a knowledge of spacecraft systems, 
spacecraft control center operations, and mission 
planning of operations. 

SPACECRAFT SYSTEMS ANALYSIS. 
Responsibilities require a knowledge in three of the 
following areas: communications, on-board 
computers, attitude control, propulsion, ground 
systems support, ground testing, spacecraft 
operations. 

SYSTEMS RELIABILITY and quality assurance 
related to satellites and/or space shuttles. 

At ORI, you will find compensation matched to your 
talents and responsibilities. We are an Employee 
Stock Ownership Trust — ESOT — offering an 
excellent benefits package including relocation 
expenses. 

Let us tell you more about ORI and the professional 
challenges we have to offer. Please send your 
resume including salary history in confidence to: 
Director of Employment, ORI, Inc., 1400 Spring 
Street, Silver Spring, MD 20910. An Affirmative 
Action/Equal Opportunity Employer 

ORI 

Explore the  
Undersea World 
of Electric Boat  

TOP JOBS 
FOR TOP 

PROFESSIONALS 
The world's foremost designer and builder of subma-

rines has career openings now for engineers with expe-
rience in these areas: 

ELECTRONICS AND 
ELECTRICAL SYSTEMS 

FLUID AND MECHANICAL SYSTEMS 

COMPONENT PROCUREMENT 

COMMAND/CONTROL SYSTEMS 

SHIP CONTROL 

FIRE CONTROL SONAR AND 
COMMUNICATIONS 

SOFTWARE DEVELOPMENT AND TEST 

STRUCTURAL AND PIPING DESIGN 

STRUCTURAL ANALYSIS 

ACOUSTICS AND VIBRATION 

NAVY OPERATIONS ANALYSIS 

SEND YOUR RESUME TODAY! 

If you would like to know more about the exciting 
professional careers at Electric Boat, our superior 
compensation and benefit programs, and the oppor-
tunities to keep moving ahead in your profession, send 
your resume to John M Hardink, Professional Place-
ment Manager. 

U S Citizenship required — an Equal Opportunity Employer M&F 

GENERAL DYNAMICS 

Electric Boat Division 
Ceolon. u 1 0e,340 B 

limit- 1'11 imat c Choicc 

ELECTRONIC 
DEVELOPMENT 

PROJECT MANAGER 
Salary area $39,000 

Major designer/manufacturer of 
downhole and surface oil field equip-
ment is seeking an engineer to head 
up initial $350.000 project to 
develop jumper cables from 
downhole sensors up the drill string 
with related trailer mounted spooling 
systems/mechanisms. If you have 
five or more years in design/develop-
ment/fabrication of wireline elec-
trical connectors, and a BSEE or 
BSME degree, this could be a ground 
floor opportunity for you. Excellent 
benefits, savings plan and incentive 
bonus. 

For further information, please 
contact Jennifer Kellum or Bill 
Thayer at 

(713) 772-7201 
All Fees Assumed by Client Companies 

PE RSONNE L SE RVICE S 

433 Houston Natural Gas Building 
1200 Travis, Houston, TX 77002 

INSTRUMENTATION 
ENGINEERS 

B.S.E.E., with 3 to 5 years 
experience to work in area of 
proprietary instrumentation 
development. Seeking ex-
pertise in design and analy-
sis of solid state analog and 
digital circuitry; microproces-
sor applications; electro-
optical devices/systems; and 
understanding of television 
technology. Competitive 
compensation and benefit 
programs in challenging, 
professional technical envi-
ronment w/career growth 
opportunity. For immediate 
consideration please send 
resume with salary history in 
confidence to: 

Anne M. Snell 
Electronic Tube Division 

GTE Sylvania Inc. 
Johnston Street 

Seneca Falls, N.Y. 13148 
.4n Lyn& Opporiuna v implorer 
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The ITT LSI Systems Support Center is working on some very 
exciting projects. In fact, the work is so proprietary and advanced 
we can't give you specifics. 
We can, however, tell you that our small, high-caliber staff 

is tackling the more complex LSI design problems for telecom-
munications, space, defense, commercial, industrial, and 
automotive product areas throughout International Telephone 
and Telegraph Corporation. 
We can also tell you that you'll work in an informal, stimulating 

atmosphere. Enjoy direct exposure to every phase of LSI design 
and development. And have the opportunity to make the most 
of your versatility, creativity and imagination. 

This spring we'll be moving into new quarters in Milford, 
Connecticut, where we'll have 20,000 square feet all to ourselves 
and the latest resources at our command — including digital 
and linear test systems, SEM for failure analysis, environmental 
test equipment, computer and graphics systems ... and 
state-of-the-art wafer fabrication facilities at ITT's nearby 
Corporate Technology Center. 

Off-the-job, you'll enjoy the best in Connecticut living, 
in a location close to Long Island Sound and New Haven, 
and almost midway between New York and Boston. 
So let's hear from you. Particularly if you're unusually 

talented. And can keep a secret. 

We have opportunities at various levels for: 

• Process & Device Specialists 
• LSI and VLSI Design Engineers 
• Linear Designers 
• LSI Layout Designers 
• LSI Applications Engineers 
• Digital & Linear Test Engineers 
• Reliability & Quality Engineers 

Call collect to arrange interview: (203) 348-8855, 
Monroe Weiant, Assistant Director — Operations. 

Or send resume including salary history in confidence 
to Mr. Eugene Edwards, Caller Service 1-14, Milford, Conn. 06460 

ITT sLSUIPPSOYRST CENTER 

An Equal Opportunity Employer, M/F 
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EARTH STATION 
ENGINEERS 

B.S. degree and minimum 5 years experience. 

FACILITIES & CONSTRUCTION 
Experience in design of Power Supply Systems for 
communications operating facilities. Hands-on 
experience in design, preparation of specs and esti-
mates for installation of power switchboards, 
rectifier/battery systems emergency power, UPS, 
HVAC lite & Pow. distribution and controls for earth 
stations, microwave & central office. Mechanical 
and construction experience a plus. 

FIELD OPERATIONS 
Experience in multiplex wave installation or earth 
station involving engineering implementation and/ 
or integration of installation of power systems. 

These permanent positions carry an excellent 
salary and liberal benefits package with a major 
East Coast manufacturer. 

For confidential interview, please send a complete 
resume including past experience and earnings to: 

MclIVILLIAMS 
TECHNICAL SERVICE INC. 

BOX 146 
OLD BRIDGE, 
N.J. 08857 

POSITIONS VACANT 

Electrical Engineer/Instructor — 
Quaid ications: Electrical Engineer, 
Bachelor's Degree, Master's Degree 
preferred. Three years of applied 
experience in the design or applica-
tion of engineering principles on 
electronic equipment or equal. Solid 
state and computer background as 
they relate to the communications 
field is desirable. Salary range: de-
pending upon training and 
experience. To apply send resume. 
transcripts and salary requirements 
in confidence to: Edward R. 
Maclosky, Springfield Technical Com-
munity College, One Armory Square. 
Springfield, NIA 01105. An Equal Op-
portunity Employer. 

Electrical Engineer/Instructor — 
Qualifications: Electrical Engineer. 
Bachelor's Degree. Master's Degree 
preferred. Three years of applied 
experience in the application, design 
or maintenance of electrical power. 
Control equipment, motor controls, 
or similar current consuming devices 
is required. Solid state and logic 
systems as they apply to electrical 
controls are desirable. Salary range: 
depending upon training and 
experience. To apply send resume. 
transcripts and salary requirements 
in confidence to: Edward R. 
Maclosky, Springfield Technical Com-
munity College, One Armory Square, 
Springfield, NIA 01105. An Equal Op-
portunity Employer. 

ELECTRONIC ENGINEERS 
ARE YOU WORTH A 17.5% 
INCREASE IN SALARY? 

That is the average increase in salary for the technical 
professionals who we placed in new positions in 1978. 
Some received more! Most relocated to a more desira-
ble geographic location or stayed in the same city in 
which they lived. Most importantly, all of them went 
into a position of either increased technical challenge, 
more responsibility, or better opportunity for career 
growth. 

RCI is a technical search firm with an outstanding 
reputation representing a broad base of nationwide 
clients serving the Electronics Industry. If you are 
interested in advancing your career, call us or send 
your resume or a brief hand written description of your 
background including present salary and geographic 
preferences, in confidence to: 

Tony Ray, Search Director-Room J 

REGIONAL CONSULTANTS, INC. 
213 West Ninth Street 

Cincinnati, Ohio 45202 

513/579-1513 

The "Local National" Technical Search Firm 
(representing EEO clients only) 
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Your Career 
Path Leads To 

Honeywell-Phoenix 
Located in the heart of Arizona, not only 

will you have the opportunity to join the 
staff of a company that is the nucleus of 
tomorrow's computer technology, but you will 
also have the chance to live in an area that 
has everything to offer in recreational facilities 

with perfect weather in which to enjoy them. 

Therefore, the people we're looking for 
must be familiar with today's processes and 
still be innovative enough to develop tomor-
row's systems. 

LOGIC ENGINEERS 
FOR ADVANCED COMPUTER 

HARDWARE DESIGN 
Background should include succeessful performance as Logic Engineer, 
experience with the conceptual design and implementation of large scale 
central processors working closely with the systems architecture staff. 
Requires 5 years experience in the design of large scale processors with 
architectural exposure. Experience in the design of microprogrammed 
processors using latest technologies, (TTL ECL, etc.) is very desirable. 
BS/MS or equivalent is desired also. 

The roads lead in many directions in today's 
world. If you're ready to take one that will 
be the most beneficial to you, send your resume 
with salary requirements in complete confidence to: 

HONEYWELL LARGE INFORMATION SYSTEMS 
Manager, Recruitment & Placement 

P.O. Box 6000 
Mail Station Y-18 

Phoenix, AZ 85005 

Honeywell 
A Equal Opportunity Employer M/F/H 
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-in 
Need metric wrenches'? Snap-on is ready with a 
full range of sizes and types — industrial impact 
sockets, chrome finish sockets, combination, box 
and open end wrenches, ratcheting box wrenches, 
flare nut wrenches and others. Sizes from 2 mm to 
110 mm. Call or write for catalogue. 

Omar-ow roe» 
8150C 28TH AVENUE KENOSHA, WISCONSIN 53140 

Circle 165 on reader service card 

1 93 

No Frills Color. Just the basics. If you're a black and white 
terminal manufacturer, the Intecolor 813 is all you need to 
upgrade your terminals to color. 

It consists of an 8-color, 13" CRT, plus a special Analog 
Module System with all the circuitry necessary to perform deflec-
tion and video drive functions for the CRT. The completely self-
contained circuitry is on a single printed wiring board which also 
generates the low voltage, high voltage and CRT bias, mounted 
on a sturdy aluminum frame for heat sinking the power transistors 
needed for the circuitry. 

With our Nine Sector Convergence System, perfect color 
registration takes only three to five minutes. And this convenient 
control panel can be located anywhere for easy access. 

Available in standard 262 Raster line or 400 Raster line high 
scan versions. If you're ready to upgrade to a color line, call 
404 449-5961 for a demonstration 

Color Commumcates Better 

Intelligent Systems Corp., 
5965 Peachtree Corners East/Norcross, Georgia 30071 
Telephone 404/449-5961 TWX: 810-766-1581 

Circle 166 on reader service card 

11 

LOOK! 
programmable 
microvolts dc 

calibrator/standard 
. 9 . 

OM WM MO UM WM IUUU 

— 1 • - 

Programming 

IEEE 488 (GP/16). 
Or 

Binary 
or 

Parallel/Serial 

Resolution (1ppm) 
24 Bits (BCD) 

or 

20 Bits (Binary) 

Range Control 
t0.1 p V to 1000Vdc 

±-10nA to 10 Amps dc 

rLocal/Remote Program lines 
remain connected. 

Uninterrupted 
program up-date. 

L  

: Prices* start at 

5 1675 

Output Specifications 

Accuracy: 0.005% 
Speed: 50µS 
Isolation: 1091/.130pf 500 

ààà • 

Optional Function 
M  T Range: 0.1µV to 100 mVdc 

200 V Range: 10pV to 200 Vdc 
1000 V Range: 10/A to 1000 Vdc 
100 mA Range:10,mA to 100 mA 
10 Amp Range: 10/LA to 10 Amps dc 

Programming Options 

ASC II Code. IEEE 488 (GP/IB) 
Serial entry, 

•U.S. Basic Price. Options. Accessories and 
Auxiliary Instruments additional. 

Call Bob Ross for addit.onal information. 

rig! DE vE ECL F - CjI\ 11 NE NI LT CORPORATION 
Boston 7 17 

Circle 167 on reader service card 165 
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No of 
copes 
wanted 

REPRINTS AVAILABLE 
FROM ELECTRONICS 

Books 
R-903 Personal Computing: Hardware 

and Software Basics-Electron-
ics Book Series 266 pp $11.95 

R-819 McGraw-Hill's Compilation of 

Data Communications Stan-
dards-89 standards from 5 

organizations 1133 pp $165.00 

R-803 New Product Trends in Electron-
ics 1977-Electronics Book Se-
ries 333 pp $14.95 

R-732 Memory Design: Microcomput-

ers to Mainframes-Electronics 
Book Series 180 pp $12.95 

R-726 Design Techniques for Electron-

ics Engineers: 293 time-saving 
ideas in 48 chapters-Electron-

ics Book Series 370 pp $15.95 
R-711 Circuits for Electronics Engi-

neers: 306 circuits in 51 func-

tional groups-Electronics Book 

Series 396 pp $15.95 
R-31D Designer's Casebook Number 1 

106 pp $5.50 
R-704 Thermal Design in Electronics 52 

pp $5.00 
R-701 Applying Microprocessors-

Electronics Book Series 191 pp 

$9.95 
R-608 Basics of Data Communica-

tions-Electronics 'Book Series 

303 pp $12.95 
R-602 Large Scale Integration-Elec-

tronics Book Series 208 pp 

$9.95 
R-520 Microprocessors- Electronics 

Book Series 154 pp $8.95 
R-011 Computer-aided Design 135 pp 

$4.00 

Articles 
R-901 1979 world market survey and 

forecast 24 pp $4.00 
R-829 Special report: New networks tie 

down distributed processing 

concepts 16 pp $3.00 
R-827 Tackling the very large-scale 

problems of VLSI: a special 

report 15 pp $3.00 

R-825 1978 technology update special 

issue $4.00 

 R-821 Codecs answer the call 18 pp 
$4.00 

 R-817 How bit-slice families compare 
18 pp $3.00 

 R-816 Packaging technology responds 
to the demand for higher densi-
ties 9 pp $3.00 

 R-815 Higher power ratings extend V-

MOS FETs' dominion 8 pp $2.00 
 R-813 Data-link control chips: bringing 

order to data protocols 10 pp 

$3.00 
- R-811 Multiplexing liquid-crystal dis-

plays 10 pp $3.00 
- R-809 New methods and materials stir 

up printed wiring 10 pp $3.00 
- R-807 Here come the big, new 64-K 

ROMs 14 pp $3.00 
- R-805 Why and how users test micro-

processors 8 pp $3.00 
- R-801 World market report 1978 24 pp 

$4.00 
- R-734 Microcomputer families expand 

20 pp $4.00 
- R-730 Special report -Automotive 

electronics gets the green light 
10 pp $3.00 

Charts 
 R-823 Communications satellites $3.00 
 R-516 Electronic symbols $2.00 

 R-213 Electromagnetic spectrum (up-
dated 1976) $3.00 

_ R-326 Optical spectrum (6-page report 
and chart) $3.00 

Payment must 
accompany your order 

Make check or money order payable to Elec-

tronics Reprints. All orders are shipped 
prepaid by parcel post. Allow two to three 
weeks for delivery. For additional information 

call (609) 448-1700 ext. 5494. 

USE THIS PAGE AS YOUR ORDER FORM 

Cost of orders 

Plus 10% handling charge 
TOTAL AMOUNT ENCLOSED 

SEND REPRINTS TO 

Name  

Company_ 

Street  

City  

Mail your order to: 
Janice Austin 

ELECTRONICS REPRINTS 
P.O. Box 669 
Hightstown, N.J. 08520 

State Zip 

Advertising Sales Staff 

Advertising sales manager: Paul W. Reiss 
1221 Avenue of the Americas, New York, N.Y 10020 
12121 997-4371 
Atlanta, Ga. 30309: Michael Charlton 
100 Colony Square, 1175 Peachtree St., N.E. 
[4041 892-2868 
Boston, Mass. 02110: Frank Mitchell 
607 Boylston St 
[6171 262-1160 
Chicago, Ill. 80611 
645 North Michigan Avenue 
Jack Anderson [312) 751-3739 
Robert M. Denmead [312] 751-3738 
Cleveland, Ohio 44113: William J. Boyle 
[716] 586-5040 
Costa Mesa, Calif. 92628: Robert E. Boedicker 
3001 Red Hill Ave. Bldg. /t4 Suite 242 
[714] 557-6292 
Dallas, Texas 75201: John J. Uphues 
2001 Bryant Tower, Suite 1070 
[214) 742-1747 
Denver, Colo. 80203: Harry B. Doyle. Jr. 
123 Speer Blvd. Ir400 
[303] 837-1010 
Detroit, Michigan 48202: Jack Anderson 
1400 Fisher Bldg. 
(313) 873-7410 
Fort Lauderdale, Fla. 33308: Michael Charlton 
3000 N.E. 30th Place 
[305] 563-9111 
Flouston, T 77002: John J Uphues 
601 Jefferson Street. Dresser Tower 
[713] 659-8381 
Los Angeles, Calif. 90010: Robert J Rielly 
Robert E Boedicker, 3200 Wilshire Blvd South Tower 
[213] 487-1160 
Minneapolis, Minn. 55435: Robert M Denmead 
4015 W. 65th St. 
[312] 751-3738 
New York, N.Y. 10020 
1221 Avenue of the Americas 
John Gallie [212) 997-3616 
Matthew T. Reseska [212) 997-3617 
Philadelphia, Pa. 19102: Matthew T. Reseska 
Three Parkway 
12121 997-3617 
Pittsburgh, Pa. 1522:h Matthew T. Reseska 
4 Gateway Center 
[212] 997-3617 
Rochester, N.Y. 14534: William J. Boyle 
Power Mill Office Park, 1163 Pittsford-Victor Rd.. 
Pittsford, N.Y. 14534 
[716) 248-5620 
San Francisco, Calif. 94111: Don Farris 
Dean Genge, 425 Battery Street, 
[415) 362-4600 
Paris: Patrick Mouillard 
17 Rue-Georges Bizet, 75116 Paris, France 
Tel 720-73-01 
United Kingdom & Scandinavia: Robert Ghey 
34 Dover Street, London W1 
Tel 01-493-1451 
Scandinavia: Andrew Karnig and Assoc. 
Kungsholmsgatan 10 
112 27 Stockholm, Sweden 
Tel 08 51 68 70 Telex: 179 51 
Milan: Ferruccio Silvera 
1 via Baracchini, Italy 
Phone 86-90-656 
Brussels: 
23 Chaussee de Wavre 
Brussels 1040, Belgium 
Tel: 13-73-95 
Frankfurt/Main: Fritz Krusebecker 
Liebigstrasse 27c, Germany 
Phone 72 01 81 
Tokyo: Akio Saijo, McGraw-Hill 
Publications Overseas Corporation, 
Kasumigaseki Building 2-5, 3-chome. 
Kasumigaseki, Chiyoda-Ku. Tokyo, Japan 
[581] 981 1 

Business Department 
Thomas M. Egan 
Production Director 
[212] 997-3140 
Carol Gallagher 
Production Manager International 
[212] 997-2045 
Betty Praia 
Production Manager Domestic 
[212] 997-2908 
Thomas Kazich 
Production Manager Related Products 
[212] 997-2044 
Mariann» Meissner, Production Assistant 
(212) 997-2843 
Frances Vallone 
Reader Service Manager 
[212] 997-6057 

Electronics Buyers' Guide 
H.T. Howland, General Manager 
[212] 997-6642 
Regina Hera, Directory Manager 
[212] 997-2544 
Thomas Kazich, Production Manager 
[212] 997-2044 
Marieenne Meissner, Production Assistant 
(212) 997-2843 
Frances Vallons, Reader Service Manager 
[212] 997-6057 
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Electronics 
Reader Service 
For additional information 
on products advertised, 
new products or new literature, 
use these business reply cards. 

Complete entire card. 

Please print or type. 

Circle the number on the Reader 
Service postcard that corresponds 
to the number at the bottom of the 
advertisement, new product item, or 
new literature in which you are 
.nterested. 

To a d 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. 

r me man cm me so eze Ina ma ea um as one zaa aza man eaei maa 

service card expires June 29, 1979 Electronics March 29, 1979 This reader 
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Your design function (check each letter that applies): I Your principal job responsibility (check one) x El I do electroiic design or development engineering work. t 0 Management 

y E I supervise electronic design or development engineering work. I z I set standards for, or evaluate electronic components, systems and materials. V O Engineering 
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j D Independent R&D Organizations 
k D Government 

1 
2 
3 
4 
5 

16 
17 
18 
19 
20 

31 
32 
33 
34 
35 

46 
47 
48 
49 
50 

61 
62 
63 
64 
65 

76 
77 
78 
79 
80 

91 
92 
93 
94 
95 

106 
107 
108 
109 
110 

121 
122 
123 
124 
125 

136 
137 
138 
139 
140 

151 
152 
153 
154 
155 

'66 
67 

168 
169 
170 

181 
182 
183 
184 
185 

196 
197 
198 
199 
200 

211 
212 
213 
214 
215 

226 
227 
228 
229 
230 

241 
242 
243 
244 
245 

256 
257 
258 
259 
260 

271 
272 
273 
274 
275 

348 
349 
350 
351 
352 

363 
364 
365 
366 
367 

378 
379 
380 
381 
382 

393 
394 
395 
396 
397 

408 
409 
410 
411 
412 

423 
424 
425 
426 
427 

438 
439 
440 
441 
442 

453 
454 
455 
456 
457 

_ 

468 
469 
470 
471 
472 

483 
484 
485 
486 
487 

498 
499 
500 
501 
502 

703 
704 
705 
706 
707 

718 
719 
720 
900 
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 
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NAME    TITLE 

PHONE (   

STREET ADDRESS (company CI or home 0 check one)   

CITY   STATE  
Was Tr,* Magazine Personally Addressed to You" 0 Yes 0 No 
Industry classification (check one): 
a D Computer & Related Equipment 
b D Communications Equipment & Systems 
c D Navigation, Guidance or Control Systems 
d D Aerospace, Underseas Ground Support 

COMPANY  

e D Test & Measuring Equipment 
f D Consumer Products 
g D Industrial Controls & Equipment 
h El Components & Subassemblies 

Your design function (check each letter that applies): 
x D I do electronic design or development engineering work. 
y D I supervise electronic design or development engineering work. 
z D I set standards for, or evaluate electronic components, systems and materials. 

ZIP 

j D Independent R&D Organizations 
k 0 Government 

Your principal Job responsibility (check one) 
t D Management 
V D Engineering 

Estimate number of employees (at this location: 1. 0 under 20 2. 0 20-99 3.0 10 - 

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 
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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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The Power Elite 
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ENI truly is the Power Elite. In 
fact, when you want the ultimate 
in power flexibility, there's simply 
nothing finer in all the world. 
And our instrumentation can meet 
all your application needs. for RF 
signal generator amplification. 
RFI /EMI testing. signal distri-
bution. RF or data transmission. 
NMR /ENDOR, ultrasonics and 
more. 

ENI's selection of Class A 
power amplifiers is unsurpassed. 
combining a frequency spectrum 

• 

tt 
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• ,iittreslatà, 

':". • . . • 

of 10 kHz to 1 GHz with power 
outputs that range from 300 
milliwatts to over 4.000 watts. 
Rugged. compact and versatile, 
these power amplifiers can 
be driven by virtually any signal 
source. They're completely 
broadband and untuned, ampli-
fying inputs of AM. FM. TV. SSE 
and pulse modulations with 
minimum distortion. The uncon-
ditional stability and failsafe 
design make them impervious to 
sevee load conditions (open or 

dautle 

short circuit), delivering their 
rated power to any load, regard-
less of match. 

Clearly, when it comes to 
meeting your power amplification 
needs. ENI is in a class by itself. 

For detailed technical specifi-
cations, a demonstration or our 
latest full-line catalog, write: 
ENI. 3000 Winton Road South. 
Rochester. New York 14623. 
Call (716) 473-6900. or Telex 
97-8283 ENI ROC, 

The World's Leader in Power Amplifiers Circle 901 on reader service card 



And save you valuable space. 
Model 20 SIP trimmers save you precious PC 
board space, yet don't cost a fortune. Only 
.785" X .185" X .079" in size, the Model 
20 SIP trimmer occupies just 25% of the board 
space used by comparable DIP configurations and 
50% of that used by conventional 3-4-inch 
rectangular trimmers. The low board profile of 
.185-inches and .100-inch spacing are ideal fo-
meeting all of your high density PC board 
trimmer needs. 

Priced at only 75<" in 1,000 to 4,999 quantities, 
Model 20 SIP trimmers are available in 18 
standard resistance values ranging from 10 ot-ms 
to 5 megohms. Options of either hand or 
machine insertion, plus compatibility with 
automatic test equipment add up to more cost 
savings yet. 

There's no sacrifice in performance either. Sealec 
to withstand industrial cleaning processes, 

10111finegC111 1St t 

For Immediate Application—Circle 120 For Future Applicati 

Mode: 20 SIP trimmers have a low tempco of 
100 ppm/°C over —55°C to +125°C 
temperature range. Power rating is 0.50 watts at 
70°C. The stable cermet element offers infinite 
resolLtion. The wiper assembly idles at both 
ends pf travel, eliminating damage from forced 
adj..istrnent. 

Put these little jewels to work for you. Dramatic 
space savings, the ring of Boums quality, 
and sparkling performance. too. Contact your local 
Bourns representative for evaluation samples 
or send today for complete details. Or, see EEM 
directory, Volume 2. pages 3804, 3805. 

TR:MPOT PRODUCTS DIVISION, BOURNS, INC., 
1200 Columbia Avenue, Riverside, CA 92507. 
Phone: 714 781-5050. TWX: 910 332-1252. 

European Headquarters: Boums AG, Zugerstrasse 74 6340 Baar, 
Switzerland. Phone: 042 33 33 33. Telex: 78722. 
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