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COMPARISON OF DIAL SETTING ACCURACY 
(Possible production variation — unit to unit) 
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LASER-TRIMMED SAVINGS 

Now, for about $2*, the Bourns® Model 87/88 semi-precision, single-turn poten-

tiometer delivers ± 2% zero-based linearity. Compare the accuracy to the $5 

precision pot with -± 1% independent linearity that you're buying now . . . espe-
+ co/ INDEPENDENT 

41 to LINEARITY cially the performance at the low end setting, where dial setting accuracy is most 
critical. Laser trimming and advanced element designt deliver performance and 

savings in a 5/8" square modular package. 
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PERFORMANCE/COST COMPARISON 

Type Element Linearity APPru• 
Cost 

HIGHER COST 
PRECISION POTS 

Conductive 
Plastic 

±1% 
Independent 

55.00 

BOURNS 87/88 
SEMI- PRECISION 
POTENTIOMETERS 

Conductive 
Plastic 

+2% 
Zero-Based 

$200 

Cermet ±2.5% 
Zero- Based 

LOWER 
PERFORMANCE 
CONTROLS 

Conductive 
Plastic/ 
Cermet 

+5 - 10% 
Independent  

MOVE UP FROM INDUSTRIAL GRADE CONTROLS 

Again, for about $2, the Model 87/88 offers 200-300`)/0 greater panel setting 

accuracy over industrial grade controls. They're perfect for applications requiring 

close, consistent calibration of output-to-panel setting and versatility of design. 

MODEL 87/88 — THE ALTERNATIVE 

Don't compromise your application with lower performance controls or pay a pre-

mium for precision pots. Specify the alternative — Bourns Model 87/88. Write or 

call today for complete technical information. 

$2 SEMI-PRECISION MODULAR POTS ... BEAUTIFUL! 

TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue, Riverside, 

California 92507, Telephone ( 714) 781-5122 — TWX 910 332-1252. 
• Productior. quantities, Domestic U SA price, 
Single cup unit only. 

tPatent Pending 

International Marketing Offices: European Headquarters — Switzerliind 042/23 22 42 • Belgium 02/218 2005 • France 
01/2039633 • Germany 0711/24 29 36 • Italy 02/32 56 88 • Nethei lands 70/87 44 00 • United Kingdom 01/572 6531 • 
Norway 2/71 18 72 • Sweden 764/20 110 • Japan 075/921 9111 • Australia 02/55-0411 03/95-9566 • Israel 77 71 15/6/7 For Immediate Application — Circle 120 

For Future Application — Circle 220 



Introduc 
HP's first general- urpose Logic State Analyzer 
designed for both controllable production testing 

and field service...and it's low cost. 
Until now, production line testing of digital equipment has 
meant complex test gear, large sums for computenzed equip-
ment or time-consuming manual checks . . . perhaps all three. 
In the field, it's been traditional test gear without the measure-
ment capabilities of logic state analyzers. 
Now, with the low-cost 1602A. HP offers a general-pur-

pose, Logic State Analyzer that's easy to use in a number 
of plant or field applications. Manufacturing can use it in auto-
matic functional test systems or in board-level and incoming 
inspection testing. And its ease of use, light weight and port-
ability makes it a natural for field service applications, too. 

For manual production line 
testing and for field service 
troubleshooting, the 1602A 
keyboard lets you define testing 
and display parameters with 
just a few keystrokes. The LED 
display then lets you compare 
line or bus activity with test 
specifications. 

For automatic systems, an 
HP-I13** option lets 
you do setups and evaluation 
using a computing controller. 
When used with HP's 9830A 
or 9825A controllers, program-
ming is simple. An operator just 
presses a few speclal-function 
keys, and the HP-I3's "Learn 
Mode" does the rest. 

The 1602A, priced at 51800*, is compatible with many 
logic systems having data rates to 10 MHz. It monitors, stores 
and displays activity on system buses or control lines (up to 
64, 16-bit words a single instrument) to verify proper sys-
tem function. 

It's portable, adaptable to automatic control, low cost and 
so easy to operate it's almost self teaching. It can boost your 
production-line testing throughput and field-service trouble-
shooting efficiency Get all the details from your HP field 
engineer. 

Edge-connector probes speed 
setup. When test points are 
built into your sysrem's boards 
or board extenders, the probes 
are simply plugged in Time-
consuming and error. prone 
probe connection!. can be 
eliminated. 

This instrument minimizes 
chances of error two ways: 
Extensive messages tell the 
operator that the 1602A is 
being used properly. And in 
temal diagnostics verify proper 
operation. 
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HEWLETT hp PACKARD 

'5: - Page M Road Paie Ado Ca,,torn a 943C1 

Fe, ass.stareecati eiesn.ngton 1301j 948-W 70 Ce.sego .312, 

255•9800 Atlanta , 404, 955-1500 Lm. Angeles t 2131 877 1282 
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Could it be 
all things to 
all people? 
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8950A Transceiver Test System 

It could be if you need a general purpose, 1-1000 MHz 
automatic stimulus/response test system. 

What it is. 
The HP 8950A Transceiver Test 
System is a rackful of powerful 
measuring instruments. It was de-
signed for efficient transceiver 
testing, but it's finding applications 
in a wide range of general RF 
module testing as well. 
At 558300*. the HP 8950A may 

just be the system you'll need 
too. Contact your nearby HP field 
sales office for the information 
or write. 

What it can do. 
• Measure turn-on drift response 
of LO from cold start or vs. 
environment. 
• Plot audio filter/amplifier 
response. 
• Measure AGC compression 
characteristics. 
• Test mixers, or with external 
bridge, measure output 
impedance. 
• Measure spurious signals with 
optional spectrum analyzer. 

What you get. 
• 1300 MHz Synthesized Generator. 
• 13 MHz Synthesized Oscillator. 
• 4200 MHz Power Meter. 
• 1100 MHz Counter. 
• True RMS Digital Voltmeter. 
• 30A DC Power Supply. 
• Signal Switching Interface 
Panel. 
• 9825A Desk Top Computer 
and modular software 
subroutines. 

-oornesiic US price only 

HEWLETT à PACKARD 

1507 Page Mill Road. Palo Alto. Cariforma 94304 

04707 For a,sistance call Washington (301) 948-6370, Chicago (312) 255-9800. Aranta (404) 955-1500, Los Angeles (213) 877-1282 
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Highlights 

Cover: Bubbles blow into town, 81 

Microcomputer storage of a few megabits is 
the initial application of commercially avail-
able magnetic- bubble memories. The 
92,304- bit major-minor-loop chip allows 
storage capacity to be tailored to size, with 
no need to buy the excess memory of 
cassettes and floppy disks. 
Cover illustrated by Art Director Fred 

Sklenar. 

'Whither IEEE?' to be election issue, 70 

The entry of Fairchild's C. Lester Hogan into 
the race for executive vice president of the 
Institute of Electrical and Electronics Engi-
neers guarantees that the nature and extent 
of the professional activities program will be 
an issue in the upcoming election. 

EEs foresee more career diversity, 87 

The spread of electronics technology means 
greater career diversity, say engineers in a 
round of personal interviews. They express 
a wide range of views on how to press for 
professional gains. 

Fast RAM runs cool in systems, 103 

A higher-performance metal-oxide-semicon-
ductor technology and circuit innovations 
permit a 4,096- bit random-access memory 
to blend high speed at the chip level with 
low power dissipation at the system level, 
making possible fast mainframe memories. 

And in the next issue . . . 

Technologies vie for very large-scale-inte-
grated plum: a special report that includes 
articles on H-MOS, V-MOS, and I3L. 
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Publisher's letter 

RA agnetic-bubble memories have 
'long promised some significant 
pluses over more conventional mass-
storage media, such as compact 
packaging, low power consumption, 
nonvolatility, and elimination of me-
chanical and interconnection head-
aches. On page 81, you'll find the 
details on the design and operation 
of a 92,304-bit bubble memory from 
Texas Instruments that measures 
less than half of a cubic inch. 
The team in charge of the devel-

opment— authors J. Egil Juliussen, 
David M. Lee, and Gerald M. 
Cox—comes from two separate TI 

operations. Juliussen, who is respon-
sible for market development and 
applications definition for bubbles, 
and Lee, who works on system 
design and interface-circuit design, 
are in the central research laborato-
ries. Cox, on the other hand, is an 
applications engineer in the market-
ing operation of the semiconductor 
group, which shares responsibility 
for new bubble-device design. 

Right now, the design effort is 
targeted on the supporting chip set, 
and the pace, says Cox, is hectic. 
"When you have a new product 
based on a new technology, you have 
to do everything," he says. "There is 
little learning curve to rely on, and 
you have many things to do. You 
have to do them serially, because if 
you try to do them in parallel, the 
job just doesn't get done." 

Vibration is one of the many envi-
ronmental hazards that beset the 

electronics designer. Yet, as David 
Steinberg, author of the article that 
starts on page 100, points out, basic 
vibration theory is not normally part 
of the electronics curriculum, so he 
describes the concepts involved and 

how to use them to develop design 
guidelines. 

Steinberg finds that his specialty 
of vibration analysis keeps him 
hopping. Aside from his work at 
Singer Corp.'s Kearfott division on 
thermal and vibration aspects of 
electronic equipment, up until re-
cently he was flying regularly to the 
Midwest to teach a weekend course 
in vibration theory at the University 
of Wisconsin. He also managed to 
find time for consulting work. This 
summer, he is teaching a short 
course in vibration analysis in Israel. 

Electronic's packaging and produc-
tion editor, Jerry Lyman, who 
worked with Steinberg on the article, 
has had his own encounters with the 
problems of vibration. Two events 
during the time he was an electronics 
engineer at a now-defunct Long 
Island electronics firm are still vivid 
in his memory. In one case, he says, 
"an avionics box composed of 
printed-circuit cards, a card cage, 
rotating components, and a chassis 
proved out fine until the vibration 
test. But it fell apart in that test 
because of an unplanned-for reso-
nance peak in the chassis." 

In a second case, a large radar-
positioning system was theoretically 
stable, but proved violently unstable 
on the system prototype. "The insta-
bility was caused by a resonance in 
the antenna mount that was within 
the system's bandwidth. For a fix, it 
was easier to modify the servo 
system's parameters than to redesign 
the large pedestal." 
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ferroresmant 
stabilized 

power supplies 
• High efficiency: 75-80% 

• Automatic current limiting (not fedback) 

II Inherent overvoltage protection 

II Wide source range 

IIII Brownout protection to 90V a-c 
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• Source effect (line regulation) ± 0.5% 

III Low ripple — less than 50 mV 

• 12V, 24V, 28V and 48V modes 

• Up to one kilowatt output 
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When You Buy a Power Supply, 
Why Not Get the Best? 

e socu 

28 VDC to DC 

(55,463 Hrs.) 

Model C95D 

28 VDC to 400 Az, 

(61,387 Hrs.) 

Model 53D 

MFG SFR NO 

MEG PART NO 

MEG MOOT I 

NPuT ROSIE TO 
SIr TRAN, — 0:SE, 

SIT O AMPS 

( PS SLAVE 

MEG SEP 1 

MEG PART 

Mr, MODE I 

INPUT RANGE TO 

Pc SINE WAIF I 0 
1NP TERM • - 

LOP'. T AMI , 

I.IPIlI TERM E 

MA RASE TEMP 

.111 SPI r , AMP, MA 

400 rcts• to DC 

(56,148 Hrs.) 

Model W5D 

Abbott's New Hi-Performance Modules 
are designed to operate in the strin-
gent environment required by aero-
space systems — MIL-STD-810B 
and MIL-STD-461A for electro-
magnetic interference. 

RELIABILITY — NITBF ( mean time 
between failures) as calculated in 
the MIL-HDBK-217 handbook can 
be expected in excess of 50,000 
hours at 100°C for all of these 
power modules. The hours listed 
under the photos above are the 
MTBF figures for each of the 
models shown. Additional informa-
tion on typical MTBF's for our 
other models can be obtained by 
phoning or writing to us at the 
address below. 

QUALITY CONTROL — High relia-
bility can only be obtained through 
high- quality control. Only the high-
est quality components are used in 
the construction of the Abbott 
power module. Each unit is tested 
no less than 41 times as it passes 
through our factory during fabrica-
tion — tests which include the scru-

tinizing of the power module and 
all of its component parts by our 
experienced inspectors. 

NEW CATALOG—Useful data is con-
tained in the new Abbott Catalog. 
It includes a discussion of thermal 
considérations using heat sinks and 
air convection, a description of 
optional features, a discussion of 
environmental testing, electromag-
netic interference and operating 
hints. 

WIDE RANGE OF OUTPUTS — The 
Abbott line of power modules 
includes output voltages from 5.0 
volts DC to 740 volts DC with 
output currents from 2 milliamperes 
to 20 amperes. Over 3000 models 
are listed with prices in the new 
Abbott Catalog with various inputs: 

60%. to DC 
400ete to DC 
28 VDC to DC 
28 VDC to 400% 

12-28 VDC to 60 Act 

Please see pages 1037-1056 Volume lof your 1975-76 EEM (ELECTRONIC ENGINEERS MASTER Catalog) 
or pages 612-620 Volume 2 of your 1975-76 GOLD BOOK for complete information on Abbott Modules. 

Send for our new 60 page FREE catalog. 

abbott transistor 

LABORATORIES. 
general 1,1 I iees eastern office 

5200 W. Jefferson Blvd Los Angeles 90016 1224 Anderson Ave./Fort Lee, N.J. 07024 
(213) 936-8185 Telex: 69-1398 (201) 224-6900 Telex: 13-5332 

"SEE US AT WESCON/77 SHOW IN SAN FRANCISCO" 
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Readers' comments 
We made it 

To the Editor: In your special report 
on "The Gathering Wave of Japa-
nese Technology" [June 9], you 
picture and describe an n-channel 
metal-oxide-semiconductor memory 
cell used in a 65,536- bit dynamic 
random-access memory project that 
is funded by the Nippon Telegraph 
and Telephone Public Corp. 
[pp. 116-17]. 
You say the complete chip, also 

shown, was fabricated by Fujitsu 
Ltd., but this statement is not in 
agreement with the facts. This large-
scale- integrated memory was de-
signed and fabricated in the Musa-
shino Electrical Communication 
Laboratories of the NTT. 

H. Toyoda 
Musashino Laboratories 

Tokyo, Japan 

Remember the Boston tea party! 

To the Editor: May I congratulate 
you on your excellent editorial on the 
new Government tax rulings that 
cuts the earned-income exclusion for 
U. S. engineers and other citizens 
working abroad to $ 15,000 from the 
former level of $20,000 or $25,000 
and adds to the taxable list the cost 
of many cost-of- living benefits [June 
23, p. 12]. 
I hope that the Congressmen 

working on tax reform will heed your 
arguments and change the law to 
make those of us working overseas 
feel that taxation without represen-
tation is not going to become a 
reality again. 

R. W. Nearhoof 
Belo Horizonte, M.G., Brasil 

Don't read-only this 

To the Editor: The joint Army-Navy 
approval granted to Texas Instru-
ments Inc. was for its TMS4050 and 
TMS4060 large-scale-integrated cir-
cuits, as you reported [ July 7, 
p. 158]. However, the parts are 
4,096- bit dynamic metal-oxide-semi-
conductor random-access memories, 
not read-only memories. These are 
the first dynamic RAMS to receive 
JAN approval. 

Leo Lagere 
Texas Instruments Inc. 

East Syracuse, N. Y. 
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PUSH 
to initiate automatic 
In-circuit testing of 
all of your analog, 

hybrid and digital boards. 
Test all of your printed circuit boards and, in 
many cases, completely elimirate costly 
functional testing. Faultfinders FF101C and 
FF303 in-circuit test systems give you the 
flexibility you need with a broad range of 

CPU/peripheral compatibility. And you can get 
full time utilization of the system computer 
with foreground/background programming to 
execute automatic program generation, text 
editing, data analysis or file maintenance even 
while you're testing boards. 

You'll be testing more boards, bigger boards 
and more complex boards, so now is a good 
time to start checking on what Faultfinder 
in-circuit test systems can do to make the job 
more cost-efficient. Call your Faultfinder 

representative: 

Latham, Tom Coleman, ( 518) 783-7786; 
Irvine, Chuck HuIts, ( 714) 549-4901; 
Chicago, Al Roraus, ( 312) 696-0335; 

San Francisco, Bruce Douglas, ( 408) 432-9020; 
Waltham, Thomas McLaughlin, ( 617) 890-4717 
Europe, Marty Liebman, (49) 6196-44008; 
England, Mike Cook, ( 44) 4204-3443. 

Or start with the coupon. 

®177 FAULTFINDERS Inc. 
15 AVIS DRIVE, LATHAM, NY 12110 

I 

Show me how Faultfinder in-circuit test systems can improve our production testing. 

TITLE 

1 

COMPANY  

ADDRESS  

CITY   ZIP  
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Get the 
scope you 
need-Now! 

.4 

2.111 

à 

1111, 

Our "Instrument Professionals" 
will tell you which scope will 
do the job best, at the lowest 
cost, make immediate delivery 
and guarantee performance. 

Write or call for data on our other 
specialties: Instrument Leasing • 
Computer Peripherals • Equipment 
Sales • Instrument Service. 
Circle 8 on reader service card 

Call 
Continental 
Rental, 
Div. Continental Resources, Inc. 
175 Middlesex Turnpike, Bedford, 
MA 01730 (617) 275-0850 

FOR IMMEDIATE RESPONSE CALL 
N.E. (617) 275-0850; LI. (516) 752-1622; 
NY, NJ (201) 654-6900; 
Gtr. Phila. (609) 234-5100; 
Wash., D.C. area (301) 948-4310; 
Mid West (312) 439-4700; 
So. Central (214) 690-1706; 
Costa Mesa, CA (714) 540-6566; 
L.A., CA (213) 638-0454; 
Santa Clara, CA (408) 735-8300. 

Get our II 
FREE 
Catalog 

News update 

MI When the lights went out in the 
metropolitan New York City area on 
July 13, New York Power Pool offi-
cials in Schenectady got a clear 
picture of the situation, thanks to a 
complex network of computers. In-
stalled several years earlier by Inter-
national Business Machines Corp. 
[Electronics, July 5, 1971, 
p. 79], the system helped avoid a 
repetition of the big blackout of 
1965. It was designed to give dis-
patchers a statewide picture of 
power generation, customer demand, 
reserve capacity, and transmission-
line loads. Beyond permitting them 
to quickly spot abnormal conditions 
and initiate corrective actions over 
telephone lines, the system allows 
the dispatchers to continuously su-
pervise power generation and trans-
mission facility loading to meet 
regional demands and to coordinate 
and arrange for energy interchanges 
with pools in neighboring regions. 
The night the blackout started, 

"the system worked as it was 
designed to," says John Koehler, 
supervisor of the computerized con-
trol center. "When the lightning hit, 
the change in status of some of the 
equipment and the changes in the 
flow of power in the line were 
detected, and we had an excellent 
picture of what was happening." 
An IBM spokesman notes that "the 

equipment is not a control station 
and doesn't make decisions about 
where to switch off power or where 
to cut in a new line. Rather, it 
allowed the Power Pool's top man-
agement people to stay on top of the 
situation so that they could make the 
decisions." 
The initial system, installed in 

1971, consisted of two IBM System 
360/50 processors, each with 
256,000 bytes of core memory, and 
an array of control consoles, periph-
eral displays, disk memories, and 
drives. The 360/50s have since been 
replaced by two System 370/155 
processors, with 1.5 megabytes of 
semiconductor memory each. "An 
expansion of the system including 
additions to the consoles and com-
munications system is in the plan-
ning stage," says Koehler. 

Bruce LeBoss 

Gas Sensing Semiconductor 

FIGARO 
TOS GAS 

SENSOR 
quickly senses 

/en small 
amount 
of gas. 

Application 
1. Natural Gas- Leak Alarm 
2. Propane Gas- Leak Alarm 
3. Carbon Monoxide 

Detector 
4. Automatic Fan Control 
5. Fire Alarm ( Detecting 

combustible gases 
contained in smokel 

6. Alcohol Detector 
(Detector for drunken 

driver) 
7. Air Pollution 

Please contact ant 01 the addre,e, helm, ! 

FIGARO ENGINEERING INC. 
•Head Office. 3 7-3 Higasititolonaka. ToyonaKa 

City. Osaka. 560. JAPAN TELEX 05286155 
FIGARO J CABLE FIGARO TOYONAKA 

TEL 1061 849-2156 

*North America: 3303 Harbor Boulevard. Suite 
D-8. Costa Mesa, California 92626. U S.A. 
TELEX 678396 CABLE FIGARENGIN 
COSTAMESA TEL ( 714) 751-4103 

Circle 158 on reader service card 

NEW SURPLUS 
WEINSCHEL ROTARY 
STEP ATTENUATORS 

DC to 18GHz 

M> Only $32 each! 
Gold plated SNIA connectors, 50ohm 
impedance, 13-40 dB attenuation, volt-
age division steps: 1.0, 0.5, 0.2, 0.1, 0.05, 
0.02, 0.01. Case dimensions: 1.6" diam-
eter x 1.6" long (between connectors). 
Complete specifications supplied with 
order. 

New components being sold as sur-
plus . . . value approximately $475; 
surplus sale price: $32 f.o.b. Portland, 
Or. Quantity prices available upon 
request. 

banff associates 
P.O. Box 10539, Dept C. 
Portland, Oregon 97210 
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Hello, 
25% Hi• her 
Current, 
451t@l50°C, 
Switch mode 
Schottkys. 
Goodbye,TRIAL 
Meet the world's first power Schottky 
rectifiers to give top performance at 
high temperatures with no derating, 
backing off or baloney. Motorola Switch-
mode* Schottkys. 

Switchmodes are full-rated at 150 A, 
45 V, 150°C conditions simultaneously. 
You-know-who's aren't. 

And the MBR7520-45 series can 
save you 20% in power at 100 A because 
of lower VF—or 12 W less power loss vs 
competition. The 1,000 A surge current 
rating is something to welcome, too. 

The whole family has unique guard-
ring construction providing avalanche 
characteristics for transient protection 
plus low leakage for added reliability. 

0 The mind to imagine.., the skill to do. 

Schottky 
Type 

! Peak 
Forward 

Current*** 
(Rated VR) 
(Amps) 

Average 
Forward 
Current•• 
(Rated VR) 
(Amps) 

Max VR 

@ TJ 
150C 
(Volts) 

MBR7545X 
150 

(Tc = 90°C) 
70 

(Tr = 90'C) 

.._. 

45 

SD51T 
120 

ITC = ?) _ 32 

IABR6045# 
120 

(Tr = 90° C) 
50 

(Tr. = 90' C) 45 

1 P46098 
_ 50 

(Tr= 70'C) 40 

MBR3545$ 
70 

(Tr = 90°C) 
30 

(Tr = 90°C) 45 

SD41 t -N6096 _ 30 
ITC = ?) 32 

— 25 
(Tc = 70''C) 40 

rfes. Weye Got Ern. 
Top-of-tne-Une. lower voltages avail•ble. 

60 I-y. 180. conductlon ongle 
"'Square way 50% duty cycle 

Even dv/dt is better .... 1,000 V/us for the 
MBR7545. And Ojo. It's just 0.8° C/W in-
stead of the usual 1.0 for more efficiency. 

And that's what Schottkys are all 
about—superior performance and effi-
ciency in high-frequency switching 
applications. The new series will be 
state-of-the-art industry standards in 
those designs. 

Prices are more attractive, too! 
Say hello to our good buys. Send for 

Switchmode Schottky data sheets and 
get spec-by-spec, side- by-side compari-
son of these new DO-4s and DO-5s with 
outgoing standards. It's an eye-opener. 

Write Motorola Semiconductors Inc., 
P.O. Box 20912, Phoenix, Arizona 85036. 

•Trademark of Motorola Inc 

MOTOROLA Sernic conductors 
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PMI announces the 
first, fast precision 
bi-FET op amps 
pin-for-pin replacements for the 155, 
156, and 157. 
No question about it, the bi-FET op amp was quite 
an achievement. Speed combined with acceptable 
input performance for the first time. The Miracle 
of Silicon Gulch was a great step forward. 
But there was room for improvement. In several 
areas. So we went to work on it. 

First, we second sourced it. 
And made it better. 
We set about to improve idling current control, 
reduce second-stage TCV„ and improve the first 
stage balance. The results were PMI's PM155A, 
156A, and 157A, with specs, yields, and delivery 
far superior to the Miracle's maker. But we didn't 
stop there. 

We were convinced that the basic design could 
be improved. It could be made faster. And more 
precise. So we designed a completely new 
proprietary series of op amps that would perform 
the way bi-FET op amps should. 

And now, meet the 
Miracle of Miracles! 
PMI's OP-15, OP- 16, and OP- 17 are the first 
precision pin-compatible versions of the 155A, 
156A, and 157A, respectively. They give you three 
major improvements in performance: 
1. Higher speed— by a factor of two. 
2. Reduced offset voltage, thanks to our 
production-proven zener zap trimming technique. 
TCV„ is well-behaved. 
3. High-temperature bias current drastically 
reduced— by an order of magnitude— by means of 
a FET leakage current cancellation circuit ( patent 
pending). 

Let's look at that last point for just a moment. 
Although FET input current is picoamperes at room 
temperature, it doubles with every ten-degree 
rise. It can be several nanoamperes at 70°C 
ambient and hundreds of nanoamps at 125°C— 
worse than many bipolar op amps. The fact that 
the chip temperature is 20° to 30° higher than the 
ambient doesn't help. FET bias current is important. 
We think it's misleading to specify it at junction 

temperature, so we specify itwarmed up— 
the way you'll use it. 

Consider the specs: 

OP-15/LF155, OP-16/1F156 and, OP-17/1,F157 Comparison Chart 
Parameter • LF155A OP- 15A 4156A OP•16A LF157A OP- 17A 

LF355A OP- 15E  1.0856A OP-16E LF357A OP- 17E Units  

Offset Voltage, Max. 2.0 0.5 2 0 0 5. 2.0 0 5 mV 

Bias Current, Marc. 
(warmed-up) 0 to 70°C 
—55 to 125°C 

8.0 0.75 9 0 0 9 9.0 0.9 nA 
100 9 180 11 180 11 nA  

Slew Rate, Min. 3 10 10 18 40 45 V/psec 

Gain-Bandwidth 
Product Typ. 

Supply Current, Max. 

Voltage Gain, Min. 50 

2.5 6.0 4.5 8.0 20 30 MHz  

4 4 7 156A 7 7 157A 7 mA 
10 356A 10 357A  

100 50 100 50 100 V/mV 

*All other parameters are more or less equivalent; 
in the case of TCV„, however, the OP-15/16/17's 
really do meet the spec—and our typicals are 
typical of what you get. 

A quick look tells us that the OP-15 has the speed 
of the 356A, but not the power dissipation, which 
is the same as the 355A. The OP-16 is twice as 
fast as the 356A. 

10 Electronics/August 4, 1977 



100nA 

10nA 

lnA 

10pA 
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

TYP 

OP 16A MAX 

OP-16 TYP 

s • 1 

Ambient Temperature — °C 

Input Bias Current vs. Ambient Temperature 
(Units are warmed-up in free air) 

So what's the 
bottom line? 
Offset voltage improved four-
fold. Circuit balanced for low 
TCVos. Bias current over tem-
perature reduced ten times. And 

the OP-15/16/17 fits all 155/ 
156/157 sockets. Plus: 
The OP-15's supply current is 
low like the 155 s, yet it gives 

you the speed of the 156. 
The OP-16 gives you the 

best power/speed compro-
mise you can find-twice as 

fast as the 156, but with the 
same moderate power 

dissipation. 

The OP-17 gives you ultra-high 
speed ( 70v/fisec. typical in a gain 
of five)- high enough to challenge 

costly dielectrically- isolated 
devices. 

OP-16 Typical Slew Rate 

And cost. What about cost? 
There's no basis for comparisons, since nobody 
else is delivering "A" grade bi-FETs anyway. For 
sure nobody is delivering anything that comes 
close to the OP- 15/16/17 specifications. But we 
would like to make something clear: 
We do not consider a bi-FET op amp to be a 
substitute for a 741. With its larger chip area and 
extra ion-implant step, the bi-FET will always cost 
more; and the OP-15, 16, and 17 are precision, 
high-speed, low-bias-current op amps designed to 
give you high performance and high speed over 
the full operating temperature range. They cost 
more than 741's. 
On the other hand, they cost less than 
LF-155/6/7As - even though they outperform them. 

Model 
OP-15/16/17A 
OP-15/16/17B 
OP-15/16/17C 
OP-15/16/17E 
OP-15/16/17F 
OP-15/16/17G 

Temp. Range Price (100-999) 
- 55°C/+125°C $18.00 
-55°C/ 4-125°C $ 9.00 
- 55°C/ + 125°C $ 6.00 
0°C/+70°C $10.00 
0°C/+70°C $ 3.50 
0°C/ + 70°C $ 2.50 

Lower price. Better performance. And we actually 
deliver them. 
When you get right down to it, our miracle is a lot 
more dazzling than their miracle. 

PMI's OP-15, OP-16, and OP-17. 
The next industry standard. 

EvU 
Precision Monolithics Incorporated 

1500 Space Park Drive 
Santa Clara, California 95050 

(408) 246-9222 TWX 910-338-0528 
Cable MONO 
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Editorial_ 

IEEE's most important election 

Perhaps at no other time will the apathy that 
members of the Institute of Electrical and 
Electronics Engineers usually display toward 
the annual election of officers be more 
dangerous and destructive to their organization. 
Make no mistake, the election is extremely 
important, because the outcome of this year's 
battle to decide the leadership of the institute 
will affect every member. 

There is one overriding issue— the future 
direction of the IEEE in professional pursuits 
versus technical and educational activities— and 
to settle it, there must be a large turnout. 
The winners of the contests for president, 
executive vice president, and directors must 
receive a mandate. The losers must be 
convinced that the majority of voting members 
have expressed their wishes. Otherwise, the 
institute could become bogged down by 
factionalism, by lack of direction, and by 
internal power struggles. 

Those campaigning for the major offices 
are striving to work for the best interests of 
the institute and its members. They differ, 
of course, in their definition of "best interests." 
What the voters must decide is whose vision 
of the future to support, what kind of leadership 
will do the most to advance the IEEE and 
benefit the membership. 

In making this decision, every voter should 
keep some key guidelines in mind: 
• Forget personalities. Vote for those who 

reflect your views, who will make policy 
decisions and spend your dues the way you 
would. 
• Ignore nomination distinctions. While 
some people would try to argue otherwise, 
there are no inherent differences between 
those candidates nominated by the board of 
directors and those who are placed on the 
ballot by petition. By the same token, write-in 
votes have an equal status when the ballots 
are tallied. 
• Become informed. The institute is trying 
to get each candidate's position before the 
members, within the limits imposed by its 
own regulations on election campaigning. 
Also, between now and ballot-counting time 
in November, some IEEE sections and societies 
will sponsor debates between the major 
candidates. These meetings should be helpful 
in sizing up the issues. Informal discussions 
with colleagues about the merits of the 
candidates should also aid decision-making. 
After all, it is going to be an interesting 
campaign, and it will be well worth following. 
• Vote. As suggested above, the institute's 
greatest enemy right now is apathy. The easy 
way might appear to be to avoid making the 
effort. But for any member who takes the 
institute's work seriously, who believes that 
paying dues carries with it a right to a say in 
how that money is spent, now is the time to 
stand up and be heard. 
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BEN 
BRISTL 
BRUSH 
BUNCH. 

• simp!er board support systems 
• fewer damaged boards 

Opens new horizons for PCB design. 
70%-90% Reduction in Mating and Unmating Forces 

Extended Circuit Count Potential 

• up tc 400 Bristle Brush 

per connector 
contacts 

Extensive Product Line 

• mother board, daughter board, input/output, PC receptacle body 
styles 

• 2-, 3-, and 4-row configurations 
• 90° and straight PC, solderless wrap, crimp removable, willowy tail 

terminations 
For complete information, contact The Bendix Corporation, Electrical Com-
ponents Division, Sidney, New York 13838. Circle 13 on reader service card 



DIP 
ISOLATORS DIF, 

ISOLATORS 
DIP 

ISOLATORS 
OPTRON's complete line of optically 
coupled plastic DIP isolators offers 
immediate availability of standard 
devices for almost every applica-
tion ... plus competitive pricing, 
high reliability and excellent cus-
tomer service. 

Check these features and 
choose the device best suited for 
your application. 

GENERAL PURPOSE gito A full selection of DIP 
isolators with transistor and 
darlington outputs to match 
all popular industry stan-

dards. Current transfer ratios range from 
2.0% to 500%. 

HIGH VOLTAGE 
For applications requiring 
an interface with high volt-
age circuits, select the OPI 
6000 DIP isolator with a 300 volt output 
transistor. 

AC OPERATION 
The OPI 2500 DIP isolator 
features two input LED's 
operating in inverse parallel 
and is ideal for applications 

where the LED is driven from an AC line. 

CUSTOM SELECTION 
If your application demands 
"something a little differ-
ent," OPTRON specializes 
in DIP isolators to meet 
special customer requirements. 

For reliability data and technical 
specifications on OPTRON's complete 
line of plastic DIP isolators, contact your 
nearest OPTRON sales representative 
or the factory direct. 

S1201 Tappan Circle 
Carrollton.Texas 75006. USA 
TWX-910-860-5958 

' 214/242-6571 

OPTRON, INC. 

People 

Astrophysicist Robert Doyle 

invents electronic games 

Can a man with a Ph.D. in astro-
physics find happiness as a consul-
tant on electronic games to a toy 
manufacturer? Yes, says Robert O. 
Doyle, who has a submarine pursuit 
game, "Code Name: Sector," going 
into production this month at Parker 
Brothers Inc. [Electronics, July 21, 
p. 32]. " Building games is fun," he 
explains. "I like the theorizing and 
hypothesizing that go with it." 

Doyle is vice president of Micro-
Cosmos Inc., a Cambridge. Mass., 
company formed in 1974 to explore 
the potential for electronics in games 
that are not played through televi-
sion sets as are the popular video 
games. "We knew that eventually 
microprocesors would allow the 
games to be made cheaply enough 
for the marketplace," says the pleas-
ant, low-key Harvard graduate. 

This was not the only handwriting 
on the wall that Doyle, now a youth-
ful- looking 41, espied. In 1972, after 
four years as an itstronomer on the 
Skylab program, he chose to move 
on as the funds and programs of the 
National Aeronautics and Space 
Administration dwindled. He 
formed Super8 Sound Inc., to make 
sound equipment for schools to use 
with Super-8 movie projectors. 
"That was my introduction to 

electronics," Doyle says. " Integrated 
circuits made our sound recorder 
possible." He also turned to elec-
tronic games, with which he admits 
to having toyed mentally since the 
early 1960s. "We developed six or 
seven, then chose four as our ' port-
folio' and wrote to about 20 compa-
nies," he recalls. He built his proto-
types with transistor-transistor logic 
and began educating himself about 
microprocessors, reading everything 
he could get his hands on. 

Parker responded and began what 
has become for Doyle an exclusive 
relationship. "I guess you can say 
we're their electronics wing," he 
remarks. MicroCosmos has some 25 
electronic games in various stages of 
development, he says. 

"Parker's strength is in games that 

Gamesman. MicroCosmos' Robert Doyle 

has 25 electronic games in development. 

require mental dexterity, are rich in 
imagery, and have extensive rules," 
states Doyle, pointing out that the 
firm developed the ever- popular 
board game of Monopoly. For the 
new games, rules of play can be 
stored in microcomputer memory, 
and with its logic capability, the 
microcomputer may become an in-
telligent and unpredictable player. 
Says Doyle: "I think the future for 
Parker will be to do more and more 
to implement rules with electronics 
and imaginative software." 

Improved phosphors make 

Fred Walzer's CRTs look good 

"We see our sales of color-penetra-
tion cathode-ray tubes in the mili-
tary and industrial markets really 
starting to build now, and it's 
because of our breakthrough in 
bright phosphors," says Frederick 
Walzer, 54-year-old president of the 
DuMont Electron Tubes and De-
vices division of Du Mont Electronics 
Corp., Clifton, N. J. One of his first 
decisions after being named presi-
dent recently was to OK the initial 
production run of the tubes, which 
rely on a single electron gun and red 
and green phosphors to produce a 
limited number of colors. 

His division is using phosphors 
developed by Thomson CSF, the 
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"We saved M2,000 by 
cutting down redrawing 
time the first year we 
switched to reprographic 
techniques: 
Earl Lind, Graphics Supervisor 
Solar, an International 
Harvester Group, San Diego. 

"Solar makes gas turbines. Big ones. 
And they are shipped all over the world. 
Generally, each customer orders a slightly 
different version oii the basic engine. 

"Before we switched to reprographic 
techniques, we would redraft the entire 
drawing, even if the change was no more 
than 10%. Now we make a blowback from 
microfilm or create a same-size photo copy. 
opaque unwanted detail. then redraft as 
required. Or— if the changes are going to 
be minor—we reproduce it on wash-off film 
and let the drafter wet-erase what is not 
wanted and then draw in the new details. 

"We figure—even with the limited mech-
anized processor we had when we first went 
to reprographics—that we saved $42.000 in 
engineering drafting time the first year. And 
that saving was in spite of the fact that we 
had to start up a new facility and hire two 
technicians to run it. 

"Later we installed a Kodak Supermatic 
processor and relocated our drafting repro-
duction area next to our photo lab and copy 
camera area. As a result, we've found that 
were saving about 50% of the processing 
time for the photo lab and the copy camera 
facility. Everything we turn out—from pub-
licity photos to engineering drawings— is 
going through the Supermatic processor:. 

Reprographics can help you, too. 

Send for more details about Solar's use 
of reprographic techniques, plus. a complete 
listing of Kodak products and other applica-
tions. Write Eastman Kodak Company, 
Graphics Markets Division. Dept. R04804. 
Rochester. N.Y. 14650. 

VERSATILITY In 
REPROGRAPHKS 
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New 
Film - Foil Capacitors 
for low capacitance purposes 

Features: High dielectric strength with high 
temperature stability. Cast resin encapsulation 
ensures complete moisture resistance. 
Aluminium foil electrodes and polyester dielectric. 

WIMA FKS 2 5 mm lead spacing 
1000 pF to 0,015 pF. Very low self inductance. 
Ideal where size is critical. 

WIMA FKS 3 7.5 and 10 mm lead spacing. 
Solid end contacts with low induc-
tance. 1000 pF to 0,1 pF. Space 
saving, general purpose range. 

ce471g 
3300 4700 6800 
100- 100- 100- 04- 

I I 

0015 
100-

0,0221.4 09331g 
100- too-

WILHELM WESTERMANN 
Spezialvertrieb elektronischer Bauelemente 
P.O. Box 2345 • Augusta-Anlage 56 
D-6800 Mannheim 1 Fed. Rep. of Germany 
Tel.: (6 21) 40 8012 

People 

Vision. Walzer hopes the advantages of 

color will finally be appreciated. 

French electronics manufacturer 
that owns DuMont, a producer of 
both color-penetration and televi-
sion-type CRIS and photomultiplier 
and storage tubes. Coupled to 
screens and electron guns designed 
by DuMont, the phosphors yield 
color tubes that Walzer claims have 
"up to three times the brightness and 
at least 1.5 times the life of what's 
been available on the market." Color 
definition is improved as well. 

Walzer returns to DuMont after a 
five-year hiatus, most recently as 
head of Carter Semiconductor Ltd. 
in Hong Kong. Earlier, he spent 23 
years at DuMont, starting in the 
quality control area in 1949 and 
working his way up to general 
manager. If there is ofie thing he 
knows, it is tubes. 

Application for the color CRTS 

"will go all over, particularly in mili-
tary and Federal Aviation Adminis-
tration markets for cockpit displays, 
simulators, and command and con-
trol systems for air-traffic control 
and electronic warfare," he says. 
"People haven't appreciated what 
color can do here because of bright-
ness and definition problems of 
earlier penetration phosphors." The 
CRIS and the few colors they produce 
are sufficient to enable operators to 
see data easily and quickly recognize 
when data is changing. Size of the 
tubes will cover a broad range— 
rectangular ones will be up to 25 
inches measured diagonally, round 
ones up to 23 inches across. 
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TO-5 RELAY UPDATE 

The Relay of Tomorrow 
is here today: 
the Centigrid. 

Centigrid 

(5.8mm) 

.370- ... 
(0 4mm) 

0 0 0 

O 0 

O 0 0 

TO-5 

147472- ;;5 

1,5sQe 
( 150 Grid) 

O 0 0 0 

O 0 0 0 

1,2 Crystal Cart 

800" 
(20.3mm) 

Centigrid Dimensional Comparison 

Out of Teledyne's TO-5 relay technology has evolved 
the Centigrie — the ultimate subminiature relay. 
It combines the proven TO-5 relay design concept 
and internal construction into an even more compact 
package. Low profile height — just .230" (5.84mm) — 
with terminals spaced on a . 100" (2.54mm) grid 
permitting direct pc board mounting without the 
need for lead spreading. 

Add to this the same low coil power 
consumption as the TO-5 
relay, with obvious 
thermal and power 

ir TELEDYNE RELAYS 

supply advantages. And for RF switching, the 
Centig rid's low inter-contact capacitance and 
contact circuit losses provide high isolation and 
low insertion loss up through UHF frequencies. 

To top it all off, the Cent/grid is qualified to levels 
L" and "M" of MIL-R-39016, including the internal 

diode suppressed versions. 

For complete specification data 
on the Relay of Tomorrow, contact 

Teledyne Relays, the technology 
leader in the relay industry. 

3155 West El Segundo Boulevard, Hawthorne, California 90250, Telephone (213) 973-4545 
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We started with the world's first miniature Dual In-line 
Package switch and now have types ranging from new 
mini-matrix slide switches and coded rotary switches to LED 
and side-actuated DIP types, to name a few. 

And as we have from the beginning, we stand behind every 
one of them, new or old, with an offer of solid, technical 
support. Not because they need it. But because we believe 
you as an engineer, are entitled to it when you innovate. 
It's the kind of full support that says we're ready to work 
with you not only in product application and production but 
even earlier, in research and development, if you desire. 
And we think you'll find it a good way to keep an eye on 
the future of switching. 

Among the most popular of our "future" switching 
innovations is the unique Mini-Matrix Slide Switch. 
It's especially useful for logic level matrix, switching 
applications. And our new programmable DIP Shunts offer 
another easy way to program manually. By simply opening 
or closing conductive straps. 

But perhaps the most revolutionary switch of all is our 
unique, patented coded rotary switch. It switches the circuit 
instead of the contacts. Just as new, is our DIP Network 
Switch. It's designed for use with thick film capacitor and 
resistor chips for impedance switching and time delay 
functions. 

As you can see, there are many more switching innovations, 
like our Standard Rotary switches and Pull-to-set types. 
For more information, just call AMP Customer Service 
at (717) 564-0100. Or write AMP Incorporated, 
Harrisburg, PA 17105. 

AMP has a better way. 

SEE US AT 
INELTEC, BASEL 

ANI Fs' 
INCORPORATED 
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RELIABILITY 
IS ALWAYS THERE 1NITH 

ELORG PHOTOMULTIPLIERS 
• operable within a broad spectrum range, from near 

infrared to X-'ay region 

• of proved expertise in b&w and color, applied and 
broadcasting, small-screen and infrared TV, in 
phototelegraphy and photometry, in spectrometry 
(infrared included), ir scintillation devices for 
monitoring the output of stimulated-emission devices 

AND YOU CAN CHOSE FROM ABOVE 20 Types 
OF PHOTOTUBES SUPPLIED BY ELORG: 

FEZh-82: highly recommendable for scintillation devices, 
with its output characteristic ( by anode current) in a 
pulsing mode linear up to 80C mA. 

FEU-57: simply ideal tor ultraviolet stAies, with 
the photocathode esporse of 5x10 3 A/W and that of 
anode — 2000 A/W ( at 230 nm wavelength). 

FEU-96: highly suitable for measuring threshold light 
fluxes and featuring the photocathode merely 3 mm 
in diameter. Dark current — 3x10 10 A. Response 
threshold — 5x10 " Im/Hz2. 

FEU-113: designed specifically for infrared app'ications, 
with working range from 300 :o 1060 nm. Photocathode 
response at 1060 nm wavelengtn — 6.5x10 A/W, and 
anode current response — 300 A/W. 

FEU-114: of extra- rugged structure withstanding 
vibration up to 20 g in 1 to 3000 Hz range. linear 
acceleration up to 500 g and sirgle impacts up to 
1000 g. 250 to 850 nm working range. 

THE LOUVRES DYNODE SYSTEM OF FEU PHOTO-
MULTIPLIERS YIELDS LINEAR OUTPUT IN A WIDE 
RANGE, STABLE ANODE CURRENT, INSENSITIVITY 
TO EXTERNAL MAGNETIC FLUXES. 

Supplied by 

Ltt=i,e0G 
32/34 Smolenskaya-Sennaya 
121200 Moscow, USSR 
Tel. 251-39-46 Telex 7586 

Meetings 

NBS Seminar on Time and Frequency: 
Standards, Measurements, and 
Usage, National Bureau of Stan-
dards, Boulder, Colo., Aug. 22 — 26. 

21st International SPIE Symposium, 
Society of Photo-Optical Instrumen-
tation Engineers ( Bellingham, 
Wash.), Town and Country Hotel, 
San Diego, Aug. 22 — 26. 

Product Liability Prevention Confer-
ence, IEEE, New Jersey Institute of 
Technology, Newark, New Jersey, 
Aug. 24 — 26. 

Intrasociety Energy Conversion En-
gineering Conference, IEEE, Sheraton 
Park Hotel, Washington, D. C., 
Aug. 28 — Sept. 3. 

7th European Microwave Confer-
ence, Microwave Exhibitions & Pub-
lishers Ltd. (Sevenoaks, Kent, En-
gland), Bella Center, Copenhagen, 
Denmark, Sept. 5 — 8. 

Compcon Fall, IEEE, Mayflower Ho-
tel, Washington, D. C., Sept. 6 — 9. 

Ineltec 77: Exhibition of Industrial 
Electronics and Electrical Engineer-
ing, lneltec Exhibition Secretar-
iat ( Basel, Switzerland), Basel, 
Sept. 6 — 10. 

Fall meeting of Electronics Division 
of American Ceramic Society, ACS 
(Columbus, Ohio), Queen Elizabeth 
Hotel, Montreal, Quebec, Canada, 
Sept. 18 — 21. 

Wescon 77, IEEE, Brooks Hall and 
Civic Auditorium, San Francisco, 
Sept. 19 — 21. 

13th Electrical/Electronics Insula-
tion Conference, IEEE et al., Palmer 
House Hotel, Chicago, Ill., Sept. 
26 — 29. 

Fifth Data Communications Sympo-
sium, IEEE and ACM, Snowbird, 
Utah, Sept. 27 — 29. 

International Conference on Thin-
and Thick-Film Technology, IEEE, 

Congress Center, Augsburg, West 
Germany, Sept. 28 — 30. 
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Did you know that you can 
save $1,005 by buying a 

Fluke 1953A Counter instead? 

That's right. 
Fluke's 1953A Universal Counter-

Timer mainframe plus IEEE Pro-
gramming option will cost you just 
$1,595.* Instead of the $2,600 or more 
you'd pay for comparable models. 
And you'll get excellent systems per-

formance plus extras you didn't count on. 
Like "clean dropout!' If the signal is 

too small, the 1953A will show zeros. 
Theirs can give you a wrong reading. 
Our frequency range on Channel A 

is 125 MHz. Theirs is 100 MHz. 
Our Z-axis time interval marker is 

standard. Theirs is optional. 

Board access is better on the 1953A. 
We use one custom I.C. They use many. 
Our input capacity on Channels A 

and B is 30 pF. Theirs is 40 pF. And our 
Channel B frequency response is 25 
MHz. Theirs is 10 MHz. 
The 1953A is half the weight, con-

sumes one-fifth the power and makes 
no noise at all. On theirs you'll hear 
the fan and switching regulator. 
Our switch and control "feel" is as 

good as theirs, and our front panel 
labeling is much less confusing. 
Where the 1953A shows 9 digits all 

the time, theirs offers 9 digits only on 

Channel C. 
And, if you need the option of Parallel 

BCD for both control and data out, we 
have it. They don't. 

So, if you're in the market for a pro-
grammable counter, consider the 
Fluke 1953A. 
And consider how much you'll save. 
For data out today, dial our toll. free 

hotline, 800-426-0361. John Fluke Mfg. 
Co., Inc., P.O. Box 43210, Mountlake 
Terrace, WA 98043. Fluke (Nederland) 
BY., P.O. Box 5053, Tilburg, The Nether-
lands. Phone: (013) 673-973. Telex: 52237. 

*U.S. price only 

The 1953A. A programmable counter at a reasonable price. 

FLUKE 
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Hewlett-Packard 
brings a bright new look 
to low-cost graphics. 
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The new Hewlett-Packard Graphics 
Terminal uses a microprocessor and 
raster scan technology to combine 
high performance with low cost. 

The HP 2648A introduces a whole range of 
bright ideas to graphics. There's so much power 
built into the terminal itself that you can perform 
everything from auto-plots to zoom without any 
CPU help at all. 

Auto-Plot. You don't need to know program-
ming or invest in costly software. Once you've 
entered your facts and figures from the alphanu-
meric keyboard, press a few keys and your tabular 
data is plotted instantly. 

Raster Scan. No 
more pulling down the 
blind to make your plots 
visible. Our display is 
clear and easy' to read 
even in bright light. And 
the raster scan technology 
permits selective erase, 
cutting down the time it 
takes to modify your 
picture also. 

Zoom and Pan. 
This lets you magnify 
any area of the display 
up to 16 times. And 
you can pan in any 
direction for closeup 
investigation of complex 
designs, without having 
to reinitialize the data. 

Area Shading 
and Pattern Definition. 
This makes it easy to distinguish areas with similar 
shapes, such as bar charts, mechanical parts and 
architectural drawings. 

e elk ti cak ea o is re ai 
allockackenommue 
c‘isà“ ga as es 

HEWLETT jek PACKARD 

Name 

Rubber-band Line. You can draw trial 
sketches, such as architectural floor plans, with or 
without CPU connection. Think of the time and 
money you'll save by cutting down mistakes. 

Independent Display Memories. Both 
alphanumeric and graphic data can be shown inde-
pendently or at the same time. And you can carry 
on a dialogue with the CPU without disturbing 
the picture. 

The HP 2648A also has all the advantages 
of our popular HP 2645A alphanumeric terminal. 
Specifically: mass-storage on 110K byte cartridges 
(you can store graphics as well as data); 'soft keys' 
to speed up repetitive jobs; one-button self-test; 
plug-in PC boards for easy maintenance; extensive 
data communication and off-line capabilities. 

This bright new look 
in graphic terminals is 

designed for such applica-
tions as electrical, mechan-

ical and architectural 
design. For process and 

control. For scientific plots. 
And for business planning. 

We'd like to give you a 
graphic demonstration of 
everything the HP 2648A 

can do. Send us the 
coupon and we'll set it up. 

Or contact the nearest 
Hewlett-Packard sales 

office listed in the White 
Pages. We're sure you'll 

get the picture. 

Yes, I'd like to take a closer look at your low-cost 
HP 2648A Graphics Terminal. 

Contact me to arrange El Send me complete 
information. a demonstration. 

Company Phone 

Address 

City/State/Zip 
Mail to: Ed Hayes, Marketing Manager. Hewlett-Packard Data Terminals 

Division, 19« Homestead Road. Dept. 607. Cupertino CA 95014. 

1270 11-111 
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The one variable the world 
can standardize on. 

Our new Type M conductive plastic variable resistor is hard metric. A 10 mm 
cube that's tiny, flexible and rugged. The MINI-METRIC is the smallest dual 
pot available today. Manufactured in the United States, it's dimensioned 
the way the rest of the world thinks. Allen-Bradley has what you need; 

or, it can be ordered through our distributors. Ask for Publication 5239. 

letad 
single or dual pot or 
pot/switch combinations 

conductive plastic resistance 
elements, ±-20% tolerance, 
standard resistance values 
conform to IEC. 

Quality in the best tradition. 

(.394-inch) for all combinations. 

case, bushing and shaft for 
electrical isolation. 

\ 
ALLEN-BRADLEY 
Milwaukee. Wisconsin 53204 EC131 
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Electronics newsletter 
Digital-watch Electronics industry analysts on Wall Street forecast a continuing exodus 

from the digital-watch business by vertically integrated semiconductor 
shake-out firms. "They're taking a bloodbath, from a profits standpoint," says Sal 

to continue Accardo, vice president and electronics analyst at Kidder, Peabody and Co. 
in New York. He suspects the digital-watch market may be left to Texas 
Instruments, Fairchild Camera and Instrument, and Timex, as well as the 
Swiss and Japanese suppliers. Among the semiconductor makers' failings, 
he says, are their lack of in-depth market research and inability to 
understand seasonality in terms of production planning. 
Adds Kent Logan, research vice president at Goldman, Sachs and Co. in 

New York, " If you look at those that have bailed out, or those like 
National that may be about to, you'll find they generally aren't anteing up 
to put in place the necessary distribution network or to gain brand 
recognition." What's more, he says, "most semiconductor companies that 
entered the watch business had unclear marketing plans. They took a 
shotgun approach, unlike TI, which has a clear, rifled strategy." 

Rockwell adds to 

n-channel line 

With two members of its recently acquired 6500 microprocessor series 
going into high-volume production for Atari game applications, Rockwell 
International Corp.'s Microelectronics division will be expanding the line 
with several proprietary n-channel chips. To be ready for sample distribu-
tion in September is a fully static 4,096-by-8-bit read-only memory with 
an access time of 200 to 250 nanoseconds. An expanded peripheral chip, 
scheduled for December, features 12 to 24 input/output lines, depending 
on the package pin count, 2 kilobytes of ROM, 128 bytes of static random-
access memory, and an interval/event counter. Also planned is a byte-
oriented one-chip microcomputer that is compatible with the 6500 family 
software and contains 2 kilobytes of ROM, 64 bytes of RAM, four 8-bit 
bidirectional data ports, and an on-board clock — making it as powerful as 
other one-chippers already on the market. The company is also working 
on a microprogrammable peripheral-control chip that can be 
programmed for a variety of functions including a floppy-disk controller, 
bubble-memory controller, and printer controller. 

AMD gears up To back up its claim to supply a full-family of microprocessor chips, 
Advanced Micro Devices Inc. will have samples ready by October of its 

to market first analog-to-digital converter with direct microprocessor-interfacing 
a-d converter logic. The AM 6080 consists of an 8-bit d-a converter, an 8-bit data 

latch, and latch control logic— making it usable with 8-bit micropro-
cessor systems without any external logic required. The part provides the 
chip-select input, write input, and data-enable input for device selection 
and latch-timing control. Another part being readied, the AM 6081, will 
provide all these functions plus two pairs of current outputs, a status-
enable input, and an output-select port. 

Japanese TV makers Japan's 10 color-Tv manufacturers say they can live with the export 
allotments made by the Ministry of International Trade and Industry to fit 

get export allocation the tightened 1,750,000-set limit imposed by the U. S. Company quotas 

are based on previous exports, and for the largest five makers that means 
about half as much as they exported in the peak year of 1976. Sanyo, 
Toshiba, and Sharp are cut to just over 200,000 sets each, while Matsu-
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Electronics newsletter 
shita and Sony, both with color manufacturing plants in the U. S., are cut 
to about 100,000 each. The five accounted for 2 million of the 2.9 million 
sets exported to U. S. last year. Quotas for Hitachi and Mitsubishi will be 
about 100,000 each, with General Corp., Victor of Japan, and New 
Nippon Electric ranging from 20,000 to 50,000 each. 
The curtailment comes at an awkward time, because Japanese TV 

manufacturers may be heading for reduced profits as domestic consumers 
hold back. Total shipments of color TV sets for the first six months of 1977 
lag behind those for the first six months of last year — 4,659,000 vs 
4,820,000. June exports including chassis are down sharply compared 
with June a year ago- 358,437 vs 493,718 — while those for the first six 
months are up slightly only because exports were high early in the year. 

Raytheon ups 

ROM capacities 

Responding to strong demand for its recently introduced 256-by-4-element 
programmable read-only memories with built-in power switches, Raytheon 
Co.'s Semiconductor division will introduce three larger-capacity parts by 
the end of the year. Coming in September is a 512-by-8-element array to 
be followed by a 1,024-by-4-element and a 1,024-by-8-element array. 
The company has also started production on a user-programmable multi-
plexer that contains four 8-line-to- 1 -line multiplexers and can be electri-
cally programmed for a variety of configurations. The 29693 device uses 
the same bipolar technology as the switching PROM. 

Microcomputers With several types of cable-Tv jobs in mind, United Feature Syndicate Inc. 
of New York has signed a $ 3.5 million-plus commitment for a minimum 

to handle of 2,500 MicroMind II microcomputer systems from ECD Corp., 

cable-TV applications Cambridge, Mass. Through its subsidiary, TV Data, United Feature will 
offer the microcomputer system to cable-television operators for such uses 
as presenting daily scroll TV listings on subscribers' sets and for 
separating and routing newswire stories to specific local channels. 

TRW ups device Already the supplier of the industry's highest-performing digital-Ls' stan-
dard product line, TRW Inc. has improved the speed-power performance of 

speed-power its devices by a factor of three. The improvement, which comes from a 

performance more abundant use of current-mode logic in a large-scale-integrated 
form, means that, for example, the power dissipation of the MPY-16AJ 
16-by- 16-bit parallel multiplier is reduced from 5 to 3 watts and the 
multiplication time from 160 to 100 nanoseconds. Using the same technol-
ogy, TRW is planning early next year a 24-by-24-bit multiplier on a 280-
square-mil chip that will operate below 200 ns at 5 w dissipation. 

Matsushita readies 

projection TV with 

50-ft-L brightness 

The Matsushita Electrical Industrial Co. is raising the stakes in the 
projection-Tv game with a unit that has a 60-inch-diagonal, 50-foot-
lambert viewing screen. Sales of the $4,000 set probably will begin in 
Japan next spring, and exports are planned. The unit is built around new 
projection tubes in which image-forming light, after passing from the 
electron gun to a convex phosphor-coated target, bounces off an internal 
spherical mirror. The light then passes through an external Schmitt 
correction lens and is reflected from a flat mirror to the screen. The 50-ft-
L brightness is at least 15 ft-L better than in other projection TV sets. 
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Introducing the hungry ECLIPSE. 
Data General's new ECLIPSE S/130 com-
puter has a bigger appetite for work than any 
other mid-range mini., And enough speed and 
versatility to wolf down any kind of data you 
have to dish out. 

The hungry ECLIPSE computer is built 
around the same powerful architecture as our 
super high-speed ECLIPSE S/230. Added to 
that is a host of special features that make the 
hungry ECLIPSE unique. Like our fast micro-
coded floating point and efficient character string 
instruction sets. And our second-generation 
WCS general-purpose user microprogramming 
ability that results in unmatched throughput in 
demanding applications. To top it off it also 
includes AOS, our amazing new heuristic multi-
programming advanced operating system, and of 
course the full range of Data General's economi-

cal big-computer peripherals, software and 
worldwide support. 

Now, you don't have to skimp along with an 
undernourished mini that's too limited for your 
work. Or splurge on one that's too fat just to 
get the performance yt u need. Just order an 
ECLIPSE S/130 computer. It will make your 
work load a lot leaner. Want more food for 
thought? Send for our brochure. 
E Send your S/I30 brochure. 
E Send your S/130 brochure and have your sales representative call. 

Mail to: Data General, Westboro, MA 01581 

Name 

Tide  

Company  

Address Tel 

City  State Zip 
ECLIPSE is a registered trademark af Data General Corporation. 

Data General (. orporation, 1977 

F DataGeneral 
It's smart business. 

EM 84 
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If this ad doesn't 
don't know what 

AID Converters 
Motorola's MC14433 Nationars ADD3501 ( MM74C935-1) 

Accuracy: 0° to + 70°C 
Power Supplies Required 
External Active Components Required 
System Cost 

No spec 
2 
4 

-± 1 count max 
1 (+ 5V)  
2 

Higher Lower 
Price @ 100 pcs. $9.97 $9.95 

National introduces its 
answer to the Motorola MC14433. 
The ADD3501 31/2 -digit A/D 
converter...manufactured using 
National's standard MM74C 
Series CMOS process. 

As you can see from the 
chart, it offers more perform-
ance and requires fewer 
external components than 
Motorola. 

Fewer components means 
lower system cost and greater 
reliability. 

The ADD3501 uses pulse 
width modulation as a conver-
sion technique, rather than 

dual slope. Which means inher-
ently better temperature and 
long term stability. 

And our out-of-range indi-
cation is "OFL," not just a blink. 

The ADD3501 is avail-
able now from National 
distributors. Pick up a few 
samples and give us a look-see. 

One-stop shopping for 
digital panel meter and digital 
multi-meter components. 

Another nice thing. 
You can fill your whole 

shopping list from National. 
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convert you,we 
will. 

The LM336 Reference, 
plus the other external compo-
nents you might need for your 
panel meters and digital 

VIN \_2!s\ LM336 REFERENCE 

DVM BLOCK D AG RAM 

multimeters: Regulators, Digit 
Drivers ... NSB & NSN Series 
Seven Segment displays...and 
Resistor Arrays. 

Other ways to convert you. 

The ADD3700. A 33/4 
digit device instead of 31/2. 
With twice the resolution of the 
ADD3501, and twice the 

accuracy (0.025%). 
And the bipolar ADD2500. 

A complete converter on a chip, 
including the reference. All it 
needs are a few passive 
external elements and a 
display, S7.95. 

The new monolithic A/D 
Converters from National. 

Hello more reliability. 
Hello less cost. 
Goodbye Motorola. 

National Semiconductor Corporation 
2900 Semiconductor Drive 
Santa Clara, CA 95051 

Gentlemen: 
Please try converting me. Send technical litera-

ture on your new converters and associated digital 
panel meter components. 

Name    Title  

Company   

Address 

City  State  Zip 

M National Semiconductor. 
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Our PROM Programmer 
travels light. 

Retire your wheelbarrow. 

Our microprocessor-based 
PROM Programmer is 

fully portable. It weighs 
less than 15 pounds 

and comes in an 
attache case 

making it as easy to 
use in field service 

as it is on the 
production line 

or on an 
engineer's 

bench. 

Using 
our field 

proven plug-in 
PROM Personality 

Modules, the stand-alone Series 90 PROM 
Programmer programs, lists, duplicates and 

verifies every major MOS and bipolar PROM. 
Its master control unit costs only $1,800. 

The single-button Series 92 Peripheral PROM 
Programmer/Duplicator control unit, 
including a TTY interface, is $995. 

PROM Personality Modules cost from $360 to $450 
and plug into either control unit. 

Pro-Log routinely submits PROM Programmers and 
PROM Personality Modules to PROM manufacturers 
for evaluation and approval. Contact us for approval 
status on the PROM Personality Module you want. 

PROM Programmer options include TTY. paper tape 
reader, parallel I/O, RS232 and CMOS RAM buffer. 

For a demonstration 
of PROM 
Programmers "to go," 
or for the latest 
version of our 48-
page PROM User's 
Guide, contact 
Pro-Log Corporation, 
2411 Garden Road, 
Monterey, CA 93940. 
Phone (408) 
372-4593. 

i42111I11141 

PRO-LOG 
CORPOHATION 

Microprocessors at your fingertips. 

Visit us at Wescon 
Booths /359-1360 
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Electronics review  
SignIficant developments In technology and busness 

Clinical analyzer 
tells users how 
to make repairs 
Microprocessor-based 

instrument from Beckman 

comes with own probe and 

built-in digital voltmeter 

Aghast at the soaring cost of sending 
a field service engineer to make even 
minor repairs on its equipment, 
Beckman Instruments Inc. is design-
ing clinical laboratory gear so that 
users— nonelectronic medical techni-
cians—can do much of the repair 
work themselves. 

That should help the Fullerton, 
Calif., firm's Clinical Instruments 
division keep its prices down in the 
competitive clinical market. It also 
gives Beckman's customers the 
means to cut equipment downtime to 
almost nil—an important feature for 
clinical equipment, which often 
serves hospital emergency rooms and 
intensive-care units. 
Though the firm started its cus-

tomer repair program with the intro-
duction of relatively simple glucose 
and blood-urea nitrogen analyzers 
earlier this year, the most startling 
example will come when Beckman 
starts shipping a sophisticated im-
munochemistry analyzer in October. 
Built around Intel Corp.'s SBC8010 
microcomputer board, the $ 10,000 
instrument analyzes scattered light 
to determine the concentration of 
specific proteins in body fluids, 
alerting physicians to kidney dam-
age, susceptibility to infection, and 
such critical diseases as multiple 
myeloma, a bone-marrow cancer. 
The unit's 8080 microprocessor 

runs the machine: it controls an 
optical card reader that helps pro-

gram the machine for the specific 
protein it is looking for, prompts the 
operator through manual parts of 
the test sequence, performs multiple 
curve-fitting calculations, scales the 
results into the proper units, and 
displays them on a 14-character gas-
discharge display. 

Self-test. The microprocessor also 
is key to the machine's self-test 
capability. It can generate a signal 
that simulates an analysis, exercising 
the instrument's logic to determine 
whether it is working. Beckman has 
liberally sprinkled its printed-circuit 
cards with light-emitting diodes, 
fault indicators that can be inter-
preted with the aid of the operator's 
manual to help isolate problems to 
any of six circuit boards or a pair of 
card-reader and optics modules. The 

user replaces a faulty unit and sends 
it back for repair in a postage-paid 
mailer Beckman provides; the spare 
comes from a $3,290 repair kit it 
encourages users to buy. Repair 
charges are generally minimal for 
those who have the kit. When 
Beckman sends a new replacement 
board, it charges only for the cost of 
repairing the board it receives. 
"We expect the LED to pinpoint 

90% of any problems," explains John 
E. Lillig, the Beckman engineer who 
designed the instrument's electron-
ics. But what makes the Beckman 
analyzer unique is a built-in digital 
voltmeter used with a hand-held 
probe. "Flipping a toggle switch 
turns the display into a voltmeter 
that gives a readout of test points in 
the system as they are probed," he 

Twin functions. Gas-discharge display on the immunochemistry analyzer can be turned into 

the display for a digital voltmeter when faults must be located in the equipment. 
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Microprocessor makes adding a DVM easy 

The fault-diagnostic capability that Beckman has built into its new immuno-
chemistry analyzer is indicative of the extra uses to which microprocessors 
designed into equipment can be applied. "Since we have the microprocessor 
in the instrument and we already have an analog-to-digital converter in there 
to handle the inputs, it's no trouble at all to build in the digital-voltmeter 
function," says engineer John Lillig. "All it takes is one extra line on our 
analog multiplexer plus some software." 

According to Lillig, the instrument has a four-channel analog multiplexer— 
two channels sense overrange signals, and one senses the optical scatter 
from the medical sample, leaving the fourth for the DVM function. Lillig says 
the instrument multiplexes all four readings every 20 milliseconds. Thus, it is 
possible to take a measurement on a sample and at the same time check 
voltages with the DVM without losing any information. Accuracy of the three-
digit DVM is ± 4%, Lillig says, which is adequate for the functions it must 
perform, even though the third digit may not always be meaningful. 

says. Most of the test points have 
their correct voltages printed next to 
them on their pc boards. 
"One of the LEDS works with the 

DVM as a logic probe," Lillig adds, 
and the DVM will make easier any 
potentiometer adjustments the in-
strument may need, as, for example, 
to normalize the electronics of a 
replacement optics module. 

Pulls apart. The entire instrument, 
except for shielded high-voltage sec-
tions, can be taken apart without a 
screwdriver, and the operator's man-
ual has been beefed up with exten-
sive troubleshooting and repair sec-
tions. Moreover, the firm has 
installed a toll-free "hotline" so that 
its engineers can help customers step 

through unfamiliar diagnosis and 
repair problems, and to hasten 
replacement parts orders. 
The immunochemistry analyzer 

got an unplanned public trial last 
month in Chicago, where it was 
introduced at the national meeting 
of the American Association for 
Clinical Chemistry. "Our prototype 
crapped • out with a half-dozen 
customers standing around," recalls 
Richard Sawyer, product manager 
for the Clinical Instruments division. 
"We found an LED on the analog 
interface board that was not lit; it 
told us to replace the optics module. 
We did, and were up and running 
within 15 minutes. We impressed 
even ourselves." CI 

Photovoltalcs 

Report by Congressional committee 

favors small power installations 

Solar energy got a big boost in 
Congress in July with the report that 
photovoltaics and related technolo-
gies should be given serious consider-
ation as a source of electricity as 
well as heat for homes, apartment 
buildings, and offices. The report by 
the congressional Office of Tech-
nology Assessment also finds that 
Federal research and development 
programs for energy have consis-
tently overemphasized large, central 
solar facilities at the expense of 

smaller installations—a trend that 
OTA believes should be reversed. 
To spur development of small, on-

site systems, the report calls for 
major revisions in Federal energy 
policies to provide incentives for 
manufacturers, prizes of $50,000 to 
$100,000 for inventors, and a 20% 
investment tax credit for users. For 
technologists, the study urges 
achievement of several "break-
throughs," including the ability to 
produce a silicon solar cell "without 

the need to grow an expensive single 
crystal" and development of much 
more efficient cells, programs al-
ready being supported by the Energy 
Research and Development Admin-
istration. 

Military boost. The development 
of small photovoltaic systems could 
get a significant boost if the U. S. 
military pushes R&D on small, and 
even portable, solar-energy installa-
tions for its own use, says Lionel S. 
Johns, manager of OTA'S energy 
program and holder of a Ph.D. in 
physics. A study this year for the 
Federal Energy Administration by 
BDM Corp., Vienna, Va., indicates 
there could be a total requirement 
for 50 to 100 megawatts in such 
military applications as power for 
navigation aids, communications re-
lays, and mobile systems. "The feasi-
bility of expanding the photovoltaic 
market in the near future and the 
potential for cost reductions will 
depend critically on these markets," 
says the OTA study. 

Small solar equipment should be 
able to provide electricity at a price 
of 5 to 15 cents per kilowatt-hour, 
compared with existing residential 
rates of 3 to 4 cents, the report says. 
"Therefore if electricity rates in-
crease by factors of 1.5 to 2 over the 
next few decades, there could be 
large areas of the country where 
small solar electric facilities would 
be attractive. . . . These areas 
would be increased if the owners of 
solar electric devices were given tax 
credits." Alternatively, OTA suggests 
that electric utilities could install 
and own on-site equipment. 

Overseas. The two-volume study, 
totaling more than 1,300 pages, also 
looks at foreign markets and con-
cludes that the solar-electric-equip-
ment market could run to "several 
hundred millions of dollars in annual 
sales, particularly if the market in 
nonindustrialized countries is fully 
developed." Some countries without 
ready access to power-generating 
plants already pay up to 45 cents per 
kilowatt-hour for electricity, the 
report points out. 

After an effort of nearly 18 
months involving 28 staffers, OTA'S 
Johns is optimistic about the promise 
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What happens next? 

Whether Congress will move to accelerate Federal research and develop-
ment on photovoltaic and other solar-energy systems on the basis of Office 
of Technology Assessment recommendations is uncertain. "That is up to our 
client," as OTA energy program chief Lionel S. Johns collectively labels the 
100 Senators and 435 House members for whom he works. Most members 
of the Senate and House have yet to wade through the solar-energy study's 
1,311 pages. Yet Sen. Edward M. Kennedy ( D., Mass.), chairman of 
Congress's Technology Assessment Board, says in a statement included 
with a draft of the study that, "as the cost of conventional energy sources 
continues to increase, solar energy is going to become highly competitive 
and constitute a growing share of the nation's heating, cooling, and on-site 
electrical generation." The assessment was undertaken at the request of 
Sen. Barry Goldwater ( R., Ariz.), with the support of Sen. Clifford Case ( R., 
N. J.), because they contend that many members of Congress might be 
seriously underestimating the potential of small-scale solar energy. 
The Energy Research and Development Administration, meanwhile, is 

moving to accelerate its photovoltaics programs, "because the field is 
moving more rapidly than we anticipated," according to Morton B. Prince, 
chief of the Photovoltaics branch. "We are developing a more aggressive 
program," says Prince of the restructured photovoltaics effort his group will 
present in early August to Henry H. Marvin, director of ERDA's Solar Energy 
division. Beyond saying that the changes could lead to "larger photovoltaic 
applications at an earlier date— and perhaps funding them in a different 
mode," Prince was reluctant to discuss the draft effort until it had been 
cleared through the agency. But Prince did make the point that the plan to 
accelerate the program was undertaken before publication of the OTA study 
and that any correlation between ERDA's effort and OTA's recommenda-
tions is coincidental. 

of solar energy. The study's view 
developed, he points out, "because 
we weren't coming from anywhere. 
We had no biases one way or 
another, but were raising questions 
from outside" the solar field. 
The cost of silicon for photovoltaic 

devices can be reduced in two ways, 
Johns and his staff believe. One is 
the development of less wasteful 
crystal growing, slicing, and other 

procedures that now lose nearly 80% 
of the silicon input in the manufac-
turing process. Texas Instruments 
and Varian Associates are now both 
developing less wasteful slicing tech-
niques under contract to ERDA. The 
other is by using a lower-quality, 
"solar-grade" silicon. Silicon costs, 
OTA says, represent about $2 of the 
$17/kw charged for typical cells in 
1976. ERDA'S goal is 10¢/kw. El 

Solid state 

Texas Instruments battles for linear market 

with two new series of bi-FET op amps 
Semiconductor leader Texas Instru-
ments Inc. is going all out to become 
No. 1 in linear integrated circuits. 
The top spot has belonged to Nation-
al Semiconductor Corp. for several 
years. But Ti intends to change that 
with the introduction of two new 
series of bi-FET operational ampli-
fiers aimed at the broad industrial-
market customer base. 

Mixed-process bi-FET op amps, 
which combine the high input impe-
dance of junction field-effect tran-
sistors at the front end with the 
linearity of bipolar transistors at the 
output, have been shaping up as the 
battleground since last year. 

In 1975, National introduced the 
first viable bi-FET op amps, the 
LF355 and LF356 series, for about 

$2.10 apiece. Last fall, TI retaliated, 
both second-sourcing National and 
introducing a lower-cost design of its 
own, the TL081 series. This offers 
lower current drain than the 
LF355/356 devices but higher input 
offset voltage and input bias current, 
although its bandwidth is narrower 
than the LF356 and the slew rate is 
identical. National responded in 
March by cutting LF355/356 prices 
to 75 cents and by coming up with a 
new low-cost LF351 series that 
outperforms TI'S TL081 devices, yet 
sells for only 50 cents each in 
hundreds. Meanwhile, TI has geared 
up for its two new low-cost bi-FET 
series and has just slashed the price 
of its TL081 units to a low 33 cents. 

This means that TI is going after 
the sockets traditionally held by 
straight bipolar devices, like the 
ubiquitous 741, the recognized in-
dustry standard now selling for only 
25 cents. In fact, predicts Delbert 
Whitaker, linear marketing manager 
at TI, bi-FET products will capture 
50% of the op-amp market by 1980. 

Like the TL081 parts, the new 
TL071 and TL061 bi-FET units from 
TI will be offered in single, dual, and 
quad versions. The pricing is aggres-
sive— units in both new series will 
range in price from 47 cents for 
singles to $ 1.60 for quads. With the 
new parts, Whitaker expects to catch 
more specialized and higher-per-
formance applications than the gen-
eral-purpose TL081 series addresses. 
The TL071 series, intended for 

audio equipment and other low-noise 
applications, has a low input noise of 
18 nanovolts per square-root hertz. 
These parts will probably compete 
directly with National's LF351 de-
vices, which hold input noise to 16 
nv/liz" and offer broader bandwidth 
at slightly higher current drain. 
The TL061 series provides ac and 

dc characteristics superior to exist-
ing bipolar devices, yet it draws less 
than a tenth the current. Maximum 
supply current for the TL061 is 200 
microamperes. 

National has no low-power bi-FET 
products now, but the firm is strong-
ly responding to TI'S challenge by 
cutting the price of its LF351 
devices to 39 cents and the price of 
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its bi-FET version of the 741 op amp 
(the LF13741) to 30 cents. More-
over, says Jim Solomon, National's 
manager of research and develop-
ment for industrial linear Ics, "We 
have no intention of losing any 
significant share of the bi-FET mar-
ket, and we'll do whatever it takes to 
accomplish this." 

Communications 

Digital switch serves 

500-line office 

The phone equipment was installed 
at a little-known town in Georgia by 
an even more obscure telephone 
company, but it marks a major step 
forward in the implementation of 
digital switching in the nation's 
phone network. Coastal Utilities Inc. 
in Richmond Hill is the first to 
install a computer-controlled digital 
switch at the smallest phone compa-
ny office— one that accommodates 
500 phone lines at most [Electronics, 
July 21, p. 27]. 

Heretofore, the advantages of 
digital over analog switching— 
smaller and less costly hardware and 
the ability to handle a far greater 
number of lines— have been limited 
to much larger installations. Thanks 
to large-scale-integrated technology 
and the availability of circuit-board-
sized processors, small telephone 
companies will now be able to keep 
up with the rising volume of calls 
and the increasing amount of digital 
data. With electronic mail, elec-
tronic funds transfer, credit-card 
verification, and facsimile transmis-
sion on the horizon, digital switching 
is the only way to keep up with the 
spiraling demands of such services. 
So the installation in Georgia is only 
the first of many for such switches as 
the System Century line from the 
Stromberg-Carlson Corp., Roches-
ter, N. Y. 

Unlike analog switches, which 
basically set up an electrical path 
between two telephone circuits and 
require huge amounts of hardware, 
digital switches simply keep track of 
each bit, once the voice signal is 

converted to a digital bit stream by a 
coder-decoder. A computer routes 
each bit to different registers and 
then controls the delivery of these 
bits to the right destination. 
The System Century line of digital 

switches relies on Digital Equipment 
Corp.'s PDP-11 family of processors. 
Five processors are used in the 500-
line switch: three LSI-1 1 s and two 
preprocessors developed by Strom-
berg. Dual LSI-11s handle call-
processing chores, while the third 
provides routine maintenance and 
administrative functions. The two 
preprocessors are scanned by the 
dual processors and receive instruc-
tions from them to perform such 
tasks as detecting off-hook signals 
•and collecting digits as they are 
dialed. The larger PDP-11/34 pro-
cessors would be needed for about 
4,000 lines or when many features 
must be supplied. 

Leonard A. Muller, president and 
chief executive officer of Stromberg-
Carlson, the telecommunications 
subsidiary of General Dynamics 
Corp., says the use of multiple 
processors was key in keeping costs 
down. "Sharing the tasks among 

.osee 

New switch. Phone company employes 

monitor operation of Stromberg-Carlson digi-

tal switch, first in nation to be installed in 

small, local telephone exchange. 

several processors instead of using 
one large processor to handle every-
thing cuts memory size and greatly 
reduces the amount of software 
needed." He claims the number of 
instructions drops an order of magni-
tude to 16,000. 

Hybrid codee. Besides exploiting 
commercially available processors 
with their wealth of software, Strom-
berg developed its own hybrid codec 
that it claims is cost-effective for use 
on a one-per-line basis— which is 
necessary to meet the stringent 
requirements of the smaller central 
offices. The hybrid codec combines 
five integrated circuits housed in a 
package about the size of a 22-pin 
dual in-line package. 
The first digital switch installed— 

American Telephone & Telegraph's 
No. 4 ESS (for electronic switching 
system) in Chicago in January 
1976—can handle some 90,000 lines 
at long-distance switching centers. 
The only other computer-controlled 
digital switch now in operation is the 
ITS4, which the Vidar division of 
TRW Inc. first installed in March 
1976. It handles 1,000 lines or more. 
Other companies plan to install 

smaller digital switches. In October, 
Canada's Northern Telecom Ltd. 
will begin installing its DMS-10 
400-line unit. In the U. S., Vidar and 
the Collins Commercial Telecommu-
nications group of Rockwell Interna-
tional Corp. have recently added 
small switches to their lines. D 

Changes mulled 

in White House plan 

Congressional discontent is surfacing 
over the White House reorganization 
plan that would fold the Office of 
Telecommunications Policy into the 
Department of Commerce under a 
new assistant secretary for commu-
nications and information. Alternate 
plans for an independent administra-
tion for telecommunications within 
the Department of Commerce are 
being weighed by the chairmen of 
the Senate and House subcommit-
tees for communications, Sen. Er-
nest Hollings (D., S.C.) and Rep. 
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POLAROID 
TYPE 667 
COATERLESS LAND FILM 

Polaroid. 

Theres no messing around 
with this film. 
It's coaterless to save time and steps. 

Polaroid Type 
667 pack film 
really simplifies 
making hard 
copies of your 
oscilloscope 
and CRT dis-

plays. Because it gives you sharp 
black and white prints in 30 seconds 
that do not require coating after de-
velopment. 

Pictures are ready immediately for 
study, filing or attaching to a report. 

Type 667 coaterless film can be 
used for CRT recording in Polaroid 
Land cameras (such as the CU-5) or 
in other cameras and instruments 
equipped with any Polaroid 31/4 s 41/4 
inch (8.3 x 10.8 cm) pack film back. 
Type 667 is conveniently packaged 

in boxes with 16 exposures- and is now 
available at participating Polaroid 
dealers. 

For the name of the one nearest 
you—or for technical or application 
information on Type 667 or our other 

professional films—call Polaroid toll 
free: 800-225-1618 (in Massachwetts 
call collect: 617-547-5177). 

For your next assignment, don't 
mess around. Make picture-taking 
simpler and more convenient. Use 
Polaroid's Type 667 coaterless film. 
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Lionel Van Deerlin ( D., Calif.). 
Subcommittee staff members say 

the chairmen are concerned that the 
proposed downgrading will cut 
White House interest in critical 
communications policy issues. These 
include the ongoing rewrite of the 
telecommunications laws to encour-
age limited competition with the Bell 
System and the development of rules 
for electronic funds transfers and to 
insure the privacy of computer data. 
"The White House admits that 

the new assistant secretary would 
have a staff of about 200, so there 
really is no great savings in jobs," 
points out one committee staff mem-
ber. But a separate administration or 
agency for communications within 
the Department of Commerce— like 
the Department of Transportation's 
Federal Aviation Administration— 
would have greater authority and 
recognition within Government and 
industry, as opposed to adding one 
more asistant secretary to the five 
already in place, staff members hold. 
A congressional proposal, if one 

comes, is expected before the end of 
August. Unless a substitute plan is 
introduced before Sept. 15, the 
Carter plan—aimed at reducing the 
White House staff— becomes effec-
tive automatically. 
The plan. Carter's 10-page reor-

ganization plan calls for combining 
the remnants of the telecommunica-
tions office with the existing Office 
of Telecommunications in the Com-
merce Department, now directed by 
Jordan Baruch, assistant secretary 
for science and technology. The plan 
would leave the White House with a 
telecommunications policy staff of 
four persons under the direction of 
the Domestic Policy Staff. 

Functions relating to Government 
communications, including resolu-
tion of appeals on frequency alloca-
tions, would be taken over by the 
Office of Management and Budget 
under the Carter proposal. That 
office would also oversee Federal 
telecommunications procurement 
policy, a role now held by the 
General Services Administration. 
These moves would leave the 

proposed Commerce Department 
organization with responsibility for 

development of general policy and 
policy analyses, initial assignment of 
frequencies to Federal users, and 
management of U. S. participation 
in international telecommunications 
meetings and negotiations. 
The small White House staff will 

handle three areas: preparation of 
national security, emergency, and 
other policy options; final disposition 

of appeals from the Office of 
Management and Budget; and pro-
curement and management of Fed-
eral telecommunications systems. 
Critics contend the White House 
plan "leaves a lot of people at 
Commerce with relatively little to 
do, and damn few people at the 
White House with more than they 
probably will be able to handle." El 

Microprocessors 

National readies broad product push, 

including extension of the 8080A 
Look for a major push during the 
fourth quarter by National Semicon-
ductor Corp. in metal-oxide-semi-
conductor and bipolar microproces-
sors. The Santa Clara, Calif., firm 
will introduce low-, middle-, and 
high-end 8-bit designs, single-chip 
devices, and 16-bit systems in mos 
and bipolar bit slices and 8-bit 
microprocessor peripherals. 

Eight-bit 8080A. Surprisingly, 
however, National's Microprocessor 
group, under its director, Bill Baker, 
is sticking with the 8080A in the 
general-purpose 8- bit area, rather 
than go to so-called third-generation 
designs like the Intel 8085 or the 
Zilog Z-80. "The 8080A is a viable 
and very high-volume market for at 
least another two to four years," says 
Howard Raphael, microprocessor 
marketing manager at National, 
"and it will remain the industry 
standard until a true third-genera-
tion system comes along, something 
with at least an order of magnitude 
improvement in speed. Nothing less, 
we believe, will make it economically 
and technically attractive for users 
to give up designs they already have 
in place based on the 8080A." 
The company plans higher-speed 

versions of the 8-bit microprocessor, 
as well as more than 40 peripheral 
chips designed specifically to operate 
with the 8080A. These peripheral 
devices will include not only most of 
Intel's 825X and 827X series but 
proprietary devices from National 
itself and redesigns of peripherals 
from other microcomputer families. 

At the low end, National plans to 
meet Intel's 8048 family head on 
with a one-chip version of its n-
channel mos SC/MP Il micropro-
cessor. Designated the 8050, it will 
be the first of a series of one-chip 
devices, says Raphael. First samples 
are expected by the end of this year. 

In the 16-bit area, National will 
introduce a high-speed n-mos mini-
mum-chip 16- bit microcomputer 
system, the 8900, before the end of 
the third quarter. It will be similar to 
the 8085, consisting of a sophisti-
cated 16-bit central processing unit 
and two peripheral chips, one com-
bining random-access memory with 
input/output functions and the other 
combining read-only memory and 
Ito. Moreover, says Raphael, the 
8900 will be completely software-
compatible with National's present 
p-channel mos 16-bit microproces-
sor, the PACE. 

Software aids. A major effort will 
also be made in the area of high-
level languages as a microprocessor 
software development aid, he contin-
ues. "Semiconductor firms have 
reduced the cost of computing in 
every area except software," he says. 
National is planning a family of soft-
ware-preprogrammed 65,536- bit, 
131,072-bit, and 262,144-bit maxi-
ROMS aimed at reducing costs in this 
key area. The first of these units, the 
1NS8298, is a 65-k ROM with a 
modified 8080 Basic interpreter and 
hex debugger package on one chip. 
A later 65-k ROM will incorporate a 
software utility package using Na-
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Our New 
Dual-Polarity Voltage Regulator 

replaces two singles 
for less than a buck. 

Replacing 78M and 79M regulators, 
this new IC gives you positive 
and negative regulation 
at 32% lower cost. 

How many times have you 
reached for two single-polarity 
regulators, and wished that the 
functions of both were handled 
by a single, low-cost IC? 

Wish no more. Signetics 
dual-polarity voltage regulators 
are here. And each new mode 
is designed to replace both 78 
and 79M devices at a 32% savin 

They cost only 99¢ each 
hundred quantity. But low price 
the only reason to choose our d 
polarity regulators for your next des 
They also reduce capacitor costs and in 
crease design flexibility. 
Compare Capacitor Costs. Almost 
always, a voltage regulator re-
quires input/output capacitors 
because it is remotely located 
from the power supply filter. 
With the 78M/79M approach, 
two fixed-composition ca-
pacitors (0.1µf and 0.33µf) 
and two electrolytics (1.0µf 
and 2.0µD must be used. But be-
cause of a unique design, our dua 
polarity ICs use only low-cost, fixed-
composition capacitors (0.1µf). Even when compo-
nents are purchased in large quantity, the dual-
polarity approach can save more than 4oe per regu-'UMW 
lator in capacitor costs alone, when compared to the 
78M/79M requirements. 

Model Voltages 

SE/NE5551 -±5.0 
SE/NE5552 -±6.0 
SE/NE5553 -±12.0 
SE/NE5554 ±15.0 
SE/NE5555 +5/-12 

lout: 300 mA with heat sinking. 
Regulation: 1% Line; 0.5% Load. 
Input Voltage: Up to —32V. 
SE: TO-99, NE: Plastic DIP 

Before 

Enhance Design Flexibility. Check the chart 
beSlow to select from the five fixed-voltage models now 
; available. Continuously adjustable, each 

model can be balanced/unbalanced sim-
ply by using shunt resistors. This 
feature enhances design flexibility 
during development or small pro-
duction runs. Internally current-
limited, our dual-polarity regulators 
are also fully protected against ther-
mal overload. And they come in a 
choice of packages: either a commer-
cial-grade plastic DIP— or a TO-99 
specified over the full military 
temperature range. 

Now's the time to start de-
signing in the Signetics dual-
polarity regulators for future cost 
savings and reduced parts count. 
And if you're designing a 
single-polarity power supply, 
don't forget that we also have 
a complete line of 3- and 
4-terminal, single-polarity 
regulators. To get complete 
technical information and a 

quick response to your specific 
needs, complete and mail the 
coupon below. 

' 0,0" SiglintiCS 
a sJbsidiary of U.S. Philips Corporation 

Signetics Corporation 
811East Argues Avenue 

Sunnyvale. Califor na 94086 
Telephone 408/739 7700 

lb: Signetics Information Services, 811 E. Argues Ave. 
P.O. Box 9052, MS 27, Sunnyvale, CA 94086 

Please send data sheet and application note for: 

D Dual-Polarity Regulators 
D Single-Polarity Regulators 
Name   Title 

Company  Division   

Address  MS   

City State Zip  

D My need is immediate. Please have your local sales 
representative provide me with a free sample. 

Phone ( 
.1 
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tional's SC/MP-oriented Basic lan-
guage, NIBL (for National Industrial 
Basic Language). Still later, an 
enhanced Basic software package for 
the PACE microcomputer family will 
be introduced on two 65-k Roms and 
then on a single 131-k ROM now in 
development. 

In the bipolar area, National has 
developed a high-speed 4-bit-slice 
family with a 120-to- 150-nanose-
cond microcycle time that is 30% to 
50% faster than the industry stan-
dard 2900 family. National's new 
INS2900 family will include all 
parts now on the market, says 
Raphael, and eventually add new 
proprietary circuits as well. In addi-
tion, all of them will be fabricated 
with a new process combining the 
high speed of emitter-coupled logic 
with the advantages of low-power 
Schottky bipolar processing. 

Two-chip design hits 

low end of market 
Semiconductor manufacturers will 
be serving the low-price controller 
end of the microcomputer market 
with one-chip designs, but Signetics 
Corp. thinks these are much too 
limited. That is why its new entry 
into the low-end market is a two-
chip affair, one that Signetics' Gary 
Summers points out is easy to 
expand when users want to add extra 
features to their basic equipment 
designs. 

"It not only handles simple con-
troller jobs for such things as micro-
wave ovens, vending machines, and 
printer controllers, but it also is 
easily expandable into more power-
ful, byte-oriented data-processing 
systems at a cost much lower than 
other multichip designs," says the 
marketing manager for metal-oxide-
semiconductor microprocessors at 
the Santa Clara, Calif., company. 

Interface. Key to its two-chip 
approach is Signetics' new combina-
tion memory, input/output, and tim-
ing chip called the system memory 
interface. The 2656 can hook up 
directly to the company's well-estab-
lished, general-purpose 2650A mi-

News briefs 

Wema relinquishes semiconductor statistics 
The recently formed Semiconductor Industry Association, Cupertino, Calif., 
has taken over the 18-month-old statistical program that Wema, the elec-
tronics trade association, had organized for the semiconductor industry. 
According to Bernard T. Marren, SIA president, the transfer occurred 
"because we're better suited to serve the needs of the semiconductor 
industry." SIA was formed early this year by five major semiconductor 
manufacturers seeking stronger representation on trade matters in state and 
Federal legislatures [Electronics April 14, p. 50]. 
The program has 45 subscribers who pay from $400 to $700 for the 

monthly reports. According to Marren, it will provide the same statistics as 
before, with an independent accounting firm gathering the data on ship-
ments from 42 companies. 

CB license applications rise 10% in first half 
Citizens' band radio license applications to the Federal Communications 
Commission rose to 3.25 million in the first half of 1977, up more than 10% 
from the 2.93 million filed in the first half of 1976, a record year for CB radio 
sales and license applications. Approximately 11 million licenses have been 
granted by the FCC since it began licensing CB radios in 1958, over half of 
them in the last 18 months, says the Electronic Industries Association. EIA 
staff vice president John Sodolski estimates that "by 1980 there will be more 
than 50 million mobile citizens' radios in use in the U. S.— approximately one 
in every other car— in addition to 15 million to 20 million base stations." 

Philco, RCA recalling more than 21,000 TV sets 
Routine quality control inspections at Philco Consumer Electronics Corp. in 
Batavia, N. Y., and RCA Corp.'s Consumer Electronics division in Indianapo-
lis, have led to the recall of over 21,000 recently produced television sets 
following the discovery of potential shock hazards. Philco is recalling 3,132 
15- and 19-inch color TV sets, while RCA is doing the same for about 18,000 
black-and-white 19-in. receivers. 
A Philco spokesman says that the inspections indicated that the color 

correction button on two models and the autolock channel-tuning button on 
another "might give users a 120-volt shock." This could occur if the spring-
loaded button on the front control panel is fully depressed, the user is 
grounded, and the electrical wall plug lacks voltage polarization protection. 
An RCA spokesman says rough handling in shipping might damage its 
receiver and loosen the picture tube, "providing a potential for a 60-volt 
electrical shock." 

Electronic Arrays loses its president 
W. Donald Bell resigned as president and chief executive officer of Electronic 
Arrays Inc., Mountain View, Calif., nudged in part by the company's poor 
performance over the last 18 months. Although Electronic Arrays had an 
ambitious technology development program, including an intensive V-groove 
metal-oxide-semiconductor development, few new products from this costly 
effort reached the market. For its fiscal year ending March 31, the company 
reported a $3.4 million loss. 

Bell Laboratories checks out a new photovoltaic cell 
A new type of photovoltaic solar cell being worked on by researchers at Bell 
Laboratories, Murray Hill, N. J., relies on a pair of electrodes immersed in a 
water-based solution. Light-conversion efficiency of 7.5% was attained with 
one electrode of single-crystal cadmium selenide and the other of carbon. 
With lower-cost polycrystalline cadmium selenide, the efficiency was 5.1%. 
According to Bell Labs, the cells, with their easy-to-make junctions, are 
much cheaper to build than conventional photovoltaic cells using single-
crystal silicon. The efficiency of silicon cells used terrestrially generally runs 
between 12% and 14%. 
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Our filters 
are very active. 

In telecommunications, navigation, 
radar, sonar, modems, audio signal 
processing, medical equipment and 
industrial controls, General Instrument hybrid active filters 
are busy shaping up frequencies for optimum performance. 
And most important, GI Microelectronic hybrids are actively 
saving customers engineering time, PC board space, and 
production costs. 

Low pass, high pass, band pass, band reject or notch 
response...whatever your filter requirements are, General 
Instrument can help you bring your product on stream faster 
and be more competitive. For example, you can choose GI's 
Universal Active Filters. These low cost units can generate 

any filter response. They \ 
give you independent con-
trol of frequency. Q and 
amplifier gain and you 
need not spend a lot on 
external resistors. 

You can choose from GI's wide se-

lection of standard active filters: low pass 
for PCM transmit and receive applications 

... band pass for signaling and tone receiver applications... 
and band pass for suppression and separation of DTMF 
and MF frequencies. Those filters designed for service 
in telecommunications exceed AT&T specifications. And 
you can select them in a wide range of packages — DIP, 
SIP and TO-8. 

In addition to helping you save time and costs, GI 
hybrids are compatible in size with other space-saving 
LSI devices. Computer-controlled dynamic laser trimming 
and 100% testing assures reliable performance. What else 
would you expect from the leader in microcircuit tech-

nology? Before you design or buy another active filter, 
look closely at GI's "very active- hybrids — write today 
or call General Inst,ument Microelectronics, 600 West 
John Street, HicÉsvi Ile, New York 11802, Telephone: 
516-733-3107 

We help you compete. 

GENERAL INSTRUMENT CORPORATION 

MICROELECTRONICS El 
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e
FIXED & VARIABLE 

C eramics 
FROM ERIE 
LOOK TO ERIE FIRST FOR 

CERAMIC 
TRIMMERS 

140 

ACTUAL SIZE 

STYLE 513 STYLE 518 STYLE 538 

• 1000 variations 

• $.30 to $. 75 in production 
quantities 

• World's finest quality trimmers 

• Other styles available 

Write for catalog 500 

ERIE 
ERIE TECHNOLOGICAL PRODUCTS, INC. 

Erie, Pennsylvania 16501 
814 453-5611 

... AND STILL THE BEST BUY 

TUBULAR 
CERAMIC CAPACITORS 

Designed for 

I Temperature Compensating and 
BY-PASS-COUPLING applications 
Complete line - High quality 

FEED-THRU 
CERAMIC CAPACITORS 

• For filtering and 

by-pass 

applications 

• $.05 to $.30 
in production 

quantities 

MIL Types 

Write for catalog 0570 

ERIE 
ERIE TECHNOLOGICAL PRODUCTS, INC. 

Erie, Pennsylvania 16501 
814/453-5611 
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croprocessor to offer a system with a 
full 2,000 bytes of program memory, 
128 bytes of random-access memory, 
and an 8- bit uo port. This is as 
powerful as the most powerful of the 
single-chip designs. 

Because it works directly with the 
full line of 2650 microcomputer 
peripheral and memory components, 
the interface chip can be used to 
design upward. Its range extends 
from simple controller applications 
costing less than $20 to full- perform-
ance, multichip data-processing jobs 
that may require larger memory and 
additional peripherals, according to 
Summers. 

Fle concedes his two-chip system 
will not be as cheap as competing 
one-chip microcomputers such as the 
Intel 8048 and the Mostek 3870, but 
he is after users who plan ahead. 
"Neither the 8048 nor the 3870 can 
easily be expanded into multichip 
processor families," he maintains. 
"To do that, a user would require a 
new software development program. 
With our two-chip set, no additional 
software is required." 
He reckons that for $ 20, an 

expanded three-chip set that in-
cludes the 2650A, the 2656, and the 
2655 programmable peripheral in-
terface chip provides 26 more uo 
lines. All three chips are in a single 
5-volt supply format using less than 
1.5 watts of power. Such a combina-
tion of features would cost $40 with 
a three-chip set such as the 8085, he 
asserts. 
On the chip. The 2656 is a 

complex n-channel Lsi chip. It has a 
2,048-by-8- bit mask-programmable 
ROM for program storage, a 128-by-
8- bit static RAM for data storage, 
eight multipurpose pins for chip-
enable or I/O bits, and an 8- bit latch 
for I/O or central-processing-unit 
storage. It also has an internal clock 
generator with a crystal, resistor/ca-
pacitor, or external timing source. 
The chip contains an 18- by- 11 
programmable gate array that man-
ages the data flow and serves to 
make the architecture one of the 
most efficient for low-end applica-
tions. 

Also available with the 2656 
system memory interface is a circuit 

emulation board for helping to 
program the chip. The emulator 
allows a user to formulate specific 
RAM and programmable gate-array 
patterns that can then be easily 
transferred to code for ROM instruc-
tions. Samples of the chip are avail-
able this month. 0 

Memory 

65-k V-MOS ROM 

attains high speed 
If there is one parameter at least as 
important as density in the next 
generation of metal-oxide-semicon-
ductor read-only memories, it is 
speed: specifically, read access times 
that are compatible with the cycle 
times of the newest generation of 
microprocessors. 
American Microsystems Inc. at-

tains such speed, as well as high 
density, in a 65,536- bit read-only 
memory fabricated with its new 
V-groove mos process [Electronics, 
June 23, p. 29]. The Santa Clara, 
Calif., integrated-circuit maker will 
begin supplying samples in Septem-
ber and expects to reach production 
by the end of the year. Access time 
of the device, designated the S4262, 
is in the 225-to- 300- nanosecond 
range, about 100 to 150 ns faster 
than the only other 65-k Rom now 
commercially available, National 
Semiconductor Corp.'s MM4235 
[Electronics, April 14, p. 42]. 
What is more, the 5-volt, silicon-

gate v-mos ROM incorporates the 65 
kilobits of the central array and 
4,096 bits of peripheral circuitry on 
a chip only 29,000 square mils in 
area. This is roughly 7,000 square 
mils smaller than Roms with half the 
bit capacity (such as General Instru-
ment's 32,768- bit device, which 
measures 36,000 mil2). Power re-
quired for the S4262 is only 500 
milliwatts, says Robert Yu, the 
circuit's designer. 

Structure. Key to the high density 
is, of course, the v-mos structure, a 
vertical n-channel mos transistor 
having a gate that is formed on the 
slope of a V groove, with the result 
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THE REMARKABLE 3843 
USART: IT HELPS 
SMART CONTROLLERS 
SPEAK FLUENT SERIAL. 

It also helps dumb peripherals speak fluent parallel. 
Quite possibly, our new 3843 is the best 

communications idea to come along since tin 
cans and string. Here are the details: 
WHAT IN THE WORLD ISA USART? 
The 3843 is a full duplex Universal Synchronous/ 

Asynchronous Receiver Transmitter (hence, USART) 
designed to interface the bus-oriented format of a controller 
with the serial format of peripherals. 

It converts parallel data to formatted serial data and 
assembles formatted serial data for parallel use 
by the controller. 
The new Fairchild device provides programmable 

control of the transmitting and receiving mode, character 
length, framing format, parity mode and baud rate. 

Inputs and outputs are TTL-compatible. Three-state outputs can 
be combined to form a 7L-compatible output bus. 
A FEW MEANINGFUL SPECS. 

The 3843 provides 5, 6, 7 or 8-bit selectable character length. 
Odd or even parity generation and checking. Selectable number 
of stop bits ( 1, 11/2 , 2) in asynchronous mode. Selectable clock 
rates ( 16X, 32X, or 64X-baud rate). Maximum baud rates 
(synchronous mode): 1X clock, 256K; 16X clock, 16K; 32X clock, 
8K; and 64X clock, 4K. Error flogs include over run, parity and 
framing error. Requires + 12V, + 5V supply voltage. 

On one low-cost programmable chip, requiring minimal 
power and pin-count, you get essentially all the functions 
necessary to interface a parallel data environment with a serial 
communications link. It is ideal for use with any 8-bit 

microcomputer system, including 
ArtWiii->4',) Fairchild's F8 and F6800 families., 

The 3843 is manufactured 
sioh with the N-channel IsoplanarTm 

silicon gate process. 
It's available in both plastic 
and ceramic 28-pin DIPs. 

THE FIRSTOF MANY. 
The new USART is the first device in a new line of telecom-

munications products from Fairchild. The 3843 is available 
right now, in quantity. Call your Fairchild distributor, sales office 
or representative today for parts and 

specs. For a quicker response, use MAIRCHIL.1=1 
the direct line at the bottom of this ad. 
Fairchild Camera and Instrument 
Corporation, 464 Ellis Street, Mountain CALL US ON IT. 
View, Calif. 94042.Tel: (415) 962-3941. 
TWX: 910-373-1227. (415) 962 - 3941 
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SCIENCEOSCOPE 

Survival odds have increased for US Army tank crews, thanks to a remarkable new 
fire-suppression system to be incorporated in the US Army's new XM1 main battle 
tank . . scheduled for use during the 1980's. The system will detect and sup-
press a fuel explosion inside the tank, extinguishing it within 1/10 of a second 
which is less than half the time it takes to blink an eye. 

Similar devices in the past have triggered false alarms due to signals as 
common as the energy reflected from colored shirts. So combat crews simply turned 
them off. In contrast, the Hughes dual-spectrum sensor can detect a mini- explosion 
even in direct sunlight. Yet, it will not false-alarm even when pointed directly 
at the sun or other light sources such as gunfire, rockets, lightning, matches 
or other vehicles. Infrared sensors and related electronics for the fire-protection 
system will be built by Santa Barbara Research Center, a Hughes subsidiary, for 
the XMl's prime contractor, Chrysler Corporation. 

Improved forecasting of major crop yields, a step in the battle against world 
famine, is among the benefits predicted from an advanced space instrument called 
Thematic Mapper. Scheduled for launch in early 1981, it will be installed on 
Landsat-D, fourth in the NASA Goddard Space Flight Center's series of Earth Re-
sources Technology Satellites. Hughes, with its Santa Barbara Research Center 
subsidiary, will design and develop the instrument's basic structure, telescope, 
calibrating system, detector arrays and processing electronics. 

The new sensing instrument, with a ground resolution expectation 2 times 
greater than present sensors, should also contribute to improvements in agricul-
tural land use, forest and water resource management, land use mapping and mineral 
exploration. Launched in a low- altitude north- south orbit that carries them over 
both poles, Landsat satellites provide full coverage of the earth's surface. 

Hughes Aircraft Company has openings for experienced engineers and scientists in 
its Culver City, California laboratories. Radar Systems Group needs are for elec-
tronic circuit engineers to design microwave transmitters, power supplies, and 
RF, IF and video frequency analog circuits; mechanical engineers to design airborne 
microwave antenna structures; engineers to develop hybrid microcircuitry; systems 
analysts to apply modern control theory to tracking systems, and signal theory for 
radar system detection and acquisition functions; signature technology engineers 
to analyze and simulate target return digital processing for target identification. 

Use of the laser as a high-speed cutting tool has been envisioned since the first 
laser was demonstrated at Hughes more than 15 years ago. Since 1971, when the 
first lasercutter was used to cut cloth in apparel manufacture, its advantages in 
speed, accuracy, material saving, response to design change, and adaptability to 
computer control have been applied to other industries. Systems have been used 
in the US and abroad for such applications as cutting patterns for footwear and 
cutting sheets of boron epoxy broadgoods used in aircraft part manufacture. 

Now, the first, large-scale, metal-lasercutting system is being built for 
Garrett AiResearch to cut corrugated steel. The system eliminates the need for 
costly dies, provides for more efficient use of materials, and permits quick, 
economical response to special engineering changes. 

Creating a new world with electronics 

il HUGHES 
HUGHES AIRCRAFT COMPANY 
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that it is geometrically more effi-
cient than present planar n-channel 
mos devices. The fabrication process 
features double selective oxidation 
and uses seven masks—only one 
more than in depletion-load mos 
processing, says Yu. The extra mask 
is used for the V grooves, while 
surface mos structures are defined 
conventionally by the other six 
masks in the set. 

"Resistors are chosen as load 
elements over depletion loads on the 
v-mos transistors," adds Yu, "be-
cause they have lower temperature 
dependence and therefore give better 
worst-case power-speed values." 
More unusual is the internal orga-

nization of AMI'S 65-k ROM. Exter-
nally, says Yu, the S4262 looks as if 
it were organized as an 8,192-by-8-
bit device, and it is compatible with 
byte-oriented microprocessor de-
signs. Internally, however, the array 
is organized in four 16,384-bit 
blocks and, unlike present devices, 
uses three levels of decode—one to 
access the block, another to access 
the word line, and a third to access 
the bit line and transfer a particular 
bit out to one of a common set of 
eight bit-sense lines running down 
the center of the device. "But at the 
same time as a particular block is 
accessed," says Yu, "the other three 
are automatically put on a standby 
mode. This allows us to reduce the 
read access time without substantial-
ly increasing the power." 

Family. A fully static part that 
requires no clocks to operate, the 
S4262 is the first in a family of high-
speed super-dense Roms that Amer-
ican Microsystems is planning to 
bring to the marketplace, according 
to Yu. "Simply altering the value of 
the load resistors in the v-mos struc-
tures will allow us to reduce the 
speeds of later 65-k ROM designs to 
much below 200 ns," he says. 
Yu goes on to predict that with 

the addition of such techniques as 
substrate bias generation and scal-
ing, it should be possible to build 
131,072-bit devices in approximately 
the same area as the S4262, and 
262,144-bit ROMS in about the same 
area as some 32-k ROMS now avail-
able. 

Communications 

Comsat shows 

digital TV link 

A digital color-television link from 
Chicago to Clarksburg, Md., was in 
operation for a short while recently, 
courtesy of Communications Satel-
lite Corp. The developmental sys-
tem, demonstrated at the Interna-
tional Communications Conference 
in Chicago, uses differential-pulse-
code modulation (DPcm) to achieve 
an approximate 2:1 video data 
reduction. It also multiplexes the 
program audio, 60 telephone voice 
channels, and a dedicated digital 
channel onto the same 43-megabit-
per-second serial data stream that 
carries the video signal. 
"We think that the future of Tv 

will be digital," says Allen G. 
Gatfield, manager of the image 
processing department at Comsat's 
Clarksburg laboratories. "So we're 
working on a technique for digital 
coding that is simple enough to be 
reasonably priced if produced in 
commercial quantities." There are 
strong signs of a trend toward digital 
video processing in iv studios [Elec-
tronics, June 23, p. 94]. Moreover, TV 
transmissions will need to be digital 
to be handled efficiently by satellite 
and terrestrial communications, 
which are moving to digital as well. 
Low price. Gatfield estimates that 

the Comsat equipment, with time-
division-multiplexing gear for add-
ing external data streams, could be 
sold for $ 10,000 to $ 15,000. Other 
implementations have aimed at 

squeezing the video into smaller 
bandwidths, but at a hefty cost 
premium. For example, Nippon 
Electric Co.'s Netec-22 coder— 
which uses interframe DPCM tech-
niques to pare the bandwidth to 22 
mb/s — requires two racks of equip-
ment that the Japanese firm esti-
mates would cost $ 120,000 in pro-
duction. 

Besides the operators of the 
systems that now distribute analog 
TV signals, potential buyers of digital 
TV systems include firms that may 

The Hughes 
family of industrial 
electronic products 
...from Carlsbad, 

California 

- 

41111104 
à 

IMAGE AND DISPLAY PRODUCTS 
Direct view storage tubes. azthode ray tubes, 
scan converter tubes, image memories, inter-
active graphics display terminals. Probeye 8 
infrared viewers. 

PRODUCTION EQUIPMENT 
Microcircuit welders. bonder, ond solderilg 
systems: automatic wire terrritating mac-lines, 
NC positioning tables and computer controlled 
microcircuit bonders. 

AUTOMATIC TEST EQUIPMENT 
FACT' Flexible Automatic Circuit Tester 
for high speed continuity and leakage 
testing of complex wired e.semblies. C DFFI-
puter controlled digital log c test systems. 

INDUSTRIAL AUTOMATION 
Lasercutting systems for a_fiarnoted pat- ern 
cutting of fabric, paper. vvocd. metal and 
advanced composites. Computerized pa tern 
graphics systems and NC. 

LASER PRODUCTS 
He-Ne laser plasma tubes, ouvrer supplies, 
optics and subsystems for MdLstrial. OEM and 
laboratory applications. Abe CO2 and cu.tom 
gas lasers. 

For information, write: Hughes Industrial 
Products Division, 6155 El Camino Rea, 
Carlsbad, CA 92008, ( 714) 438-9191. 

HUGHES 
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LOOK 
FAMILIAR? 
Chomerics has designed a new Tele-
Tone keyboard for communications 
applications. 

These ET keyboards "look" and act 
like the real thing for more than 
10 million operations. 

Standard coding includes single pole 
(1x12) or row/column matrix 
(4x3) with 0, 1, or 2 common lines. 

Write or call for our most uncommon prices. 

C 0 M ERIICS 6 
77 Dragon Court 
Woburn, Ma. 01801 
(617) 935-4850 
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want them for internal communica-
tions. AT&T has been pushing this 
concept for years, without too much 
success, with its Picturephone ser-
vice, and such teleconferencing is 
also a pet project of the National 
Aeronautics and Space Administra-
tion. NASA, in fact, provided the 
impetus for Comsat's first demon-
stration. Using a vehicle-mounted 
earth terminal from NASA- Lewis 
Research Center, Comsat beamed 
full-duplex digital color-Tv video and 
audio signals between Chicago and 
its Clarksburg facility via the U. S.-
Canadian Communications Technol-
ogy Satellite. 
Comsat treats the composite video 

signal without breaking it into its 
component parts, as others do in 
trying to achieve higher compression 
ratios. Amplitude ( brightness) infor-
mation is converted into 256 levels. 
The signal's phase, conveying color 
information, is preserved by sam-
pling the analog video at 10.7 mega-
hertz, which is about three times the 
color subcarrier frequency. The 8- bit 
samples are fed to the transmitter, 
which determines the difference be-
tween the actual and predicted 
values of the sample and quantizes 
that difference with one of 16 4- bit 
codes— achieving 2:1 reduction. 
Same frame. Instead of using data 

from earlier frames to help predict 
what the next sample will be, 
Comsat relies entirely on picture 
elements in the frame being trans-
mitted. This technique eliminates a 
costly frame storage memory. " From 
a hardware standpoint, the difficulty 
is in getting the prediction from one 
sample around the loop before the 
next sample comes along," Gatfield 
says. "That involves a table-look-up 
operation (quantizing and coding) 
and a number of arithmetic oper-
ations within 93 nanoseconds." 
Comsat builds its transmitter and 
receiver with high-speed emitter-
coupled logic. 
A buffer and multiplex unit 

formats the data, inserts unique 
words for line and frame synchroni-
zation, and multiplexes the program 
audio with the video by bursting it 
during the horizontal sync portion of 
the signal. E 
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DUAL COIL 
CIRCUIT BREAKER 

reacts to both 
voltage and current. 

Smaller, Lighter, Less Expensive. The Airpax Dual Coil 
Circuit Breaker is a single pole magnetic circuit protector 
that reacts like a two pole breaker but is smaller, lighter, 

and less expensive. 

Wide Variety of Applications. In addition to conventional 
circuit protection, the Airpax Dual Coil Circuit Breaker can be 
used in conjunction with a temperature transducer to protect 

heat-sensitive equipment such as power supplies. By 
connecting a sensing device to the voltage coil, it can be 

used in interlock circuits or can 
react to pressure, flow, weight, 

or fluid level. 

VOLT-11k 
COOL 

OA1111DIT 
1:011. — 

Current Coil Ratings. The 
current coil ratings are from 

0.050 to 30 amperes at 
65V dc or 250V ac maximum, 
60 or 400 Hz. (Other models to 

100 amperes.) 

L AY To For more detailed information, call 

your lccal Airpax representative or 
contact Ai-pax Electronics, Cambridge 

Division, Cambridge, Md. 21613. 
Phone 301) 228-4600. Telex: 8-7715. 
TWX: 865-9655. Other factories in 
Europe and Japan. European Sales 

Headquarters: Airpax S.A.R.L., 
THE PRO IN PROTECTION 3 Rue de la Raise, 78370 Plaisir, 

France. 
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You're staking your reputation 
on your first major design 
change since1884. 

You'd better take a 
good look around before 
you pick a MOS company 
to make your microcircuits. 



Singer did. 

We looked pretty good to them. 
With the success of their Athena 

2000 home sewing machine, 
today we may look even better. 

This revolutionary new 
machine by Singer can sew 25 
different stitch patterns at the 
touch of a button. And it's entire-
ly controlled by a single MOS 
circuit made by AMI. 

Singer eliminated 350 mechan-
ical parts by redesigning around 
this dense little chip. At the same 
time, they added immensely 

to the performance and safety 
features of the machine. 
We did such a good job on the 

Athera machine that Singer gave 
us the contract for their next 
two models of electronic sewing 
machines. 

Singer chose AMI because of 
our reputation for solving MOS 
problems quickly, confidentially 
and economically. In the past 
eleven years, some of the world's 
biggest companies have come to 
us for the same reasons. 

We're designing custom chips 
for many Fortune 500 companies 
like Singer. With your reputatior 
riding on every product that you 
make, maybe you'd better take 
a good look at us, too. Write to 
Custom Product Marketing, AMI, 
3800 Homestead Road, Santa 
Clara, California 95051.0r con-
tact your local AMI sales office. 
It could be the beginning of 
another 
success 
story. 

AMERICAN MICROSYSTEMS, INC 
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Now! More super-last heal statics 
hr unheatalble 1K performance. 
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The Fujitsu MBM 2115/25 1K 
static RAM lineup is bigger and I 
better than ever thanks to the addition of our new 
super-fast Y version with guaranteed 45ns access. Yes, 
now the MBM 2115/25 lineup is fully capable of covering the 
speed range of the bipolar devices first introduced to meet the 
needs of cache memories, and with the added benefits of low-power/ 
low-cost MOS technology. And improved performance with 
the MBM 2115Y/25Y doesn't stop just with faster access time. 
You also get a 5ns reduction in chip select time (now, only 
3Ons max.) that's the best in the industry. 

Of course, if you find the 45ns max./30ns typ. access 
time of the all-new Y version too hot to handle, you still 
have a choice of three other speed versions to meet your 
needs. Our "slowest" and most economical N version provides 
you with a guaranteed 12Ons access time, our popular E 
version offers 95ns access, and, of course, there's the H 
version with 7Ons max./55ns typ. for those requiring all but 
the fastest access. 

Remember, the Fujitsu MBM 2115/25 lineup is today's leader in 1K 
static membries. Offering four speed versions, a choice of both open 
drain (MBM 2115) and three-state (MBM 2125) outputs, full input 
protection against the effects of static charge, standard 
pin-outs * and a wealth of other features, the Fujitsu 1K 
static RAM is your best choice for dependable, high-
speed 1K performance. 

Write or call right now for more information 
about these high-performance Fujitsu 
static memories, or any of the other 
Fujitsu-superior memory products. Contact 
Fujitsu America, Inc., 2945 Oakmead 
Village Court, Santa Clara, California 95051, 
phone: 408-985-2300, telex: 357402, 
twx: 910-338-0047. 

*Pin compatible with the 93415/A and 
interchangeable with the 2115/25. 

FUJITSU LIMITED 
Communications and electronics 
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Washington newsletter 
China tour set A team of seven U. S. electronics companies specializing in satellite 

communications and headed by Scientific-Atlanta Inc.'s Sidney Topol will 
by seven U.S. visit the Peoples Republic of China for nine days beginning Aug. 8. Also 

satcom companies represented will be California Microwave Inc., Collins Radio Group of 
Rockwell International Corp., GTE International Inc., Hughes Aircraft 
Co., International Telephone and Telegraph Corp., and RCA Corp. 
Included on the group's schedule is a one-day briefing in Peking for the 
China Machinery Import and Export Corp., the official trading company 
for high technology. 

Despite the fact that satellite communications are on the U. S. control 
list of items barred from export, the visit — put together by the Electronic 
Industries Association— has been approved by the White House, which 
overruled opposition by the State Department. "It's an exploratory trip," 
explains John Sodolski, EIA communications division vice president. China 
has applications on file with the International Telecommunications Union 
for two satellite orbital positions and has two America-made ground 
stations installed by GTE Sylvania and RCA. 

Fogarty tops list for 

FCC chairman 

NASA to name 

Lockheed, Perkin-Elmer 

for space telescope. . • 

. . . as Ball Bros. 

beats Hughes for 

IR satellite pact 

Federal Communications Commissioner Joseph Fogarty, Democrat and 
former counsel to a congressional telecommunications subcommittee, is 
the leading candidate to succeed chairman Richard E. Wiley. Possible 
appointees to vacancies caused by his elevation and the resignation of 
Benjamin L. Hooks to head the NAACP include Charles D. Ferris, legal 
counsel to House Speaker Thomas P. O'Neill, and Henry Geller, former 
FCC general counsel. 

Two six-year contracts for development of key parts of the space telescope 
totaling more than $ 131 million plus fees are scheduled to be awarded in 
October to Lockheed Missiles and Space Co., Sunnyvale, Calif., and 
Perkin-Elmer Corp.'s optical technology division, Danbury, Conn., by the 
National Aeronautics and Space Administration. The 2.4-meter-diameter 
telescope, capable of accommodating up to five different instruments in its 
focal plane, is due to be placed in orbit in late 1983. 

Lockheed will design, develop, and build the telescope's support systems 
module at a proposed cost of $72.8 million, while Perkin-Elmer will 
receive approximately $58.5 million to perform the same tasks for the 
optical telescope assembly. NASA says that the telescope will provide 
im mense improvements in resolution, light sensitivity, and wavelength 
coverage that will permit astronomers to investigate problems that could 
never be approached from observatories below the Earth's atmospheric 
veil. In the competition, Lockheed defeated Martin Marietta Aerospace's 
Denver division, and Boeing Aerospace Co., Seattle, while Perkin-Elmer 
won in competition with Eastman Kodak Co., Rochester, N. Y. 

Ball Brothers Research Corp., Boulder, Colo., has been chosen by NASA to 
negotiate a contract for $ 13.8 million plus fee to design, develop, and build 
a large, cryogenically cooled infrared telescope to be flown on the infrared 
astronomy satellite. IRAS, a cooperative U. S.-Netherlands program, is 
scheduled for early 1981 launch into polar orbit using a Dutch space-
craft. Ball Brothers defeated Hughes Aircraft Co., Culver City, Calif., in 
the competition. 
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Washington commentary  

EIA's limited vision on arms export controls 

Carter Administration proposals that would set 
a $9 billion annual limit on U. S. arms exports 
to countries other than its NATO allies, Japan, 
and Israel are disturbing the Electronic Indus-
tries Association's Government division— so 
much so that EIA is circulating a new 150-page 
study, in which it identifies a cumulative seven-
year loss through 1983 of $56.6 billion and 1.53 
million man-years of employment in the mili-
tary electronics and transportation equipment 
industries through "sales not realized" if the 
Carter limit is upheld. 

Bearing a straightforward title, "The Impact 
on U. S. Industry of a Restricted Arms Control 
Policy," the study is clearly aimed at members 
of the House and Senate whose districts include 
makers of military electronics and transporta-
tion equipment—e.g., aircraft, missiles, ships, 
tanks and their components. To make it easier 
to lobby against the Carter proposals, much of 
the study is devoted to a statistical breakdown 
of the impact that arms export controls would 
have on jobs and sales dollars in each of 36 
industrial states. 

Awacs an aberration? 

Recent events involving the Carter Adminis-
tration's drive to sell Iran seven of Boeing Co.'s 
E-3A Advanced Warning and Control Systems 
for $ 1.2 billion, despite requests for reconsidera-
tion by the leaders of both the Senate and 
House, suggest that the arms control ceiling 
may be honored more in the breach than in 
application. But the EIA had no way of knowing 
that when it assembled its study. It may even 
turn out that the Iranian Awacs sale is merely a 
one-time White House move to offset the 
economic loss produced by NATO'S recent rejec-
tion of Awacs. 
To get its data on exports, EIA used the U. S. 

Standard Industrial Classification for communi-
cations-electronics equipment (SIC-36) and 
transportation equipment (SIC-37), breaking 
out the estimated electronics content in the 
latter category. Total electronics exports of 
these two industries in 1977 could run to $27.3 
billion if uncontrolled. But if Carter's $9 billion 
ceiling on military hardware is invoked, they 
would be cut to $22 billion, EIA claims, resulting 
in the loss of some 100,000 jobs. 
That near-term impact is as nothing, EIA says, 

compared to its projection of what a $9. billion 
annual export ceiling would do to military elec-
tronics exports in 1983. In that year, SIC-36 
and -37 exports would be held to $35.2 billion, 

generating only 825,000 jobs, rather than the 
$49.1 billion and the 1,162,000 jobs those extra 
military sales would produce. The unrealized 
export potential of $ 13.9 billion in sales and 
337,000 jobs evidently distresses EIA. 

The larger issue 

Beyond the impressive massing of statistics— 
regardless of how soft they may be— lies an 
issue for the electronics industries that is larger 
than the dollars and manhours that might be 
lost if exports of military electronics are 
controlled. How long will some of America's 
leading electronics companies let their economic 
success or failure depend on the uncertainty of 
foreign wars? They have already put themselves 
partially into an economic box by leaping at the 
opportunity of sharply increased foreign arms 
sales, promoted by Richard Nixon as President 
seeking to counter massive price increases for 
Middle East oil in the early 1970s. 
To say that the United States cannot success-

fully divert its electronics technology to nonmili-
tary applications— and create sales and jobs in 
the process— has been proved wrong time and 
time again. It has been proved by the National 
Aeronautics and Space Administration's lunar 
landing program, by the many-sided computer 
industry with its macro, micro, and mini 
machines, and by semiconductor producers who 
have developed enough new markets to push 
small military orders near the bottom of their 
lists of priority business. Then, of course, there 
is the example of Japan— limited constitution-
ally to spending no more than 1% of its national 
budget on military systems. That constraint 
hardly prevented Japan from developing its 
electronics industries— as American manufac-
turers of home entertainment electronics are 
painfully aware. 
The world's undeveloped markets for tele-

communications equipment alone are enormous, 
as American Telephone & Telegraph Co. has 
discovered. While the Carter White House 
pushes to capitalize on the sale of seven Awacs 
to Iran for more than $1 billion, AT&T's Iranian 
subsidiary, American Bell International, has 
turned up a telecommunications market in that 
country with a business potential 10 times that 
of Awacs [Electronics, June 9, p. 40]. And that is 
by no means the limit to opportunities for 
American electronics manufacturers abroad 
provided they raise their sights beyond the level 
of weapons. EIA needs to take a second, longer 
look at its subject. Ray Connolly 
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Modified Formulation Technology 

Illustrated approx 
4x actual size 

bout that new' kid 
on the block... 
Actually, he's not that new. He's been around for 
quite a while now. Other vendors keep announcing 
miniature cylindrical ceramic capacitor ' innova-
tions', but Sprague Electric, the pioneer in layer-
built ceramics, can state with pride that this type 
of capacitor was introduced by Sprague more than 
ten years ago. 

Sprague Type 2920 MONOLYTHIC Capacitors are the 
industry's best-constructed axial-lead capacitors, thanks tc 
MFT*, a closely-monitored material modification of electrode 
metal and ceramic reacted with glass. The result—lesF., 
capacitance change with temperature change, improve( 
stability with life, and improved impedance with frequenc 
characteristic. 

These low-cost miniature capacitors feature a dimen-
sionally-precise molded construction and can be orderec 
taped and reeled for automatic insertion. They are available. 
in body formulations to meet characteristics Z5U (general - 
application), X7R (semi-stable), and COG ( NPO). 

For complete technical data, write for Engineering Bulle 
tin 6250B to: Technical Literature Service, Sprague Electric 
Co., 35 Marshall St., North Adams, Mass. 01247. 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

SPRAGUE 
THE MARK OF RELIABILITY 
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TillET] cQ Uo 
Our Metal Nitride Oxide Silicon NVM are fully reprogrammable in-circuit. 

They offer long-duration storage security without battery backup or "power-on" auxiliaries. 

HIGH DATA RETENTION 
Data is secure for a minimum of 10,000 hours and 
can be read 10 10 times between refresh cycles. 
PROGRAM VERSATILITY 
Nitron NVMs offer entire memory or word alterability. 
And it can all be done in- circuit a minimum of 10e. 
times. Millisecond write times are ideal for 
applications in the human response range. 
SYSTEM COMPATIBILITY 
We built in on-chip decoding, and TTL and CMOS 
compatibility. Plus, Neon NVMs can be 
reprogrammed without additional power supplies o' 
power supply switching . 
PRODUCT AVAILABILITY 
Nitron NVMs are available off-the-shelf for parallel 
data applications in 64x4 and 256x4 configurations; 

MUM 

and for se7ial data applications in 21x16, 16x18 and 
1024x1 configurations. If you don't see what you 
need, tell us about it We custom design NVMs, too. 

Unique Nitron process puts silicon nitrioe and silicon dioxide 
layers between MOS gate and 
substrate When voltage is 
appl ed. trapped charge offsets 
thresho d voltage. Charge 
remains after voltage is 
removed. 

Need information fast? Call Nitron NVM Marketing at 
(408) 255-7550.. Or fill in the coupon below for your 
NVM Fact Kit. 

AICEPOIVIVELL DOUGLAS 

WOO 
Mail to: 
NITRON NVM Marketing 
10420 Bubb Road 
Cupertino, CA 95014 

TELL ME MORE! 
I'm interested in (check box): 
1- 1 64x4 21x16 
L_J NC7040 Li NC7033 

256x4 
NC7050 LI 16x18 NC 7035 

Complete 
NVM Fact Kit 

Send to: 

name & title 

company 

address 

City SI3 *0 21,5 
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International newsletter 

First D-MOS Sharp Corp. is bringing Japan's first double-diffused mos part to market 
in the form of the LH-2102A2, a 1,024-bit static random-access memory 

static memory hits pin-compatible with Intel's 2102A2. Minimum access time is 120 nano-
Japanese market seconds; maximum is 250 ns. These speeds do not fulfill the potential of 

the process, but they have been achieved on a production line that does not 
make fast parts. The company plans to use the devices with the Z-80 
microprocessors that it expects to have in sample quantities this autumn. 
The firm has also announced the LH-5010 and LH-5102, which are 1-k 

and 2,048-bit static complementary-mos RAMS with metal gates that have 
typical access times of 400 ns. Sharp and Rockwell International Corp. 
will be using these chips in microcomputer applications requiring battery 
backup to prevent loss of memory contents. 

BBC buy buoys 

Marconi export hopes 

for transmitters 

A British Broadcasting Corporation purchase of 24 50-kilowatt radio 
transmitters of a new type from Marconi Communication Systems Ltd. 
should help the British manufacturer in the highly competitive export 
market for that type of receiver. Marconi executives say the $ 3.4 million 
contract will give them a production run to quote lower unit prices against 
worldwide competitors— Thomson CSF in France and the Broadcast 
Products division of Harris Corp. and the Continental Electric Manufac-
turing Co. in the U. S. 
Due to enter operation by May 1979, the compact B6034 has only four 

vacuum tubes in the high-power stages. It features solid-state (including 
large-scale-integrated) circuits especially in the control and drive sections, 
an improved Doherty-type modulation system, and a noteworthy 60% 
efficiency rating. Transmitting between 525 and 1,605 kilohertz, the 
automatically operating units may be assembled in 100- and 150-kw 
versions. 

Sales mounting Best-seller status is fast approaching for the high-speed laser printer that 
Siemens AG announced last year. During the past five months, the German 

for 21,000-line/min. company received orders and options for more than 100 of its model 3352 
laser printer laser printers from original-equipment manufacturers around the world. 

Besides what the Munich-based firm terms a favorable price-performance 
ratio, a major selling point for the system is its printing rate of about 
21,000 lines a minute — a speed claimed to be the highest yet attained for a 
commercial nonimpact printer. 

Export blues hit 

Japan's CB makers 

Citizens' band radio exports from Japan to the U. S. in June were slightly 
down compared with May — 575,661 vs 580,622. But exports to the U. S. 
for the first six months of 1977 are down sharply- 2,773,521 vs 
3,566,851 for the same period last year. Exports to the European market 
were more than double those of last June- 60,423 vs 22,080— but that 
hardly makes up for the U. S. falloff. 
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Linearity 

Would you believe 
onempartainno million? 

Design a DVM with better than one-in-a-million 
linearity. Then add 0.00011% three-month stability, even 
without recalibration. The result? A credibility gap. 

---- 
. —=-=-- -- .  

......... 

RD VOLTMETER SM21S A  
TRANSFER STANDA  

**:111 le& 9  

Engineers know there's no way to achieve that kind of 
performance with conventional design in a portable lab 
instrument operating over a wide temperature range. 

At EMI, we knew it too. That's why we scrapped 
convention and combined two fundamentally different 
techniques of digitization. 

For the most significant decades we replaced the 
conventional resistor network with an inductive divider 
system. For the remaining decades we went to integrating 
dual ramp technology. The result is the best of both worlds. 
Standards room accuracy and outstanding noise rejection. 

Still skeptical? Call EMI for a demonstration. After 
all, seeing is believing. 

EMI Technology Inc., Instrumentation Division, 
55 Kenosia Avenue, Danbury, CT 06810 ( 203) 744-3500, 
TWX: 710-456-3068 

EMI 
EMI Technology Inc Instrumentation Division. 

A member of the EMI Group International leaders in music, electronics and leisure 
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Electronics international  
Significant developments in technology and business 

Charge-coupled-device delay lines 

are exorcising TV ghosts 

Automatic cancellation of multiple 
images, called ghosts, may be a 
built-in feature in many color televi-
sion sets in a couple of years once a 
Japanese project succeeds in devel-
oping a large-scale-integrated chip 
for this purpose. Two firms are coop-
erating in the development of a 
weighted-feedback system using 
charge-coupled-device delay lines to 
cancel the ghosts. 
One partner in the project is the 

Technical Research Laboratories of 
NHK, Japan's public service broad-
casting system. The other partner is 
Tokyo Shibaura Electric Co., which 
is among the leaders in both televi-
sion and semiconductor technology. 
Toshiba sells semiconductors and 
picture tubes both to its own equip-
ment divisions and to others in Japan 
and abroad. 

Picture degradation. Ghosts may 
be the largest remaining cause of 
picture degradation, as improved 
devices and circuits have eliminated 
synchronization instability and other 
eyesores of earlier days. Even the 
best antennas are not always ade-
quate to remove ghosts, which can 
vary with channel, meteorological 
conditions, and other factors. Manu-
ally adjustable cancellation systems 
are unattractive because they must 
be readjusted for each channel and, 
for that matter, for the same channel 
over a period of time. 

Researchers at NI-1K hit upon the 
idea of using the transition between 
equalizing pulses and vertical sync 
pulses at the bottom of the picture to 
control an automatic cancellation 
circuit. This transition occurs during 
the middle of a line, and ghosts 
present in the received signal show 
up as smaller pulses riding on a 
steady-state signal following the 
transition. Timing and amplitude of 
these pulses accurately define the 

ghosts. This scheme will work for 
ghosts delayed by up to about 27 
microseconds, which covers most of 
these multiple images. 
Ghosts are cancelled by a 

weighted-feedback system using a 
CCD delay line as a transversal filter. 
A feedback circuit can never provide 
100% cancellation, but experimental 
circuits provide a reduction of 30 
decibels, which cuts ghosts to negli-
gible proportions. 
The video signal is sampled at 

three times the color subcarrier 
frequency before it is fed in parallel 

to all stages of the delay line. 
Weighting circuits on same chip as 
the CCD line consist of gain-
controlled, dual-gate, metal-oxide-
semiconductor field-effect tran-
sistors. They vary the gain of the 
signal fed to a stage. Thus, it is 
proportional to the amplitude of the 
ghost having the same delay as that 
stage. Individual stages of the delay 
line act as adders, and the feedback 
signal has the proper configuration 
to cancel ghosts. 

In initial tests, discrete circuits 
were used to control weighting of 

Chasing ghosts. Top row of devices on LSI ghost canceller are CCD delay lines; middle row 

is weighting circuits. Bottom row has demultiplexing and analog-memory circuits. 
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Electronics international 

individual stages. Adding to the 
complexity of the control circuits, is 
the need for an individual lead for 
each stage. Even in the original 
experiments with only 64 stages for 
somewhat less than 6-ets delay, the 
number of leads was too many for a 
single chip, and two separate delay 
circuits were used. 

In the latest designs, demulti-
plexer and analog memory functions 
are added to the chip. The demulti-
plexer is an additional CCD delay line 
that is driven by a burst clock pulse 
to read in ghost information at the 
predetermined transition at the bot-
tom of each field. Charge at each 
stage is then transferred perpendicu-
larly to a separate floating diffusion 
that forms an analog memory. A 
source-follower circuit is a buffer 
between individual analog memory 
stores and weighting circuits. 

Thus, gain-control lines of indi-
vidual stages are on the chip, elimi-
nating the need for external leads. 
The experimental 64-stage device 
using thee techniques requires only 
24 pins, and no additional leads 
would be needed. 

Chip size for the 64-stage device is 
2 by 3.6 millimeters. A device with 
twice as many stages would not 
require double the area because a 
large part of the basic chip is set 
aside for bonding pads. A practical 
device is still about two years off. 
With a delay in the order of 24 ps, it 
should fit on a chip comparable to 
those used for calculators. 

Great Britain 

Army ADP system 

reports unit moves 

The British Army could be first into 
the field with a tactical automatic-
data-processing system that will 
quickly store and forward new unit 
locations to corps, divisional, and 
task force headquarters. Such a 
system could drastically cut the time 
spent in manually logging, verifying, 
and relaying changing unit locations. 

Called Wavell, the project will 
enter field trials early next year with 

parts of the British Army on the 
Rhine's First Corps in West Ger-
many. If the trials are successful, 
Wavell will be installed throughout 
the whole First Corps in the early 
1980s. Britain hopes that this will 
give it a good shot at having Wavell 
adopted as the standard for the 
North Atlantic Treaty Organization. 
For supplier Plessey Radar Ltd., 
Ilford, Essex, it means potentially 
good export business in NATO and 
elsewhere. 

Benefits. For the British Army, 
Wavell promises such tangible bene-
fits as eliminating redundant staff at 
each headquarters, transferring data 
automatically, and providing imme-
diate access to a common set of up-
to-date information, according to Lt. 
Col. A. J. Sammes, Ministry of 
Defence procurement executive. He 
estimates that about 50% of current 
tactical trunk traffic is jammed up 
by the present manual logging. 
Each Wavell ADP center will be 

built around a ruggedly packaged 
Digital Equipment Corp. PDP-
11/34 minicomputer using 128,000 
words of core memory backed up 
with a 40-megabit disk, plus line 
driver and printer, according to R. J. 
Fairchild, Wavell project manager. 
Headquarters staff will use visual 
display terminals or printers to 
transmit or receive information. A 
communications multiplexer relays 
the data from the center onto the 
tactical trunk network. 

Because Wavell is a data system 
only, it can ride piggyback on any 
suitable trunk network, Fairchild 
claims. Currently it uses Bruin, a 
multichannel digital communica-
tions network employing directional 
ultrahigh-frequency and very-high-
frequency links, but it will be able to 
use the British Army's more sophis-
ticated Ptarmigan automatic dialing 
network expected to be out in the 
field in the 1980s [Electronics, Aug. 
19, 1976, p. 73]. Later on, Wavell 
could transfer logistical information, 
as well operational moves. 
The Wavell units will operate in 

armored command vehicles, trucks, 
and Land Rovers. The field trials, 
which end the $3.4 million first 
phase, will use nine vehicles. 

West Germany 

Computers switch 

freight cars 
Assembling more than 10,000 
freight cars a day into as many as 
270 trains will be the job of the 
electronic equipment in Europe's 
biggest switchyard in Maschen, just 
south of Hamburg. The electronics, 
which includes 14 Siemens comput-
ers, and the signaling equipment will 
account for 10% of the total 
construction costs of $350 million 
once the facility is fully operational 
sometime in 1979. 

If the nearly-3-square-kilometer 
yard is not the world's biggest, "it 
certainly is one of the world's most 
highly automated switchyards," says 
Martin Lang, a project manager at 
the Braunschweig-based signaling 
equipment division of Siemens AG. 
His firm is the main supplier of the 
electronic systems and devices for 
the federal railway facility. The 14 
computers handle the operations 
involved in freight-car classifying 
and routing for train assembly, as 
well as other control and monitoring 
functions. A similar system is 
already in operation at Mannheim. 
At work. As in other switchyards, 

the switch engine pushes a train onto 
a hump, or inclined plane. As the 
cars roll down the other side, two 
computers throw track switches to 
route them according to their desti-
nations onto 290 kilometers of 
switchyard track for assembly into a 
train. 
The Maschen yard will have 112 

assembly tracks and six switching 
towers. From the towers, the track 
switching and related operations 
handled by other Siemens process-
control computers are initiated and 
monitored. Using data on car posi-
tion, speed, and weight from the 
trackside sensors, radars, and other 
electronic devices, computers also 
control the car retarders— shoe-type 
brakes on the rails— and the me-
chanical mules— transport mech-
anisms between the rails. 
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Tighter and 
Tougher. 

M11. 

The. 
Panasonic Plus-

metallized polyester 
capacitors... 

±10% tolerances at 
± 20% prices. 

Tighter tolerances 
at tough-to-beat prices. 
Now you can have metallized polyester 

capacitors with tighter tolerances, without paying 
higher prices. At Panasonic, we offer you -±-10'Vo 
tolerances for what you'd expect :o pay for 
metallized polyester capacitors with It-20% 
tolerances. And thats just another example of tie 
Panasonic Plus. 

Tougher leads. 
Our specs call for our leads to withstand 2.2 It s. 

of steady pull applied radially to the lead wire for 
5 seconds. That's really tough. And we back 
up our specs with a special offer: send bacc 
. any Panasonic Type ECO-E (Z) metallizec 

polyester capacitor that loses a lead in 
normal manufacturing, and well replace 
with two units free of charge. 

Tighter lead times. 
Our popula:. 250VDC capacitors are available or 

immediate, off-the- shelf shipment in OEM 
quantities. And our 100, 400, 630, and 1,000VEC 
un.ts are available almost as quickly, with normal 
factory lead time. 

For free samples and a catalog of Panasoni D 
metallized polyester capacitors. write: Panasor ic 
Eiectron>c Components, One Panasonic Way, 
Secaucus, N.J. 07094. Or call ( 201) 348-7268. 

Electrical Specifications 
Rated Voltage: 100V.D.C.. 250V. D.C., 400V. D.C.. 
630V.D.C., 1,000V.D.C. Capacitance Toleranc e: 

10"e(K), 20%(M). Insulation Resistance: 
Less than 0.33µF 9,000M! /; 0.33.ii.F, or more 
- 3,000MO.,,u.F. Dissipation Factor: 1.000 a1 
1ki-lz. Withstanding Voltage: Rated Voltage 
X1.5 ( 1 min.) Operating Temperature: 
—25 

Capacitance 
Part No. I -± 10%(K) Part No. 

Rated (µ F) 
ECC-E2473(K)ZS 
ECO-E2563(K)ZS 
ECO-E2683(K)ZS 
ECC-E2823(K)ZS 
ECO-E2 -34(K)ZS 
ECC-E2124(K)ZS 
ECO-E2'54(K)ZS 
ECO-E284  
ECC-E2224 KlZS 
ECO-E2274 K)ZS 
E CO- E23341K iZS 

0 047 
0.056 
0 068 
0.082 
0.10 
0.12 
0.15 
0.18 
0.22 
0.27 
0 33 

ECCI-E239t(KgS 
ECCI-E2474(K)ZS 
ECO-E2564(K)ZS 
ECO-E2684(KYZS 
ECCI-E2324(K)ZS 
ECQ-E2105(K1ZS 
ECO-E2125(K)2S 
ECO-E2155(KIZS 
ECO-E218E(K)ZS 
ECC1-E2225(KgS 

Panasonic 

Capacitance 
±10%(K) 
Rated Cu FL 

0.39 
0.47 
0 56 
0.68 
0.82 
1.0 
1.2 
1.5 
1.8 
2.2 

est slightly ahead of our tme 
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Intel delivers the first 
with resident EPROM. 

Intel's new single chip microcomputer, the 8748, makes it easier 
than ever to add intelligence to your products. And it enables you to 
do it at a lower cost than ever before. It's a complete system with 
powerful central processor, full VO facilities and, for the first time, 
resident EPROM program memory. All on a single 40-pin DIP and 
operating from a single +5V power supply. And you can purchase 
the 8748 from Intel distributors today. 

During product development, the UV-erasable EPROM 
enables you to load and run your application programs 
in minutes.The 8748 also speeds debugging. Program 
changes can be made by erasing the EPROM and 
reloading with your updated software:This gets your 
new product out of the lab and onto the market 
months ahead of the competition, and with 
reduced development costs. 

When you're ready for production, just 
substitute the fully compatible 8048 micro-
computer with your program in low cost, 
resident masked ROM. If market 
entry timing has top priority, you can 
even ship your first production 
units with the 8748 while you 
gear up for the switchover to 
8048. And by using the 
8748 you can respond to 
non-standard customer 
requirements without 
waiting for ROM turn-
around. 

Intel's advanced 
MOS/LSI process tech-
nology allows a single 8748 
or 8048 chip to replace up to 
100 or more conventional TTL 
devices.The 8748/8048 contains 
an 8-bit general purpose CPU, 1024 
bytes of EPROM or ROM program 
memory, 64 bytes of read/write data memory, 
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sin* chip microcomputer 
The 8748. 

three programmable 8-bit I/O ports, 8 additional 
control/timing lines, programmable interval 

timer/event counter, priority interrupts, 
system clock generator and a full set 
of system controls. It's a single chip 
solution to a wide variety of applications, 
yet it's fully expandable by adding com-
patible MCS-80Tm/MCS-85'M I/O chips SE Standord ROM, 2K • 8, 45O es NO1V 

8 Stondord EPROM 1K • 8 450 os, let erasable NOW 

and Intel® standard memories. 2716 Standard EPROM, 2K • 8 458ns, leiht .c•..61. NOW 
21114 4 Standard RAM, 256 • 4 450 no cost.. I 0 NOW 

There's also a new 5101 Standard RAM 256 4, 650 es CMOS 8035 micro- • NOVI 
21014 4 Stdo anrd RAM 256 • 4 450 as steedan1 I 0 NOW 

computer that is exact l ly ike t 8255A Progroo he 8251 Prociralowabin Zoammciptielis hiteutm 
reabia ›erolletal late= NOW 

needs, using external ROM or EPROM. 

8214 Pnorny Interrupt Coattail« 

:: Programmable room' Tiew 

8219 

111.1111111.11111.11M11. 

Provo...Mt laterrupt Centralist 
Propronueobla Keyboard Dopler Controller NOW 

NOW 

NOW 

NOW 

NOW 1  gram memory. It enables you to pre-
8748/8048 but without resident pro-' 

cisely match system memory size to your 

The 8748 is the best supported single chip microcomputer you can buy. 
To speed development there's the IntelleeMicrocomputer Development System 

with assembly language programming, symbolic debugging, and full EPROM pro-
gramming capability. The ICE-48Te In-Circuit Emulation module simplifies hardware/ 

software integration and debugging. And the Intel Prompt-48w Design Aid is a low cost, stand 
alone alternative for 8748 programming, simulation and debugging. Intel supports you from 
prototype to production with development software, documentation, training and 
application assistance. 

The new 8748 will give manufacturers of instruments, terminals, communications equip-
ment, controllers, electronic games, automotive products, home 
appliances and hundreds of other products the competitive edge. It 
will help you get better products to market ahead of the competition 
at lower cost. 

The 8748,8035 and all compatible components can be pur-
chased now from franchised Intel distributors: Almac/Stroum, 
Components Specialties, Cramer, Elmar, Hamilton/Avnet, Harvey 
Electronics, Industrial Components, Liberty, Pioneer, Sheridan, 
L.A. Varah, or Zentronics. 

Or, for a copy of our single-chip microcomputer brochure write: 
Intel Corporation, 3065 Bowers Avenue, Santa Clara, California 
95051.Telephone: (408) 246-7501. 

Part No. 

8748 

8048 

8035 

8243 

8355 

8155 

Description 

MCS-48 Components 

Single chip riC with IK bytes EPROM 
Single chip 'IC roth II( bytes mashed ROM 

Singh chip 'IC without resident program memo'', 

I/O Eagwador with 16 Mob entreat dri. I/O lines 

ROM, 2K bytes, 16 1/0 lioes 

RAM, 256 bytes, 22 1/0 hoes .ad mow 

Compatible MCS-80/85 CeiNsommts 

Availability 

NOW 

NOW 

NOW 

NOW 

NOW 

NOW 

intel delivers. 
Circle 59 on reader service card 59 





BRAND NEW BROCHURE 

Circle Reader Response No. [90 

CA ComputerAutomatiori 
NAKED MINI® Division 

18651 Von Karman, Irvine, California 92713 
Phone (714) 833-8830 01977 Computer Automatmu Inc 
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A new 
direction in 
microprocessor 
design aids. Introducing a software development 

system that supports a variety of micro-
processors: currently the 8080, 6800, 

Z-80, and 9900, with a wide selection to 
follow. Assembler software for two 
microprocessors is provided from 
those available at the time of purchase, 
and software for each additional micro-
processor may be purchased as an 
option with a minimum of added 

expense. 

This feature alone means that you 
can change direction without having 
to make a major investment in a new 
design aid. Choose a component on the 
basis of its suitability for a particular 
project, then, if it seems desirable, 
switch to another for the next project. 

It also means that you don't have to 
relearn your software development 
system each time you use a different 
microprocessor chip. And that can 
save valuable time. 

The 8002 offers several other time-

saving features to ease the task of 
program creation: a text editor that 
simplifies software entry and revisions, 
an assembler with macro capability, 
and dynamic trace for software 

debugging. 

Since microprocessor-based pro-
gram creation and prototype design 
typically go hand in hand, the 8002 also 
offers three progressive option levels 
for program emulation and debugging, 
prototype emulation and debugging, 
and real-time prototype analysis. 

The 8002 Program Emulation and 
Debugging System. which adds an 
emulator processor and software for 
a selected microprocessor, enables the 
developmental software to be run, 
tested, changed, traced, and debugged 
on the desired microprocessor. The 

THE TEKTRONIX 8002 
MICROPROCESSOR 

LAB 



emulator microprocessor is identical 

to the microprocessor in the designer's 

prototype: if the software is to be 

executed on an 8080 in the prototype, 

for example, an 8080 microvocessor 
chip is used in the emulator processor. 

The 8002 Interactive Prototype 

Emulation and Debugging System adds 

a Prototype Control Probe for a 
selected microprocessor. With the 

probe inserted into the prototype, 

developmental software and hard-

ware may be tested, traced, and 

debugged together. 

The 8002 Real-Time Prototype 

Analyzer System adds real-time trace 
and an 8-channel Analyzer Probe. At 

this level bus transactions and events 

external to the microprocessor may 
both be monitored. 

One final advantage: the Tektronix 

name. Tektronix has always been 

responsive to the instrumentation 

needs of the design engineer .... and 
the 8002 Microprocessor Lab is no 
exception. Its ability to deal with a 

number of different microprocessors, 

its many convenience features for 

software development, and its capa-

bilities for software/hardware debug-

ging. make it a unique design tool. 

As a leading electronics instrumert 

company, Tektronix offers you a full 

line of options and peripherals, from 

the three 8002 option levels... to 

PROM programming facilities for the 
1702 or the 2704/2708 MOS PROMs 

... to a line printer and choice of 

system terminals. 

Backed by years of experience, 

Tektronix also offers you a 

rare commodity in the field 

of microprocessor devel-

opment tools: local Field 

Engineers and local service. 
A nation-wide network of 
Field Offices and Service 

Centers is ready to help 
you realize the full 

benefits of the 8002. 

For more information or a 

demonstration of this new 

software development tool, 
write Tektronix, Inc., 
P.O. Box 500, Beaverton, 
Oregon 97077. 

The 8002... 
with multiple 
microprocessor 
support. 

TektronDc-
For Technical Data 

COMMITTED TO EXCELLENCE 
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Digital introduces DECstation. 
A big computer system 

that's small enough for anyone. 
Digital put an amazing LSI 

version of the PDP-8 inside a 
DECscope, added some ingen-
ious interconnecting devices and 
created something new. The 
DECstation. A complete com-
puter system big enough to do 
all kinds of work and small, 
simple and inexpensive enough 
to do it for almost anyone. 

DECstation. A complete 
computer system in disguise. 
It looks like a terminal, but look 
again. The DECstation has a 
powerful general purpose com-
puter, a video terminal, a dual 
diskette drive, and its own special 
operating system. What's more, 
you can hook up two different 
printers and a second dual disk-
ette drive. Then put the whole 
thing in a mini-desk, and when 
you're done you'll have the 
smallest big computer you've 
ever seen. 

The Video Data Processor. 
It's the big reason the DEC-
station's so small. The VT78 
Video Data Processor is a com-
puter wrapped in a terminal. 
Inside the familiar DECscope 
you'll find an LSI version of the 
PDP-8 with 16K words (32K char-
acters) of MOS memory and 
built-in interfaces. Two serial 
asynchronous ports feature 
speeds from 50 baud to 19.2 kilo-

baud. A disk port interfaces with 
up to 4 diskette drives. A parallel 
I/O port for printers and custom 
interfacing provides data transfer 
rates up to 180 kilobits/sec. 
All standard. 

You can go from carton to 
computer in less than an hour. 
If you can push a button, you can 
run a DECstation. Because one 
button is all it takes to start things 
up. The bootstrap and self-test 
routines are built in. 

Put it together, plug it in, 
and immediately you can begin 
to run anything from the PDP-8 
software library. Which means 
you start with one of the most 
comprehensive sets of software 
tools available in a small system. 
Including two proven operating 
systems: OS/78 for stand alone 
applications and RTS/8 for real-
time. OS/78, an extension of 

OS/8, supports a number of 
languages, including FORTRAN 
IV and BASIC. So all you have to 
do is load the operating system 
and start programming your 
application. 

Whatever that application, if 
you're looking for a sophisticated 
little system, at the right price, 
and a remarkable OEM tool, 
consider DECstation. $7995 each. 
$5436 OEM quantity 50. 

For our free brochure, write 
Digital Equipment Corporation, 
Parker Street, Maynard, MA 
01754. European headquarters: 
81 route de l'Aire, 1211 Geneva 26. 
Tel: 42 79 50. In Canada: Digital 
Equipment of Canada, Ltd. 

d 

I7DP-8 Marketing Communications 
Digital Equipment Corporation, Parker Street, PK3-1, M34 
Maynard, MA 01754. 
Send me the free DECstation brochure. (please print) 

Name  

Company  

Address  

City State Zip  

Phone OEM End-user  

Application  

E8,7 1 

 Please send additional information about the PDP-8 familyj 
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Quite frankly, 
we're going to be#1 

in memory testing till 
the cows come home. 

Four years of match-
ing the memory indus-
try breakthrough for break-
through have made Teradyne 
the leader in memory testing. 

We started back in 1973 
with the J384, a dedicated 
memory test system. It tested 
RAMs and ROMs efficiently and 
economically. But things were 
changing fast. 

1974 saw the advent of dy-
namic devices like the 4k 2107. 
And we added the M385 mi-
croprogrammable pattern 

generator to keep pace. 
In 1975 our answer to in-

creasingly complex memory 
technology was a new system, 
the J387. 

In 1976, when 16k and 
page-mode parts went into pro-
duction, we responded with 
the H712 test deck. 

Today, Teradyne has an 
installed base of well over 100 
J380-series memory test sys-
tems working for more than 

20 companies. At probe, 
at final test, and at incom-

ing inspection. That's a larger 
dollar base than our two near-
est competitors combined. 

Four years of experience 
have made us the most capable 
source of memory test equip-
ment in the world. 

If you test semiconductor 
memories, call us today. You'll 
call us eventually. Because no 
matter where memory technol-
ogy goes from here, Teradyne 
will be there. 

Semiconductor Test Division 
Boston, Mass.—Chatsworth, Calif. 
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Probing the news 
ys,s of teelnoegy and bLsi e s developments 

Poland pursues Western habits 

The setting could be the U. S. or 
Western Europe: long-haired, jeans-
clad teen-agers crowded around a 
television set to watch two of their 
companions play video games on the 
screen. Is it New York, Frankfurt, 
Paris, or London? No, in this case it 
is Poznan, a city deep inside Poland. 
The scene typifies Poland's trans-

formation into a Western-style con-
sumer society, a change that is felt 
deeply in the nation's electronics 
industries. " If there is anything 
distinguishing Polish electronics, it is 
the advanced level of consumer 
equipment design," says Horst F. 
Jenisch, international marketing 
manager at the rrr Semiconductor 
group's Intermetall GmbH in West 
Germany and a negotiator of East-
West licensing deals. 

Poland's emphasis on consumer 
products stems in part from the 
government's pledge to raise the 
country's standard of living. In the 
1976 — 80 economic plan, consumer-

by John Gosch, Frankfurt bureau manager 

oriented services are to increase 70% 
and the supply of consumer goods is 
to go up 60% over the 1975 level. 
These rates compare with 40% and 
42% for overall services and indus-
trial production, respectively. 
As always, Polish planners are 

giving top priority to the electrical 
and electronics industries, calling for 
a 67% spurt in output for the five-
year period. Specifically, the plan 
calls for delivery of about 3.5 million 
tape and cassette recorders and some 
10 million radios. Further, the War-
saw Television Works is to be 
enlarged and a new TV tube plant 
completed. Under a license with RCA 
Corp.. the plant will start up toward 
the end of next year and eventually 
produce several hundred thousand 
color tubes a year. 

Despite the planned increases, 
Western firms should not expect to 
do the same kind of business in 
Poland that they did in previous 
years. At least for the short term, 

Western sales will, in fact, drop 
sharply. The reason: much of the 
industrial expansion and plant mod-
ernization of 1970 — 75 was financed 
by credits from the West. That, 
together with the need to import 
grain, has resulted in a highly nega-
tive balance of trade. Now, to even 
up the scales, the Poles are deter-
mined to sharply step up exports and 
at the same time drastically curtail 
imports. 
Much of the task of reaching the 

goals set for Poland's electronics 
industries falls on Unitra Union, the 
Warsaw-based group of some 23 
state-owned enterprises. These firms 
manufacture consumer electronics 
and production equipment, naviga-
tional and radio communications 
systems, and a wide variety of 

Communicating. Workers put together sub-

assemblies for communications equipment. 

Poles are well advanced in radar design, 

especially in marine-radar systems 
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Probing the news 

passive and active components, in-
cluding semiconductors. 
With a volume of slightly more 

than $1 billion last year, the 80-plant 
Unitra conglomerate, with its 
100,000 employees, accounted for 
nearly half of Poland's electronics 
output. Technical director Jerzy Bil-
ip says the group's production this 
year will climb to $ 1.2 billion, a 16% 
increase over the 1976 volume. 
The bulk of Unitra's 1977 output 

will again be consumer goods, with 
roughly $580 million worth of enter-
tainment electronics. Janusz Ja-
blonski, commercial director for con-
sumer and professional equipment, 
gives these figures to be reached this 
year: 700,000 record players, 1.25 
million tape and cassette recorders, 
and 1.05 million black-and-white 
and color receivers. 

In Poland, as in many other coun-
tries, black-and-white sets are be-
coming increasingly harder to sell, 
Jablonski notes. "What people are 
now clamoring for are color receivers 
and portable black-and-whites," he 
says. Production of color television 
sets, which began in Poland five 
years ago, climbed to 100,000 units 
in 1976 and will pass the 120,000 
mark this year. 
Thus far, between 500,000 and 

600,000 color receivers have been 
installed, with a sizable number 
imported from the Soviet Union. 
According to Bilip, there are now 
about 8.5 million TV sets (mono-
chrome and color) for a population 
of 34.6 million. 

Sophisticated. But numbers are 
only part of Poland's entertainment 
electronics story. The other is the 
high technological level of the equip-
ment. Integrated circuits are well 
established in TV sets, and so are 
varactor diodes for electronic tuning. 
Video games are now coming on the 
market, and sets featuring infrared 
and ultrasonic remote control will 
follow in 1978, Jablonski says. 

Unitra officials also point proudly 
to other products that have found 
customers in the West. One is an 
X-band marine-radar system de-
signed for motor boats, fishing 
vessels, and other small craft. 
Attracted by the system's advanced 

Checkout. Components for communications 

gear and Instruments undergoing tests. 

design and low cost, West Germa-
ny's Krupp Atlas-Elektronik will buy 
several hundred such systems for 
distribution in Western markets. 

Design know-how is evident in still 
other fields. "In the instrument 
sector, the Poles are tops in the 
Comecon area," comments Klaus 
Stockreiter, Eastern European sales 
engineer for Tektronix Inc. and for 
West Germany's Rohde & Schwarz. 

Poland's metamorphosis into an 
industrial society during the past 25 
years has spawned a computer indus-
try ranked third in Eastern Europe 
(behind the Soviet Union's and East 
Germany's) in terms of both produc-
tion potential and the number of 
systems delivered. The Poles have 
been helped by computer technology 
from the West, particularly from 
Britain. 

For computers. Data-processing 
equipment and related gear are 
handled by the 55,000-employee 
Mera Union, 18 manufacturing or-
ganizations supported by nine re-
search labs and two development 
institutes. Mera's product line in-
cludes simple multimeters, automa-
tion and control equipment, periph-
erals, electronic office machines, and 
computer systems. Production is 
concentrated at Mera-Elwro, a facil-
ity in Wroclaw with 5,000 workers 
and an output last year of about 
$150 million. 

There are about 3,000 standard 
systems, not counting minis, in oper-
ation in Poland, says Andrzej Lej-
czak, an export executive at Mera-
Elwro. Between 65% and 70% of 

them were made in Poland. The rest 
come primarily from firms in the 
West such as ICL in Britain and Ism 
in the U. S. 

Like other East European coun-
tries, Poland participates in the 
Eastern Bloc's computer program 
[Electronics, July 7, p. 66]. Each of 
six Eastern Bloc countries makes a 
specific system, and Poland has been 
assigned the EC1032, a medium-
sized Tn-based machine. The size of 
its core memory extends from 128 to 
1,024 kilobytes, and the cycle and 
access times are 1.2 microseconds 
and 0.5e, respectively. 

Although the 1032 captures most 
of the limelight in Poland's computer 
arena, the workhorse machine is the 
Odra 1305, a general-purpose cen-
tral processor introduced about five 
years ago and still in production. 
Some 500 of this medium-sized 
system, which is compatible with 
Britain's ¡CL 1900 series, have been 
delivered inside and outside of 
Poland. 
At the low end is the Mera 300 

minicomputer series. About 30% of 
the semiconductors in the series 
comes from the West, Mera officials 
say. This figure points up the indus-
try's heavy dependence on Western 
component technology, made evident 
also by a sizable number of licensing 
agreements with firms in the U. S., 
Japan, and Western Europe. 

Imported ideas. As for semicon-
ductors, well over half of what 
Unitra produces is based on outside 
technology. "We are just too small a 
country to develop everything on our 
own," a Unitra offical says. "Be-
sides," he adds, "we don't want to 
rediscover America." 
With all the licensed production, 

the Poles are striving to become less 
dependent on foreign component 
technology. Typical of these efforts 
is the new CEMI scientific manufac-
turing center for semiconductors on 
the outskirts of Warsaw. There— 
some observers call the complex 
Poland's Silicon Valley— the current 
five-year plan focuses on the devel-
opment of advanced analog la, 
digital rri, and mos circuits, opto-
electronic devices, and other sophis-
ticated solid-state components. Al-
ready well along in development are 
microprocessors and integrated-in-
jection-logic devices. 
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Meaningful ECL 
testing demands both: 
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Only HP's 8082A Pulse 
Generator delivers both. 
In ECL testing, high rep rates and fast transitions aren't 
enough. You also need variabie transition times to 1 nsec 
for meaningful results. And, HP's 8082A Pulse Generator 
gives you variable transition times and more. 
Now you can match the manufacturer's specified con-

ditions for propagation delay measurements. That means 
more accurate results for both device testing and qualifi-
cation, and breadboard testing. The ability to vary transi-
tion time between 1 nsec and 0.5 msec also gives you a 
way to test for worst-case conditions. And it lets you use 
this pulser for Schottky TTL and general -purpose UL 
testing too. 

What's more, HP's 8082A gives you a precise 50 ohm, 
low-reactance source impedance for excellent pulse shape 
without an external termination. That means simplified 
setups. And, to further simplify operation, tie 8082A has 
an ECL output switch that automatically sets amplitude 
and offset to specified ECL levels; complementary out-
puts; and switch selectable polarity. 

The 8082A also provides variable pulse delay for easy 
scope triggering at the right instant; a double-pulse mode 

with variable spacing to 2 nsec for measuring data set-up 
times or simulating radar pulses; and external triggering 
which extends the rep rate range to dc. Priced at $3675*, 
the 8082A is the logical choice for both meaningful and 
convenient ECL testing. 

And for the des:gner doing state-of-the-art logic devel-
opment, HP has a new 300 MHz to 1 Gliz pulse/word 
generator system, the 8080. This modular system can be 
configured either as a pulse generator or a word generator. 

a single GHz pulser gives you dual outputs with 
frequency division and precise inter-channel delay for 
convenient and economical testing of the fastest availaUe 
IC logic families. 

For complete details on these versatile pulse generators, 
contact your local i-IP field engineer. 
"Dornelic U.S A price only 

HEWLETT â PACKARD 

1547 Page Mr)) Road Pato Alto California 94304 

For assistance zed Washington 301) 9413-6370. Chicago (312) 

255-9111CO Atlar ta ' 404) 955.15011 Los Angeles (213) 877.1282 
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Probing the news 

You and your career 

IEEE election is a free-for-all 
Hogan's entry pits variety of styles and philosophies in battle 

over whether body will emphasize technical or professional activities 

by Gerald M. Walker, Senior Editor 

The rift in the Institute of Electrical 
and Electronics Engineers over the 
priorities and management of its 
professional and technical activities 
has reached a critical point with the 
entry of C. Lester Hogan, vice 
chairman of Fairchild Camera and 
Instrument Corp., as an office seek-
er. 

Hogan, supported by a phalanx of 
top industry executives and aca-
demics calling themselves the 
IEEE/Good Government Group, is 
out to capture control of the insti-
tute, which, in his view, has 
wandered in unwise directions under 
incompetent leadership. 
As a result, when the ballots for 

IEEE officers go out at the end of this 
month, members will find a some-
what muddled lineup. Ivan Getting, 
president of Aerospace Corp., the 
nominee of the board of directors for 
institute president, will be opposed 
by perennial petition candidate Irwin 
Feerst. Carlton Bayless, who won 
the seat of executive vice president 
as a petition candidate last year, has 
been renominated for the post by the 
board of directors this year. But he 
will be opposed this time by Hogan, 
a petition candidate. 
Why is Hogan running? "All of us 

have emotions toward our institute," 
he states. " It has done a great deal 
for us in providing the best in tech-
nical communications. And we all 
have an obligation to preserve it for 
other electronics engineers. For 
many years I have not been active, 
but for most of that period the insti-
tute has been under fine manage-
ment, the best leadership in the 
U. S., a who's who of American 
engineering. But in the last few years 
the institute has been off on a bad 

track. In fact, Karl Willenbrock was 
the last good president the institute 
had [he served in 1969]." 
Why is Hogan not running for the 

top spot? Earlier in the year, when 
those who eventually coalesced into 
the Good Government Group urged 
the Fairchild executive to run for 
IEEE president, he advised waiting 
until after the board of directors 
announced its nominations. Since 
Getting is acceptable to Hogan, he 
decided to seek the executive vice 
president's job in order to gain a 
position on the board of directors. 
The IEEE/GGG is a blue-ribbon 

group that includes four former 
institute presidents and two former 
presidential science advisors. Sixteen 
have university affiliations, and 13 
are corporation executives. But none 
has been connected with the profes-
sional activities gradually initiated 
by the institute since 1972. 

In fact, dissatisfaction with the 
way professional activities have been 
going impelled the group to orga-
nize, though its formal goal is to 
improve the leadership of the IEEE 
"by identifying, endorsing, and ac-
tively supporting the best available 
candidates for president, vice presi-
dents, and directors." 

Upset. Because of its makeup and 
general leanings, the IEEE/GGG has 
been branded as a reactionary move-
ment intent on scuttling the U. S. 
Professional Activities Board, which 
works with an annual budget of 
about $ 1.5 million. Both Hogan and 
the IEEEiGGG'S spokesman, Willen-
brock, who is dean of the Southern 
Methodist University School of En-
gineering, deny that they are out to 
get USAB. However, both are upset 
by USAB'S programs, especially by 

Hogan: "I can support social issues, and 

I think I can win them as well as anyone." 

what they see as an ineffectual and 
expensive lobbying operation in 
Washington, D. C. 
Comments Hogan: "They [usAn] 

get $ 1.5 million and worry about 
how to spend it rather than selecting 
useful goals that would help the 
welfare of members of the institute. 
I can support social issues, such as a 
portable pension plan, that engineers 
have a right to ask about. And I 
think I could win them, whereas the 
institute people in Washington have 
done a very bad job." 

This stand does not wash with 
consultant Irwin Feerst, who as a 
presidential candidate has a signifi-
cant following among working-level 
institute members and has been 
extremely articulate in outlining 
IEEE reforms. He says, " I'm glad 
that this IEEE/GGG has come out into 
the open. We have finally uncovered 
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the hard core of the institute power 
structure and find them to be the 
true Neanderthals of the IEEE. 
Where were they in the early 1970s 
when the members needed them? 
No, they had their chance in the 
leadership roles, and they blew it. 
Now there is a different institute, 
the members have changed, and the 
hard core does not understand these 
changes. I think the members will 
see through this strategy." 
Caught in the middle, and facing 

a head-to-head contest with a well-
known industry executive, Bayless 
sees the vote as a test of the constitu-
tional change that in 1972 permitted 
the institute to pursue both technical 
and professional and social pro-
grams. "Pure and simple, this elec-
tion allows members to decide if they 
want the post- 1972 IEEE or an IEEE 
totally a learned group," he remarks. 
"This is not a personal issue, but a 
vote on two philosophies." 

Bayless, who is division manager 
for Pacific Telephone and Telegraph 
Co., believes that the IEEE/GGG is 
dissatisfied with IEEE involvement in 
registration of engineers, its stand on 
the energy crisis, and its lobbying to 
amend the Service Contracts Act to 
prevent wage busting. 

For his part, Getting sees the 
candidacy of Hogan as "part of the 
polarization in reaction to `Feerst 
activism.' " The politically and eco-
nomically oriented moves of Feerst 

Bayless: "This election allows members to 
decide if they want the post- 1972 IEEE." 

and his supporters were bound to 
evoke a counterresponse. 

If elected president, Getting hopes 
to be a "mediator," who will 
preserve an atmosphere conducive to 
"rational consideration" of the is-
sues. However, he does have opinions 
on a number of the current issues. 
For example, he is strongly against 
the IEEE'S becoming a collective 
bargaining agent for EES. He is 
concerned that potential Govern-
ment regulation concerning wage 
busting in service contracts could be 
oversimplified, causing more prob-
lems than it solves. 
The Aerospace Corp. president 

favors a portable pension plan and 
has instituted what he considers to 
be a liberal plan for engineers at his 
company. "I can claim I've done 
more for the working engineer than 
almost anybody," Getting states. 

Change. No matter who wins 
when the ballots are finally tallied in 
November, the institute will be in for 
a major change. Hogan feels that he 
has begun the process of bringing the 
leading engineers in the country into 
active participation in the institute to 
preserve its technical leadership and 
reorganize the professional activities. 
Bayless emphasizes that he is the 
only candidate with experience in 
institute operations and with a com-
mitment to professional activities. 

Getting sees his role as healing the 
divisions in the institute's house. 
Feerst wants a number of sweeping 
changes, but insists that he would 
keep technical, educational, and pro-
fessional activities in balance. 

If Feerst wins, there is bound to be 
tension in the running of the insti-
tute, depending on the final makeup 
of the board of directors. " It would 
be a serious problem if Feerst is 
elected and cannot be controlled." 
Hogan frets. "I hope we don't have 
to find out." 
Adds Bayless, "I would stick it out 

and hope to be constructive, but it 
would be rough. Often, after people 
are elected, they modify their 
extreme views when they get up 
close to the real problems." 

Feerst is moderate. "We would 
have to work together. I would have 
to work with whoever is elected but 
they would have to work with me, 
for the IEEE of 1978, not the IEEE of 
10 or 12 years ago." 

All wrapped up in a neat little 
package, our Model 510L is 
an ultra-wideband RF power 
amplifier whose wide range of 
frequency coverage and power 
output provide the user with the 
ultimate in flexibility and 
versatility in a laboratory 
instrument. Easily mated with 
any signal generator, this 
completely solid state unit 
amplifies AM, FM, SSB, TV, 
pulse and other complex 
modulations with a minimum of 
distortion. 

Constant forward power is 
continuously available regardless 
of the output load impedance 
match making the 510L ideal 
for driving highly reactive loads. 

Unconditional stability and 
instantaneous fail-safe provisions 
in the unit provide absolute 
protection from damage due to 
transients and overloads. 

This outstanding unit covers the 
frequency range of 1.7 to 500 MHz 
with a linear power output of 
more than 9.5 watts and there is 
no tuning. 
For further information or a 
demonstration, contact ENI, 
3000 Winton Road South, 
Rochester, New York 14623. 
Call 716-473-6900 or 
TELEX 97-8283 E N I ROC 
Or, ENI Power Systems, Ltd., 
23 Old Park Rd., Hitchin, 
Hertfordshire SG5 2JS England. 
Call Hitchin 51711. 
TELEX 825153 E N I HITCH/N. 

ENI 
The world's leader 

in solid state power amplifiers 
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Probing the news 

Companies 

Patents and products are 1-2 punch 
Six-year-old Standard Microsystems makes MOS ICs and avoids 

highly competitive device markets as it looks to more growth 

by Bruce LeBoss, New York bureau manager 

Although a continent away 
from the fertile soil of Califor-
nia's Silicon Valley, six-year-
old Standard Microsystems 
Corp. is flourishing, thanks in 
part to a solid patent position. 
And the small but growing 
manufacturer of metal-oxide-
semiconductor integrated cir-
cuits has set its sights on 
getting bigger even faster. 

Founded in 1971 by three 
former members of General 
Telephone & Electronics 
Corp.'s mos Product Develop-
ment group, the Hauppauge, 
N. Y., company has found its 
niche as a supplier of standard 
and custom large-scale mos la 
that perform specialized func-
tions, particularly for data-
communications systems and 
computer peripheral and ter-
minal equipment. But, notes co-
founder and president Paul Rich-
man, perhaps equally important is 
what Standard Microsystems does 
not make: microprocessors, random-
access memories, shift registers, or 
devices for other highly competitive 
markets. 
"We're trying to shy away from 

head-to-head competition with com-
panies having a much greater capac-
ity," he says. This strategy is already 
helping smc reap dividends. In fiscal 
1977, ended Feb. 28, sales increased 
55% to $5.1 million and pretax 
profits more than quadrupled, ex-
ceeding $ 1 million. 
"A common misconception is that 

our profits primarily are generated 
by patent licensing," the 34-year-old 
president says, referring to the firm's 
patented Coplamos technology for 
fabricating high-speed, high-density 

Has a good seat. SMC president Paul Richman is talking 

with several n-MOS makers about patent-licensing deals. 

n-channel mos ics. " In reality, more 
than 80% of our profits during the 
past fiscal year were generated by 
manufacturing operations." 

Even more impressive, smc op-
erated at 20% pretax profit margin 
while the bulk of its production was 
on 2-inch wafers. Having recently 
made the transition to 3-inch wafers, 
"we've more than doubled our yields, 
our die costs have dropped accord-
ingly, and for this fiscal year, we're 
looking at projected sales in the $8 
million range and perhaps a pretax 
profit margin on the order of 25%, or 
$2 million," says Richman. He 
expects the following year's sales to 
be even better, somewhere between 
$12 million and $20 million. 

Likely to be heavy contributors to 
that growth are two recently intro-
duced n-mos chips now in volume 
production. One, the COM 5025, 

was developed jointly with 
minicomputer-maker Digital 
Equipment Corp. and contains 
the new synchronous data-link 
control (sm.c) protocol func-
tions [Electronics, March 3, 
p. 8]. The second, the CRT 
5027, generates all the timing 
and control signals for pre-
senting and formatting video 
data on a cathode-ray-tube 
terminal [Electronics, Feb. 17, 
p. 119]. 
The CRT controller, or verti-

cal timing and control chip, is 
expected to have a major 
impact on sales from midyear 
on, since it is being designed in 
by many data-communica-
tions-terminal manufacturers, 
says Richman. As for the SDLC 
chip, "it has huge long-term 
potential," he adds. "But its 

market is developing more slowly 
because of the industry's timetable 
for using the IBM protocol." Still, 
DEC and many others in data 
communications are buying it. 

Patent base. Nevertheless, the 
financial impact of smc's patent-
licensing program is a substantial 
factor in its growth. Armed with its 
Coplamos patent, smc has already 
licensed five major companies: Inter-
national Business Machines Corp., 
General Motors Corp.'s Delco divi-
sion, and American Microsystems 
Inc., as well as Texas Instruments 
Inc. and International Telephone & 
Telegraph Corp. 
The Ti license [Electronics, Oct. 

14, 1976, p. 25] "was a precedent-
shattering agreement," he notes, in 
that Ti has one of the largest and 
best-respected semiconductor patent 
portfolios. "But due to the strength 
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MCT 
SERIES 

2604 
The 

"Affordable" 
DIP 
Handlers 

MCT's Series 2604 is the one DIP Handler that is de-
signed and priced for the moderately-sized in-
coming inspection department and/or end-user 
application. Its simple operation makes it compati-
ble with labor intense situations. Its low price makes 
the Handler's idle time affordable. 

5000 DPH (at zero test time) offers high volume 
handling at low cost. Two input and four category, or 
output, reservoirs each hold a 24- inch stick of dual 
in- line package devices. No stick adaptors are re-
quired. Any sorting combination is totally program-
mable. Red LED "Reservoir Full" indicators tell the 
operator when a reservoir is full. An empty stick is 
placed at an output release site and the devices flow 
smoothly into the stick. 

Interchangeable hardware (optional) may be quick-
ly changed to accommodate 0.3, 0.4, or 0.6 inch 
wide devices containing from 8 to 40 leads. A Double 
Test select switch permits double testing in any or 
all categories desired. 

Universal logic interface allows compatibility will-
all known commercially available testers. DUT inter-
face for digital, linear, or memory devices is easily 
handled through the use of short lead length, 5-mil-
lion-cycle contacts. The digital interface requires 
only a category signal of 3.5 to 30 volts ... either po-
larity, positive or negative true. 

Gravity feeding, with device leads remaining uprigh-
at all times, minimizes jamming due to damaged or 
bent leads. The need for adjustments due to varia-
tion in package thickness is eliminated. 

Modular design assures optimum serviceability 
High quality components and self-lubricating bear-
ing surfaces help to reduce maintenance costs. To-
tal documentation permits easy operator traininc 
and ordering of replacement parts from regional 
parts depots. MOT offers, on a continuing basis 
technical support for all of its customers throughou: 
the world. 

/77/C177 component 
technology. 

Incorporated 

8465 Center Drive N.E. • Minneapolis, Minnesota 55432 • (612) 786-0430 • Telex: 29-0791 
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Probing the news 

AO STEREOSTAR R 
Microscope. It has 
everything from 
A to Zoom. 

ALL ESSENTIAL FEATURES FOR AN 
OUTSTANDING INDUSTRIAL MICROSCOPE 

Auxiliary Lenses: .5x, 2x 

Body Rotation: 360° 

Eyepieces: 10x, 15x, 25x 

Field Size Range (inches): .13-2.25 

Magnification: Standard 7-30x; Range 3.5-150x 

UL listed Illuminator 

Working Distance: Standard, 4.0 inches; Range, 1.4-5.7 inches 

Zoom Range: .7-3x; Zoom Control: Dual Side Mounted; Zoom 
Ratio: 4.3-1 

These are all features you want and need for efficient assembly or inspec-
tion of microcomponents. The AO STEREOSTAR ZOOM Microscope was 
specifically designed for production-line applications. It's easy to use, with 
plenty of working distance plus coupled zoom control conveniently loca-
ted on both sides. And traditional AO quality optics give very high resolu-
tion for crisp, sharp images. Send for a detailed brochure American Opti-
cal, Scientific Instrument Division, Buffalo, NY 14215. 

AO 
American 
Optical 
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of our n-channel patent portfolio, we 
were successful in arranging a total 
cross- license on a worldwide basis," 
plus a $ 150,000 TI payment. 
smc is discussing additional Co-

piamos licenses with "a number of 
companies," whom Richman will not 
identify. The possibles include Fair-
child Camera and Instrument Corp. 
and Intel Corp., since both have 
strong n-mos RAM and micropro-
cessor programs that use the isolated 
mos process. 
Richman believes the Copiamos 

patent is fundamental in fabricating 
high-speed, high-density n-mos ics 
and "is of particular interest in 
4,096-, 16,384- and 65,536- bit dy-
namic RAMS, particularly 65-k be-
cause the advantages of the field-
doped, locally oxidized structure 
become more and more apparent as 
device density increases." 

Further, Richman expects smc's 
patent portfolio also to affect device 
scaling, a direction in which semi-
conductor makers are moving to 
make chips smaller, more manufac-
turable, and lower in cost. But to 
maintain device reproducibility and 
to get away from parasitic space-
charge-limited flow, it is also neces-
sary to increase the doping concen-
tration in the substrate, even at the 
cost of degrading the overall speed of 
the scaled-down structure, Richman 
explains. 
On-chip bias. A reverse substrate 

bias eliminates this degrading effect, 
provided the bias can be prevented 
from affecting the system level. The 
solution, says Richman, is its genera-
tion on chip, a technique for which 
smc also owns a basic patent. "We 
believe this and the Coplamos 
patents are fundamental to the 
evolution and growth of the 
$1-billion-a-year n-channel ic mar-
ket that will develop by 1980," he 
adds. 
Richman expects smc to be issued 

important additional patents this 
year. One pertains to a technology, 
called Clasp, that is just out of R&D. 
It is for a new type of structure that, 
Richman claims, will have a funda-
mental impact in the microprocessor, 
read-only-memory, and custom ran-
dom-logic markets. 
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... this unique, miniature solid state sound device 
has unlimited applications. Plugs into 16 pin DIP 
sockets or PC boards. Rugged, reliable, loud. Models 
for 3, 5 and 12 vdc, 35 mA maximum current. Dependable 
solid state construction means no mechanical contacts, no arcing, no RF noise. 76 dbA 
at 400 Hz tone radiates in a I directions for positive alarm, warning, fault detection. 

Where to buy an audio indicator for every need: 

ee projects® 
ed• unlilited 

3680 Wyse Road, Dayton, Ohio 45414 
Tel. ( 513) 890-1918, TWX 810-450-2523 

Distributors throughout the world. 

CALIFORNIA, COSTA MESA 
MarVac Electronics 

CALIFORNIA, SUNNYVALE 
Pyramid Electronics 

COLORADO. DENVER 
Waco Electronics Inc. 

MASSACHUSETTS, SHARON 
Adcour 

MICHIGAN, FARMINGTON 
CMP Distributor Co. 

MISSOURI, ST. LOUIS 
Olive Industrial Elec. 

NEW JERSEY, WAYNE 
Gordon/Horne, Inc. 

NEW YORK, ROCHESTER 
Ossmann Component Sales 

OHIO, CINCINNATI 
Hughes Peters Inc. 

OHIO, CLEVELAND 
CMP Distributor Co. 

DIP-ALARM® Series DA-500 
Covered by U.S. Patent numbers 
3,945,004 and 3,950,414. 

Use in conjunction with 
DIP-FLASH® Series F L-200 
for pulsing operation. 

OHIO. COLUMBUS 
Hughes Peters Inc. 

OHIO, DAYTON 
NASCO 

TEXAS, DALLAS 
GARLAND 

K. A. Electronics 

WASHINGTON, SEATTLE 
Frank Jackson & Associates 

WISCONSIN, MILWAUKEE 
Taylor Electric Co. 

B. C., VANCOUVER 
Deskin Sales Corp. 

ONTARIO, TORONTO 
Desk in Sales Corp. 

ON WI LLOWOA LE 
Electro Sonic, Inc. 

QUEBEC, MONTREAL 
Deskin Sales Corp. 

Circle 75 on reader service card 

• Fast TurnArcund 
25 days from your design to 
prototype circuits 

• Low Cost 
Save 80% over a fully 
custom design 

*Reduced Circuit Size 
Multiple saving by reducing 
circuit size 90% 

• Proven Process 
Standard CMOS assures high 
reliability and dependable delivery 

INTERNATIONAL 
MICROCIRCUITS,INC. 

3004 Lawrence Expwy . Santa Clara, Ca 95050 ( 408) 735-9370 
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Do You Have A Data 

SWITCHING 
Problem? 

We Have The Solution! 

Whether you want a MULTIPLEXER or MATRIX, need to 
switch LOW LEVEL thermocouples or HIGH FREQUENCY 
coax, by MANUAL or COMPUTER control, we have a 
switch to meet your specifications. 
The systems are built up from a basic control unit into 

which can be plugged many different switching modules in 
the configuration you require, with future expansion capa-
bility by additional plug in modules. 
The control units can be supplied with MANUAL controls, 

COMPUTER controls or both. Computer control is available 
from a 16 BIT I/O or the IEEE 488 Interface. 
The modules are available with ONE, TWO, THREE or 

FOUR POLE for LOW THERMAL, HIGH VOLTAGE, HIGH 
CURRENT or HIGH FREQUENCY coaxial matched switch-
ing. 

For further information and a complete solution to your 
switching problems, call or write: 

-t- A. D. DATA SYSTEMS, INC. 200 COMMERCE OR.. ROCHESTER. N.Y. 141323 715-334-9849 TWX 510-25.1-3244 

A SUBSIDIARY OF TECHTRAN INDUSTRIES INC. 
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Probing the news 

Commercial electronics 

Travel agents want a better way 
Honeywell, Tymshare, and Incoterm are testing systems to link 

agencies directly with airlines' computerized reservation systems 

by Pamela Leven, Boston bureau 

Most of the nation's 13,000 travel 
agents make airline reservations for 
customers the same way you make 
them for yourself: by picking up a 
phone and calling the airline. So 
they, too, are subjected to intermin-
able taped messages repeating, " I'm 
sorry. All our lines are busy. Please 
hold on. . . . " 
To eliminate that step, the Amer-

ican Society of Travel Agents, 
American Express Co., and 12 major 
airlines have embarked on a joint 
venture to eventually develop a 
communications network linking 
travel agencies directly to airlines' 
flight reservation systems via display 
terminals. The 14 sponsors chipped 
in $25,000 each for the "automated 
pilot reservation program." In June, 
three computer companies were 
given the go-ahead by ASTA and 
about $ 100,000 to test their versions 
of a multiaccess reservation system 
at working travel agencies. Honey-
well Information Systems of Wal-
tham, Mass., will be installing its 
test systems in travel agencies in 
Seattle. Tymshare Inc. of Cupertino, 
Calif., is using Chicago travel 
offices, and Incoterm Corp. of 
Wellesley, Mass., has set up its trial 
in New York City. 
The threads of commonality for a 

multiaccess reservation system in the 
airline industry have existed for 
years. Fare structures are set by law, 
and tickets are similar enough for a 
relatively free exchange among car-
riers. Most important, however, is 
the fact that nearly every airline 
owns or leases a computerized reser-
vation package (using a 6-bit IBM 

protocol called PARS, for passenger 
airline reservation system). Each 
project vendor has its own approach 

for tying a secure network of 
keyboarded cathode-ray-tube termi-
nals and ticket printers into a giant 
PARS data bank. 

In Seattle. The heart of the 
Honeywell pilot system is a Level 6 
minicomputer with 32,000 bytes of 
main memory and 10 megabytes of 
disk storage. It links travel agents' 
CRT terminals to airlines' central 
reservation systems through multi-
drop lines in a polled arrangement. 
John M. Colburn, manager for 
airline systems, notes that a single 
Level 6 minicomputer system can 
handle as many as 80 different travel 
agency locations on each communi-
cations line. 
Tymshare uses its IBM System 

370/158 as a central processing unit 
to connect travel agents with the 
airlines' PARS networks. The Chica-

Travel picture. Display in New York City 

travel agent's office is part of test of Inco-

term's airline reservation system. It is linked 

directly to the airlines' computers. 

go travel agents testing Tymshare's 
system will use the common airline 
reservation language that ASTA is 
developing to punch their requests 
for scheduling and booking into the 
office keyboard displays. The 
370/158 will translate that language 
into a code understood by the desig-
nated airline. 

Incoterm Corp. is entering the 
ASTA project as a licensee of 
Videcom Ltd. of Britain. Vice presi-
dent Edgar L. VanCott describes the 
Videcom multiaccess system as sim-
ple and reliable. Eliminating a com-
puter, Incoterm handles all data 
with an intelligent processor acting 
simply as a data bus for the 
input/output lines. 
VanCott explains that software 

coding for the send/receive lines 
converts the Incoterm-developed lan-
guage that travel agents use to the 
specific coded terminology that each 
airline accepts. Response data is 
common enough for travel agents to 
understand. 
Next step. Travel agency tests are 

expected to end by November. Ray 
N. Smith, AsTA's vice president for 
automation, reports that "the next 
step is to determine whether such a 
system is really feasible. Then we'll 
file with the CAB what we feel is the 
format to follow." He emphasizes 
that this stage of the project is not an 
evaluation of hardware— contracts 
could eventually be awarded to one, 
two, or three system designers. A 
study by travel groups and airlines 
estimates that the five-year cost to 
set up and maintain a system could 
reach $ 173 million for about 5,000 
agents. "This is not a winner-take-all 
situation," notes VanCott. "There 
may be three winners." 
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If you're designing with 
the TL081 series, 

you made the right choice! 

T
L
0
8
1
C
P
 P
ri
ce
 (

10
0 
p
i
e
c
e
s
)
 

$.52 

5.33 

TL081 PRICE CURVE ALL FIVE POPULAR OP AMP PINOUTS 

TL080-Single 

OFFIV Z. *C-

LOMP 

TL081-Single 

1411. 
V.• NI et 

T 

e• «1111. 
ere 11Me en 

TL082-Dual 

II0e 
eV fee elt 

TL083-Dual 

w. le ea M. 

ero es am Mx-
mu en It IM ININT 

XII OP 

TL084-Quad 

lerY MO% v,c. be% el 
Put We, Ile my Me' NY 

BIFET op amps from Texas Instruments. 
Now priced to replace bipolars. 

By designing with the TL081 Series, 
you're using the first BIFET op amps 
priced to replace such widely used bi-
polars as the µA741, MC1458, LM308, 
LM324, pA747,RC4558 and the RC4.136. 
They're now priced as low as 33 cents 
each for 100 pieces. And look what 
you're getting for your money! 
You're getting tomorrow's technol-

ogy for today's products. High-im-
pedance JFET inputs and a low-dis-
tortion bipolar output backed by ion 
implant reliability that ensures uni-
form device characteristics. The 
TL081 Series simplicity, small chip 
size and ease of manufacturingresult 
in low cost for you. 

The TL081 Series gives you two 
singles, two duals and a quad with the 
broadest selection offered in opera-
tional amplifiers. Five devices with 
identical specifications that allow 
you to standardize virtually all of 
your op amp requirements in just one 
family, the TL081 Series from Texas 
Instruments. 
• Input bias current — 0.4 nA max. 
• Input offset voltage — 15 mV max. 
• Unity gain bandwidth —3 MHz 
• Slew rate — 12V/izs 
• Icc per op amp- 2.8 mA max. 
And there's more! You're also get-

ting the benefit of TI's long experi-
ence in plastic packaging. The same 

FREE BROCHURE 
BIFET OP AMP Family 

from Texas Instruments 
Schematics • Specification comparisons • Ordering 
information • Data sheets • Application circuits • 

Price information 

experience, the same plastic, the 
same outstanding performance TI 
has instilled in hundreds of millions 
of Linear, TTL and MOS products. 
BIFET op amps in a proven plastic 

package at a price on a par with bi-
polar op amps. They're on the shelf 
now, waiting for you at TI or your 
local authorized TI distributor. 
Mail the coupon below for your free 

copy of the BIFET op amp brochure 
that provides a complete description 
of the TL081 Series including data 
sheets, applications circuits, 
comparative specifications 
and price information. It's 
yours for the asking. 

MUM- eata 

Texas Instruments Incorporated 

Inquiry Answering Service 

P.O. Box 5012, M/S 308 

Dallas, Texas 75222 

Please send my free copy of the TI BIFET op amp brochure. 

Name  

Company 

Address  

City  

Title 

1 
E 

TEXAS INSTRUMENTS 

State Zip  

3:;1977 Texas Instrumenta Incorporated I ( ( HZ RAII I) 
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Want a different view 
with the 

touch of a button? 

HP's the Answer. 

And the 100 MHz 1740A is your 
scope. With HP's push-button third-
channel trigger view, you can see 
your trigger signal along with channel A 
and B—three traces in all—so you can 
make timing measurements between all 
three simultaneously. In most appli-
cations, that means three-channel capa-
bility for the cost of a two-channel scope. 

Here are two more timesaving fea-
tures you can get at the touch of a 
button. For data-domain applications, 
you can combine the 1740A with HP's 
1607A Logic State Analyzer and trigger 
the scope with the analyzer's pattern-
trigger or delayed-trigger output. Add 
the "Gold Button" (an optional logic-
state push button in lieu of A versus B) 
for just $ 105* and (with the 1607A) you 
have push-button selection of either 
logic-flow or real-time display. That 
means you can view the logic states of 
operational circuitry for pinpointing a 
problem. Then push the "Gold Button" 
and see the waveforms you've selected 
at that specific point in time. Or, add the 
TV sync (optional for just $ 180*) and 
tailor the 1740A for TV broadcast and 
TV R&D applications simply by pulling 
a knob. 

The 1740A also has an X5 vertical 
magnifier with the touch of a button 
for 1 mV/div sensitivity on 
both channels to 
40 MHz without 
cascading. 
Again, measure-
ments are sim-
plified because 

HEWLETT ilk PACKARD 

you can directly monitor low-level sig-
nals such as outputs of read/write heads 
of disc or mag units, power-supply ripp,e, 
or medical sensor outputs. You also ge• 
selectable input impedance (1 megohn-
or 50 ohms) plus the time-tested 8 x 10 
cm CRT used in the 180 System 
lab scopes. 

At just $2095*, HP's 1740A, with 
it's three-trace capability, is an excep-
tional scope value. Call your local HP 
field engineer today for all the details. 

And here's something NEW for 
scopes. HP's Easy-IC Probes. A nev. 
idea for probing high-density IC circuits 
that eliminates shorting hazards, simpli-
fies probe connection to DIPs and gen-

erally speeds IC trouble-
shooting. Ask your 

HP field engineet 
about them. 

*Domestic U.S A. 
price only 

Sales and service from 172 offices in ea countries. 

iar Pp* 4.1 Roe" PRO Mo Cedo,ne 9.3(1. 

F'" ."'nUncerler:34n rCÓ3°L1"1-63': (51'71SIVI "7 °e° 
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The Sinclair DM2 digital multimeter. 

31/2 digits... 
5 functions... 
Fully portable... 

specifications, and an up-to-date list of 
stockists. 

The DM2 provides full digital multimeter 
facilities for every application including field 
servicing, testing and laboratory work. Over 
15,000 are already in service. 

Display 
Full 31/2 digit display reading to ±1999. 
Large, high-brightness 8 mm LEDs giving 
clear readings with maximum reliability. 
Automatic polarity and out-of-range 
indication. 

Ranges 
5 functions giving 22 ranges. 

DC volts-1 mV to 1000 V 
AC volts-1 mV to 500 V 
DC current-0.1 pA to 1A 
AC current-1 pA to 1 A 
Resistance- Into 20 Mn 

10 Ma input impedance 

Accuracy 
High stability integrating A to D converter. 
Basic accuracy 0.3% ±1 digit. 

Convenience 
Automatic polarity. Push-button selection of 
both functions and ranges from a single-
inpJt terminal pair. 

Construction 
Very n.gged mechanical construction with 
all solid-state components. 
Fully protected against overload. 

Portability 
Measures only 56 mm x160 mm x 224 mm, 
weighs only 1.25 kg. Basic operation from 
dry cells providing complete independence 
of AC suoply. Line operation available via 
optional AC adaptor/charger. 

Optional extras 
Recha-geable battery pack $19.95. 
Carrying case $9.95. 
AC adaptor/charger $4.95. 

12-month no-quibble guarantee 

Send for more information- now! 
If you want more information about the 
Sinclair Multimeter, clip the coupon. We'll 
mail you a fact- pack- giving full 

Sinclair Radionics Inc., 
Galleria. 115 East 57th Street, 
New York, N. Y.10022, USA. 
Tel: (212) 355 5005. 

To:Sinclair Radionics Inc., 
Galleria, 115 East 57th Street, 
b4ew York, N.Y. 10022, USA. 

?lease send me more information on the 
Sinclair DM2 Multimeter. 

Name  

Address  

City  

Sate  

Zip  

le— eltmerrrett  ice-carJ-J 

Stockeng representatives, Carer AkCormic & Peirce Inc., Formiegton, Mid-. 313 477 7700; Crone & Egert Corp., El mont, N.Y. 516 488 2100, 

Ossmon n instruments lac., Syracuse. N.`e. 315 437 6666; Par Associates, Boulder, Colorado. 303 499 4736; PVA Company, La Grange, Ill. 312 3521037; 
Scientific Associcees, Washington D.C. 703 573 8787; Southern Peripherals and instruments inc., Atlanta, Georgia. 404 455 3518. 



Technical articles 

LES 
appearing first as 
microprocessor 
mass storage 
by J. Egil Juliussen, David M. Lee, and Gerald M. Cox, 
Texas Instruments Inc., Dallas, Texas 

E The arrival of the first commercially available 
magnetic-bubble memory chip, a 92,304-bit major-
minor-loop device housed in a dual in- line package less 
than half a cubic inch in volume, marks a milestone in 
memory evolution. Offering easily accessible nonvolatile 
memory in a semiconductor-like package, it has every 
advantage foreseen for it over mechanical magnetic stor-
age. It is smaller and faster, consumes less power, and 
will eventually become cheaper, as soon as chip density 
goes up enough and enough production experience 
accumulates. 

But initial applications of bubble memories will be not 
in mass storage for large computers, as has long been 
predicted, but in microcomputer storage of at most a few 
megabits. At this level, bubbles are already cost-
competitive with small floppy disks. For microprocessor 
systems, the nonvolatile storage of both programs and 
data is a definite advantage. But the real beauty lies in 
the mass storage residing on the same board as the 
central processing unit—a significant advance over a 
separate mechanical unit that requires lots of interface 
electronics and interconnecting cables. Moreover, the 
bubble module allows storage capacity to be tailored to 
size in small, 92-kilobit increments, and it is never neces-
sary to purchase memory in excess of requirements, as 
can happen with cassettes or floppy disks. 
As for the interface and control circuits, which often 

account for a large part of the entry cost of any storage 
technology, magnetic-bubble storage undoubtedly makes 
this circuitry quite extensive for microprocessor compati-
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TABLE 1: CHRONOLOGY OF MINICOMPUTER MASS MEMORY 

Year Minicomputer On-line memory Off-line memory 

1968 

PDP-8-: 
$13,000 

mainframe 
disk 

(IBM 2311 class): 

$25,000 

mainframe 
magnetic-tape 

(IBM 2401 class): 

$20,000 

1971 

PDP-11, 
TI-960, 
980: 

$ 8,000 

cartridge 
moving-head disk 
(Diablo 31): 

$10,000 

minicomputer 
magnetic-tape 

$9,000 

1974 

"naked" 
minicomputer: 

< $ 3,000 

floppy disk: 

$3,000 

cassette: 
$2,000 

3M cartridge: 
$3,000 

1977 

microcomputer- 
on-a-board: 

< $ 1,000 

bubble memories, 
charge-coupled- 
device memories: 

$75 and up 

minicassette, 
minifloppy: 

$1,000 and up 

bility. To keep its cost as low as possible, a family of 
large-scale-integrated circuits designed specifically for 
bubbles will be available by the end of this year. 
The bit price of the competing disk technology is 

extremely dependent on the storage capacity. For exam-
ple, a 700,000-bit mini-floppy disk has a cost per bit of 
about 0.3 cent, while a 6-megabit dual-density standard 
floppy disk has a 0.07-cent-per-bit price. For a 20-
megabit cartridge moving-head disk, the cost per bit 
drops to about 0.05 cent and at the top end, an 800-
megabit 3330-type moving-head disk costs out to only 
about 0.005 cent per bit. In all examples, costs include 
the interface electronics. 

How bubbles measure up 

As is evident, the smaller the storage capacity, the 
more rapidly the per-bit price of disks increases. This 
gives bubble memories a good shot at price competitive-
ness for storage capacities of less than about 3 mega-
bits— and this puts them right in line for microcom-
puter-based systems. 

Table 1 gives an outline of how mass-storage systems 
have developed to fit the basic price of typical minicom-
puters and latterly of microprocessors. Today's single-
board microcomputer costs less than $ 1,000, and the 
entry price of magnetic-bubble memories follows that 
figure much better than the entry price of floppy disks. 
The system price for a single bubble chip and interfacing 
should be as low as $75 in quantity by the last half of 
next year. 

Magnetic-bubble memories unite most of the best 
features of solid-state and mechanical magnetic storage, 
but they do better against some of these competing 
technologies than against others. (Just emerging is yet 
another technology, the electron-beam-addressable 
memory or EBAM, which is a potential competitor with 
bubbles, but only at large storage capacities of 30 mega-
bits and up.) 

In comparison with fixed-head and floppy disks, 
bubbles have a higher reliability and lower error rate, 
since they employ no moving parts. Other assets are a 

TABLE 2: SPECIFICATIONS OF THE TBM 0103 
MAGNETIC-BUBBLE MEMORY 

Useful capacity ( bits) 

Register organization 

Drive field rate (maximum) 

Input/output data rate (maximum) 

Minor-loop data rate (maximum) 

Average access time ( first bit) 

Average cycle time ( 144-bit block) 

Power ( 100% duty cycle) 

Maximum operating temperature range 

Nonvolatile storage temperature range 

Size 

Pin count 

Pin spacing 

Pin centers 

Weight 

Maximum permissible external 
magnetic field in any direction 

92,304 bits 

641 x 144 

100 kHz 

50 Kb/s 

100 Kb/s 

4.0 ms 

12.8 ms 

0.6 W 

0° to 70°C 

—40° to 85°C 

1 x 1.1 x 0.4 in. 

14 

0.1 in. 

1.1 in. 

20 g 

40 oersteds 

faster access time, less power consumption, smaller 
physical size, simple interfacing, and a lower entry 
price— all resulting from the elimination of mechanical 
elements. 

However, their data-transfer rates are lower than 
those of fixed-head disks. Also their per-bit cost at 
present is much higher than that of floppy disks, except 
in really small systems. 
A comparison with semiconductor memories is really 

unfair to make, and more than likely, bubbles will work 
in conjunction with random-access memories. RAMS, 

which have dramatically better access times, higher 
data-transfer rates, and much simpler interfacing re-
quirements, will stay their ground as main memory, 
while transferring data into and out of bubble mass 
storage. In relation to charge-coupled devices, bubble 
chips have the advantage of nonvolatility and higher 
packing density but suffer from slower access times and 
data-transfer rates. Per-bit price is currently about the 
same, though in the long run the higher packing density 
of magnetic bubbles will yield a price advantage over 
charge-coupled devices. 
The present drawback of bubble-memory devices is 

that they cannot be removed inexpensively from a 
system. A removable magnetic bubble module is intrinsi-
cally feasible because of its nonvolatility but will be too 
expensive to be considered in the near future. In the 
meantime, the trend toward distributed processing 
networks will partly negate this disadvantage, since the 
communications link can in essence provide removability 
in many cases. 

The bubble module 

The Texas Instruments TBM0103 bubble module 
packs 92,304 bits of nonvolatile storage into a 14-pin, 
dual in-line package measuring 1.0 by 1.1 by 0.4 inches. 
Included in the package are the bubble chip, two coils, a 
pair of permanent magnets, and a magnetic shield that 
protects the data from external fields of up to 40 
oersteds. Bubble control functions— the generation and 
replication of bubbles, for example—are handled by 
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I. Bubbles for microprocessors. A magnetic-bubble mass-storage memory for a microprocessor system retains programs and data 

indefinitely. In this configuration, up to eight nonvolatile memory cells provide a maximum storage of 738,432 bits or 92,304 8-bit bytes. 

passing current pulses through appropriate elements on 
the chip. The bubble transfer rate is 100 kilobits per 
second, and the operating temperature range of the 
TBM0103 is from 0° to 50° Celsius. Table 2 lists all the 
specifications. 

The bubble chip 

The chip itself is composed of a gadolinium-gallium. 
garnet substrate upon which a magnetic epitaxial film is 
grown. On this film are deposited patterns of Permalloy 
metal that define the path of the bubble domains in the 
presence of the rotating magnetic field produced by the 
coils surrounding the chip. As the field rotates, the 
bubble domains move under the Permalloy patterns in 
shift-register fashion. The two magnets maintain a 
constant-flux bias field through the magnetic epitaxial 
layer that permits the stable existence of bubbles. 
Bubbles are generated by the pulsing of current through 
a microscopic one-turn loop located on a secondary 
metalization layer immediately above the magnetic 
epitaxial layer. They are detected by an array of detector 
elements (connected Permalloy patterns) that change 
resistance when the bubbles pass under them. The 
detector elements are connected to opposing legs of a 
bridge circuit and the unbalancing of the bridge registers 

the passage of a bubble. Since the access time associated 
with a single shift-register storage loop would be long, a 
much shorter time is obtained through the use of a 
multiplicity of shorter endless-loop shift registers. The 
TBM0103 uses such a major-minor-loop architecture. A 
total of 157 minor loops, each consisting of 641 bubble 
positions, provide a potential storage capacity of 100,637 
bits with an average access time to the first bit of data of 
4 milliseconds. 

In the loop 

Data bits are introduced into and read from the major 
loop of the chip. The presence of a bubble during a 10-
microsecond period constitutes a logic 1, and conversely, 
the absence of a bubble during the period is a logic 0. 
The major loop is a unidirectional circular shift register 
that can transfer data to and from the top bit position of 
the 157 minor loops. Data blocks are accessed by 
rotating the minor loops until the desired page of data is 
adjacent to the major loop, whereupon a page can be 
transferred. 
The fine geometries used for the device make the 

production of perfect chips difficult. To enhance produc-
tion yields and thereby lower costs, the TBM0103 has 
been designed with redundancy so that as many as 13 of 
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2. Controller chip. The TMS9916 is an n-channel MOS device that controls the shifting of the bubbles, ensures their synchronization, and 

maintains page position information. It includes a mask-programmable ROM that can be programmed for different loop organizations. 

the total 157 minor loops on the chip may be defective. 
A typical microprocessor system design that uses 

bubble-memory mass storage is shown in Fig. I. The 
memory portion comprises a TMS9916 bubble-memory 
controller, a function-timing generator, data-handling 
and redundancy logic, chip-select logic, and eight 
bubble-memory cells. 

Each cell is made up of a TBM0103 bubble module, a 
diode-array chip, and function- and coil-drive chips. 
Each of four sense amplifiers and its associated termina-
tion network share two memory cells. This organiza-
tion, though it restricts the data rate, since only one 
bubble module in each pair sharing a sense amplifier can 
be accessed at any one time, reduces parts count. The 
transfer rate in this configuration is 50 kilobits per 
second, but by reconfiguring the data-handling and sense 
circuitry this rate could be increased to 200 kilobits per 
second. However, maximum effectiveness of the bubble-
controller chip is obtained when only one bubble module 
is accessed at one time at the 50-kb/s data rate. 

In operation 

A read operation in the system is relatively simple: 
first, the CPU selects a module from which to access data 
via the handling logic, and then it loads the controller 
with a page number and gives the read command. Upon 
accessing the proper page, the controller stores the data 
in its buffers and interrupts the CPU, which then reads 
the data from the controller's buffer. The cycle takes just 
a few milliseconds. 

Similarly, for a write operation, the CPU writes the 
data into the buffer of the controller, initiates the trans-
fer, and waits for the controller to signal that data 

storage in the magnetic-bubble domains is completed. 
The TMS99 I 6 controller, shown in Fig. 2, starts and 

stops bubble shifting, maintains page position informa-
tion, and ensures synchronization with the bubble 
module. A 40-pin, n-channel metal-oxide-semiconductor 
device, the TMS9916 contains a control ROM, serial/pa-
rallel interconversion for data transfer with the bubble 
module, a 20-byte buffer for temporary data storage, 
and addressing logic to maintain synchronization with 
data shifting in the module. Software is used to set the 
controller for variable page sizes of 1 to 20 bytes, 
variable minor-loop size of up to 1,024 bits, and multi-
page transfer capability of 1 to 1,024 pages. 

In response to commands from the CPU, the controller 
enables the functions necessary to access a page or pages 
of data in either a single-page or a multipage mode. In 
the multipage mode, it accesses long blocks of data a 
page at a time, and an interrupt is generated after each 
byte is read or written until the transfer is complete. In 
the single-page mode, a single interrupt is generated at 
the end of the transfer. 
At the proper bubble field rotation period, the 

controller sends flags to external circuitry that performs 
bubble operations— for example, annihilation or replica-
tion of the domains. 

Dealing with the extra loops 

Because of the redundancy of minor loops- 13 loops 
are unused—a map must be provided in the circuit 
controlling bubble shifting to prevent ,use of the defective 
loops. This map for each bubble module is usually stored 
in some kind of ROM. In operation, the map for an 
accessed module is read from the ROM and is used to 
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3. A matter of redundancy. Typical data-handling logic configuration masks out redundant minor loops by referring to map of loops stored in 

a 1,024-bit programmable ROM. The map is used to check each bit of the page as it is read out, to remove any bad bits. 

inhibit data transfer when necessary to prevent bad bits 
from reaching the controlling buffer. The ROM used for 
the map may be a separate programmable device as 
shown along with the required data-handling logic in 
Fig. 3. Another possibility is to store the map in the 
bubble device itself and to read it into CPU RAM during 
system initialization. 

Controlling function timing 

Function timing is controlled by a 22-pin low-power 
Schottky transistor-transistor-logic chip that consists of: 
control flip-flops that synchronize and control the start-
ing, shifting, and stopping sequences of the bubble field 
rotation; a mask-programmable ROM that coordinates 
timing pulses and which may be changed to accommo-
date other chip architectures; and output latches and 
gates. 
To convert the rrt.-level signals from this function-

timing circuit into the current pulses required by the 
bubble device, there is a 16-pin function-drive ic. This 
chip consists of constant-current sources that are 
switched on and off from external inputs. 

rnt. input signals from the function timer also go to 
the coil-drive lc, an eight-pin device that in conjunction 
with the diode array provides triangular-waveform 
currents for the bubble module coils. 
To produce a logic- level output upon the detection of a 

bubble, two devices are required. One is a termination 
network, an eight-pin hybrid circuit, which provides the 
remaining two legs of the bridge that includes the bubble 
detector elements. The network also includes ac-coupling 
and high-frequency filtering components and the 
current-setting resistors for the function-drive circuit. 

The second device is a sense amplifier, another eight-pin 
circuit that receives millivolt-level analog signals from 
the termination network and uses amplifiers and level-
detection circuits to generate logic-level outputs. 
Now the bubble-memory module and the equivalent of 

three 16-pin dual in-line devices make up a basic 
memory cell, and eight of these modules on a circuit 
board would provide a total of 738,432 bits, or 92,304 
bytes. Such a memory system is clearly well-suited to 
microprocessor-based applications. 
The bubble memory and its interface circuits are 

designed to operate from ± 12- and ± 5-volt power 
supplies. Table 3 gives estimates of the power require-
ments of the eight-cell system in both the standby and 
active modes. The active power dissipation assumes a 
system that accesses one module at a time. For ultimate 
lower-power operation, power switching either on the 
entire bubble storage system, including control circuits, 

TABLE 3 POWER 
MAGNETIC BUBBLE 

DISSIPATION OF 
MODULE AND ASSOCIATED 

A 92 KILOBIT 
CIRCUITS 

Module switched on Module on only 
all the time when accessed 

Standby Active Standby Active 
(W) (WI (N) (W) 

Bubble module 0 0.6 0 0.6 

Coil drivers 4.8 5.5 0 1.3 

Function drivers 1.6 1.9 0 0.5 

Sense amplifier 0.7 0.7 0 0.18 

Function timing 0.3 0.3 0 0.3 

Controller 1.0 1.0 1.0 1.0 

Miscellaneous logic 1.5 1.5 0 1.5 

Total 9.9 11.5 1.0 5.38 

'can also be switched 
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Magnetic-bubble memories head to market 

Bubble memories are undergoing intensive development 
throughout the world and will soon be popping up in 
products, mostly in association with microprocessors. 

Bubble-technology pioneer Bell Laboratories Inc. has 
had a working bubble device for several years. The 272-
kilobit package comprises four 68-kilobit straight-serial 
shift registers. However, the fully serial arrangement of 
Bell's 3-micrometer bubbles demands perfect chips— any 
defects produce a missing link in the shift-register chain. 
So far, Bell's bubble package has made it into an 

announcement system installed last December in the 
Michigan Bell Co. in Detroit. Voice messages with ample 
fidelity for phone transmission are stored digitally in the 
package, which replaces a tape recorder. Otherwise, the 
package has been operating only in laboratory switching 
systems as the key element in a new subsystem called the 
serial bubble store, introduced also in December by Bell's 
facility in Whippany, N.J. Larger SBS systems, using more 
than one package for capacities of up to 1.1 megabits, 
are being planned, according to T. M. Burford, director of 
the Whippany common systems laboratory, and all appli-
cations are in conjunction with microprocessors. 

Like Bell Labs, Rockwell International Corp.'s Auto-
netics group in Anaheim, Calif., is producing bubble 
memories packaged in subsystem form. Rockwell's chip 
uses 3.8-pm bubbles, also in a perfect, straight-serial shift 
register, only of 100-kilobit size. According to E. T. Brown, 
the group's bubble-domain-memory program manager, 
100 kilobits is about the limit for serial devices, and he 
expects that all large-capacity systems in the future will 
use the major-minor-loop technology with 8% to 10% of 
the loops redundant. The company has even put together 

a fully operable, 2-pm major-minor device of over a million 
bits, fashioned as 512 loops of 2,048 bits each. 

Rockwell's 100-kilobit chip is going into 800-kilobit 
subsystems. Much work, however, is being done in all 
phases of bubbles, and Brown thinks that the next step 
will be the use of electron-beam lithography to shrink 
bubble diameters for several-megabit storage capacity. 
The push is on also at IBM's Thomas J. Watson 

Research Center in Yorktown Heights, N.Y., and at its 
research division's laboratories in San Jose, Calif. 
Advanced bubble-lattice devices now under investigation 
promise to up bubble densities 10 times over conventional 
bubble devices. But because of the present difficulties 
with lattice devices, the bubble memories IBM will soon be 
building into its typewriters and other small equipment for 
text editing will probably be conventional in design; they 
will operate under microprocessor control. 

Hewlett-Packard Co. is working with 4-pm and smaller 
bubbles and despite a small 12-man program has made 
such progress in bubble propagation as to earn several 
patents. But according to Len Cutler, director of the 
Cupertino, Calif., physical research lab, a product is still 
far off. 

Meanwhile, halfway around the world, Nippon Telegraph 
and Telephone Public Corp. in Tokyo is also involved in 
bubbles. At its Musashino Electrical Communication Labo-
ratory, an experimental 2-megabit bubble memory made 
up of 32 64-kilobit chips has been tested as a file memory 
in switching systems and operated reliably for over a year. 
It will probably be in regular use in Japanese telephone 
switching systems by 1980. Fujitsu Ltd. and Hitachi Ltd. 
also report operable devices. Raymond P. Capece 

or on the bubble-memory cells alone could be used. 
As for space requirements, allowing 1 square inch ( 6.5 

square centimeters) per ic for a two-sided printed-circuit 
board and 1.5 in.' (9.67 cm') for a bubble module totals 
40 in.' ( 258.1 cm2) for an eight-module board. Another 
10 in.' ( 64.5 cm') is required for the controller and data-
handling logic, so that the total system needs 50 in. 2 
(322.6 cm') of board space. 

Concerning weight 

The weight of the system depends mainly on the 
number of bubble modules. A module and its associated 
interface electronics weighs 0.06 pound (27 grams). A 
system consisting of eight modules and electronics on a 
board would weigh 0.69 lb (312 g). 

Finally, although the maximum data rate is 50 kilobits 
per second for each module, the sustained data rate is 
about 44 kb/s, as a result of the system redundancy and 

TABLE 4: PERFORMANCE OF A 92- KILOBYTE 
MAGNETIC-BUBBLE MEMORY SYSTEM 

Transfer rate 

Average access time 

Power dissipation 

Weight 

Volume 

44 Kb/s 

4 ms 

11.5 W 

0.69 lb 

38 in 3 

major-minor-loop architecture. Table 4 summarizes 
performance of the 92-kilobyte bubble-memory system. 

In designing such bubble memory systems, several 
pitfalls must be avoided. First, the bubble gate elements 
make good fuses because of their small geometries and 
high current densities. The designer therefore must take 
care not to allow a drive pulse to exceed specifications. 
Also intolerable are transients in either the coil-drive or 
function-drive circuitry, and internal provisions have 
been made to disable them during power cycling. 

Because of the small amplitude of the bubble signal, 
care must be exercised in laying out a circuit board. 
Long runs of conductor between the sense amplifier, 
detectors, and termination network must be avoided. 
Good filtering of power supplies is a must, and a ground 
plane should be included in the design of the board. 

Although the module is well shielded magnetically, it 
is possible to disturb the bubbles with an external 
magnetic field greater than 40 oersteds at the shield. 
However, this puts little constraint on applications, since 
few user systems are expected to contain fields with 
sufficient flux density to disturb bubble data. 
The major-minor- loop architecture is susceptible to 

data loss if the field is stopped with data in the major 
loop. The TMS9916 controller, however, is designed to 
return data to the minor loops following a power failure 
warning, provided that the supplies remain on for a 
minimum of 12.8 milliseconds. I=1 
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Part 3: EEs appraise 
career trends 

for 1980s 

Interviews see more diverse career, 

need to press for professional gains 

by Gerald M. Walker, senior Editor 

D The spread of electronics technology today into virtually 
every industry has created a far more varied career for 
electronics engineers than was the case when defense and 
aerospace efforts dominated the field. As a result, the views 
of engineers toward their career have changed and have 
become less uniform. 
Now, when asked to discuss their career, EES roam across 

many topics covering both technical developments and the 
general professional needs of engineers. To a certain extent, 
the two subjects blend. This is especially true in their 
discussions of the impact of microprocessors on their daily 
work as well as on their career in general. On this question, 
there is much agreement. Most engineers also recognize 
that the importance of applying the latest technology 
increases the pressures on them to perform, because, with 
the widening reach of electronics, their technical know-how 
is basic to the success of more and more companies, both 
new and old. 

In the first two parts of this series, a number of themes 
also emerged underscoring the differences among engineers. 
Although EEs expressed a solid vote of confidence in their 
career, they recognize problems of adequate recognition by 
management, continuing education, and improved status. In 
particular, the desire for professional gains has split EES into 
opposing camps arguing over how best to reach their goals, 
including such controversial issues as controlling the 
number of EES entering the field and establishing some form 
of certification of practitioners. 
Some EES expect to solve these problems by individual 

effort. They believe that keeping up with advanced tech-
nology and hard work are the key to success and that with 
success professional problems will fade away. Others see the 
need for united action. 

In this, the concluding part of the series, a group of 
engineers representing a variety of experiences, types of 
company, and positions give their views on where elec-
tronics engineering is headed. They express in a personal 
way what the results of the Electronics survey say through 
statistics. 

Career series: This article concludes a three-part series on 
electronics engineering as a career. Part 1 [July 7, p. 87] 
reviewed results of an Electronics survey of readers concerning 
attitudes toward their career. Part 2 [July 21, p. 95] dealt with 
the impact of technology on EES as reported in the survey and in 
interviews with engineers around the country. 
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The electronics engineering profession in the 1980s will 
be tougher, demand more multidisciplinary knowledge, and 
require a stronger person than ever before to survive the 
technical and social ramifications. In the meantime, the 
falling by the wayside of weaker colleges and weaker engi-
neers is good for the profession but tough on those not 
prepared to face life in its raw form. What does this mean 
for the new EES of the 1980s? 

"I think it calls for better training in science and engi-
neering fundamentals and less in a specialty. It means 
dividing responsibility for training between colleges on the 
one hand and industry or professional societies on the other. 

"Colleges will provide fundamentals to the engineer 
entering the field; industry and societies together will take 
care of specific techniques, applications, and supporting 
theory. A typical example of the latter was our recently 
completed course on digital signal processing given by the 
Orange County Institute of Electrical and Electronics Engi-
neers, which 130 attended. By contrast, a similar college 
course attracted only about 15. 

"Professionalism is a personal matter for each engineer, 
who must on his or her own continue education by home 
study, technical publications, and courses with experienced 
industrial instructors. Colleges can't do the job, in my 
opinion, because so-called `midcareer retraining' is a myth 
perpetuated to support their own courses, which simply add 
more 'factory hands' rather than professionals to the ranks. 

"It's the lack of individual career planning and a strong 
education in fundamentals that causes the average engineer 
of today either to go to seed or to leave the profession for 
greener pastures. To be a true professional, with its inherent 
risks, an engineer has to keep current and turn down safe, 
meaningless positions in favor of challenging assignments." 

"The falling by the wayside of weaker 
colleges and weaker engineers is good for the 
profession but tough on those not prepared 
to face life in its raw form." 

J. C. Hoagland, communications engineering 
Rockwell International Corp. 

"The engineering community now has to address 
the design problem, not with logic building 
blocks, but with microcomputers, solving 
problems with software." 

H. Dean Toombs, director of engineering 
Texas Instruments Inc. 

"I think that the general aspects of programming, from 
calculators to microprocessors to computers, will become 
second nature to the equipment designer in much the same 
way as the calculus of differential equations is now. 
Programming is a tool that many engineers have to under-
stand in order to execute their day-to-day jobs. 
"We're heading into a new era of electronic equipment. 

The engineering community— the group of people who do 
electronic-equipment designs— now has to address the 
design problem, not with individual logic building blocks, 
but with microcomputers, solving problems with software. 
"And the engineering schools are changing to catch up— 

it started nominally three years ago, and it's really moving 
now. The change is a kind of competition among micropro-
cessor vendors. We're trying to get students exposed to a 
given family of microprocessors; we're trying to get our 
hardware and software into the engineering curriculum. 
"The mid- 1960s, when the integrated circuit eliminated 

the necessity for circuit design in the detailed sense, is often 
compared to the era that we're going through now. Then, 
the engineering staffs looked upon the lc as a threat to their 
jobs or admitted that they did not know how to use it. 

"That's also true now concerning the microprocessor, but 
the present transition is broader, in a sense, than the 
discrete-to- lc evolution. A good example is the impact of 
the microprocessor on the low-end market. This market 
encompasses many products that have never really been 
electronics applications, products that have been built with 
relays, timers, motors, and the like. As a result, some 
engineers are having to jump two or three stages, not just 
from digital large-scale-integrated logic to microprocessors, 
but from analog or even from electromechanical parts 
directly to microprocessors." 
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We're reaching a time in society in which scientists and 
engineers are regarded as 'bad boys' because they've 
brought so many 'bad things' into the world—some quite 
innocently, however, because they do not know how to 
factor human costs into their designs. The attitude has 
been, if the design works well technically, it's best. 

"I think that engineers must now learn to include in their 
portfolio of tools some concepts of political science, 
management, economics, and law, integrally related to 
engineering education, research, and clinical practice. It's 
not good enough, for example, for a student to take 
economics in the abstract. He or she must see how 
economics connects with the daily work of engineering. 
What economics the professional economist must deal with 
and what economics an engineer must deal with in an 
educational program are not necessarily the same. 

"I don't believe our universities have been doing as good 
a job in continuing education as they could. First, in any 
given subject the student from industry may know a lot 
about the topic in the first half of a course and not in the 
second half. But because of the way we package the 
content, the student from industry has to work through the 
entire course to get what he or she wants. Also, there is a 
lag between the time a subject is introduced into the 
engineering field and the time it is taught at schools. 
"A solution to the first problem would be to produce 

what you might call fragments of subjects, that is, break 
topics into modules that students can take as needed. The 
National Science Foundation is funding a research project 
to do that in the chemical engineering curriculum. 
"As for the second problem, seminars that address the 

hot topics such as microprocessor design would help close 
the gap between introduction of a new technology and 
introduction of courses dealing with the new technology. I 
see future continuing education as a mix of traditional 
courses, modular courses, and hot-topic seminars." 

"Engineers must now include in their portfolio of 
tools some concepts of political science, 
management, economics, and law, integrally 
related to engineering education." 

James D. Bruce, associate dean 
School of Engineering, Massachusetts Institute of Technology 

"Electrical and electronjcs enoineeering is at a 
crossroads. Should we organize un:ons or should 
we try to reorganize the IEEE so that it will address 
the problems of today's engineers?" 

Faith Lee, engineer 
Solid State division, RCA Corp. 

For at least 30 years, the occupation of engineering has 
been considered a career—a well-paid, interesting, even 
glamorous career. Recently, however, engineering has 
tended more toward being a job, with the engineer an 
expendable commodity. 

"EES today become highly specialized and cannot move 
readily to other positions. Thus, electrical and electronics 
engineering is at a crossroads. Should we organize unions or 
should we try to reorganize the Institute of Electrical and 
Electronics Engineers so that it will address the very serious 
problems of today's engineers? 
"At present, the IEEE has budgeted over $1 million for 

professional activities in the U. S. Not all of this money is 
used for professional activities. Nor does any other entity in 
the IEEE suffer, since the $ 1 million comes from the $ 10 
assessments in the U. S. members' dues. The members have 
gotten very little so far for their money: support of passage 
of HR 314 to end wage busting in service contracts, a 
review of ethics, a pension plan that may benefit a small 
fraction of the membership, a study of the midcareer crisis, 
a review of patent practice as it pertains to engineers' patent 
rights, and various other projects. 

"There are two possible routes toward improving the EE'S 
lot. One way is to allow unionization to take over, thus 
putting the engineer in a secure position while the institute 
fades away. The other would be to turn out in force at IEEE 
activities, to participate in forming and carrying out 
programs that reflect the needs of the practicing engineer. 
If the average practicing engineer doesn't start working to 
help the profession, there will be no profession." 
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" The EL'S job in the 1980s will be influenced by the 
increasing use of analog and digital integrated circuits for 
sophisticated signal-processing systems in both military and 
industrial or commercial applications. More complex digital 
Ls' chips will be designed to replace discrete and hybrid 
components. 
"We have an increasing variety of very-large-scale-

integrated digital building blocks that include fast digital 
multipliers, high-speed correlators, wideband analog-to-
digital converters, and fast- Fourier-transform processors. 
To generate the level of integration required in the future 
will mandate changes in semiconductor technology and 
circuit topology, as well as interconnection and packaging 
techniques. These will include development of high-speed 
digital circuits using epitaxial and ion-implanted chips to 
operate at 1-to-2-gigahertz clock rates; high-speed digital 
processing and high-frequency linear circuits to employ 
optical waveguides and couplers, as well as modulated light 
sources; and high-density logic and memory VLSI circuits 
with 100,000 or more devices per chip. 
"The trend toward more complicated functions on a 

single chip will require designers conversant with device 
physics and processing. The successful engineer must have 
both more specialization in a given area and a working 
knowledge in related areas. It is becoming increasingly 
evident that there will be design teams composed of multi-
disciplinary specialists with a background in systems design, 
software, materials, Ls' processing, and circuit design. 

"Today's engineers are finding it necessary to broaden 
their interdisciplinary knowledge by taking short courses. 
But engineers in the 1980s will have to master the various 
disciplines before they graduate." 

"It is increasingly evident that there will be 
design teams composed of multidisciplinary 
specialists with a background in systems 
design, software, materials, LSI processing, and 
circuit design." 

Thomas G. Mills, manager microwave devices 
rRw Inc. 

"Technology moves forward not only in digital but 
also in analog applications. For example, precision 
multiplication that we do digitally today requires 
conversion and reconversion. Analog designs 
could eliminate conversion entirely." 

Walter S. Ciciora, section manager circuits 
Zenith Radio Corp. 

4 4 People sometimes refer to television as a mature tech-
nology, but the opportunities to refine it made possible by 
advances in semiconductor technology have changed that 
view. As a result, the television engineer's job is going to 
change in much the same way that all engineers' jobs are 
changing— he or she is going to require more of an effort to 
keep abreast of many diverse technologies. 
"Corny as it sounds, it's going to take all the enthusiasm 

the engineer can muster to keep up with technology. We 
hear comments about engineers over 40 not being as valu-
able as younger ones, and that's partially, but not entirely, 
their own doing. They haven't kept up. Today, without 
enthusiasm and drive, the engineer is going to be obsoles-
cent in less than 5 years and obsolete in 10 to 15 years. 

"Engineers are going to need better communicative skills, 
too. They will have to attend technical meetings in areas 
outside their specialty simply to meet engineers in other 
fields, ask questions, and broaden their understanding of 
new technologies that might apply to their job. 
"Even today, the engineer who does not know how to 

program a calculator is at a great disadvantage. Program-
ming is now extending to test instruments as well. Yet the 
engineer cannot lose sight of the fundamentals either. Our 
single biggest complaint about EES coming out of schools 
today is that many of them are lacking in the fundamentals. 

"In some cases, digital electronics has become such a 
preoccupation that engineers forget that we still live in an 
analog world. Technology moves forward not only in digital 
but also in analog applications. For example, precision 
multiplication that we do digitally today requires conver-
sion and reconversion. In 5 or 10 years, analog designs 
could eliminate conversion entirely." 

Ju Electronics/August 4, 1977 



" Many senior engineers are alienated and disenchanted 
with the profession because they have been denied a lifetime 
career with adequate salary, recognition, and continued 
opportunity for growth. Engineers are having problems 
similar to those of knowledge workers and employed profes-
sionals in other fields. By the 1980s, some engineers will 
unionize, as other employed professionals have done, and 
others will expect their professional institute to assume the 
responsibility for upgrading engineering. 

"In the last three decades, additions to technology have 
been predominantly analytic and scientific, reflecting needs 
of industries that grew as a result of Government invest-
ment in defense and aerospace. In the 1980s, growth will be 
in 'people-based' applications requiring creative design 
under constraints or ambiguous conditions. Additions to 
technology will be primarily applications-oriented. 

"Because the role of engineering is not well understood 
by the public nor adequately represented in Government 
agencies, engineers must assume responsibility for applying 
technology in the public interest. Yet engineering societies 
appear to have abrogated their responsibility as spokesper-
sons for technology, passing the leadership to the scientific 
community. In the 1980s, there should be an American 
Association for the Advancement of Engineering to speak 
on behalf of the professional engineering community. 

"But before that can be done, the engineer must establish 
and maintain qualifications and standards, because today 
anyone can call himself or herself an engineer. As a result, a 
third of the one and a quarter million practicing engineers 
do not have bachelor's degrees. In the 1980s, the percentage 
of registered engineers will increase and certification may 
come into vogue. While registration by the state establishes 
minimum requirements, certification is administered by a 
professional society and implies proficiency at advanced 
levels in a specialty. 

"Finally, in the 1980s, one third of new engineers will be 
female. Since women as a group are high in verbal skills 
and interest in people, their entry should serve to make the 
engineer's image more human. Women engineers have the 
potential to make important contributions in this area." 

"Because the role of engineering is not well 
understood by the public nor adequately 
represented in government agencies, engineers 
must assume responsibility for applying 
technology in the public interest." 

Thelma Estrin, director data processing laboratory 
Brain Research Institute, University of California, Los Angeles 

"Once you walk out of a university with a diploma 
and into a job, there is ne' correlation between 
school and work. There are a certain number of 
surprises in a company that a school cannot 
prepare the engineer for." 

Craig Erickso-i, ,gioeefing manager 

Systems division, Intersil Inc. 

My job as engineering manager was predominantly 
design but is gradually evolving into a management job. But 
I don't think I'll ever get divorced from engineering. 
"New challenges have been constant here over five years. 

Now, I'm being exposed to the business side— budgeting, 
hiring, and managing people. Somewhere along the line, I 
hope to have enough exposure to business to start my own 
company. It would definitely be a technical company and, I 
hope, an innovative company. It seems that more and more 
companies in this area are making money doing mundane 
things, which is not very interesting. Everyone faces the fact 
sooner or later that he or she is not going to be on top. 
Maybe that's why people start their own companies. 

"Planning one's career path is pretty much up to the 
individual engineer. A company may supply the opportuni-
ties, but the engineer has to be aggressive to take advantage 
of them. Actually, universities do not prepare students for 
the working world. Once you walk out of a university with a 
diploma and into a job, there is no correlation between 
school and work. Universities do an excellent job of 
teaching discipline and the learning process. But there are a 
certain number of surprises in a company, such as paper 
work, that a school cannot prepare the engineer for. 
"When I take a course, I take it in philosophy— that's my 

recreation, not my work. Nevertheless, philosophy is not 
necessarily unconnected with dealing with the business side 
of my engineering career." 
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If engineers have been in the design trade for any length 
of time, they have gotten used to the fact that they have had 
to continually upgrade their skills and learn new technolo-
gies. Now, we are seeing not only continued changes in 
hardware technology, but a shift to defining what a 
computer product does by virtue of its software. And what 
used to be primarily an electronics or electromechanical 
engineering activity is now staffed partly by hardware 
people, who have an electrical engineering background and 
partly by software people, who are also considered engi-
neers but are not usually EEs by education or training. 

"Although it is called an engineering capability and it is 
of increasing importance to the industry, software `engi-
neering' has not achieved the status of a discipline. Hard-
ware engineering is a discipline, and there are books and 
rules on how to design. Software is more of a craft. There 
aren't any well-understood and accepted guidelines or rules, 
or even criteria of excellence, for software design as you 
find for hardware design. 

"I think the whole engineering world is looking for 
guidelines and criteria for dealing with software-hardware 
tradeoffs. There aren't very good rules yet. Tradeoffs flip 
back and forth between the two, depending on a number of 
factors. There is no way, for example, to apply the princi-
ples of economics that were used in converting from 
vacuum tubes to transistors. 
"Thus engineers who could successfully make the tran-

sition from one kind of hardware technology to another 
sometimes will find it difficult to make the transition from 
an engineering discipline into an activity where that disci-
pline does not exist. That's a real change from the past." 

"I think the whole engineering world is 
looking for guidelines and criteria for dealing 
with software-hardware tradeoffs. There 
aren't very good rules yet." 

Irma M. Wyman, director central engineering staff 
Honeywell Information Systems Inc. 

This period Twill see a sharply increased need for 
,Engineers because, if the quality of life is to be 
,maintained oc enhanced in the presence of 
increasing scarcity of resources, it will only be 
dore by engineering." 

Robert Saunders, president of the IEEE. 1977 

44 i Engineering n the twentieth century may be character-
ized by three distinct periods: ( 1) resource development 
from 1900 to 1940, (2) resource protection from 1940 to 
1975, and (3) resource management from 1975 to the 
present. In electrical engineering, the first period saw the 
development of nationwide and worldwide electric-power 
and telephone systems. It was characterized by plentiful 
raw materials and unlimited energy resources. 

"Electrical engineering in the second period sparked the 
explosive growth of the application of electronics, especially 
solid-state devices, to computer, communications, medical, 
transportation, aerospace, and entertainment systems. At 
the same time, systems theory was developed. During this 
period, it became apparent that material resources were 
limited and needed some measure of protection to ensure 
continued availability. 
"As we move into the third period— resource manage-

ment— the character of engineering will undergo significant 
changes. This period will see a sharply increased need for 
engineers because, if the quality of life is to be maintained 
or enhanced in the presence of increasing scarcity of 
resources, it will only be done by engineering. 
"In electrical engineering, undoubtedly we will be 

involved with obtaining better performance from our 
existing power and communications systems, developing 
and using new electronic devices, such as molecular circuits, 
revising our transportation systems, recycling scarce mate-
rials, and developing expertise to bring raw materials and 
energy from nonterrestrial sources. It is an exciting era we 
are entering and one to which the whole engineering 
community will make major contributions." 
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Unhappily, the question whither the IEEE? may very 
well take the form wither the IEEE? Our professional 
society is at a crucial juncture in its existence. There are 
very deep divisions between those engineers who want the 
institute to function as a professional society and those who 
wish to return to the simpler structure characteristic of a 
purely technical society. 
"But history shows that is it not possible to march 

backward. It must be understood that the needs of the 
working EE are not only technical, they are not only profes-
sional, they are not only educational— they are all of these. 
Only if the IEEE addresses itself to the total needs of the 
practitioners can it hope to survive. Our institute must seek 
to assure each EE a lifetime of highly professional and 
adequately compensated work. 

"But even that may not be enàugh. The IEEE faces a 
growing credibility gap. The board of directors suffers from 
a 'We, not you, know best' attitude that can only increase 
the suspicion that the working EE feels toward his profes-
sional society. The institute cannot afford to shut itself off 
from the wishes of its members. Membership—nonstudent, 
U. S. practitioners— has been declining. Therefore, it is 
imperative that the institute take steps to close the gap, 
clean house of those who are dragging down the reputation 
of the society— and by association, its members—and open 
the way for all working EES to be heard. The IEEE cannot 
afford to turn away the growing number of members who 
need strong support in their careers. 
"The IEEE will not survive, and does not deserve to 

survive, unless it becomes a truly professional society." 

"Only if the IEEE addresses itself to the total needs 
of practitioners can it hope to survive. Our institute 
must seek to assure each EE a lifetime of highly 
professional and adequately compensated work." 

Irwin Feerst, consultant and head of the Committee of Concerned EEs 

-The engineer of the 1980s must not only be 
creative in his or her profession, but must also 
commit energies to social and political causes. In 
other words, the engineer must get involved in 
nontechnical issues." 

Rücliger Karnatski, pn ,duct Inanager 
Intermetall GmbH, West Germany 

It s a truism that as something becomes abundantly 
available, it is taken for granted and its value diminishes. 
With engineers, I think, it's not much different. Fifty years 
ago, being an engineer was something special, and even 
during the past decade an engineering education meant a 
free ticket to a choice seat in the arena of society. But now, 
when society looks upon technical achievements casually, 
the profession is losing its image of the extraordinary. 
"Nowadays, making technical ideas come true depends 

more and more on the amount of money invested and less 
and less on the achievements of the solitary engineer or 
inventor. This is not to belittle the work. Rather, it implies 
that the engineer's role is changing. To cope with the 
change, the engineer of the 1980s must not only be creative 
in his or her profession, but must also commit energies to 
social and political causes. In other words, the engineer 
must get involved in nontechnical issues. 
"That means more engineers in politics, more engineers 

in Government agencies, and above all, more engineers in 
upper management positions in industry. I believe that only 
by taking this route can engineers expect society to duly 
appreciate and value their work, work that is essential to an 
industrial nation's prosperity, economic growth, and social 
progress. With involved engineers, society can in turn be 
sure that the potentials that technology offers are channeled 
in the right direction. 

"For all the need for specialization, engineering educa-
tion should be aware of the engineer's changing role. It 
should persuade him not to become a one-track individual 
with blinders around his eyes. Educators should induce the 
student to become an actively engaged citizen, one who 
helps shape the society in which he or she wants to live. If 
this course is not followed, in the 1980s an engineer will be 
considered a commodity even more than he or she is today." 
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The key word for the 1980s is adaptability. Two impor-
tant elements are going to dominate the engineer's outlook 
in the next decade: first will be internationalization, and 
second will be the continued rapid change in technology. Of 
course, I can't speak for all French engineers, but these two 
trends seem to me to be the most important influences. 
"The engineer is going to have to be mobile physically 

and psychologically. He or she will have to adapt to an 
unlimited number of different situations. Perhaps the most 
critical factor in fitting the engineer for this changing role 
will be training. It will have to be training in adaptability— 
the EE will have to be taught how to acquire knowledge 
rather than specific facts applicable to present technology. 

"Also, the engineer will have to recycle himself or herself 
and avoid overspecialization. He or she must not wait until 
the last minute before learning new techniques. 

"Apart from this important need to be able to adapt to 
new technologies and new ways of operating, it is also going 
to be necessary for the engineer to be able to express 
himself or herself in writing and speech, to be able to 
communicate effectively. He or she is going to have to 
become a part of a team and will therefore need to be able 
to express himself or herself well to others. Lastly, the 
engineer will probably have to learn foreign languages— 
even the American engineer!" 

"The engineer is going to have to be mobile 
physically and psychologically. He or she will 
have to adapt to an unlimited number of 
different situations." 

André Lambert, systems engineering manager 
CIT-Alcatel, France 

"Improvements in technology will be mirrored in 
increasing sophistication in the design aids 
available. Rapid aevelopment is already taking 
place in computer-aided design techniques." 

John F. Dickson, MG'S circuit design group leader 
The Plessey Co., England 

" From a technical point of view, the 1980s should be one 
of the most challenging periods for electronics engineers 
involved in ic design. With the advent of visi, the dividing 
line between the circuit and system designer will become 
blurred, and the ability to implement complete systems on a 
single silicon chip will create the need for a fundamental 
reappraisal of system architectures. This is already being 
seen in the move from central to distributed processing in 
some large computers. 

"Improvements in technology during the next decade also 
will be mirrored in increasing sophistication in the design 
aids available. Rapid development is already taking place in 
computer-aided design techniques for circuit synthesis, 
circuit analysis, and test-program generation. It is already 
feasible for circuits that are highly structured and not too 
demanding in complexity or performance to be designed 
completely by computer. In these cases, the only involve-
ment of the engineer is to feed in a mathematical descrip-
tion of the device specifications, and the computer-aided-
design program does the work of circuit design. 
"While there will almost certainly be many circuits 

designed in this way in the future, there will be many more 
that will still demand the creative skills of the designer. 
With the availability of more powerful CAD techniques, the 
designer will be freed from much of the hackwork and will 
be able to handle a wider range of technologies. 
"During the next decade, there should be a gradual 

improvement in the status of electronics engineers in the 
United Kingdom, mainly due to the growing maturity of the 
profession. There will be an increasing number of people 
with electronics engineering backgrounds in senior manage-
ment positions. And as people become more exposed to 
electronics in the home and at work, they should develop a 
greater awareness and understanding of the electronics 
engineering profession. This is already happening with elec-
tronic calculators and watches and should continue with the 
predicted explosion of electronics in domestic appliances, 
toys, and games." 

A reprint of this three-part series is available for $5.20. Write to Electronics Reprint (>01.. P. D. 
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Engineers 

Technological 
Leacer ni 

or 3 
cades! 

Ampex, headquartered on the San Francis-
co Peninsula, is the company that "invent-
ed" the magnetic recording industry. 

The technology pioneered by Ampex 
over three decades has affected many 
aspects of our modern lifestyles, and 
has established Ampex as a leader in 
magnetic recording. Our continued ef-
fort in developing new technology has 
always been the key to our leadership. Right now 
our Advanced Technology, Data Products and 
Audio-Video Systems Divisions are embarking on 
several new programs. To insure the success of 
these programs we are seeking innovative 
graduate engineers with experience in the fields 
I isted below. 

Opportunities like this don't happen very often. But 
they're happening at Ampex now. 

Advanced Technology 
Division 
• electron beam and optical recording 
• magnetic recording 
• tape or film handling 
• servos 
• high-bit rate digital circuit design 
• optics 
• signal analysis 
• pattern recognition 
• high frequency circuit 
• communications theory 

Data Products Division 
• circuit/systems design of very high-bit rate 
systems 

• disk read/write systems and equalizing systems 
for tape recorders 
• codes for magnetic recording 
• precision servo systems for both linear po-

sitioners and rotating systems 
• mechanical design of high precision systems in 

disk recorders and in longitudinal, helical and 
transverse scan tape recorders 

Audio-Video Systems 
Division 
• analog videotape signal systems 
• digital video signal processing 
• servo systems 
• videotape editing 
• professional audio recorders 
• head technology 
• TV cameras 

If you think you have something valuable to offer 
in any of these or closely related areas, and if you 
would like 4o join some of America's most talented 
engineers, please send your resume or a leiter out-
lining your qualifications to: Ampex Corporation, 
AUN: Corporate Staffing Manager, Building 2, 
2655 Bay Road, Redwood City CA 94063. Or you 
can send us this coupon and we'll get back to 
you. We are an equal opportunity employer m/f. 
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Manager Corporate Staffing 
AMPEX Corporation 
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Designer's casebook  

Fast-attack detector optimizes 
ultrasonic receiver response 
by Paul M Gammell 
Jet Propulsion Laboratory, Pasadena, Calif. 

A radio-frequency amplifier with low output impedance 
greatly enhances the performance of an ultrasonic 
receiver. The low impedance, achieved by an open-
collector output configuration, permits design of a 
detector having a fast rise time and somewhat slower fall 
time important for high-accuracy dis-
tance-measuring applications. This inexpensive circuit is 
a wideband receiver with good overload-signal recovery. 
It has many pulse-echo uses, including nondestructive 
evaluation and depth finding, and performs well in 
biomedical ultrasonic applications. 
As shown in the figure, a pulsed signal is simulta-

neously applied to a transducer and transistor amplifier 
Q. The transducer is one of many commercially avail-
able devices that will convert a typical 200-volt, 
0.1-to- 1 -microsecond pulse into an ultrasonic (compres-
sional) wave aimed at a distant target. The echo from 
the transducer, with an amplitude on the order of 1 to 10 
microvolts, may return only microseconds later. Q1 must 

therefore recover quickly from the large initial pulse in 
order to respond to the echo signal. 
Components CI, C2, and DI through D4 aid in isolating 

the amplifier circuits from the high-voltage pulse. 
Resistor RI improves the transient recovery by draining 
off any charge present on CI and C2 that remains 
because D3 and D4 have not sufficiently bypassed the 
pulse to ground. 
Q1 is saturated by the initial pulse. Diodes DI and D2 

isolate the pulsed current from Q1 (and the transducer) 
after the pulse drops below 0.7 NI, thereby keeping the 
nonthermal noise contributions of the pulser out of the 
receiver. Q1 drives the MC1350 radio-frequency/inter-
mediate-frequency amplifier with a phase-split signal to 
increase the effective gain of the circuit and aids in 
isolating it from the pulser. To achieve a circuit gain of 
more than 50 decibels, a second MC1350 amplifier is 
added. 
The output of the second amplifier drives a diode 

detector composed of D5 and D6 and the filter 12. loC3. 
Fullwave rectification is essential for optimum resolu-
tion, since the echo may be shifted 180° by the reflecting 
surface producing it. 
A simplified equivalent circuit of the output stage of 

the MCI 350 is shown at the bottom of the figure. A fast 
rise time for incoming signals is achieved by discharging 
C3 through the 1-kilohm impedance of one of the output 
transistors. The longer fall time needed for a smooth 

Pulse-echo receiver. Circuit (a) responds to wideband radio-frequency signals with good signal-handling capability. Time-dependent gain 

control is provided for sophisticated sonar applications. Choice of low-impedance rf amplifier (b) optimizes response. 
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echo envelope is attained by recharging C3 through Rio. 
In some applications, it is desirable to provide a control 
to vary the fall time by adjusting C3 and to reject echoes 
of small amplitude by varying R8, R6, and Rio. 
At small signal levels, an approximate square-law 

response is provided by the logarithmic characteristic of 
the 1N916 diodes. The sum of currents II and 12 in the 
MC1350 is 5.6 milliamperes typical, as specified by the 
manufacturer. The currents determine the operating 
point of the diodes. With the circuit values shown, a 
quiescent current of approximately 0.8 MA flows through 
each of the diodes D5 and D6. 

Although integrated circuits are widely available that 
perform low-level detection, the desired detector charac-
teristics can be more easily achieved with the circuit 
described. Furthermore, a stable (oscilloscope) baseline 
and a large dynamic range are easier to attain if the 
detector is driven by a reasonably high rf voltage source. 
The amplifiers in this circuit make this possible by 
providing adequate predetection amplification. 

The signal at the output has a well-defined leading 
edge suitable for determining time differences between 
the pulse and its echo with an oscilloscope. A 10-v offset 
occurs at the output. It may be removed with a base-line 
restorer circuit consisting of a decoupling capacitor, a 
resistor tied to 12 NI, and a germanium diode to clamp 
the baseline to about 0.3 v. Another approach uses a 
differential amplifier. 

For sophisticated systems, a time-dependent gain 
control can be added to the rf amplifiers. A 0-to- 1 2-v 
ramp voltage, the amplitude of which depends on the 
range and anticipated attenuation of the echo, can be 
applied to pin 5 of the devices through RI, and R12, 
which control the distribution of stage gain. The ramp 
voltage should be positive and decrease with time to 
provide a gain that increases with time. If pin 5 is 
grounded, the amplifier operates at full gain. Although 
the ramp is usually synchronized with the transmit pulse, 
it may be synchronized with other sources, such as the 
surface echo from an attenuating target. 

Biasing the diode improves 
a-m detector performance 
by Antonio L. Eguizabal 
Vancouver, British Columbia, Canada 

The sensitivity, dynamic range, and linearity of a stan-
dard amplitude-modulation diode detector improve if the 
diode is biased into its conducting region. Sensitivity and 
dynamic range increase because the incoming radio-
frequency signal does not encounter the barrier-potential 
voltage of the diode before the onset of rectification. 

Linearity improves because the biasing voltage shifts the 
operating point of the diode into the linear portion of its 
characteristic curve. 
As shown in the figure, signals are applied to DI, a 

Schottky diode that can be used at frequencies 
approaching 1 gigahertz. It has a low barrier potential 
(0.35 volt), about one half that of conventional silicon 
diodes, and allows linear operation at lower biasing 
voltage than is possible with conventional diodes. 
A 5.6-v zener and the voltage divider composed of 

the 10-kilohm resistor and DI send 350 mv across 
DI, making it conduct. The voltage drop across DI 
is in effect eliminated for rf signals, making possible the 
detection of millivolt-level signals. The demodulated 
signal appears across the resistance-capacitance filter 

Tweaked detector. Even the old reliable 

a-m detector can be improved. Increased 

sensitivity, linearity, and dynamic range are 

obtained by dc biasing diode D, into 

conduction, to eliminate voltage drop as 

seen by rf driver. D2 provides temperature 

compensation. 

BIASED DETECTOR 

o, 

-L  

.ér > 10 id! 
- 100'> 

11 1(12 

11 0.2 

i-f OR rf 

TUNED CtRCUITS 

30 pA 

100 ESO 

22 kS2 

100 kS-2 

0 1 pF 

PO LYCARBONAT ET D, 

+10 V 

CA31 0 

22 k1-2 

TEMPERATURE 
COMPENSATING DIODE 

10 kl2 

bias 30iA 

Di, CT, HP5082 2305 
or MOTOROLA MBD 701 

1  

+10 V 

1 ksz 

OUT 

0.1,4F 5.6 V 
PO LYCARBONATET 

  10/JF 10 V 
TANTALUM 
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MICROPROCESSORS: 

WHERE THEY CAME FROM AND WHERE THEY ARE GOING 

AN ANALYSIS OF ALL PRODUCTS ON THE MARKET TODAY 

This seminar will be given by Dr. Adam Osborne at the Personal Computing Conference ' 77 in Atlantic City, at the 

Shelburne Hotel, from 9:00 a.m. to 4:00 p.m. The course will be offered twice, once on Friday, August 26th and the 

second time on Saturday, August 27th. 

The cost of the one-day seminar is $30.00. This fee includes lunch. 

During the first hour the origins of the various types of microprocessors on the market today will be identified. This 

introduction will cover some of the less well known, but critical circumstances surrounding the companies and 

products that first appeared. This introductory background is very important; in addition to defining the origins of 

microprocessors on the market today, it explains why many microprocessor strengths and weaknesses are the res. ult 

of luck or inexperience on the part of designers and manufacturers. 

The next four hours of the seminar are devoted to highlighting the important characteristics of all common 8- bit and 

16- bit microprocessors on the market today, together with their support devices. In order to cover this formidable 

range of material in such a short time, the 8080A microprocessor is used as a frame of reference. Each microprocessor 

is described in terms of its signal interface, CPU architecture and instruction set. The justification for support devices is 

given, together with the effectiveness of each implementation. When microprocessors are compared with the 8080A, 

conceptual and functional differences are emphasized. In addition, other microprocessors are compared to each other 

where they compete, or where they have been directly influenced by a device other than the 8080A. The purpose of this 

four hour session is to describe the important characteristics of each microprocessor so that the types of application 

best suited to each microprocessor may be identified, and the types of application where the choice of microprocessor 

is virtually irrelevant are easily understood. 

During the last hour of this seminar the status of the microprocessor industry today and the directions it is taking in the 

coming year will be defined. This discussion will cover sales volumes of various microprocessors on the market today, 

plus products planned by various manufacturers in the coming year. The customer base for microprocessors will also 

be described, since this is one area where supposedly knowledgeable industry observers have been proven completely 

wrong. As the microprocessor industry matures, we are seeing a customer profile emerge that differs markedly from 

the customer profile which was anticipated by manufacturers a year ago. This is having important repercussions on the 

economic fortunes of companies who are participating in the microprocessor and related industries. 

Dr. Adam Osborne is the author of "An Introduction To Microcomputers: Volume I — Basic Concepts" and "Volume 
Il — Some Real Products". Dr. Adam Osborne also wrote "8080 Programming For Logic Design" and "6800 

Programming For Logic Design". The two-volume "An Introduction To Microcomputers" series are the standard texts 

used throughout the microcomputer industry. " An Introduction To Microcomputers: Volume I — Basic Concepts" 

currently holds the world's record in sales volume for any text sold -for a profit. 

Dr. Osborne's insights into the microprocessor industry have been gained by working with manufacturers and users of 

microprocessors while researching and updating the "An Introduction To Microcomputers" series of books. "Volume 

ll — Some Real Products" describes nearly every microprocessor and support device on the market today; writing this 

book has provided Dr. Osborne with a critical knowledge of the parts described, and of the companies which 

manufacture these parts. The close contacts Dr. Osborne has with all manufacturers allows him to estimate quite 

accurately sales volumes, customer bases and future trends. 

OSBORNE & ASSOCIATES, INC. 

r ill i  P.O. Box 2036 
Berkeley, California 94702 
(415)548-2805 
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composed of the 100-picofarad capacitor and the 10-
kilohm resistor. 

Most diode detectors are used in conjunction with 
automatic-gain-control circuits to produce a constant 
audio output over a wide dynamic range. To ensure 
minimum response time of the diode detector, which is 
required when driving the agc, direct coupling between 
the two is necessary. Temperature compensation is 
therefore needed to eliminate drift caused by small 
temperature-dependent offset voltages. 
A second Schottky diode and an operational amplifier, 

the CA3140, provide this function. Diode D2 is biased 
similarly to DI, with the result that voltage changes 
caused by temperature variations are almost identical 
across both devices. The CA3140 operates as a unity-
gain wideband amplifier. It has a high common-mode 
rejection ratio and draws low input-biasing currents, 

qualities required in a good buffer amplifier. 
The noninverting port of the op amp accepts the 

demodulated signal from the RC filter. The tempera-
ture-variable.voltage drop across DI tends to increase the 
output voltage, but this is countered by an identical 
voltage across D2 at the inverting port. Thus the net 
voltage change at the output as a function of tempera-
ture is approximately zero. Note that the op amp is 
operating with a single-ended power supply, which 
assures that D2 is used in a temperature-compensating 
capacity only and does not upset the operation of the rf 
detection circuit. 

This detection circuit can respond to a 10-mv rf input 
signal, and its dynamic range is 10 to 15 decibels greater 
than that of conventional diode detectors. In addition, 
the linearity of the circuit, especially at low levels, is 
noticeably better. D 

Maximum voltage detector 
needs no a-d conversion 
by Ronald Lumia 
University of Virginia, Charlottsville, Va. 

A detector that determines which of a set of analog 
voltages has the greatest positive value is useful for 
pattern-recognition systems and other classifying 
schemes. Only the relative magnitude of the input 
voltages is important in these applications, so that costly 
analog-to-digital converters are not needed. 
As shown in the figure, a sample set of voltages is 

introduced at the noninverting port of a bank of 711 dual 
differential voltage comparators, which initially switch 
each amplifier high. All inverting inputs are driven by 
any monotonically increasing waveform, such as a ramp 
voltage. 

Each comparator switches into the low state as the 
ramp voltage exceeds the particular sample voltage 
connected to its input, until only one comparator remains 
in the high state. The signal at this op amp input has the 
greatest amplitude in the sample set. 
The combinational logic at the 7430 NAND gate array 

then generates a pulse to the 74174 device, clocking the 
lone logic 1 signal from the op amp input into the 
D input of its associated flip-flop and presenting it to the 
processing device. By this time, the ramp voltage has 
returned to its minimum value, and the next sample set 
may be again introduced. 
As shown, the range over which the sample-set 

voltages may be detected lies between zero and 5 volts. 
This range may be changed by suitable adjustment of 
the ramp and supply voltages to the comparators. The 
use of complementary-metal-oxide-semiconductor logic 
circuits is advised when the operating voltage to the 
comparators exceeds 5 volts. El 

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other ideas for 

saving engineering time or cost. We'll pay $50 for each item published. 

Maximum-voltage detector. Relative maximum of sample set 

V, — V. is determined by ramp generator and logic circuit. Sample 

voltages drive all comparators high if values lie above the minimum 

ramp voltage. Logic detects lone op amp remaining high during the 

ramp sweep and clocks that state to its D flip-flop. 
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Countering the effects of vibration 
on board-and-chassis systems 
A simple analysis tells the electronics designer whether the circuit boards 

in his system will need strengthening against vibration stress 

by David S. Steinberg, singer Corp., Kearfon Dimon, Wayne, N. J 

E At some time in its life cycle, all electronic equipment 
encounters some form of vibration, at the very least 
when transported from manufacturer to customer. This 
vibration can cause fatigue failure in consumer systems, 
as well as in military or industrial systems, unless the 
electronics engineer has analyzed the design for its 
vulnerability to vibration stresses and built in an 
adequate safety margin against them. 
The procedure is straightforward. It involves basic 

vibration theory, which is not normally part of the 
electronics curriculum. But "A guide to vibration analy-
sis" on page 102 explains the concepts involved, and the 
rest of this article tells how to combine these concepts 
into simple design rules for application to a board-and-
chassis package. 
The basic building block of today's electronic system 

is the easily serviced, plug-in printed-circuit board. 
These boards are mainly rectangular, epoxy-glass units 
with plated copper wiring. In general, a pc board acts 
like a flat plate in a vibration environment and is subject 
to fatigue failures, particularly at board resonance. 
Vibration fatigue failures in these boards usually take 

the form of broken leads, broken solder joints, and 
broken connectors. In extreme cases, parts have actually 
flown off a board under high vibration forces. 

Applying the octave rule 

Fatigue failures of these kinds can often be prevented 
by insuring that the boards and the chassis have 
different resonant frequencies. The goal is to avoid coin-
cident resonances (see p. 102), which can amplify accel-
eration (g) forces in adjacent structural elements very 
rapidly. For example, if the resonant frequency of a 
chassis is too close to that of a circuit board within the 
chassis, high acceleration forces may develop in the 
board. High accelerations produce large deflections 
resulting in stresses that can culminate in rapid fatigue 
failures. 
To illustrate, the chassis and the multiple plug-in 

boards of Fig. la will behave like a system capable of 
vibrating along more than one axis simultaneously— in 
other words, like a system with multiple degrees of 
freedom (see p. 102). The chassis usually represents the 
first-degree-of-freedom system for externally induced 

VIBRATION 

DIRECTION 

PC BOARD EDGE GUIDE 

(a) 

2a 

PC BOARD 

MASS 

2c 2(1 

CHASSIS MASS 1 

(b) 

VIBRATION 

DIRECTION 

1. Vibrating boards. A chassis with plug-in printed-circuit boards (a) has the equivalent mass spring analog of ( b). The boards represent a 

second-degree-of-freedom system with respect to the chassis, since dynamic forces must be transmitted through the chassis to the boards. 
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vibrations. The boards represent the second degree of 
freedom with respect to the chassis since the dynamic 
forces must pass through the chassis before they reach 
the pc boards. 

Coincident resonances can generally be avoided in 
multiple-degree-of-freedom systems by following the 
octave rule. This rule states that in a series spring mass 
system (see p. 102), the natural frequency of an element 
should be doubled for each additional degree of freedom 
in order to avoid severe resonant amplifications caused 
by a coincident resonance. Thus in Fig. 1 b if the natural 
frequency of the chassis (mass 1) is 100 hertz, the 
natural frequency of each pc board (masses 2a, 2b, 2c, 
and 2d) should be at least twice that, 200 Hz or higher if 
possible. This separation of resonances prevents the 
chassis resonance from amplifying the pc board reson-
ance, which in turn reduces the dynamic stresses and 
increases the fatigue life of the system. 

Where to begin 

What is the best starting point for a vibration analysis 
of the packaging configuration of Fig. 1? Should the 
natural frequency of the chassis or the pc board be 
determined first? 

Experience, along with extensive analysis and testing, 
favors starting with the pc board. Tests have shown that 
it is possible to provide a long fatigue life (greater than 
10 million cycles) for plug-in pc boards by basing the 
requirement for the maximum dynamic single-amplitude 
displacement (Y) of a rectangular board on the length of 
the shorter side (b) of that board. The displacement 
relation is shown by the equation: 

Y. = 0.003 b (I) 

For example, the maximum dynamic single-amplitude 
displacement at the center of a rectangular pc board 
measuring 4 by 7 inches should be limited to a Y.., of 
0.003 x 4.0 in. or 0.012 in. 
To provide a good fatigue life, Eq. 1 is based upon the 

dynamic stresses that are developed in the lead wires of 
the electronic components mounted on the board. As the 
board vibrates up and down during a resonant condition, 
it forces the electrical wires on the components to bend 
back and forth, as shown in Fig. 2. 

For a rectangular board, the most severe condition will 
occur when the body of the component is parallel to the 
shorter side of the pc board and at its center. The shorter 
side must have a more rapid change of curvature than 
the longer side because the displacement at the center is 
common to both. 
The actual dynamic single-amplitude displacement of 

a single spring mass system can be determined from: 

Y = 9.8 g Q/P (2) 

where g is the acceleration force in gravity units, f is the 
sinusoidal vibration frequency, and Q is the transmissi-
bility of the vibration from one element to the next (see 
p. 102). 

Vibration test data on plug-in types of pc boards has 
shown that they act very much like a single-degree-of-
freedom system when they are vibrating at their natural 
or fundamental resonant frequency. This test data shows 

2. Over the waves. During a resonant vibration, a printed-circuit 

board moves up and down. These excursions can break leads and 

solder joints and even cause components to fly off. 

that the approximate transmissibility for many different 
types of pc boards can be determined from this 
frequency, fn: 

Q = A ( f„) 1/2 (3) 

where A is a dimensionless empirical constant dependent 
on the natural frequency, fn, and acceleration inputs. 
A large number of factors influence the transmissi-

bility of a plug-in board. These factors will vary from 
one manufacturer to another because they each use 
different construction methods. Other variations include 
the component size, type of edge guides, type of elec-
trical plug-in connector, conformal coating, and acceler-
ation force. 

Given acceleration inputs that vary from about 3 to 10 
g, the value of A in Eq. 3 appears to be about 1.0 for pc 
boards with resonant frequencies between 100 and 400 
Hz, drops to about 0.70 for boards with lower resonant 
frequencies between about 50 to 100 Hz, and rises to 
about 1.40 for those with resonant frequencies between 
about 400 to 700 Hz. 

Equations 1, 2, and 3 can be combined to establish the 
minimum natural frequency required by a pc board for a 
long vibration fatigue life as: 

fn = (9.8 gA/0.003 b) 213 (4) 

As an example of how to use this equation, suppose a 
typical plug-in printed-circuit board is required to have a 
long fatigue life- 10 million fatigue cycles at its 
resonant frequency. Suppose also that the board has 
5-by-8-inch dimensions and must operate in an elec-
tronic system that will be subjected to a prolonged 
sinusoidal vibration environment of 6.0 g peak over a 
frequency range of 100 to 1,000 Hz. What needs to be 
determined is the minimum required pc board natural 
frequency plus the maximum allowable chassis natural 
frequency. 

Start by assuming the value of A is 1.0, to see where 
the pc board resonant frequency will be. From the above 
data, g = 6 and b = 5. Substituting these values in Eq. 
4, the minimum required pc board resonant frequency 
becomes: 

f., _ [9.8 X 6.0 X 1.0 I = 248 Hz 
0.003 X 5.0 

Since the board's resonant frequency is between 100 and 
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A guide to vibration analysis 
Any discussion of vibration will involve references to 
degrees of freedom, transmissibility, coincident reson-
ances, and series spring mass systems. 
The degrees of freedom of a vibrating system describe 

the coordinates necessary to locate the position of the 
vibrating element at any time. For example, a single-
degree-of-freedom system can move along only one axis, 
in both directions. A two-degree-of-freedom system will 
require two coordinates to describe the position of the 
elements. A multiple-degree-of-freedom system generally 
has many elements that can move along many axes. 
The transmissibility of a vibrating system is usually 

defined as the ratio of the maximum output force divided 
by the input force at a given frequency, or the maximum 
output displacement divided by the input displacement at 
a given frequency. In a lightly damped system, the 
maximum output force can easily be 100 times the input 
force. Such a system would have a transmissibility of 100. 
If a printed-circuit board has a maximum vibration input 
displacement of 0.001 inch at its edges at a frequency of 
180 hertz, and the center of the board has a maximum 
vibration of displacement of 0.100 in. at its center at the 
same frequency, then the board has a transmissibility of 
0.100/0.001 or 100. 
A coincident resonance is a condition where two 

systems are joined together (or coupled) and both 
systems are vibrating near the resonant frequencies at the 
same time. It often happens that the amplified output from 
the first system turns out to be the input to the second 

system, which amplifies that input a second time. If the 
transmissibility of the first system by itself is about 50, and 
if the transmissibility of the second system by itself is 
about 50, the joint (or coupled) transmissibility of the 
second system can approach about 50 X 50 or 2,500. If 
this happens in a real system, and it often does, the 
fatigue life is very short. 
A series spring mass system consists of several 

springs and masses attached to one another, in a string-
like manner. Any force or motion in the outermost member 
must pass through each adjacent member until it reaches 
the support. The figure shows a series system with three 
springs and three masses. 

Of course, an electronic box does not really have 
springs and masses bouncing around during vibration— 
the springs and masses are used only as mathematical 
models, to simulate a system that will have vibration 
characteristics similar to the box. The mathematics asso-
ciated with a spring and mass system is relatively simple 
compared to the mathematics required to analyze a 
complete box. The simplified mathematics permits a quick 
evaluation to be made of the structure supporting the 
electronics, to see how well it will hold up under the 
pounding it receives in a vibrating environment. 

o 

K2 K3 

400 HZ, the assumed value of 1.0 for A is valid. 
The natural frequency of the chassis that supports the 

pc board must also be established in order to prevent 
higher transmissibilities from developing in the board. 
Following the octave rule, the maximum natural 
frequency of the chassis must not exceed one half the 
natural frequency of the pc board, in this case, 124 HZ. 

Finding that the pc board's minimum resonant 
frequency should be 248 Hz is only half the solution. It is 
still necessary to determine its actual natural frequency. 
Knowing the weight and thickness of the board of Fig. 3, 
it is possible to determine board natural frequency: 

fn = f [r2p1I2,- (5) 

where D is the plate stiffness factor in pound-inches, p is 
the mass per unit area of pc board, a is board length, and 
b is board width. 
The equation for plate stiffness factor is: 

D = E113/12(1—µ2) (6) 

where E is the epoxy Fiberglass modulus of elasticity, h is 
board thickness, and µ is Poisson's ratio for the board. In 
this example, E = 2.0 x 106 lb/in.', h = 0.090 in., and 
= 0.12, so that: 

D = (2.0 x 106X 0.0903)/12(1 — 0.122) lb in. 
= 123.3 lb in. 

The equation for mass, per unit board area is: 

p = W/gab 

so that for the 0.5-11). 5- by-8-inch board, W = 0.5 lb, a 
= 8 in., and b = 5 in., and acceleration due to gravity, g 
= 386 in./s2: 

p = (0.5)/(386 x 8 x 5) lb s2/in.' 
= 3.24 X 10 -5 lb s2/in.3 

Substituting the values of D and p in Eq. 5: 

fn — [ 123.3 11 1 1 1 

2 3.24 X10-5 

= 170.4 HZ 

Use of Eq. 5 results in a board natural frequency of 
only 170.4 HZ, which is below the minimum required 
natural frequency of 248 Hz. This design is not satisfac-
tory, and its natural frequency must be increased. If pc 
board thickness is increased to 0.125 in., the natural 
frequency will be increased to 287.7 Hz, which is satis-
factory. If for some reason the pc board thickness cannot 
be increased, then ribs can be added to stiffen the board. 
A single vertical rib 0.090 in. thick and 0.250 in. high 
can be made of epoxy Fiberglass and cemented across the 
center of the board parallel to the 5.0-in. dimension. This 
would raise the natural frequency to 275 HZ, creating a 
satisfactory solution for the vibration environment. 
A design of this type might take perhaps one man-day, 

but it could eliminate many hours of time in the field 
spent servicing vibration-caused failures. D 

Bibliography 
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Speedy RAM 
runs cool 
with power-down 
circuitry 
Static RAM's low-power standby mode 

minimizes memory system dissipation 

by Richard Pashley, William Owen, Kim Kokkonen, 
and Anne Ebel, Intel Corp., Santa Clara, Calif. 



given cycle in a large system can be small, using chip 
select to control power down and power up gives the 
system designer a simple means of solving power distri-
bution and cooling problems. That is, modules contain-
ing large numbers of RAMS will operate at much lower 
average power than small modules, and the system 
designer can easily keep a low power density throughout 
the system. Equally important, the mode does not sacri-
fice access time or complicate design. 

Breaking with tradition 

Bipolar RAMS have dominated high-speed memory 
design since the dawn of semiconductor memory tech-
nology in the 1960s. However, they are costly and very 
power-hungry, all but ruling out use in large, fast, main-
frame memories. 

TABLE: MOS TECHNOLOGY EVOLUTION 

Parameter 

Channel length, 1 Wm/ 

Gate-oxide thickness, r0, (A) 
Junction depth, xi (pm) 

Depletion loads 

Oxide isolation 

Built-in substrate bias 

Speed-power product (pJ) 

MOS, 1976 

6 

1,100 

1.7 

yes 

no 

yes 

4.0 

H-MOS, 1977 

< 4.0 

< 1,000 

1.0 

yes 

yes 

yes 

1.0 

Generally, mos devices have been used for main 
memory. They enjoy an edge in speed-power products 
but were unable to approximate bipolar speed until 
recently. Some early mos RAMS that attempted to 
compete with transistor-transistor-logic static RAMS in 
the under-100-ns market required multiple power 
supplies and clocked chip-enable operation. 
The 2147 offers the speed, compatibility, and 

simplicity of a static bipolar RAM built with rrt 
circuitry, yet provides the low power of mos. It is the 
first high-speed RAM with this combination of features. 

Moreover, the device is extremely easy to use. It 
operates on a single + 5-volt supply like rrt. devices and 
is designed so that a supply with 10% tolerances may be 
used. Input/output levels are also rrt.., and unlatched 
inputs and outputs ensure simple, static timing. 
The output typically sinks 25 milliamperes at 0.45 y 

and sources 15 mA at 2.4 v —ample current to eliminate 
output drive and sensing problems. Further, valid opera-
tion is guaranteed with input swings as small as 0.8 y to 
2.1 Y. Finally, the 2147 has an industry-standard 
4,096-by- 1 - bit configuration and is packaged in a stan-
dard 18-pin dual in- line package. 

H for high performance 

H-MOS technology reduces the physical parameters of 
n-channel, silicon-gate mos to new lows. It combines 
device scaling with on-chip substrate bias generation. 
This results in higher density and a 4:1 improvement in 
the speed-power product (see table) making the 2147 
chip the smallest and fastest of the emerging generation 
of 4-k mos static RAMS. 
By reducing the physical parameters of the device by a 

fixed scaling factor, circuit density and performance 
were increased while active circuit power decreased. In 

OSCILLATOR 
DRIVER 

I  

CHARGE 
PUMP 

SUBSTRATE 

SUBSTRATE 

-2.7 V 

'1\N, 
+0.7 

—3V 

1. Getting back bias. To minimize the substrate's body effect, this on-chip back-bias circuit has a self-starting oscillator driving a charge 

pump that is capacitively coupled to the substrate. The oscillator runs at 13 MI-lz to maximize the pump's efficiency. 
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the H-MOS process, polysilicon gate lengths have been 
shortened to less than 4 micrometers and gate-oxide 
thickness to less than 1,000 angstroms. Using arsenic as 
the source-drain gives shallow junctions (< 1 pm). 
Circuit performance and density improve still further 
with use of oxide-isolation and depletion-load processing. 
Finally, substrate biasing reduces body effect and para-
sitic junction capacitance— the back-bias voltage is 
generated on board to eliminate the requirements for an 
additional pin and power supply. 
As a result of these design factors, the power figure of 

merit is 1 picojoule ( in an 11-stage ring oscillator with a 
per-stage fan-out of 3). Conventional 6-pm-gate 
n-channel mos has a 4-pi speed-power product. 

Biasing the chip substrate 

As device elements shrink and make substrate effects 
more noticeable, reverse or back biasing becomes more 
important for device performance. The 2147's on-chip 
bias voltage is self-regulating, so it needs no special 
regulation circuitry. Also, it tracks fluctuations in the 
5-v supply, temperature changes, and process variations. 
The circuit typically generates — 3 y back-bias voltage 

and consumes 7 mw. It consists of a self-starting oscil-
lator driving a small charge pump that is capacitively 
coupled to the chip substrate ( Fig. 1). Its 13-megahertz 
frequency was selected to optimize the efficiency of the 
charge pump. The oscillator is inherently unstable— 
deliberately not balanced— to assure self-starting under 
all conditions. The charge pump is small— about the 
area of two or three bonding pads— since the generator's 
only current drain is substrate leakage. 
The chip's substrate diffusion capacitance is large 

enough to absorb the effect of momentary substrate-
current spikes. Input coupling and internal node 

switching during memory accesses cause back-bias 
differentials of less than 100 millivolts. 
A glance at the cell schematic ( Fig. 2) indicates that 

the 2147 is still a fully static RAM like its grandparent, 
1,024-bit 2102A. The cell is a conventional, six-
transistor, cross-coupled flip-flop that uses depletion-
load devices. It occupies only 3.75 square mils. Typi-
cally, it dissipates 5 microwatts of power, giving a power 
dissipation for the full 4-k memory array of 20 mw. 
The memory is organized as a 4,096-by- 1 -bit RAM, 

although internally it is organized as two 32-by-64-bit 
subarrays with a common row decoder separating them. 
The die size measures 25,004 mil' ( 133 by 188 mil). The 
device contains all the buffers, decoders, and write 
circuitry needed for complete fully static rrt, operation. 
The decoders are conventional depletion-load NOR gates 

ADDRESS INPUT 

DATA OUTPUT 

CHIP SELECT 

SUPPLY CURRENT 
(100 mA/cm) 

re.••••••••••••••• 

5C,Otr 541.nS 

3. Quick and steady. The 2147 is fast, with the data output begin-

ning to appear 40 ns after the address input goes up. No spikes 

appear in the supply current trace after power down; power is simply 

switched off in all but the essential circuit blocks. 

2. The cell. While the 2147's cell is a conventional six-transistor design, the innovative H-MOS process reduces its size to half that of ordinary 
static RAM cells. The cross-coupled flip-flop design lays out in only 3.75 mil2 and points to future H-MOS static RAMs of even greater density. 
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4. Saving energy. For large memory systems that operate at low 

duty cycles, the 2147 saves power, as the device's typical supply-

current characteristic shows. At 10% duty cycle, the part burns only 

20% of the supply current it uses at full duty cycles. 

with a power-down switch in the power-supply line. The 
input buffers are similar to those of the 2102A—a 
simple string of inverter gates driving two push-pull 
output stages. The RAM requires no clocks or internal 
precharging to attain its high performance. Using simple 
static circuitry in the periphery means that more than 
60% of the chip area is memory array. 

Circuit operation 

Like other fully static RAMS, the 2147 can perform 
multiple read/write operations during a single chip-
select cycle. However, with a fully static standby mode, 
it features two distinctly different read/write cycles: the 
address-access cycle and the chip-select-access cycle. 

In the address-access cycle, the chip, selected previous 
to address change, operates just like a conventional static 
RAM. Address information is buffered to the decoders, 
the cell selected, and the data rippled through to the 
output. The device's power dissipation remains at a 
constant level throughout this read operation. 
The new chip-select-access mode chip can control the 

device's power dissipation as well as initiating read oper-
ations. When the 2147 is deselected, it dissipates about a 
tenth of its active power. The access time from chip 
select to output stage is equivalent to that of the conven-
tional address-access operation. Thus, there is no access-
time penalty for this low-power standby feature. 
The internal circuit operation during chip-select 

access is very simple. In such a cycle, the address inputs 
are valid before, or coincident with, the chip-select 
timing. It takes about 5 ns internally for the chip-select 
signal to be buffered and to activate the address buffers. 

60 

50 

20 

O 
-50 0 50 100 

AMBIENT TEMPERATURE 1°C) 

Icc (ACTIVE) 

(STANDBY) 

110 

90 

70 

10 

5 

150 

P
O
W
E
R
 S
U
P
P
L
Y
 C
U
R
R
E
N
T
,
 
'
c
c
 
Im
Al
 

5. Standing by. While the 2147's performance— its access time— 

gets worse as expected at elevated temperatures, a useful feature of 

the part is its ability to maintain an almost constant standby current 

value over a wide ambient-temperature range. 

By the time the address inputs have been buffered, the 
row- and column-select decoders have been powered up 
About 30 ns from the start of the cycle the memory cell 
is selected and its data enters the column lines. 

Since the 2147 does not contain column sense ampli-
fiers, the memory cells drive the output buffer directly. 
The signal ripples through the output buffer and is 
presented at the output pin, typically 40 ns after chip 
select ( Fig. 3). As expected for static circuitry, the 
device supply current smoothly ramps up to the active 
power level and stays flat until the chip is deselected. 
At first glance, it would appear that the 5 ns lost in 

powering up the address input buffers would make chip-
select access longer than address access. However, 
during power down all the differential nodes in the RAM 
are equalized as a direct result of the fully static tech-
niques employed. By balancing the internal nodes, about 
10 ns is shaved off the chip-select access time. In fact the 
chip-select access is typically 5 ns faster than address 
access ( Fig. 3). 
The novel standby feature was realized by utilizing the 

special mos device characteristics of H-MOS. The power-
down circuitry is fully static and requires no precharging 
or boot-strapping. Power is simply switched off in all but 
the essential circuit blocks. As a result, there are no 
power-up spikes or precharge spikes observed in the 
power supply current in a chip-select-access cycle. 
During standby, the memory array is completely desel-
ected and the device output placed in the high-
impedance state. To write into the 2147 the address 
inputs must be set up before the write-enable signal. 
Then the write operation will be completed, so long as 
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From development tool to product 
The Intel 2125 random-access-memory was chosen as a 
test vehicle to evaluate the potential of H-MOS. During 
redesign in the new process, a simple 25% linear shrink 
was performed to take advantage of the improved density. 
For the same input signal, the typical access time for the 
data output of the H-MOS version is about half the value of 
the 2125 (see photographs). 
The die size shrank from 18,496 square mils to 10,201 

miI2— a 45% reduction. Furthermore, the performance of 
the 2125 improved from a typical access time of 45 

nanoseconds to less than 22 ns, while the typical power 
dissipation at room temperature went from 325 milliwatts 
to 250 mW 
The development work was so successful that it was 

decided to make this improved high-speed 1,024-bit RAM 
available as the 2125A. The open-collector version, the 
2115A, is also available with a guaranteed 16-milliampere 
output-sinking capability. Both parts are specified with a 
worst-case 45-ns address-access time and 393-mW 
power dissipation level. 

the data input is valid during the write-enable pulse. A 
short write recovery time is required before entering 
another memory cycle. In the write mode, the device 
output is in the high-impedance state. 

Write cycles can be performed in the chip-select 
mode, as well. Chip-select and address changes are 
handled normally before write enable, and the write 
cycle proceeds from that point as usual. 

Test and reliability 

The 2147 is a simple fully static RAM, so it enjoys all 
of the testing and reliability benefits of a fully static 
design. The part has little or no pattern sensitivity and 
can tolerate a noisy system environment. Address inputs 
may be skewed and rise times different; access to the 
RAM will take the same time as it would if the addresses 
came up cleanly. 
A common problem plaguing static RAMS is data 

retention. With recent technological innovations such as 
H-MOS, it is possible to reduce memory-cell power dissi-
pation to less than 10 nanowatts. This low dissipation 
opens the door to low-power standby features, but the 
2 nanoamperes of cell current present in such a mode 
comes uncomfortably close to the cell-junction leakage 
current at elevated temperatures. The testing problem is 
obvious: how to guarantee data retention over extended 
intervals at high temperature. 

Depletion-load cells, as in the 2147, can be tested 
under conditions that will accelerate the retention-
failure time of marginal devices. The test time is reduced 
by using conditions that will increase cell leakage 
currents (primarily junction leakage) without increasing 

the load-sourcing current at the same time. 
The proof is in the test results established with the 

family of high-performing depletion-mode static RAMS: 
the 2147, the 2125A, and the 2115A (see "From devel-
opment tool to product" above). In fact, the reliability of 
both the 2125A and 2147 is equivalent to that of the 
highly reliable 2115. One year's accelerated life test 
results for the 2125A/15A predict a failure rate of 
0.02% for each 1,000 hours operation at 55°C, with a 
60% confidence level. Preliminary results for the 2147 
indicate that it has a similar reliability probability. 

Designing systems 

The 2147 has been designed for both large and small 
memory-system applications. The single-supply device in 
an 18-pin, dual in-line package yields higher board 
densities than other dynamic or static 4-k RAM designs. 

For memory systems deeper than 4 kilobits, the 
standby feature results in a significant power savings to 
the user. For example, a memory 32,768 by 9 bits deep 
would typically dissipate 7,560 mw, while a conventional 
static RAM system would dissipate 36,000 mw. The 
larger the memory size and the slower the cycle time, the 
greater this difference becomes ( Fig. 4). Specifying the 
2147 reduces system power and cooling requirements, as 
well as improving system reliability. 

Like all mos RAMS, the 2147's performance is sensitive 
to temperature. Both access time and active power vary 
widely over the military temperature range of — 55°C to 
150°C. However, it is significant that standby current is 
unaffected by temperature (Fig. 5). It remains at 8 MA 
over the entire military temperature range. D 
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Engineer's notebook  

Eight-trace scope display 
checks analog or digital signals 
by George O. Wright 
Washington. D. C 

Of all the circuits that enable a dual-trace oscilloscope to 
display multiple signals simultaneously, none yet 
provides the versatility of this one. It can be configured 
to monitor analog as well as digital signals. It does not 
require the use of the scope's sweep trigger voltage 
(which may not be available on some instruments) to 
drive the input-signal multiplexer. It also generates logic 

signals for stimulating devices under test. Thus the 
devices may be examined apart from their operating 
systems, which would normally supply the necessary 
stimulus. The circuit uses readily available integrated 
circuits, too, and can be built for less than $50. 
The basic circuit for observing digital signals is easily 

implemented, as shown in Fig. 1. A trace generator using 
the 555 timer and operating at 60 kilohertz drives a 7474 
dual D flip-flop to produce a four-step dc voltage. The 
output of each flip-flop is summed across the junction of 
the 10- and 20-kilohm resistors at point (a) to generate 
an output of 1, 2, 3, and 4 volts. These voltages are then 
synchronously added with the signal from the output of 
the two 74151 multiplexers, which are driven by the 
selected outputs of the device under test. One flip-flop 
also switches the multiplexers directly, so that a total of 
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f 5 V 

+5 V 

12 
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0.251.2F T-1- 
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1. Low-cost analyzer. Four-step voltage generator, clocks, and counters generate eight-trace display for dual-input scope. Cost is under $50 

Trace generator positions scope beam, while test-circuit generator derives logic signals to control device under test. Output of test circuit is 

digitally multiplexed through 74151s: alternatively, transmission gates may be used for observation of analog signals. 
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2. Digital application. Test of 74192 counter requires addition of inverters and NAND gates as shown, to derive logic signals for desired test 

sequence. Table specifies signal monitored by oscilloscope. Sync signal for scope is obtained from any point in trace generator chain. 
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3. Analog application. Replacement of 74151 multiplexers by trans-

mission gates permits observation of eight analog signals, as shown. 

Logic generator continues to function in same capacity, driving 4066 

analog switches with digital gating signals. 

eight possible input signals can be displayed once every 
viewing cycle. 
The test-circuit generator is similar to the trace gener-

ator but operates at 1,500 hertz. In conjunction with the 
7493 decoder and 74154 multiplexer, it produces 16 
logic signals for controlling the test pattern generated for 
the circuit under examination. The output signals from 
the multiplexer are sequential, each separated from its 
predecessor by one clock period. 

Figure 2 shows a typical application of the circuit— 
testing the performance of an 8- bit synchronous 
up/down counter, in this case the 74192. Two NAND 
gates and two inverters have been added to derive signals 
that the 74154 could not itself generate, to cycle the test 
counter. The 74154 produces the clear and load signals, 
while the 7493, in conjunction with the NAND gates, 
derives the count-up and count-down signals (Cu and CD 
in Fig. 2). All signals drive the 74151 multiplexers, 
either directly, through the counter, or through the logic 
gates. All eight output signals from the 74192 are multi-
plexed, four inputs per channel, to the oscilloscope. 
As shown in Fig. 3, eight analog signals may also be 

observed if a slight modification is made to the basic 
circuit. This time, the 74154 provides the logic signals 
for the 7404 inverters, so that the 4066 transmission 
gates may be periodically sampled. The 74151 multi-
plexers are bypassed. 
The trace generator frequency was initially set to 

provide acceptable scope viewing at minimum flicker 
rate. Step transitions of the four-value generator are not 
noticeable on the cathode-ray tube. The test-circuit 
oscillator frequency is 1/4o of the trace generator 
frequency to permit display of a sufficient number of 
events from the device under test; a 5-kilohm potentiom-
eter has been added to permit small-range adjustments. 

Both clocks should be separate and nonsynchronous to 
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3e, 
S-GunSource Sputtering 
Will Solve Most 
Now you can achieve complex metallization 
schemes simply and with consistent results. Deposit 
Tungsten-10% Titanium, or Indium-Tin-Oxide, 
or Nichrome, for example. With excellent adhesion and 
uniformity. At high rates. 

With the S-Gun Source you also get proven recipes and proce-
dures developed in Varian's Coating Applications Lab. Plus the 
confidence of knowing this equipment contributes around the 
clock in major facilities throughout the world. 

For sputter etch cleaning, use the new rf biasable fixture ( see inset). 
There is new dedicated tooling for LC displays. A production-
oriented Varian system with microprocessor control gives you a 
complete package from a single source. 

Hand your metallization problems to Varian. You'll get answers 
that work! 

Contact Varian Palo Alto Vacuum D:vision, Palo Alto, CA 94303; 
Varian GmbH, Stuttgart-Vaihingen, West Germany. 

110 Circle 110 on reader service card 

®varian 



permit the scope's sync trigger input from locking-in to 
the output frequency of the four-step generator. Sync for 
the CRT can be obtained from any point in the trace 
generator chain. ( Both oscillators were described in Elec-

tronics, May 13, 1976, p. 95). As mentioned, 11, should 
be at least 10 times R2. The current through R2 should 
be minimized, so that the 555 can generate sufficient 
drive to trigger transistor-transistor logic circuits. 

Expandable FIFO buffers 
improve processor efficiency 
by Krishna Rallapalli 
Fairchild Camera and Instrument Corp., Mountain View, Calif. 

The need to service computer interrupts immediately, 
especially in applications where data is supplied to a 
computer at a fixed rate, may be eliminated by storing 
data in first-in, first-out registers. With the large-
capacity FIFOS presently available, system-interrupt 
schemes are simple to design, and the use of complex and 
expensive direct-memory-access controllers is avoided. 

Data to the computer is typically introduced at a fixed 
rate by card readers. Once a card is fetched from the 
input hopper of most readers, it travels nonstop past the 
read head to the output stacker. An interrupt request 
must be serviced after every column of data is read, for 
otherwise the data is lost. 

This potential problem is surmounted with the circuit 
shown. Three Fairchild 9403 16-word-by-4-bit FiFos, 
simply cascaded with three 9423 64-word-by-4-bit FIFos, 
can provide storage for up to 80 12-bit words before an 
interrupt request is serviced. Even with a busy computer, 
data is not likely to be lost. 
The particular configuration of the control circuit that 

drives the FIFOS varies with the application. In all cases, 
however, it must generate a reset signal (to initialize the 
Fuos), a data-ready signal, which is the interrupt 
request to the computer, and the load-data signal, which 
permits parallel loading of 12 bits of new data. The 
circuit must also monitor the availability of storage 
space in the FIFOS through the load-ready indicator, to 
determine if the load-data signal can be generated. 
The dump-data signal, which is the interrupt-service 

signal, is generated by the microprocessor. It accepts the 
data from the output stage of the FiFos while extracting 
the next data word. EJ 

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other ideas for 
saving engineering time or cost. We'll pay $50 for each item published. 
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No need for DMA controller. Expandable FIFOs can store up to 80 12-bit words before interrupt request is serviced, eliminating need for 

direct-memory-access port. Several easily synthesized control signals generate interrupt and load signals, determine status of FIF0s. 
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Recycling protected Cutting off the corners of a magnetic program card for the HP-67 and 
HP-97 calculators protects the program, but what if you later want to 

program cards overwrite the protected information? Cass R. Lewart of Homdel, N. J., 
in HP calculators recommends making a special plastic card and inserting it from the exit 

side of the card slot to disable the protection switch. Use a card that's 
about 0.35 millimeter thick and cut it into an L shape, with the vertical 
arm measuring 11.3 mm across and extending 35 mm above the horizontal 
arm. (The horizontal arm serves merely as a handle, and its dimensions are 
unimportant.) 

Lastly, trim the tip of the vertical arm at a 45° angle across its full 
width, slanting the cut down towards the horizontal arm. This clipped end 
aligns with the clipped end of the protected program card, which when 
inserted in the calculator will push the special card out as the new program 
is recorded. 

Transistors can make 

better zener diodes 

than zener diodes 

Nonpolluting 

pc-board chemicals 

are on the way 

Certain types of bipolar transistors make excellent micropower zener 
diodes, says R. W. Brown of Kodak (Australasia) Pty, Coburg, Australia. 
He points that the reverse breakdown of the base-emitter junctions of most 
switching transistors, especially National types MPS 3638A and MPS 
3642, is extraordinarily sharp even down to microampere levels, where 
ordinary zeners exhibit very soft turn-on. This means that in the 8-to- 10-
volt range where most transistors break down, they can be useful alterna-
tives to zeners. 
Brown also points out that the transistors have about a 10 times better 

figure of merit, defined as a ratio of percent voltage change to percent 
current change. Since the transistors take virtually no current until break-
down is reached, they could be useful in a number of applications— for 
instance, as a reference in a micropower circuit or as an active clamp in a 
high-gain preamplifier where the zener must not interfere with the circuit 
except when clamping. 

The ban on fluorocarbons, if it goes into effect next year as proposed, looks 
like it will catch aerosol-spray manufacturers unprepared—a situation 
viewed as an awful warning by suppliers and users of printed-circuit 
boards. They're determined to have some options in hand if the use of 
organic photoresists in board manufacture attracts a similar ban or tough 
regulations, in line with the growing body of other legislation protecting 
workers and the environment. So several chemical companies are already 
studying aqueous systems and other alternatives to the present hydrocar-
bon-based solvents, and nonpolluting pc board chemicals could start 
appearing within the year. 

Card aids In Using the 8080 microprocessor? Unless you're doing it full time, you will 
probably have difficulty remembering the hexadecimal code for the various 

use of the 8080 instructions. For $2.95, you can get a slide-rule-type code card that shows 

microprocessor the mnemonics and the corresponding hex codes. 
The code card also shows which flags are affected during execution of 

the 8080 instructions. Write to J. A. Titus at Tychon Inc., P. 0. Box 242, 
Blacksburg, Va. 24060. 

Stephen E. Scrupski 
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Check our prices 
on standard circuits; 
you'll see a 
new side to 
SSS CMOS 
Let us quote on your standard 

CMOS requirements. In fact, ask 
for a quote from each of the 

major suppliers. Then you decide 
who has the most competitive 
pricing in the industry. 

We think you're in for a surprise. 
We've been involved in 

CMOS longer than almost any-
one. Our facilities have been 
developed specifically for the 
technology, and they are among 

the most modern and efficient 
in the industry. This experience 
and investment have helped 

us become a leading supplier of 
high-volume CMOS. 
However, our competitive 

pricing hasn't made us forget the 
importance of customer service. 

You'll find us ready to help 
with a complete range of appli-
cation assistance. We also know 
how important on-schedule 
deliveries are to you, and we'll 
pull all the stops to get parts to 
you when you need them. 

Call or write us today and ask 
us to quote. We're warning you, 

be prepared for a surprise. 
Solid State Scientific Inc., 
Montgomeryville, Pa. 18936. 
Phone: (215) 855-8400. 
TWX: 510-661-7267. 

SOLID STATE SCIENTIFIC INC. 
All sides of CMOS technology 
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Short or long-term instrument rentals give 
you flexibility and economy. 

GE has over 9,000 instruments available for 
immediate shipment: o Tek Scopes o Biddle 
Megger Insulation Testers o H-P Signal 
Generators o Honeywell Osci I lographs 
o Complete Data Systems o Esterline Angus 
Recorders o GE Chart Recorders o Modems 
o Communication Terminals . . .all calibrated 
to the manufacturer's specs. 

We have over 100 Sales/Service Centers, 

and one of them is near you. In addition to 
maintaining our Rental Inventory, they can 
also repair and calibrate your own equipment. 

Don't borrow someone else's GE Rental 
Catalog. Call collect (518) 372-9900 or your 
nearest Sales/Service Center 

GENERAL ELECTRIC 
ALA. BIRMINGHAM (215) 925-3104* ARIZ. PHOENIX (602) 278-8515 or 8516, TUCSON (602) 294-3139 • CAL. LOS ANGELES (213) 642-5350, SAN FRANCISCO (415) 436-9260 • COL. 
DENVER (303) 371-1260 • CONN. SOUTHINGTON (203) 621-4059 • FLA. JACKSONVILLE (904) 751-0610 • GA. ATLANTA (404)457-5563* ILL. CHICAGO (219)933-4500 • IND. INDIAN-
APOLIS (317) 639-1565 • KY. LOUISVILLE (502) 452-3311 • LA. NEW ORLEANS (504) 367-6528 • MD. BALTIMORE (301) 332-4700 • MASS. BOSTON (617) 396-9600 Ext. 160, SPRING-
FIELD (413) 781-1111 • MICH. DETROIT (313) 285-6700 Ext. 208 • MINN. MINNEAPOLIS (612) 522-4396 • MO. KANSAS CITY (816)231-4377, ST LOUIS (314)965-7115. N.J. CLIFTON 
(201) 471-6556 • N.Y. BUFFALO (716) 876-1200, SCHENECTADY (518) 385-2195 • N.Y.C. CLIFTON, NJ (201)471-6556. N.C. CHARLOTTE (704)525-0311. OH. CINCINNATI (513) 874-
8512, CLEVELAND (216) 523-6382, TOLEDO (419)691-3501. OR. PORTLAND (503)221-5101. PA. PHILADELPHIA (609) 424-4450, PITTSBURGH (412)462-7400 • TEX. DALLAS (214) 357-
7341, HOUSTON (713) 672-3570 • VA. RICHMOND (804) 232-6733 • WASH. SEATTLE (206) 854-0211 • W.V. CHARLESTON (304) 345-0920 • WISC. MILWAUKEE (414) 744-0110 • 
PUERTO RICO PONCE (809) 843-4225 
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New products  

Photorepeater works directly on wafers 
Optical step-and-repeat unit accommodates wafers up to 4 inches 

in diameter, provides geometries as fine as 1.25 micrometers 

by Lawrence Curran, Boston bureau manager 

For all the publicity that electron-
beam lithography has attracted as a 
means of making integrated-circuit 
masks, the Burlington, Mass., divi-
sion of GCA Corp. sees a substantial 
market for photolithographic equip-
ment at least through 1985. The 
division is therefore modifying its 
type 3696 Mann optical photore-
peater to make it capable of expos-
ing the circuit patterns directly on 
the resist-covered wafer and stepping 
and repeating them across its sur-
face. 
Aubrey C. "Bill" Tobey, the divi-

sion's director of marketing, main-
tains that by 1980, the semicon-
ductor industry will need minimum 
geometries of 1.25 to 2.0 micro-
meters in production, and the modi-
fied 3696 will meet that require-
ment. In contrast, he says that 
today's early electron-beam systems 
are limited in mask-layer overlay 
registration by the projection print-
ers that must be used with them—a 
limitation that translates into mini-
mum geometries of 3 to 5 micro-
meters in production. 

Moreover, even though the divi-
sion is developing its own electron-
beam system [Electronics, Feb. 17, 
p. 26], Tobey has some convincing 
data that shows a gap between the 
capabilities and affordability of to-
day's photolithographic mask mak-
ers and the eventual development of 
direct writing on the wafer with 
production-quality electron-beam 
systems. It is this gap tliat the Mann 
DSW (for direct step on wafer) is 
intended to fill. 

But Tobey does not regard the 
DSW as merely a stop-gap machine. 
"This system will have an extended 
life," he says. " It will compete with 

electron-beam direct-step-on-wafer 
systems, when they arrive, for geom-
etries greater than 1.0 micrometer." 

Enabling the 3696 photorepeater 
to write directly on the wafer meant 

substantial modifications, including 
the addition of a wafer-stage holder, 
new software, and a split- field mo-
nocular-viewing microscope. Added 
to the optical column, the micro-
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scope allows the operator to view the 
wafer so that he can position it 
manually, using a knurled knob to 
align the wafer stage and the 
machine axis, and using a joystick 
for X- and Y-axis alignment. The 
laser interferometer from the 3696 is 
retained; it is directly referenced to 
the optical column for maximum 
accuracy and stability. 
The input to the wafer-stepper is a 

10x or 5 x reticle, produced by a 
pattern generator, that is reduced 
and then stepped and repeated 
directly on the wafer. Tobey says 
that the interferometric metering 
provides motion control to a resolu-
tion of 0.1 micrometer. "The oper-
ator does a single wafer alignment," 
Tobey notes, "and once that's done, 
the next layer is laid down by step-
ping and repeating, with the as-

sumption that the wafer is stable 
enough to provide good overlays 
from one mask step to the next." 

Fie adds that the error analysis 
that GCA has done indicates a total 
error of no more than 14 micro-
inches overall. That includes align-
ment of the wafer to the machine, 
reticle alignment, stage repeatability 
and thermal effects. -We feel that's 
a conservative number, though, and 

Add this to your HP Network 
or Spectrum Analyzers and 
immediately 
enhance their 
capability. 

45711-1 
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we think that we will be able to do a 
little better than that 99.7% of the 
time," he says. 
The DSW will accommodate 

wafers up to 4 inches in diameter. 
With 10 x photoreduction, it will 
handle maximum die sizes of 10 
millimeters on a side and deliver 
minimum geometries of 1.25 to 1.5 
micrometers with a throughput of 20 
wafers per hour. With 5 X reduction, 

the numbers are: die size, 20 milli-
meters; minimum geometry, 2 mi-
crometers; throughput, 30 to 35 
wafers per hour. Overlay precision is 
typically 0.25 micrometer, assuming 
minimum wafer distortion. 
Automatic wafer feeding is not 

presently available on the DSW, but 
a company spokesman says that the 
firm recognizes its desirability and 
indicates that the designers are 

considering adding it in the future 
for fully automatic operation. 
The DSW sells for between 

$315,000 and $325,000, about 
$50,000 more than does the 3696. 
Deliveries are scheduled to begin 
late this year. 
GCA Corp., Burlington Division, 174 Mid-
dlesex Turnpike, Burlington, Mass. 01803. 
Phone Aubrey C. Tobey at (617) 272-5600 
[338] 

The HP 8750A Storage-Normalizer: 
It brings additional accuracy and 
simplicity to swept frequency measurements. 
Here's an extremely useful and 
versatile accessory for most HP Net-
work and Spectrum Analyzers. The 
8750A Storage-Normalizer employs 
memory techniques to "normalize"— 
that is, remove system response 
from measured data. And its digital 
storage, constantly updated, pro-
vides a continuous flicker-free 
display regardless of sweep speed. 
Here are some examples of the 

improvements it can bring to your 
swept frequency measurements: 

High Accuracy Measurements. 

Frequency response or tracking errors 
in transmission or reflection measure-
ments are eliminated with normalization. 
You can calibrate the test system's 
response and store it, then subtract it 
from the measured data. The resultant 
difference represents the corrected 
measurement that displayed directly 
in dB. 

Comparison Measurements. Spectral Comparisons. 

No longer is it necessary to visually 
scale deviations between two traces. 
With the HP 8750A, you can now 
display the difference between the two. 
Deviation between test devices is dis-
played directly in dB with a single trace. 

Slow Sweep Measurements. 

Use it for high resolution measurements 
when slow scan times are needed and 
get a bright, flicker-free display. 
Measurement data are displayed from 
memory with continuous refresh, 
independent of scan time and scope 
adjustments. 

For assistance call, Washington (301) 948-6370. Chicago (312,255-9800. Atlanta ( 404) 955-1500. Los Angeles (213) 877-1282 

Using the 8750A in spectrum analysis 
applications, a signal spectrum can be 
frozen on the CRT and then compared 
directly with the current input signal. 

Because the HP 8750A can "freeze" 
the display, photography is simpli-
fied and hard copies such as X-Y 
recordings can automatically be 
plotted, even while new measure-
ments are being made. 
Domestic U.S. price of the 

Storage-Normalizer is S1450. 
Call your 1113 field engineer for 

more information on how the 8750A 
enhances measurements made with 
HP 8755, 8410, 8407 and 8505 
Network Analyzers, HP 8557, 8558 
and 8565 Spectrum Analyzers, plus 
other instruments. Or write. 

HEWLETT he PACKARD 

1507 Page Mill Road. Palo Alto. California 943C4 
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Temperature sensor sells for about $1 
Bi-FET technology yields a temperature-to-current transducer 

that can also be used as a programmable constant-current source 

by Bernard Cole, San Francisco bureau manager 

Using its bi-FET mixed process, 
which combines bipolar and junction 
field-effect transistors on the same 
chip, National Semiconductor Corp. 
has come up with a most unusual 
device—a current-mode temperature 
transducer that can double as a 
programmable constant- current 
source. The new device is dubbed the 
LM134/334. 
As a current-mode temperature 

sensor, the device is designed for 
remote temperature-sensing applica-
tions now requiring as much as $ 10 
to $25 worth of discrete and hybrid 
circuitry. By comparison, the 
LM134/334 in high volume will cost 
between 50 cents and $ 1. As a 
ctirrent source, it is designed to 
replace both FET sources and discrete 
circuitry. 

According to design engineer Carl 
Nelson, the LM134/334 is a three-
terminal device featuring a 10,000-
to- 1 range in operating current from 
1 microampere to 10 milliamperes, 
adjustable by means of a resistor 

between the trim terminal and either 
the positive or negative pin. The 
sense voltage used to establish the 
operating current is only 64 milli-
volts at 25°C and is directly propor-
tional to the absolute temperature 
(degrees Kelvin), Nelson says. With 
the addition of a single external 
resistor, the LM134 produces a 
current that is also linear with abso-
lute temperature. 

This linear relationship between 
the current and absolute tempera-
ture is what is used when the 
LM134/334 is operated as a cur-
rent-mode temperature transducer, 
over a 100-µA-to- 1 -mA range for 
best accuracy. The commercial ver-
sion ( LM334) has a guaranteed 
initial accuracy ranging from within 
±3°C to ± 6°C. For I% slope 
accuracy, it is only necessary to trim 
the device at one point. "These 
devices are ideal in remote-sensing 
applications, because series resist-
ance in long wire runs do not affect 
accuracy. In addition, only two wires 

Versatile. The temperature-sensitive current source ( right), can be converted into a tempera-

ture-independent source with the addition of a diode and a second resistor ( left). 

are required," Nelson says. 
With the attachment of a single 

programming resistor, the LM134 
becomes a true two-terminal floating 
current source; that is, it can be used 
between any two voltages anywhere 
in a circuit, or between one voltage 
and ground, and does not need a 
separate supply. It will absorb 
voltages from 800 millivolts up to 40 
volts with a maximum current 
change of no more than 0.02% per 
volt. Over the 40-v range, this is less 
than a 0.5% change, vs about 5% to 
10% for FET current sources. From 
40 to 60 v, change in current is no 
more than 0.04% to 0.3% per volt. 
Key to the versatility and wide 

dynamic range of the LM134/334, 
according to Nelson, is the use of a 
mixed-process technique in which 
two ion-implanted J-FETs are fab-
ricated on the same 34-by-38-mil ic 
as four bipolar transistors. 

According to Robert C. Dobkin, 
National's director of advanced 
linear- product design, the 
LM134/334 is unique in linear lc 
design because " it is the first 
commercial high-volume lc imple-
mented without on-chip resistors" — 
the feature "that allows it to be 
programmed over such a wide 
range." 
The LM134 is guaranteed over a 

military temperature range from 
—55°C to 125°C and the LM334 
from 0°C to 70°C. In the TO-46 
hermetic package, the LM134 is 
priced at $3.50 each in quantities of 
100 and up; and the LM334, $ 1.33 
each. In a TO-92 epoxy package, 
price of the LM334 is 90 cents. 
National Semiconductor Corp., 2900 Semi-

conductor Drive, Santa Clara, Calif. 95051 

(339] 

118 Electronics/August 4, 1977 



DATA SOURCE 
(minicomputer/ 
microprocessor) 

CONTROL 

POWER 
SOURCE 

1 
POWER STEPPING 

SWITCHING MOTOR 0 

jCI 

" 

A 15-minute course in stepping motor technology. 
The makers of Slo-Syn® stepping 
motors and controls bring you 
another in the series of technical 
cassette tapes. 

A full 15 minutes on the tech-
nology of stepping motors: 

As digital actuators for high per-
formance positioning systems. 

As incrementing output 
devices in microprocessor 
control systems. 

As the alternative to servos, 
pneumatics or hydraulics for 
sequencing, rotating, cycling, 
positioning. 

For a modest $5.00, the recog-
nized leader in stepping motor 
technology will move you step 
by step through the essentials. 
This cassette covers the subject 
from maximizing torque during 
acceleration to damping, stability 

and positional accuracy. Stepper 
control methodology and the 
applications best suited for either 
permanent magnet or variable 
reluctance motor types are dis-
cussed in a clear, concise manner. 
And more. All designed to put 
your company a step ahead. 

A step ahead 
in positioning. 

Superior Electric 
Bristol, CT 06010 (203) 582-9561 
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New products 

Components 

Tiny cells make 

secondary source 

Rechargeable rectangular 

battery powers 

portable electronic units 

In its easily housed 1.938-by- 1.031-
by-0.656-inch case, the 9-volt prima-
ry battery is in heavy use in calcula-
tors, citizens' band radios, smoke 
detectors, portable radios, and much 
other equipment, though the manu-
facturers would often prefer a 
rechargeable version. 

General Electric is now manufac-
turing a rechargeable power source 
with the same dimensions as the 
primary 9-v type. The new battery is 
composed of six small cylindrical 
nickel-cadmium cells connected in 
series. At 25°Celsius, it can supply 
65 milliampere-hours at 7.5 v. Max-
imum continuous discharge at 25°C 
is 150 milliamperes; maximum 
momentary ( 1 second) discharge is 
600 mA. 
The new batteries have all the 

features of GE's existing nickel-
cadmium line. A recharging cycle 
requires 16 hours for standard 
batteries, and specially selected bat-
teries will have a 5-hour quick-
charge capability. 
Up to 1,000 recharges are possible 

with the new rechargeable 7.5-v 
unit, and it can sustain continuous 
overcharging for extended periods 
with no damage. Operating tempera-
ture ranges are: 5°C to 50°C under 
charge;- 20°C to 50°C under dis-
charge; and-40°C to 50°C while in 
storage. 

These rechargeable units will be 
applicable to new designs or rede-
signs of older battery-powered 
equipment. They are not meant as 
direct replacements for the 9-v 
battery and in fact have a mechan-
ical feature to prevent this—a 
special three-terminal ( +,—, and a 
locating pin) connector will be 
required for the new battery rather 
than the two-terminal connector 
used for the older primary batteries. 
The new battery will typically 

power a transistor radio for 10 to 12 
hours, a cassette recorder for 4 to 5 
hours, or a CB radio for about 8 
hours. Pricing will be from $3.53 to 
$9.98 for a standard-charge battery 
and $3.71 to $ 10.48 for a quick-
charge battery, depending on quan-
tity. 
The six small cylindrical cells 

shown above each measure 0.598 by 
0.497 in. R. K. Bridgers, GE'S man-
ager of market development foresees 
further product applications for the 
individual cylindrical cells, such as a 
standby supply for microprocessors. 
General Electric Co., Battery Department, 

P. O. Box 992C, Gainsville, Fla. 32602. 

Phone (904) 462-4762 [3411 

Lithium battery powers 

semiconductor memories 

A compact lithium battery, intended 
for use as a standby power source for 
all types of semiconductor memories, 
is rated at 1 ampere-hour. The cell, 
which has a diameter of only 0.64 
inch and a length of 1.31 in., 
operates over the temperature range 

from — 65°F to 165°F. It has a shelf 
life of 10 years, a cell voltage of 2.8 
volts, and is available with a hermet-
ic seal. The model 440 Eternacell is 
designed for mounting on a printed-
circuit board; it can be wave-
soldered. 
Power Conversion Inc., 70 MacQuesten 

Parkway South, Mount Vernon, N. Y. Phone 

(914) 699-7333 [3431 

Power transformer stands 

only 0.5 inch high 

A low-profile power transformer 
that puts out 0.1 ampere root mean 
square at 7 volts rms makes it 

possible to include power supplies on 
circuit boards that must be closely 
spaced. Designated part number 
52593, the transformer measures 
1.875 by 1.5 by 0.5 inches. Its 7-v 
output is suitable for making 5-v dc 
supplies, the most commonly needed 
type. 
The standard transformer accepts 

an input of 115 y at 60 hertz. Other 
voltages and frequencies can also be 
accommodated; a 400-Hz unit that 
delivers 4 watts can be made on 
special order, for example. The 
52593 sells for $6.80 each in thou-
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State of the art leadership in 
mass terminations ... that's what the 
BLUE MACS TM System is all about! 
LEADERSHIP IN MASS TERMINATION DESIGN FLEX-
IBILITY begins with a complete package of BLUE 
MACS connector styles and sizes to meet your varied 
interconnect requirements An expanded standard cable 
package that includes rourd conductor cable for intra-
cabinet wiring, flat conductor cable for high flex life 
applications, and U.L. listed jacketed 
cable for external interconnect require-
ments. A tool package that includes hand 
and bench versions, cable cutters and 
separators. discrete wire fixtures 
and accessories. 

LEADERSHIP IN MASS TERMINATION 
CONTACT RELIABILITY starts with our ex-
clusive patented TULIPTm contact that 
provides 4 points of electrical contact per 
conductor for gas-tight, corrosion-free ter-

minations. Comprehensive test information is 
available upon request. 

LEADERSHIP IN LOWER INSTALLED COSTS 
begins with a one piece connector design that 
eliminates unnecessary handling to reduce instal-
lation time by as much as 65%. This one piece 
design incorporates mating grooves which 
assures positive cable to connector alignment, 
and it eliminates the operator variable when 
assembling the cable to the connector. Insulation 
displacing TULIP contacts let you simultaneously 
mass terminate up to 60 conductors in seconds 
—without wire stripping or soldering. 
A colorful reference guide tells the full relia-

bility story about our complete systems package. 
Ask your local Ansley distributor for a free copy 
of the BLUE MACS Wall Chart. Or write us, direct. 

The mass termination company. 

T&B/Ansley Corporation 
Subsidiary of Thomas & Betts Corporation 
3208 Humboldt St, Los Angeles, CA 90031 
Tel. (213) 223-2331 • TWX 910-321-3938 

!Mellit 

le-neSingtsif 

b a g, UM tie 

Itemteee 

Stocked and sold through authorized Ansley distributors. 

International Offices: AUSTRALIA, Brookvale, (02) 938-1713 • CANADA, lberville, Quebec, (514) 658-6611 • SOUTH 
AFRICA, Benrose, 24-8134 • ENGLAND, Luton, (0582) 597-271 • WEST GERMANY, Dreieichenhain bei Frankfurt, 
06103-8 20 21 • FRANCE, Rungis, 687-23-86 • JAPAN, Tokyo, 03-354-9661 • SWEDEN, Upplands Vasby, 0760-86140 
ITALY, Milano, 02-431216. 
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How to defend against attack by air, 
Series 1 panel sealed lighted pushbuttons are qual-
ified under MIL—S-22885. 

TL toggles offer environment-pr 
many circuit options. TW pr 
versatility in a smaller size. 

SE and XE miniature basic. 
ment-proof. HM version _prom 
ing and larger-sized HT 
temperatures. 

Il 

FIN solid state self-contained proximity controls 
provide high reliability and long life. 

.1131. 

sealed solid solid state keyboards in a 

EN is environment-proof limit switc 
of actuators, circuitries, and electric 
is hermetically-sealed version. 
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ea or dust. 
br use in extraordinary con-
ions, MICRO SWITCH 
Ids some pretty extraor-
ary devices. Sealed to 
ep the environment out 
id keep on working in a 
ide variety of aerospace, 

sportation, ordnance and 
me uses. 
Uses where they simply 

't afford to fail. 
IHE and HM switches 
er true hermetic sealing, 
th metal-to-metal, glass-to-
tal construction. IThere's the FW solid 
!te proximity control for 
p h reliabilly in severe en-
, ionments. For high tem-
irature uses up to + 1,000°F, 
,-re's the HT line. The SE 
Id XE basic switches are 
L smallest environment-1•of basic switches offered 
MICRO SWITCH. 
MICRO SWITCH also 

; es toggles with a variety 
locking configurations 
d different-shaped levers, 
iluding colored tab levers. 
iegrated Wire Termination 
stem is also available. 
And there's also a corn-

-te line of Series 1 lighted 
shbuttons. They're built to 
t hundreds of thousands of 
erations, and offer round 
square buttons, momen-
or alternate action and 

id state options. 
Every bit as rugged as 

- buttons, switches and 
!gles, MICRO SWITCH 
boards offer panel sealing 
s solid state Hall-effect 
hnoloqy for reliability. 
MICRO SWITCH will 

'vide you with factory-
ned field engineers for 
elication assistance and a 
work of Authorized Dis-
outors for local availability. 
complete information, 

ite us for details or call 
/235-6600. 

['VISION OF HONEYWELL 

ICRO SWITCH 
FREEPORT. ILLINOIS 61 0 3 2 

New products 

sands. Small quantities are available 
from stock to six weeks. 
Magnetico Inc., 182 Morris Ave., Holtsville, 

N. Y. 11742. Phone T. Sullivan at (516) 654-

1166 [344] 

LED lamp can be seen 

over more than 180° 

Although highly favored for use as 
indicator lamps because of their 
excellent reliability, light-emitting 
diodes have heretofore been limited 
by narrow viewing angles. Now, by 
employing a flat-topped, cylindrical 
fresnel lens, Data Display Products 
has produced an LED lamp that 
retains most of its brightness over 
viewing angles in excess of 180°. 
Called the Ledy bug, the lamp has a 
nominal intensity of 5 millicandlelas 

to 
at a forward current of 20 milliam-
peres. it is available in red, amber, 
and green. 

Ledy Bugs can be installed with 
panel- mounting clips, mounting 
bushings, or mounting sockets. They 
have a diameter of 0.203 inch and a 
length of 0.280 in. In quantities of 
1,000 to 4,999, the lamps sell for 56 
cents. A lamp of lower brightness is 
offered in the same package for 39 
cents each for the same quantities. 
Delivery is from stock to six weeks. 
Data Display Products, 303 N. Oak St., Ingle-

wood, Calif. 90301. Phone (213) 677-6166 

[345] 

Barium titanate packs high 

capacitance into small space 

Type 563 capacitors use a ceramic 
body to meet the requirements of 
solid-state low-voltage circuitry for 

small size and high capacitance. 
Made of barium titanate, the capaci-
tors vary no more than ± 22% over 
the range from — 30° to 85° Celsius. 
The miniature units are furnished in 
1 l case sizes ranging from 0.25 to 
0.87 inch in diameter. They are 
specially suited for bypass and 
coupling applications. Capacitance 
values range from 0.01 microfarad 
to 0.47 ie at two working voltages: 
16 and 25 volts dc. 

In addition to the conventional 
rating by capacitance and voltage, 
nine units in the series are offered to 
meet specific impedance values as a 
function of frequency. Maximum 
impedances have been specified for 
these capacitors at 262 kilohertz, 
1 megahertz, and 10 MHZ. In thou-
sands, the capacitors are priced from 
4.5 cents to 19.7 cents each. 
Technical Literature Service, Sprague Elec-

tric Co., 35 Marshall St., North Adams, Mass. 

01247. Ask for Engineering Bulletin No. 

6141H [346] 

Small incandescent display 

offers nine segments 

Less expensive than full alphanu-
meric displays, a series of nine-
segment readouts from Pinlites al-
lows hexadecimal numbers to be 

'0 SWITCH products are available 
wide through Honeywell International 
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easily displayed. The MD-41-1 series 
of 0.25-inch readoLts is a family of 
directly viewed incandescent- fila-
ment displays that are easily seen 
even in direct sunlight. Units are 
available for operation at 3, 4, and 5 
volts. The packages weigh 1.6 grams 
and have dimensions of 0.375 by 
0.465 by 0.312 inch. Designed to be 

mounted directly to a circuit board 
to save the cost of connectors, the 
dispiays can be soldered in place or 
plugged into solderless terminals. 
The single- piece price of any 
MD-4H display is $ 15.25. 
Refac Electronics Corp., P. O. Box 809, 

Winstead, Conn. 06098. Phone Walter Gillis 

at (203) 379-2731 [ 347] 

« MD 

Not just another 
pretty case. 

, '"I'magtosor 

The VIP 6-Way looks good. And that's important. 
Because research shows that 48% of your sales are 
based on the appearance of your enclosure. But the 
VIP 6-Way is more than just good looking. It also 
happens to be the most versatile enclosure on 
the market. 

It can be hard-mounted, slide-mounted, used as 
a table top or portable unit, tilted, stacked or racked. 

Its modular design and a wide variety of options 
and accessories lets you take a basic chassis as far 
toward specialization as you want. Without paying 
custom prices. And standardization of components 
gives you two-week delivery. 

You might say that part of the beauty of the 
6-Way is its versatility. And its price. Send for a free 
catalog. There's a lot more to us than just face value. 

ZERO 
We make you look good. 

Burbank, CA 213/846-4191 • Monson, MA 413/267-5561 • Clearwater, FL 813/531-

Circle 124 Call me, I'm interested 
Circle 175 for Mail Catalog 

See us at Wescon booth #329 and 425 

Compact transformer 

provbes high isolation 

A line of miniature transformers for 
mounting on printed-circuit boards 
offers extremely good isolation be-
tween its primary and secondary 
windings: 2,500-volts root- mean-
square HiPot rating is standard, and 
the leakage capacitance is only 
about 25 picofarads. Transformers 
in the Split/Trans series achieve 
their performance by having their 
windings placed side by side instead 
of one over the other. According to 
the manufacturer, the resulting drop 
in magnetic coupling is not signifi-
cant. In small quantities, the trans-
formers sell for $4.90 to $7.90 each. 
Power ratings range from 2 to 20 
volt-amperes. 
Signal Transformer Co., 500 Bayview Ave., 

Inwood, N. Y. 11696. Phone ( 516) 239-7200 

[349] 

TOPICS 

Components 

Bourns Inc., Riverside, Calif., 
has introduced the first RJR28-
and RJR32-style trimmers qual-
ified to the established reliability 
requirements of MIL-R-39035. 
Both units have cermet elements. 
The RJR28 device is a 10-turn pot 
housed in a rectangular package 
that measures 0.5 inch long. The 
IRJR32 unit is housed in a 0.75-in. 
dual in- line package and provides 
20 :urns. ... Industrial Devices 
Inc„, Edgewater, N. J., is offering 
an Indicator-light sampling kit for 
use in breadboarding and proto-
type building. The IDI Engineer's 
Kit consists of 24 different lamps: 
16 styles in 7 colors for 5 voltages 
from 6 to 250 V. The kit sells for 

... Sprague Electric Co., 
North Adams, Mass., is now 
selling its multilayer ceramic chip 
capacitors with capacitance iden-
tification codes marked on the 
chips. The optional marking code 
uses 6 colored inks and 24 letters 
or numerals to handle the full 
range of capacitances ( 1.0 pico-
farad to 0.91 microfarad) and 
tolerances ( ± 20%, to ± 5%). 



Here are two ways to measure 
ceramic capacitor reliability 

Major 
Hi-Rel 
Program 
You'll find our ceramic capacitors 
functioning in some of the 
toughest environments known to 
man. Here are just a few of the, 
programs. Space: Surveyor, 
Mercury, Gemini Apollo (Com-
mand Module, LEM, PLSS). 
Defense: Minuteman Il and Ill, 
F-14. F-15 and F-16, Polaris and 
Poseidon, Sparrow, Hawk and 
Maverick, F-111 and the B-1 
bomber. 

Years of 
Hi-Rel 
Experience 
Founded in 1960 "e'y 
ceramic capacitors for Hi-Rel 
programs, we were a technology 
leader almost from the start. We 
were the first to develop precious 
metal alloy electrode systems; 
the first to automate chip 
production to meet a proven 
failure rate level of . 001% per 
1000 hours; the first to perfect 
the use of base metals in elec-
trodes. Latest — the totally 
redundant fail-safe feed-thru 
capacitor. 

Unlike many companies, we do not 
have separate chip lines for Hi-Rel 
military and commercial MonoKap 
products. You get the same high 
quality in both. And, you can buy 
MonoKaps right off our distributor's 
shelves. 

‘711.‘11111111.1111.11.1111..1fi 
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()foredo Ellyd., Los Angeles, CA 90039 (218) 240-4880 
• FILTERS • THICK FILM CIRCUITS • SWITCHES 

TOUCH SWITCHES • POTENTIOMETERS • TRIMMER RESISTORS 



New products 

Semiconductors 

8-by-8 multiplier 
dissipates 1 watt 

IC built for digital filters, 

other high-speed applications 

multiplies in 100 ns 

The last few years has seen a 

remarkable increase in the use of 
digital signal-processing techniques 
in such applications as medical elec-
tronics, speech processing, and music 
processing. Paralleling this develop-
ment has been an increase in the 
level of integration in the circuits 
used in these systems: in the case of 
multipliers, from 1 bit by 4 bits to 4 
by 4, 8 by 1, and most recently, 8 
bits by 8 bits. 
The newest entry in this market-

place, and one promising an unusual 
speed-power product, is Monolithic 
Memories Inc.'s low-power Schottky 
bipolar 57558/67558. The high-
speed 8-bit-by-8-bit combinatorial 
multiplier can multiply two 8-bit 
unsigned or signed two's com-
plement numbers and generate the 
16-bit signed or unsigned product in 
an average time of 100 nanoseconds, 
about 25% to 30% faster than combi-
natorial devices of the same com-
plexity, according to engineers at the 

Sunnyvale, Calif., company. 
More remarkable is the power 

dissipation of the unit— only 1 watt. 
This is less than half that of similar 
devices, says Schlomo Wasser, senior 
engineer for new product develop-
ment at mml. 
The 57558/67558, which is being 

second-sourced by rrr Semiconduc-
tor, incorporates the equivalent of 
675 gates into a 180-by- 180-square-
mil area. It is designed for such 
high-speed applications as digital 
filters, fast- Fourier-transform signal 
processors, and floating-point arith-
metic units. Each input-operand X 
and Y has an associated mode-
control line. When a line is at a high 
logic level, the operand is treated as 
an unsigned 8-bit number. When a 
mode-control line is at a low logic 
level, its associated operand is 
treated as an 8-bit signed two's 
complement number. 
Two extra inputs allow the addi-

tion of 1 bit in the multiplier array at 
the appropriate bit positions for 
rounding signed or unsigned frac-
tional numbers. The most-signifi-
cant-product bit is available in both 
true and complement form to assist 
in the expansion to larger signed 
multipliers. 
The product outputs are three-

state, controlled by an active low-
output enable that allows several 
multipliers to be connected into a 
parallel bus or to be used in a pipe-
lined system. The device uses a 

single 5-volt power supply and is 
packaged in a standard 40-pin dual 
in-line package. For 1 to 24 units, 
the Cerdip version is priced at $ 100 
each. In quantities of 100 to 999, the 
price is $65 each. 
Monolithic Memories Inc., 1165 E Argues 

Ave., Sunnyvale, Calif. 94086 [411] 

ITT Semiconductor, 74 Commerce Way, 

Woburn, Mass. 01801 [412] 

Memory family shows 

low power dissipation 

Using a newly developed n-channel 
metal-oxide-semiconductor process, 
Intersil Inc. has gone into production 
with a family of 28,000 square-mil 
4,096-bit static random-access mem-
ories, including versions it claims 
have the lowest operating power 
dissipation in the industry— less than 
300 milliwatts. 
The new 18-pin family consists of 

three memory types: the 7114 series, 
with microprocessor-compatible 
1,024-by-4-bit organization, the 
7141 series, with a 4,096-by- 1 - bit 
organization optimized for mass 
memory, and the 2114, a 1-k-by-4-
bit static RAM with Intel pinouts. All 
three come in three speed types: 200, 
300, and 450 nanoseconds. The 7114 
dissipates 265 milliwatts. The 7141 
comes in two versions: one dissipates 
265 mw; the other, 370 mw. The 
2114 is available with a power con-
sumption of 370 or 710 mw. 
The 7114 and 7141 are devices 

with storage cells and decode and 
control circuitry that are completely 
static. Therefore, no clocks or 
refresh operations are required. 
Memory access occurs within the 
specified access time after all the 
address inputs are stable. A chip-
select input is provided for simple 
memory-array expansion. 
The 7114 is pin- and performance-

compatible with the Intel 2114 
series, except that the Intersil part 
has lower power dissipation. Since 
the 7141 uses the same circuitry, its 
performance is identical to the 7114. 
Both devices are assembled in the 
industry-standard 18-pin dual in-line 
memory package for maximum sys-
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Make us your headquarters for 

E  K1  Ii Fil FILT 
Passive Filter 

ERS 
4 
• rters:. 

Centralab Los Angeles is a one-stop source 
for reliable miniature ceramic low pass Feed 
Thru's/Filters. They're cost effective from 
30 KHz to beyond 1 GHz. Threaded or solder 
mount for easy installation. Proven in AC as 
well as DC applications. Mono ithic and 
multi-element. Standard products or com-
puterized custom designs, including multi-
circuit custom packages. Call Rich Colburn 
a ( 213) 240-4880. 

Active Filter H rters, 
That's Centralab Milwaukee. Solve design 
problems and cut costs with our thick film 

hybrids. Band pass, low pass, high pass and 
band reject. Cost effective for low to medium 

frequencies. Let us put our design and 

manufacturing expertise to work for you. 
Call Don Weiland at (414) 228-2872. 

dà 
CENTR A 
Electronics • GLOBE - UNION INC. 

4561 Colorado Blvd., Los Angeles, California 900:39 
5757 North Green Bay Ave., Milwaukee, VVisccnsin 53201 

CERAMIC CAPACITORS • • POTENTIOMETERS • SWITCHES 
THICK FILM CIRCUITS • TRIMMER RESISTORS 

See our complete catalogue in EEM Paces 317-335; and Gold Book Pages 103 to 121 or contact us directly 



THICK FILM MATERIALS 
IN 2 FORMS. de 

• 
POURABLE 

INK OR PARTILOU 
PASTES 

WHICH ONE DO YOU NEED? 
Thick film formulas, resistors, conductors 
and dielectrics, are available in literally 
thousands of variations from manufac-
turers. Most formulas require costly con-
trols in storing, jar rolling, stirring and 
screen printing. 

EXCEPT... THE ONE YOU NEED. 
NOW AVAILABLE 
FROM: 
SYRINGE 

TO 
SUBSTRATE 

•• •• s' 
, .. • te• 

Whether the application is for high volume 
—consumer products, small run proto-
types, opto-electronic displays or medical 
electronics and other Hi-Rel circuits, con-
sider the advantages of pastes in syringes: 

• Ultra Cleanliness--dispense dust free 
paste onto the screen. 

• Indefinite Shelf life. 
• Particles Stay Suspended—no stirring 
—EVER. 

• Minimize Shorts—no dried paste from jar 
rims and lids to cause printing problems. 

• Properties repeat years later; no need 
to scrap old pastes. 

POWEROHM® RESISTORS, CONDUCTROX® 
Conductors and SILICA-SEAL® and ISO-
OHM® Dielectrics—Premium Properties 
from PARTILOK® PASTE in a SYRINGE. 

For full 
=information contact 

=THE PASTEMAKER 

THICK FILM SYSTEMS, INC 
324 PALM AVE, SANTA BARBARA, CA 93101 

TEL (805) 963-7757 

tern packing density where required. 
Pricing in quantities of 100 or 

more on the 265-mw 7114 is $ 31.75, 
$27.50, and $23.25 each, for the 
200-ns, 300-ns, or 450-ns versions, 
respectively, and $27.50, $23.25, and 
$18.70 for the 265-mw 7141 with 
the same speeds. Pricing on the 370-
mw 7141 version is $ 25.50, $21.25, 
and $ 16.70. The 2114 at 370 mw is 
$27.50, $23.25, and $ 18.70, respec-
tively, and $25.50, $ 21.25, and 
$16.70 for the 710-mw version. 
Intersil Inc., 1275 Hammerwood Ave., Sun-

nyvale, Calif. 94086 [417] 

4-ampere SCRs offer 

many packaging choices 

The models T-106 and T-107 sensi-
tive-gate silicon controlled rectifiers 
are 4-ampere devices with voltage 
ratings up to 400 v. They are offered 
in four basic versions of the industry-
standard TO-202AB package, of 
which two are shown in the photos. 
An additional five types are formed 
by various lead-bending operations. 
The T-106 features a gate sensi-

tivity of 200 microamperes, a hold-
ing current of 3 milliamperes, and a 
surge rating of 20 amperes. The 
T-107 has a 500-µA gate sensitivity, 
a 6-mA holding current, and a 15-A 
surge rating. In lots of 10,000 pieces, 
the new thyristor devices range in 

 1 
price from 18 cents to 27e each. 
Teccor Electronics Inc., 1101 Pamela Drive, 

P. 0. Box 669, Euless, Texas 76039. Phone 

(817) 267-2601 [415] 

One-chip a-d converter 

boasts 0.025% linearity 

A one-chip dual-slope analog-to-
digital converter intended primarily 
for use in 31/2-digit meters has a 
typical nonlinearity of 0.025% plus 
one-half count. The complementary-
mos circuit, which pulls only 10 
milliwatts, needs only five capaci-
tors, four resistors, and an external 
1-volt reference to form a complete 
a-d converter. Display components 
would, of course, also be needed if 
the circuit were to be made into a 
meter. 

Designated the MP-7138, the con-
verter has two input ranges: 0 to 
199.9 millivolts and 0 to 1.999 v. Its 
input impedance is greater than 1 
megohm. The unit is powered by a 
±5-v supply. It is housed in a 28-pin 
plastic dual in- line package and sells 
for $8 in lots of 100 to 999 pieces. 
Micro Power Systems Inc., 3100 Alfred St., 

Santa Clara, Calif. 95050. Phone (408) 247-

5350 [414] 

Monolithic multiplier is 

accurate to within 0.25% 

Usually, if one needs high accuracy 
in an analog multiplier, one must go 
to a multicomponent assembly to 

128 Circle 128 on reader service card Electronics/August 4, 1977 



1149M Multipurpose 
Cabinet assembly. 

Rack or table mounted. 

Meet the First Family in floppies. 

The roots of our floppy family 

Dual head 

New 143M disk drive. Two-sided recording. 
Single/double density. LSI Multifunction. 

CalComp's got it all together for you. A total 
floppy family. Any way you want it...single products 
or the total package. In every case you get true 
multifunction, LSI technology, high IVITBF and low 
MTTR reliability, compatibility and multiple 
interfaces. 

And that's not all. Field-proven double density 
—now one or two-sided. And our new I143M 
controller along with three host adaptors. 

With CalC,omp it's all there. Choice. flexibility. 
Everything you need for all or part of a total 
memory subsystem. Plus CalC,omp's worldwide 
service to support our family We've delivered 
50,000 drives—why not add your application 
requirements to our growing family. 

Just call us or use the coupon. We'd like to tell 
you more about our family. 

50 pin LSI interface 

RS2 

lnotAAAM 

ais 

LSI 
yPU 
AAA 

Conyy 

ROM 
FO 
Pyyperns 

ROM 
May Aflame 
OMAN Yoyarn 

RAM Coe., 
1090 

LAI 
nytter 

FAA. 
›ur 

 J 
1143M controller • LSI technology • 1K buffer 

LSI-11 
RS-232-C 
S-100 BUS 

 J 
Our host adaptors 

r lam 
EM -M8 - 77 1 

I California Computer Products, Inc. 
2411 West La Palma Avenue 
Anaheim, California 92801 I FREE I (714) 821-2011 

i 
I Please send me your free Floppy Family information kit. 

 I am interested  My needs are immediate I 

I Name  I 

I Company Title I 

I Address Phone 
I 

l City State Zip 

I 

II €H ge@Cnie I 
L J 



New MCL power generators 
feature flexibility, high 
output, minimum distortion. 
Main frames for 115 VAC and for 208/220/240 VAC operation. 
Six standard front panel plug-ins provide frequency range from 
10 MHz to 2500 MHz with a minimum output of 65 watts. Two 
optional plug-in modules are available which produce 100 watts 
narrow-banded. 

Single knob tuning for each plug-in provides exact frequency 
selection. Front panel, direct frequency readout is accurate to 
±-- 1 percent. 

Solid-state mainframe designed for minimum components, 
optimum reliability. Residual AM held to .1 percent, eliminating 
nearly all AM distortion in output waveform. Generates con-
tinuous or 1 KHz square wave pulsed output. External AM sig-
nal generator can be added with 
single plug-in connection. Exter-
nal pulse circuit is TTL compati-
ble. Automatic, VSWR protection. 

Write or call for your 4-page 
power generator brochure: Tom 
Rys, MCL, Inc., 10 N. Beach, 
LaGrange, IL 60525. ( 312) 354-4350. 

M NC 

Circle 130 on reader service card 

1977 Answer Book. 
It makes your job 
easier. $25. 
Who makes what? Over 4000 
products, more than 5000 
manufacturers with their local 
contracts and distributors, 
directory of trade names and 
catalogs, post-paid inquiry 
cards for 5-second ordering of 
current catalogs. 

r Electronics Buyers' Guide 7 
1221 Ave. of the Americas 
New York, N.Y. 10020 

Yes, send me a copy of The Answer Book. I've enclosed 
$25 ( USA and Canada only, elsewhere send $35). 
Full money back guarantee if returned within 10 days. 

Name 

Company 

Street 

L City State Zip 

New products 

achieve it. Now Analog Devices is 
using automatic laser trimming to 
bring high accuracy to a monolithic 
multiplier. Its model AD534L is a 
four-quadrant unit with a maximum 
room-temperature (25° Celsius) 
multiplication error of 0.25%. The 
unit, which requires no external 
components, has a maximum offset 
voltage of 10 millivolts, a maximum 
nonlinearity of 0.1%, and a noise 
level of only 1 mv rms over its 10-
hertz to 5-megahertz bandwidth. 
Feedthrough is a maximum of 0.12% 
on the X input and 0.10% on the Y. 

Versatility is another strength of 
the AD534L. Its inputs are all fully 
differential; its scale factor can be 
varied from three to ten by adding 
one external resistor and one poten-
tiometer; and it can be used as a 
divider. In this application, the 
multiplier uses a high-gain output 
stage to overcome accuracy prob-
lems that often affect other multi-
pliers when they are used as dividers. 
The device can maintain a 1% 
maximum error over a 10:1 denomi-
nator range, If the X input offset is 
trimmed out, that range can be 
extended to 100:1. 

In hundreds, the AD534L sells for 
$36 each. Other versions, with 
different accuracy and temperature 
specifications have 100-piece prices 
from $ 16 to $60. The units are 
housed in hermetically sealed 
TO- 100 cans and are available from 
stock. 
Analog Devices Inc., Route 1 Industrial Park, 

P. O. Box 280, Norwood, Mass. 02062. 

Phone Applications Engineering at (617) 

329-4700 [413] 
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IIERSATESTER 

Illat is it? 
labstrumene 

VERSATESTER I Generates Pulses, Sine waves 
and Square waves to 20MHz L Supplies DC power at 
+5v, 4 15v, — 15v, ±-30v C1 Digitally Measures fre-
quency from 20Hz to 20MHz, with autoranging; DC 
and AC volts, 0-500v: Resistance to 5 Megohms. 
Complete for only $1,650! E Contact your nearest 
Scientific Devices Office for specs or demo or 
Systron-Donner at 10 Systron Drive, Concord, CA 
94518. Phone (415) 676-5000 

lab-stru ment Vlab-stra-mant\ n 1: a complete te:d lab in 
one lightweight, portable, 31/2 " panel height Systron-Donner 
instrument. 

SYSTRON DONNER 

Circle 166 on reader service card 

1702A MANUAL EPROM PROGRAMMER 
Features hex keypad, two 
digit hex address and two 
digit hex data display. Con-
trols include load, clear, go! 
(step), key/copy, data in/ 
data out, and counter up/ 
down. Profile card includes 
high voltage pulse regulator, 
timing, 8 bit address and 8 
bit data drivers/receivers. Two 6`A" x 9" stacked cards with 
spacers. Allows programming in 20 minutes — copying in 
5 minutes. Requires +5, —9, and +80 volts. 
ASSEMBLED   $299.95 
KIT   $189.95 

NOW 
The best of two worlds... use our 1702 EPROM programmer 
as a manual data/address entry programmer ... or connect it 
to your processor. 

IMSAI/ALTAIR computer interface ( requires 3 output ports, 
+1 input port) and software   $49.95 

Briefcase unit with power supplies and interface connectors 
(assembled and tested only)   $599.95 

ANNOUNCING 
Our NEW 16K Byte Pseudo-Static, IMSAI/ALTAIR compat-
ible RAM. Single card slot. Uses less power than equivalent 
low power RAM. All memory chips socketed. Uses all prime, 
factory fresh ICs. High quality, two-sided, through-hole-
plated circuit board. Crystal controlled, totally invisible 
refresh system requires NO software management. Just plug 
it in and use like STATIC memory. 
Complete kit   $349.95 
Assembled, tested, and burned in   $549.95 

ASSOCIATED ELECTRONICS 
12444 Lambert Circle • Garden Grove, CA 92641 

(714) 539-0735 

Circle 167 on reader service card 

1977 Answer Book. 
It makes your job 
easier. $25. 
"K HO MAKES 

WHAT?" 

"WHAT N 
COMPANIES 
MAKE THE 
PRODUCTS----
I NEED?" 

(See alphabetical 
directory of 

4000 products) 

"WHERE ARE 
THEIR NEAREST 
SALES OFFICES?" 

"WHO 
ARE THEIR 

DISTRIBUTORS?" 

"WHAT ARE THEIR 
LOCAL PHONE 
NUMBERS?" 

e (See alphabetical 
directory of over 

5000 manufacturers) 

"HOW CAN I 
GET THEIR 
CURRENT 
CATALOGS 
FAST?" 

---- (See directory of 
catalogs hy product 
and by ,ompany, 
including catalog 
inquiry cards for 

5-second ordering) 

MANUFACTURES 
THIS TRADE NAME?" 

(See directory of 
trade names) 

Electronics Buyers' Guide 
1221 Avenue of the Americas, New York, N.Y. 10020 rim 
Yes, send me a copy of Electronics Buyers' Guide. I've enclosed 
$25 (USA and Canada only, elsewhere send $35). Full money back 
guarantee if returned within 10 days. 
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for programming... 

NUMERICAL CONTROL EQUIPMENT 
PROCESS CONTROL EQUIPMENT 

TEST EQUIPMENT 

Spacing between columns = 3mm, 4.5mm, 6mm, 
or multiples thereof — Shorting Pins or Diode Pins 

SEND YOUR REQUIREMENTS TO US OR CALL: 

INTERSWITCH 

ONE OF THE PURDY GROUP OF COMPANIES 

770 Airport Blvd., Burlingame, CA 94010 
Phone (415) 347-8217 TWX 910-374-2353 TELEX 34-9373 
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New products 

Subassemblies 

Triple-output 
converters bow 

Dc-to-dc units for use in 

microprocessor systems have 

low ripple and low overshoot 

Dc-to-dc converters with triple out-
puts are increasingly sought by 
makers of microprocessors, memo-
ries, and analog peripherals that 
work with microcomputers. The 
latest company to offer a line in 
response to that need is Semicon-
ductor Circuits Inc., Haverhill, 
Mass. Heretofore, the company sug-
gested two separate modules to 
customers, says Ted Brewster, prod-
uct manager for dc-dc converters, 
one with the — 5-volt output for 
substrate biasing and another with 
the dual 12-v and 15-v levels 
required by complementary-mos and 
bipolar logic and by analog circuitry. 
The new MC Series encompasses 

20 model numbers in which the 
triple or dual outputs totaling up to 
12 watts are all provided by a single 
module. The units are rated at effi-
ciencies from 55% to 65%. The fixed 
triple outputs consist of either a 
single or twin 5-v output, with the 

available combinations defined by 
the model number. Available out-
puts include + 5 y at up to 1,500 
milliamperes, — 5 V at 100 mA, 

+12 v to 450 mA, — 12 y to — 300 
MA, and ± 15 v to ± 300 mA. 

Each unit operates from an input 
of 5, 12, 24 or 48 V dc over a range 
of 4.5 to 5.5 v, 10.0 to 15.0 v, 21.0 to 
32.0 v, or 42.0 to 56.0 v, respec-
tively. The design incorporates a pi 
input filter to keep input-reflected 
ripple low. "The front-end switches 
on these units will often bounce noise 
onto the input," Brewster says, "but 
with our filter, it's less than 1% of 
the input voltage." Input-to-output 
isolation is 300 y dc minimum, and 
output ripple and noise is specified at 
2 millivolts rms (30 my peak to 
peak, typically). 

Short-circuit protection is pro-
vided on the outputs, and the units 
prevent chip-destroying overshoots, 
to which microprocessors are par-
ticularly vulnerable. No derating is 
required; the units deliver full power 
from — 25°C to + 71°C. 

Single-unit prices range from 
$94.95 to $ 109.95. For 10 and up, 
the price drops to from $85 to $ 100, 
and discounts for original-equipment 
manufacturers are available. De-
livery time varies from three to six 
weeks. 
Semiconductor Circuits Inc., 306 River St., 

Haverhill, Mass. 01830. Phone Ted Brewster 

at (617) 373-9104 [381] 

Compact amplifier 

withstands 2,500 g 

The model 314A amplifier is a 
compact unit that has been designed 
to withstand a lot of electrical and 
physical abuse. All of its leads, for 
example, are protected against noise 
and transients by filters, and it 
operates from an unregulated power 
supply. The amplifier will operate 
over the range from — 40°C to 93°C, 
at humidities as high as 100%, at 

any altitude, and while receiving as 
much as 2,500 g of shock. Its volume 
is less than a cubic inch, and it 
weighs less than 1.5 ounces. 

Input impedance is a minimum of 
10 megohms shunted by 1 nanofar-
ad. The gain is adjustable from 10 to 
1,000 by means of an external resis-
tor. And the frequency response is 
within 2% over the range from dc to 
4 kilohertz. The output can swing 
over ± 5 y at up to 5 milliamperes. 
Short-circuit protection is standard, 
and limiting at — 0.8 y and 6.0 y is 
available as an extra-cost option. 
The model 314A sells for $450; its 
delivery time is 60 days. 
Ectron Corp., 8159 Engineer Rd., San Diego, 

Calif. 92111. Phone (714) 278-0600 [384] 

Dc servo amplifier 

stresses reliability 

Protected against nine specified fault 
conditions, the model A6524B dc 
servo amplifier is designed to work 
with motors rated at 9 horsepower. 
It is capable of putting out up to 
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WE'LL SEND YOU A S 
TO PROVE OUR 

The sampl 
probe tip i 
wiring. We 
tions illu 
sizes an 
Let us pr 

Ele 

eplaceable electrical 
contacts for 

/1 testing 
reliable circuit 

II demonstrate how easily the 
placed without disturbing the 
Iso send complete specifica-
ting the variety of standard 
p styles available from stock. 
ouLpoint. Contact 

/L'AK4JITLE:5, 

titan Place, Pomona, CA 91767 

(714) 593-2541. 

Circle 168 on reader service card 

From Electronics 
Magazine Book Series. 
Zero-risk trial offer. 

C rcuits for 
Electronics 
Engineers 
Contains 306 circuits 
ar-anged by 51 
fulctions from 
Amplifiers to Voltage 
Regulating Circuits. 
Saves design 
drudgery. $15.95 

Electronics Book Series. 
P.O. Box 669, Hightstoven, N.J. 08520 

Send me   copies of "Circuits for Elec-
tronics Engineers" at $ 15.95 per copy. 

Discounts of 40% on orders of 10 or more copies. 

I must be fully satisfied or you will refund 
full payment if the book is returned after ten-
day trial examination. 
CIPayment enclosed D Bill firm D Bill me 
Charge to my credit card: 
American Express CI Diners Club 
BankAmericard D Master Charge 

Acc't No :)ate exp.  

Interbank No  

On Master Charge only 
first numbers above na -ne  

Name Title 

Company 

Street 

City State Zip  

Signature  

1 

six • t••••• *- r ••'à 

C  

STILL MORE SYSTEMS 
ENGINEERING 

For the pc st three years there has not been and for 
three years to come there will not be a better survey 
on instrumentation and automation (including control 
units and process computers) and on the technology of 
systems engineering than INTERKAMA '77. This is the 

world's largest trade fair for instrumentation and auto-
mation. 900 exhibitors from 25 nations. Almost 
90000 visitors from all over the world are expected. 

At INTERKAMA '77 you will learn how systems 

engineering can save you money, simplify complicated 
technical processes anc improve product quality as o 
controlling device. 

WHAT DOES THE FAIR OFFER YOU? 
1) Measuring nstr uments and instcllations 
2) Devices for analytical and research work 
3) Devices for testing and calibration 
4) Devices and systems for the transmission of remote 

signals 

5) Devices for the transmission of indicated values and 
other signals 

6) Devices ana systems for the performance of 
recording and control 

7) Data processing units and systems for automation 
techniques 

8) Setting devices, setting impetus 

9) Auxiliaries and accessories 
10) Swichboard gollieries and control rooms 
11) AJtomation: Planning, performance and service 

WORLD'S BIGGEST TRADE FAIR 
FOR INSTRUMENTATION AND 
AWOMATION WITH CONGRESS 

DÜSSELDORF, OCTOBER 6 to12,1977 
CONGRESS 5 AND 5 OCT. REPEATED 10 AND 11 OCT. 14377 

REPLY COUPON FOR FURTHER INFORMATION 
The Dusseldorf Trade Fair Company or its representa-
tives will tell you all about INTERKAMA. Please simply 

return this coupon to: German-American Chamber of 
Commerce, 666 Fifth Ave. New Yorx N.Y. 10019 

Nam'• 

Address:  

Name of Company: 

DÜSSELDORF TRADE FAIRS-BASIS FOR BUSINESS 
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New products 

IEEE MEMBERS 

You have a stake in your profes-
sion. IEEE's Board of Directors 
has nominated a person who is 
president of a large corporation 
($108 sales, 3100 employees) 
and who has not been involved 
in professional activities. By 
contrast, Irwin Feerst is a work-
ing engineer who has brought to 
IEEE's attention 

the practice of mandated, built-in, 
unpaid overtime; 

the counter-productive recruiting ef-
forts by the academics; 

the false manpower projection fig-
ures which always predict a short-
age of engineers. 

VOTE FOR 

IRWIN FEERST 
for IEEE President 

(For sample copy of newsletter devoted to the 
interests of the working EE, circle number 250. 

IT'S 
-CONCORD 

FOR... 
CONNECTORS/P.C. 

PRINTED JACKS, PINS 
CIRCUIT 
JACKS 

BERYLLIUM 

COPPER 

CAGES 

SOLDER 
TERMINALS 

DUPONT 

TEFLON* 
PINS TERMINALS 

8t TERMINALS 

ONCORD ELECTRONICS CORPORATION 

37 GREAT JONES STREET NEW YORK, N.Y. 10012 

12121 7774571 TWX 710581 4930 

FREE CATALOG AVAILABLE 

*100 volts at a continuous current 
of ± 75 amperes or a peak current 
(0.5 second) of ± 120 A. 
The fault conditions against which 

the amplifier is protected are: shorts 
across the output, either before or 
after the 1.3-millihenry series induc-
tor; shorts of either leg to ground; 
loss of or low dc-bus voltage; loss of 
or low bias voltage; excessively high 
dc-bus voltage; excessive motor cur-
rent; system oscillation that requires 
excessive current; and excessive tem-
perature. Some of these conditions 
cause the unit to shut down, others 
can be handled safely while the 
amplifier is operating. 
Three 18-turn adjustable pots 

allow the signal, tachometer, and 
auxiliary input gains to be adjusted 
from 0 to 6,000 amperes per volt. 
The amplifier, which requires a 
separate power transformer, weighs 
9 pounds. It is the largest of 10 in a 
series designed to work with motors 
as small as 2.7 hp. 
Westamp Inc., 1542 15th St., Santa Monica, 

Calif. 90404. Phone Jim Manda at (213) 

393-0401 [383] 

Companding a-d converter 

has 72-dB dynamic range 

Housed in a single dual in- line pack-
age, the model MN5110 compand-
ing analog-to-digital converter is a 
variable-resolution device with a 72-
decibel dynamic range. Its 8-bit 
output is composed of a sign bit, 
three chord bits, and four step bits. 
The chord bits, which can take on a 
total of eight values, determine the 
voltage values of the step bits. In the 
first chord, the least significant step 
bit has a value of 1.25 millivolts. 
With each successive chord, this 

value is doubled. Thus the output 
has a resolution that is proportional 
to the input level rather than to the 
full-scale amplitude. The converter 
has the equivalent of 12- bit resolu-
tion at low levels, but drops to 6- bit 
resolution as the input approaches 
full scale. Except for its nonlinear 
transfer function, the MN5I10 is 
similar in design and application to 
other Micro Networks successive-
approximation a-d converters. It 
sells for $55 each in hundreds and is 

available from stock to four weeks. 
Micro Networks Corp., 324 Clark St., 

Worcester, Mass. 01606. Phone (617) 852-

5400 [387] 

Ferroresonant supplies 

get smaller and quieter 

A new type of magnetic structure 
has made possible ferroresonant dc 
power supplies that deliver more 
power per cubic inch and make less 
acoustic noise than previous units. 
The power-density improvement 
amounts to 50%, allowing the fab-
rication of a 450-watt supply in the 
same 490-cubic-inch package that 
previously could only deliver 300 w. 
At the same time, the acoustic noise 
that ferroresonant devices produce 
because of the magnetostrictive ef-
fect has been reduced to levels 
comparable to those of ordinary 
transformers. 

Offered in both cased and uncased 
versions, supplies in the PRM-450 
series produce from 12 volts at 35 
amperes to 48 y at 10 A. They are 
line- regulated to within 1% at full 
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ONCE YOU'VE 
GOT IT DESIGNED, YOU'VE 

GOT IT MADE. 

U S Pat No D235.554 

CONTINENTAL SPECIALTIES CORPORATION 

=M= 
44 Kendall Street, Box 1942, New Haven, CT 06509 
203-624-3103 TWX 710-465-1227 
West Coast: 351 California St.. San Francbsco, CA 94104 
415-421-8872 TWX 910-372-7992 

C 1976. Continental Specialties Corporation 

All OT units 
are 33" thick 

It's that easy when you use CSC's QT 
solderless breadboarding Sockets and 
Bus Strips. Working directly from logic 

or block diagrams, you plug in IC's, 
transistors, resistors, capacitors, LED's 

—virtually any component— and 
optimize circuits stage-by-stage, 

literally as fast as you can think. (No special 
jumpers required, either— just ordinary 

#22-30 solid hookup wire.) 
When you're done, you've got a highly-visible 
working layout that someone else can reduce 

to schematic, while you get other projects 
underway. 

Available for as little as $3.0M QT units snap 
together into larger breadboards, and mount 

securely wherever you need them. Sockets have 
5 interconnecting tie points per terminal and Bus 
Strips feature 2 separate rows of interconnecting 

terminals. And all QT models are built to last: 
heavy-duty prestressed nickel-silver contacts, vinyl 

insulated backing and glass-filled plastic sockets 
rated at better than 100°C insure optimum day-in. 

day-out performance. 
You'll find QT Sockets and Bus Strips useful in lots of 

other ways. too. Mounted on power supplies, test 
equipment, bench or plug in cards. they're equally at 
home in lab, on production lines, in QC test jigs or in 

the field, for on-the-spot emergencies. 
Before you start your next project, start saving time and 
money with QT Sockets. Pick up your phone and call 
your dealer— or order direct by dialing 203-624-3103 

(East Coast) or 415-421-8872 (West Coast). Major 
credit cards and purchase orders accepted. 

  Length ----pi 
Hole - to-Hole 

OT-59S 

OT-596 

OT-47S 

OT-47B 

OT-35S 

OT-3513 

IT OT- 18S 

1111 OT- 12S 

QT-SS 

QT-7S 

Length Hole - 
lo-Hole Terminals Unit • 

Price S 

6.5" 

6.5" 

5.3-

5.3" 

4.1" 

4.1 -

2.4" 

1.8'' 

1.4" 

1.3-

6 2" 

6.2" 

5.0" 

5.0" 

3.8" 

3.8" 

2.1" 

1.5" 

1.1" 

1.0" 

118 

20 

94 

16 

70 

12 

36 

24 

16 

14 

12.50 

2.50 

10.00 

2.25 

8.50 

2.00 

4.75 

3.75 

3.25 

3.00 

See your CSC dealer or call 
203-624-3103 ( East Coast) or 415-421-8872 (West Coast 

major credit cards accepted. 
Manufacturer s suggested list 

Prices and specifications subject to change without notice 
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WHAT COSTS $59 AND 
MAKES YOU A COLLEAGUE 

OF THE FINEST I.C. 
DESIGNERS IN AMERICA? 

• • 

THE NEW MONOCHIP 
DESIGN KIT 

The Monochip Design Kit has become a vital tool for progressive 
electronic engineers. It teaches you fast and easy ways to convert dis-
crete digital or linear circuits to economical, high reliablity IC's. 

For $59, you receive an easy to follow design text, more than 100 
predesigned circuits, a set of breadboard parts, and a variety of 
handy design tools. It's everything you need to design your own 
sophisticated IC. 
And it gives you access to one of the largest IC design groups in 

the world. Powerful advice, free of charge. 
Don't procrastinate. Return your coupon today or, better yet, call 

in your purchase order. 

Please ship_MO-K Design Kits @ 59.00 (Ca res. add 61/2 % sales tax) 

Date P.O. Number 

Name 

Company Dept. 

Address 

City, State, Zip 

P O. Box 7065 1225 Reamwood Ave Sunnyvale, CA 94086 (408) 734-8666 

E 

From Electronics Magazine Book Series. 
Zero-risk trial offer. 

Name 

Company 

Street 

Circuits for 
Electronics Engineers 
Contains 306 circuits 
arranged by 51 functions 
from Amplifiers to 
Voltage Regulating Circuits. 
Saves design drudgery. $15.95 

Title 

City 

Signature 

State Zip 

Electronics Book Series 
P.O. Box 669, Hightstown, N.J. 08520 

Send me   copies of " Circuits for Elec-
tronics Engineers" at $ 15.95 per copy. 
Discounts of 40% on orders of 10 or more copies. 
I must be fully satisfied or you will refund 
full payment if the book is returned after ten-
day trial examination. 
0 Payment enclosed 0 Bill firm 0 Bill me 

Charge to my credit card: 
0 American Express D Diners Club 

BankAmericard D Master Charge 

Acc't No   

Date exp  
On Master Charge only, 
first numbers above name 

New products 

load and vary greatly in their regula-
tion under changing loads. The 
worst-case 48-volt units will increase 
their outputs by as much as 1.4 y as 
the load is dropped from 100% to 
25%. Because of their ferroresonant 
design, the supplies are inherently 
short-circuit-proof and pose no over-
voltage hazard. 
PRM-450 models sell for $299 in 

singles and $239 in hundreds. The 
50- Hz versions sell for $329 in sin-
gles. They are available from stock. 
Kepco Inc., 131-38 Sanford Ave., Flushing, 

N. Y. 11352. Phone (212) 461-7000 [385] 

Miniature pulse generators 

put out up to 50 volts 

The AVI series of miniature pulse 
generators provide flat-topped pulses 
with rise times of less than 1 nano-
second and amplitudes as high as 50 
volts. The generators are triggered 
by slow-speed transistor- transistor-
logic pulses and are powered by a 
15-volt supply. Pulse widths can be 
adjusted from 1.0 to 100 nanosec-
onds by means of a one-turn pot 
(model AVI-V) or by changing the 
length of an external cable ( models 
AVI and AVI-MP). The AVI-MP is 
an especially small unit; it measures 
2.25 by 1.38 by 1.13 inches. Prices 
on the pulsers range from $398 to 
$498 each. 
Avtech Electrosystems Ltd., P.O. Box 

11426, Stn. H, Ottawa, Ontario, Canada 

K2H 7V1. Phone (613) 828-4823 [386] 
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BUSS 
ELECTRONIC FUSES. 

Nearly every type of fuse and fuse holder you need to protect electronic 
circuits and devices you can get from us, easy. For example, Buss R 

Semiconductor Fuses; 700 volts, with extremely low 12t and 1p let-thru 
values. TAON R Rectifier Fuses, 1/2 to 1,000 amps, up to 600 volts. 
Fusetron R dual-element time-delay fuses. Buss quick-acting glass tube 
fuses. Buss signal-indicating, alarm-activating fuses. TAON sub-
miniature pigtail fuses. Buss sub-miniature GMW fuses. Buss 
telecommunications fuses. Buss military fuses. And 
Buss fuse holders and fuse blocks. Get your 

hands on exactly what you want. Write us now. 
Ask for Buss Bulletin SFB. 

bu7 IlsgiusiS 
BUSSMANN MANUFACTURING 

a McGraw-Edison Company Division 

Earth City, Missouri 63045 

E MAKE IT E 
TO GET YOUR HAND 
WHAT YOU WAN 
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We know your needs. 
Electronics Magazine 
Book Series. 
Zero-risk trial offer. 

micRopRocessoRs 

APPLYING 
MICROPROCESSORS 

TTTTTTTTTT 

rmnyft 
TTTTTTTTTT 

IMMIT 
TTTTTTTTTT 

MIMI?? 
TTTTTTTTTT 

!MIMI? 

New hardware, 
software and 
applications 

Electronics 
rjbbk Series 

1. Microprocessors 
What you must know about 
available microprocessor 
téchnology, devices, informa-
tion, 4th printing. $8.95 

2. Applying 
Microprocessors 
2nd and 3rd generation tech-
nology. 26 detailed applica-
tions from data networks to 
video games. $9.95 

Electronics Book Series 
P.O. Box 669, Hightstown, N.J. 08520 

LaRge scale 
IntegRanon 
LSI 
LSI 
LSI 
LSI Bectronics 

Book Series 

3. Large Scale Integration 
Covers the basic technology, 
new LSI devices, LSI testing 
procedures, plus system 
design and applications. $9.95 

4. Basics of Data 
Communications 
Includes 47 articles from Data 
Communications magazine 
covering more than 11 key 
areas. $12.95 

CIRCUITS 
CIRCUITS 
CIRCUITS 
CIRCUITS 
CIRCUITS 
CIRCUITS 
foR electRonics 
en IneeRs 

BaSICS OF 
dara 
COMMUNICaTIONS 
dara 
dara 
dara 
dara 
dara 
dara 
dara 
dara 

Bectronics 
Book Series 

5. Circuits for Electronics 
Engineers 
Contains 306 circuits arranged 
by 51 functions from Ampli-
fiers to Voltage Regulating 
Circuits. Saves design 
drudgery. $15.95 

in I 
1. Send me  copies of " Microprocessors" at $8.95 per copy. 
2. Send me  copies of "Applying Microprocessors" at $9.95 
per copy. 
3. Send me   copies of " Large Scale Integration" at $9.95 
per copy. 
4. Send me  copies of " Basics of Data Communications" at 
$12.95 per copy. 
5. Send me   copies of " Circuits for Electronics Engineers" 
at $ 15.95 per copy. 
Discounts of 40% on orders of 10 or more copies. 

I must be fully satisfied or you will refund full payment if the book 
is returned after ten-day trial examination. 

L— 
Payment enclosed 

— 
D Bill firm D Bill me 

Charge to my credit card: 
D American Express D Diners Club 
O BankAmericard D Master Charge 

Acc't No  Date exp.  

On Master Charge only, 
first numbers above name  

Name Title 

Company 

Street 

City State Zip 

Signature 
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New products 

Microprocessors 

I/O cards aimed 
at control jobs 

Analog boards designed 

as subsystems for use 

with Z-80 microcomputer 

It could be getting a bit monotonous 
for Paul Severino. As director of 
engineering for computer products 
at Data Translation Inc., Natick, 
Mass., he has designed analog 
input/output boards for just about 
every single-board microcomputer 
there is. The latest is the DT1781 
series of subsystems for the 8-bit 
Zilog Z-80 MCB series and MCS 
system. The series consists of four 
circuit boards; two have analog 
inputs and outputs on the same 
board, and two are analog input 
units only. 
Of the 1/0 subsystems, the 

DT1781 is a high-level board han-
dling ± 10 volts full scale. It offers 
16 single-ended or 8 differential 
input channels, plus full 12-bit reso-
lution in both its analog-to-digital 
and digital-to-analog converters. The 
price is $895 for a single unit. 
The 1781 also has current-loop 

inputs and outputs of 4 to 20 

milliamperes as options for the user. 
In discussing applications in pro-

cess control for which the DT1781 
series is primarily intended, Severino 
gives three examples. One involves 
use of the Z-80 microcomputer to 
control the temperature of an 
extruding machine's barrel, handling 
32 thermocouple inputs. Another is 
temperature sensing in oil-well drill-
ing, and the third entails scanning of 
tire X rays for quality control in 
manufacturing operations. 
The other analog ho board in the 

series is the DT1785, designed for 
low-level, wide-range signals from 
10 millivolts full scale to 10 v. It, 
too, offers 16 single-ended or 8 
differential channels and a 12-bit a-d 
or d-a converter providing two 
analog output channels. The single-
quantity price is $995. 
The two boards that provide for 

analog inputs only are the DT1782 
and 1784. The former is a high-level 
( ± 10-v or 0-to- 10-v) board, and the 
latter is for low-level, wide-range 
signals ( 10 mv full scale to 10 v). 
Both have up to 64 single-ended or 
32 differential channels. The 64-
channel 1782 sells for $995 ($595 
for 16 channels), the 64-channel 
1784 for $ 1,095 ($695 for 16 chan-
nels). 

All four boards are compatible 
with the Z-80 single-board size of 
7.7 by 7.5 inches, and they plug 
directly into the microcomputer's 

w'S 

MORE 
Military Boards 

You can pick the exact series you need. 
Military and Navy Class (M1L-T-55164), 
27 in all, are all shown in our new 
catalog. With this kind of choice, there 
is no need to compromise. 

Circle 139 an reader service card 

Low Cost Quartz Crystals 
Use Statek 10 to 300 kHz 
quartz crystals in TO-5s... 
they eliminate count down 
for oscillators, filters, tone 
generators, timers ...They're 
rugged, accurate & resistant 
to high vibration and shock. 
Prices low as $1.70 ea. in 1000 
qty. Send your written applica-
tion & we'll send you a sample. 
Call or write for literature. 
Details in Gold Book and EEM. 

STATEK CORPORATION 
\11111111.ffliffl—  512 N.M n 

n 0 a ge, Cialifarn a 92658 
Telephone: (714639-7810 
TELEX 67-839.1 
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eNew eMod Look, 
from cAdant. 

Modular breadboarding system. 
$510.00* 

It's Adam. E&L Instruments' new 
modular breadboarding system. 
To provide you with added 
flexibility for expansion and 
development. Adam gives you 
the 5005 Mainframe that 
contains all the power supplies 
necessary to operate each of 
the separate modules. And 
here's what else you get: 

• 103 Signal Source Module 
• 101 Function/Pulse Generator 

Module 
• Two 302 Universal Component 

Socket Modules 
• 502 Readout and DC 

Multimeter Module 

And you make all connections 
on the panel mounted SK- 10 
socket with common 22 gauge 
solid conductor wire. No special 
patch cords and no soldering 
needed. 
Put this valuable design tool to 
work in your lab today. Write 
E&L, or contact your local 
representative listed below. 

*Quantity discounts available. 

I A11101 

EM. INSTRUMENTS, INC. 
61 First Street, Derby, Conn. 06418 
(203) 735-6774 Telex No. 96 3536 

Authorized Stocking Representatives 
Los Angeles, Calif. 
(213) 377-0975 
San Francisco, Calif. 
(415) 961-2828 
Woodbridge, Conn. 
(203) 397-1461 
Denver, Colorado 
(303) 534-1356 
Orlando, Florida 
(305) 351-1841 
Chicago, Illinois 
(312) 956-8090 
Kansas City, Kansas 
(913) 649-8952 
New York, N.Y. 
(201) 467-8585 
Syracuse, N.Y. 
(315) 699-2651 

Dayton, Ohio 
(513) 222-0011 
Philadelphia, Pa. 
(215) 723-8733 
Dallas, Texas 
(214) 328-5484 
Fairfax, Virginia 
(703) 273-1803 
Seattle, Washington 
(206) 938-4166 

Canada 
Edmonton, Alberta 
(403) 455-4122 
Winnipeg, Manitoba 
(204) 774-6286 
or 772-9295 

Vancouver, 
British Columbia 
(604) 687-2621 

Circle 140 on reader service card 

Own your own holder to hold your own! 
Hold your own copies of Electronics in specially de-

signed slipcase holders. They'll keep your Electronics 
library neat and handy—a permanent information file, 
issue by issue. 
Just complete the coupon and mail to Jesse Jones. 

He'll process your order upon receipt, postpaid. 

ELECTRONICS BOXER 
Jesse Jones Box Corporation 
2250 E. Butler St., Philadelphia, Pa. 19137 

Please send me: D boxes @ $4.95 each; 03 boxes $ 14.00; D 6 boxes e 
My check or money order is enclosed. 

$24.00. 

Name  -

Address•  

City 
L--

140 

State. Zip. 

New products 

bus. Delivery time is four weeks. For 
the first time, Data Translation is 
offering an expander module for the 
low-level boards. It allows the user to 
accommodate up to 64 single-ended 
channels, instead of 16, as with 
previous low-level boards. The cus-
tomer can set the number of chan-
nels by selecting a logic line that will 
determine whether the channels on 
his 1/0 board are single-ended or 
differential. 
Data Translation Inc., 23 Strathmore Rd., 

Natick, Mass. 01760. Phone Fred Molinari at 

(617) 655-5300 [401] 

Interfacing v-f converters 

with computers gets simpler 

Although voltage-to-frequency con-
verters are cheap and effective 
devices, they have not come near to 
realizing their potential in such 
applications as process control be-
cause their outputs are not readily 
interfaced with computers. Now a 
small company in Wayland, Mass., 
has developed a pair of products that 
simplifies the interfacing task: an 
8-bit digital frequency meter and a 
16-channel digital multiplexer with a 
built-in memory. The meter will 
work alone; the multiplexer must 
always be used in conjunction with 
the meter. 
The AIM-1005 frequency meter 

interfaces with most 8-bit microcom-
puters. It has a resolution of 13 bits 
plus overrange, and it is accurate to 
within one count from 0° to 70° 
Celsius. The unit has a minimum 
frequency span of dc to 25 mega-
hertz, although it will typically work 
up to 40 MHz. 

Its companion, the AIM-1006 
multiplexer, derives much of its 
value from its internal 32-byte 
complementary-metal-oxide-semi-
conductor memory. The memory, 
which stores 16 frequency readings 
(each reading takes up 2 bytes), 
makes it unnecessary for the micro-
computer to go through an interrupt 
routine every time a frequency 
measurement must be made. The 
microcomputer can read the fre-
quency of any channel as 2 bytes at 
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get your 
hands 
on... 

Hands on 
microprocessor 
short course with 
FREE take home 
microcomputer included 
in the $499 tuition. ( New interfacing 
workshop $299.)" 
Sept 14, 15, 16 Dallas, TX 
Sept 19, 20, 21, ( 22, 23)• Houston, TX 
Sept 26, 27, 28, ( 29, 30)• Washington, DC 
Oct 11, 12, 13 Melbourne, FL 
Oct 18, 19, 20 Denver, CO 
Oct 26, 27, 28 Palo Alto, CA 
Oct 31, Nov 1, 2, ( 3, 4)* San Diego, CA 
Nov 14, 15, 16, ( 17, 18)* Indianapolis, IN 
Nov 28, 29, 30, ( Dec 1, 2)* Boston, MA 
Dec 6, 7, 8 Detroit, MI 
Dec 12, 13, 14, ( 15, 16)• Chicago, IL 
Jan 3, 4, 5 Mayaguez, Puerto Rico 

(Special course for management) 

Learn microprocessors first hand 
from the original hands on people. 
For more information call Jerilyn Williams, 
(317) 742-6802 or write Wintek Corp., 
902 North 9th Street, Lafayette, IN 47904 

WINTEK 

•11,1. 

• 6800 Hardware/Software 
• Custom Hardware/Software 
• In-house short courses 

Circle 170 on reader service card 

Pamotor 
re-invents 
the DC 
fan 11 a. .n. ai nmdp wr ohvaet_ 

ment over conventional DC 
Bulk In Hall 

cooling devices! We've eliminated ttltt generator 

the external inverter with our unique 
built-in solid-state Hall-effect generator circuitry. We've 
minimized both RF and mechanical noise and greatly 
improved reliability with a brushless motor. In short, our 
totally new all-metal single phase 12, 24, or 48 VDC fans 
incorporate all the necessary electronics in one compact, 
integral unit. All feature automatic stall and polarity 
protection circuitry. All perform up to 20 times longer than 
any other DC fan available. And finally, we've greatly 
reduced power consumption to 1/5th of what is normally 
required! Six models with variable cfm are available; all 
are UL recognized and conform to CSA, IEC and VDE 
standards. 

Write for technical assistance, complete information, 
and the name of your nearest distributor. Pamotor, 
770 Airport Blvd., Burlingame, CA 94010 (415) 347-1203. 

Light wmght, metal 

constrocoon 

j10 
4e PAM OTO R 

ONE OF THE PURDY GFOUFF OF COMPANIES 

Quiet. hap,h' 
leo. motor 

Dialight 
LEDs 

The widest choice for your every application. 

SNAP- IN MOUNT 

 t4 ._ ,r,_ 0..3,0NO." 
el 0 050" REF. 

0.281" DIA 

1111e ••• r MAX 

t 1.1 1«. 0.188" MAX. 

1 1111 

---/-1 4 468» 
MAX. .275" 

MIN. 

0.190" DIA 

559 0101-001 MOUNTS IN 0.250" HOLE 

Ill* 0.050" REF 

558 (110) (Al MOUNTS IN 0.156" HOLE 

558 and 559 SERIES Available in 
red, green or yellow LEDs, with and without integral 
current limiting resistors. Snap-in mounting requires no 
additional hardware. Straight terminals suited for wire-
wrapping and/or soldering. Low power requirements-
15 to 20mA. In 1000-lot quantities each 
558-0101-001 . . $.33. 559-0101-001 . . $.33. 

559 0101-003 MOUNTS INO.250- HOLE 

0.625" 
MAX. 0.5" 

0.210" MAX. TOP 

4 
0.281" DIA. 

0.190" ol* 

0.188" ram 

SNAP- IN MOUNT 

558-0101-003 MOUNTS IN 0.156" HOLE 

558 and 559 SERIES Available with 
6" wire leads, these red, green or yellow LEDs are de-
signed for quick positive insertion in 0.031" to 0.062" 
panels. Compact design allows high density packaging. 
In 1000-lot quantities each 
558-0101-003 . . $.75. 559-0101-003 . . $.71. 

Dialight, the company with the widest 
choice in switches, LEDs, indicator lights 
and readouts, looks for needs . . . your 
needs ... and then they develop solutions 
for your every application. No other com-
pany offers you one-stop shopping in all 
these product areas. And no other com-
pany has more experience in the visual 
display field. Dialight helps you do more 

with these products than any other company in the 
business, because we are specialists that have done 
more with them. Talk to the specialists at Dialight first. 
You won't have to talk to 
anyone else. Send for your 
free new copy of Dialight's 
current catalog. 

DIA LIGHT 
Dialight, A North Arnerican Philips Company 
203 Harrison Place, Brooklyn. N. Y. 11237 

(212) 497-7600 

See Dialight. 
Circle 171 on reader service card Circle 141 on reader service card 141 



Prints 3 lines per 
second, 11 character 
locations per 
column with a 
capacity up to 16 columns. 
Print mechanism is small (51/4 " x 10" x 8"). 

Options available: Serial or parallel BCD interface 
Power supply Attractive case 

With the addition of calculator logic, it becomes 
our " Intelligent Printer". 

Write for catalog of 

Addmaster computer peripherals. 

*CORPORATIO ri 
ADDMASTER 

416 Junipero Serra Drive • San Gabriel, California 91776 

Circle 172 on reader service card 

Get Your Signals Straight 
with CEC 's New 
Conditioning Family 

eel 

CEC's new Signal Conditioning Family is designed for user 

efficiency, providing ease of operation with outstanding 

performance. Starting with the Amplifier Case, the System can 

be configured for a wide variety of signal conditioning tasks and 

changed as easily as changing a plug-in module. The Case 

provides separate power and signal connections 

for up to 14 plug-in modules. 
Each of the four Signal Conditioning Modules feature color 

coded control panels — human engineered for fast, error-free 

setup. The Modules consist of a medium gain d.c. differential 
amplifier, a high gain differential d.c. amplifier, a strain gage 

amplifier, and a suppression amplifier. 
With all these capabilities, CEC can easily assemble a Signal 

Conditioning System to fit your requirements. 

et BELL E HOWELL 
CEC Division 
360 SIERRA MADRE VILLA. PASADENA CA 91109 

New products 

any time, without waiting for a 
conversion. 
At the end of a count period, 

which can vary from 10 micro-
seconds to one hour, the frequency 
meter generates a 12-microsecond 
end-of-count pulse. The pulse trig-
gers two one-shots in the multiplexer 
and enables the writing of 2 bytes of 
data from the frequency meter into 
the multiplexer memory. The com-
puter can retrieve the data from the 
memory in 500 nanoseconds or less. 
The 16-channel multiplexer 

switches channels sequentially until 
it reaches 15 or the maximum 
number programmed and then 
jumps back to channel 0. Numbers 
between 0 and 15 can be pro-
grammed by means of jumper wires 
for applications in which the user 
does not need the full 16-channel 
capability of the multiplexer. In any 
event, data in the multiplexer mem-
ory is updated each cycle. 

Like the frequency meter, the 
multiplexer can be interfaced with a 
microcomputer as either an in-
put/output device or as a memory-
mapped unit. It mounts on the same-
sized board as the MM-1005-4 by 
4.5 inches— and gets its 5-volt power 
from a regulator on the frequency 
meter. 
The AIM- 1005 frequency meter 

sells for $ 178 in quantities of one to 
nine; the AIM- 1006 multiplexer's 
price is $ 143 for the same quantities. 
An Altair or Imsai mounting board 
that will accommodate both sells for 
an additional $35. Delivery is from 
stock to four weeks. 
Automated Industrial Measurements Inc., 

P. O. Box 125, Wayland, Mass. 01778. 

Phone Barry Hilton at (617) 653-8602 [4021 

Graphics capability 

gets cheaper and easier 

Edac Corp. has introduced a set of 
six microcomputer peripherals de-
signed to make it cheaper and easier 
to add a cathode-ray-tube display to 
a microcomputer system. Aimed 
primarily at original-equipment 
manufacturers, the set of products is 
easy to configure, according to 

CEC is a registered trademark of Bell & Howell c Bell F. Howell 1975 
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general manager Fred Kreiss, and 
makes it possible to build a complete 
intelligent terminal at low cost. 
The three main products are: the 

711-1 CRT control board, the 711-2 
CRT graphics board, and the 711-3 
keyboard. The CRT control board 
allows the computer to display eight 
columns by six lines directly on a 
CRT. It offers a five-step zoom capa-
bility, underlining, and letter inver-
sion. Its read/write memory elimi-
nates the cost of double buffering 
and helps keep the price of the board 
down to $302 each in hundreds. 
The 711-2 graphics board gives 

the user the ability to mix graphics 
and alphanumerics on the screen. By 
adding a software routine, the user 
can also give himself the ability to 
slide characters around. The 711-2 
sells for $325. 

Like the other 711 peripherals, the 
keyboard acts like a memory, 
requires no special interface hard-
ware, and is compatible with most 
microcomputer systems. Two read-
only memories function as its char-
acter generator, so it is only neces-
sary to program two $ 10 program-
mable ROMS to change languages, if 
desired. The price of the 711-3 is 
$341. The other three support 
products are a power supply ($ 139), 
a CRT display ($ 170), and a case 
($162). 
Edac Corp., 1417 San Antonio Ave, Alame-

da, Calif. 94501 [403] 

Printer for 6800 system 

bangs out 65 lines/minute 

An impact-printer subsystem for use 
with M6800 development systems 
produces lines of up to 80 5-by-7-dot 
matrix characters at a maximum 
rate of 110 per second— equivalent 
to about 65 lines per minute. Called 
Exorprint, the printer is compatible 
with both Exorciser and Micromod-
ule systems. Its impact head uses a 
conventional teletypewriter ribbon to 
print on 8.5-inch-wide roll paper. 
To enhance reliability, the system 

was designed without brakes, 
clutches, and dampers. Optoelec-
tronic sensing accurately positions 

--
011,eTsfiv-iert w,t, NEW 

ACRYLIC-3B 
"BLUE CONTRAST" 

CONDUCTIVE PAINT. 

BLUE CONTRAST: 

. Assures uniform surface coverage. 

. He;ps to minimize overspray. 

. Enhances inspection efficiency. 
4. Fast Drying from "BLUE" Wet finish 

to BEIGE" Dry finish. 
. Compatible with most structural foam 
and molded plastics. 

V1ECKNIT. 29 DERMODY ST., CRANFORD, N.J. 07016 (201) 272-5500 
427 OLIVE ST., SANTA BARBARA, CA. 93101 (805) 963-1867 

• 

SHIELDING SUPERIORITY: 

1. Less than 3 ohms/sq. surface resistivity. 
2. Excellent shielding in Electrical and 

Plain Wave Fields. 
3. Long term stability in various environments. 
4. Used for critical tolerance grounding 

and static discharge needs. 
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PERNIAG 
With Permag supplying application — 

rated Indiana General Corp. Ferramics,TM 
you'll always get exactly what you need. 

Complete fabricating facilities. 
Prototype quantities available. Plus, 
engineering assistance, field testing. 

Prompt 24-hour delivery. 
Extensive stock of ferrite parts 

at all locations. New catalog available. 

YOUR NO . I SOURCE 
FOR ALL MAGNETIC MATERIALS 

San 

Fr.«. 

Los Angelis 

Der. 

ALL ACROSS r COUNTRY 

e0Ven 
new yo,. 

Mug, 

Toledo 

Allinta 

Electronics/August 4, 1977 

Consult your Yellow Pages for address and telephone number of Permag near you 
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POWER SUPPLIES 
C.) 

N 

ODELOCNOPOWER SUPPLY 

o 
U 

U 

o 

LOVV COST • HIGH PERFORMANCE 
FAST DELIVERY • 40 HR BURN-IN 
STD. • 1 YR. WARRANTY 
AC/DC-Series W • 60 models with single. dual 
and triple outputs. DC/DC-Series H • Proportional 
HV supplies from 333 to 3000V outputs 

Write for complete data and prices. 

WALL 
Industries. Inc. 

175 Middlesex Turnpike 

Bedford. MA 01730 
(617) 275-0708 
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FUI 

If you have 
your own computer, or if you're 
into computers at all, have we got 

a magazine for you! 

A magazine for and about the state 
of the art of personal computing. 

Written by pros and hobbyists who know the ropes 
Edited by Carl Helmers, who knows what 
personal computer users need to know. 
Written so everyone from the neophyte to 
the mastermind can understand and enjoy it. 
Month-after-Informative-month, a continuous 
flow of pioneering articles, practical appli-
cations, source listings and detailed articles 
like ... 

• Machine Readable Printed Programs 
• Voice Outputs • Golf Handicapping • Games 
• Programmed Music • Computer Languages 
• Small Business Applications • Bio-Rhythms 
• Home Automation • Weather Forecasting 
• Text Editing and Systems Programming 
• Plus, many, many more ... 

W ALL 

WALL INDUSTRIES INC 
175 MIDDLESEX TURNPIKE 
BEDFORD. MA 01730 

Laest 
EUE 

Rush this coupon today! Charge on 
BankAmericard or Master Charge. If you 
can't wait, call directly: (603) 924-7217. 
Ask for Subscription Department. 

Subscribe to BYTE right now. Only $12 for 
one full year's subscription of 12 big Issues. 
Two years for $22 ... save $2.00! A three-year 
subscription is only $30. Save $6.00! When 
you get your first issue read it from cover-
to- cover. If it's what you expected, honor our 
invoice. If not, write "CANCEL" across in-
voice and send it back. You won't be bothered 
again. Subscribe today. 

ELIE Peterborough, NH 03458 
Please enter my subscription to BYTE ... 

O $12 One Year El $22 Two Years 

Ill $30 Three Years 

E Bill me. 
O Enclosed is my check for $  

El Bill BankAmericard 

[7 Bill Master Charge  

Credit Card4illf III IllilIl  
Credit Card Expiration Date  

Name 
(Please Print)  

Address  

City  

State Zip E 1/77 

New products 

each dot and permits characters to 
be printed on the fly. A stepper 
motor provides silent line advancing 
and a paper slew rate of 400 lines 
per minute. The table-top machine 
has a unit price of $ 1,725 and is 
available immediately. 
Technical Information Center, Motorola 

Semiconductor Products Inc., P. O. Box 

20924, Phoenix, Ariz. 85008. Phone (602) 

244-6815 [404] 

High-performance computer 

fits in small package 

The 11/B computer system is a 
compact unit built around the Digi-
tal Equipment Corp. LSI-11 central 
processing unit. It features dual 
floppy disks, floating- point-arith-
metic firmware, 20,000 16- bit words 
of memory, a 9,600- baud video 
terminal, and DEC RT-1 1 operating 
software. Except for the terminal, 
the entire computer is housed in a 
single rack-mountable chassis only 
10.5 inches high. 
The system's floppy-disk control-

ler, which makes its small size possi-
ble, is available separately as the 
FDC-11. This unit can control four 
drives and can format diskettes. It 
interfaces with Shugart SA- 800 
drives directly; to interface with 
Pertec FD-400 or -500 drives, it 
requires a personality card. 
The I 1/B sells for $8,317. For an 

additional $685 the video terminal 
can be replaced by an LA-36 termi-
nal. The FDC-11 controller is priced 
at $850, and the personality modules 
for the Pertec drives go for $50 
apiece. 
Andromeda Systems, 14701 Arminta St. 4#J, 

Panorama City, Calif. 91402. Phone Jim 

Reynolds at (213) 781-6000 [405] 
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767 ,009 

DIGITAL SIGNAL 
PROCESSING 
by A. V. 
Oppenheim and 
R. W. Schafer 

Pub. price, $22.95 

Club price, $ 18.95 

353/387 

MINICOMPUTERS 
FOR ENGINEERS 
AND SCIENTISTS 
by G. A. Korn 

Pub. price, $23.45 

Club price, $ 15.50 

435/278 

MICRO-
PROCESSOR 
APPLICATIONS 
MANUAL 
by Motorola, Inc. 

Pub. price, $28.50 

Club price, $22.50 

768/862 

THE DESIGN 
OF THE 
MANAGEMENT 
INFORMATION 
SYSTEMS 
by D. Q. 
Matthews 
Pub. price, $ 12.95 

Club price, $ 10.95 

768 /7 73 

THE DESIGN 
OF AN 
OPTIMIZING 
COMPILER 
by W. Wulf, 
R. K. Johnson, 
C. B. Weinstock, 
S. O. Hobbs and 
C. M. Geschke 

Pub. price, $ 13.50 
Club price, $ 10.95 

770/271 

BUCHSBAUM'S 
COMPLETE 
HANDBOOK OF 
PRACTICAL 
ELECTRONIC 
REFERENCE DATA 
by W. H. 
Buchsbaum 

Pub. price, $ 17.95 
Club price, $ 13.50 

Introductory offer 
to new members 01 the 

PROFESSIONALS' 
BOOK CLUB 

COMPUTE 

any one 
of these great 

professional books 

for $e 
only 

89 

values up 
to $28.50 

Special $1.89 bonus book comes to you 
with your first club selection 

Be sure to consider these books as well-

767/475 767/130 768/714 768 7-10. 

OPERATING WHY APPLYING DATA MICRO-
SYSTEMS INFORMATION STRUCTURES PROCESSOR/ 
THEORY SYSTEMS FAIL MICRO. by T. G. Lewis 
by E. G. by H. C. Lucas, and M. Z. Smith PRCGRF.MMING 
Coffman. Jr. Jr. Pub. price, $ 15.95 HANDBOOK 
and P. J.  
Denning Pub. price, $ 11.00 club price, $ 12.25 by Brice Ward 

$ 95 8. Pub. price, $ 17.95 Club price, Pub. price, $9.95 

Club price, $ 14.50 Club price, $8.45 

767 653 

AUTOMATA 
THEORY 
An Engineering 
Approach 

by I. Aleksander 
and F. K. Hanna 

Autem lil 

Thee  
' An sei 

.11 

Pub. price, $ 15.50 

Club price, $ 13.15 

0 01 

wait' 

768'641 

MINICOMPUTER 
SYSTEMS 
Organization and 
Programming 
(PDP-11) 

by R. H. 
Eckhouse 

Pub. price, $ 15.95 
Club price, $ 12.50 

767/289 

COMPUTER 
APPLICATIONS 
IN OPERATIONS 
ANALYSIS 
by B. P. Lientz 

Pub. price, $ 12.95 
Club price, $ 10.95 

766/770 

MINICOMPUTER 
SYSTEMS 
Structure, 
Implementation 
and Applications 

by C. Weitzman 

Pub. price, $ 19.50 

Club price, $ 14.50 

768/03X 

MICRO-
PROGRAMMABLE 
COMPUTER 
ARCHITECTURES 
by A. B. 
Salisbury 

Pub. price, $ 13.50 

Club price, $11.40 

389/209 

ANALYSIS, 
DESIGN AND 
IMPLEMENTA-
TION OF 
INFORMATION 
SYSTEMS 
by H. C. Lucas 

Pub. price, $ 13.95 

Club price, $ 11.50 

save time and money 
by joining McGraw-Hill's new 11/1 

COMPUTER PROFESSIONALS' nil II 
BOOK CLUB 

T HIS new professional club is designed to meet your day-to-day on-the-job 
needs by providing practical books in your field on a regular basis at below 

publisher prices. If you're missing out on important technical literature-if 
today's high cost of reading curbs the growth of your library-here's the solution 
to your problem. 

The Computer Professionals' Book Club was organized for you, to provide an 
economical reading program that cannot fail to be of value. Administered by 
the McGraw-Hill Book Company, all books are chosen by qualified editors and 
consultants. Their understanding of the standards and values of the literature in 
your field guarantees the appropriateness of the selections. 
How the Club operates: Every month you receive free of charge The Computer 

Professionals' Book Club Bulletin. This announces and descrlDes the Club's 
featured book of the month as well as alternate selections available at special 
members' prices. If you want to examine the Club's feature of the month, your do 
nothing. If you prefer one of the alternate selections-or if you want no book at 
all-you notify the Club by returning the card enclosed with each Bulletin. 

As a Club Member, you agree only to the purchase of four books ( including 
your first selection) over a two-year period. Considering the many books published 
annually, there will surely be at least four you would want to own anyway. By 
joining the club, you save both money and the trouble of searching for the best 
books. 

r-- MAIL THIS COUPON TODAY 
COMPUTER PROFESSIONALS/Book Club 
P.O. Box 582 Pr nceton Road, Hightstown, New Jersey 08520 
Please enroll me as a member and send me . he two books indicated. I am lo 
receive the bonus hook at the introductory brie of 51.89 plus my first selection. 
plus tar. postage and handling. If not completely satisfied. I may return the books 

within 10 days and requal that my membership be cancelled. If I keep the books. 
I agree to lake a minimum of three additional brooks during the next Iwo years at 
special club prices ( guaranteed 15°, discount often more). I will receive the 
Club bulletin 12 times a year. It I want to examine the featured selection. I need 
take no action. It all Is , shipped automatically II, however. I want an alternate 

selection- or no book al all- I simply notify Me Club by returning the convenient 
card always enclose. I will always have a minimum of 10 days in which to return 
the card and you all credit my account fully, including postage, if this is not the 
case. Membership hi Ih« Club is continuous WI cancellable by me at any time 
alter the your- book purchase requirement has been filled. This order subject to 
acceplawce by McGraw.dill. Orders from outside the continental U.S. must be 
prepaid Company. busineAs. or instrlutional tax nsemplion status is not applicable 
to purcnases made through individual Club memberships. All prices subject to 
change without notice Offer good for new enernilers only. 

Write Code ee of $ 1.89 bonus Write Code et of 
book selection here first selection here 

NAME  

ADDRESS  

CITY  

STATE 

EXTRA SAVINGS: Remit in full with your order, plus any local and state 
tax, and McGraw-WI pill pay all postage and handling charges. P39248 

ZIP 
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New products 

Communications 

Voice system 
saves bandwidth 

Linear predictive coding 

allows digitized voice to be 

transmitted at 2,400 b/s 

Digitizing voice for secure communi-
cations and other applications usual-
ly requires the rather high transmis-
sion rate of 56 kilobits per second — 
and therefore a large bandwidth— to 
get good-quality reception. But Time 
and Space Processing Inc. of Cuper-
tino, Calif., has developed a digital 
telephone system, model 100, that 
provides exceptional-quality voice 
communications without using a 
large bandwidth — 4-kilohertz analog 
voice is sent digitally at only 2,400 
bits per second. The microprocessor-
controlled voice digitizer permits 
two-way conversation in real time 
over standard phone lines using 
conventional telephones, micro-
phones, or similar equipment. The 
unit can also be multiplexed in 
parallel with other data onto a 
conditioned leased line, because it 
looks like a synchronous data termi-
nal operating at 2,400 b/s. 
The technique used to transform a 

4-kHz audio input into a serial bit 
stream for real-time transmission is 
called linear predictive coding, LPC. 

Simply put, the audio signal is 
analyzed by means of a coding tech-
nique that is implemented in micro-
processor architecture, and the result 
is a digital serial bit stream represen-
tative of the analog signal. To 
provide duplex operation, the system 
uses an analyzer in the send portion 
and a synthesizer, which operates 
independently, in the receive portion. 

In the analyzer portion, an analog 
module provides bandpass filtering 
before the signal reaches the analog-
to-digital converter. Subsequent di-
gital signal processing sorts out the 
needed characteristics of the speech 
waveform: voiced and unvoiced 
sounds, pitch rate, power, and spec-
tral content. The analysis algo-
rithms, stored in read-only memory, 
extract these characteristics. 

Voiced and unvoiced analysis dif-
ferentiates sounds that are produced 
by air passing over the vocal chords 
and through the vocal tract from 
those sounds produced without that 
excitation. For voiced sound, the 
pitch extraction analysis determines 
the fundamental frequency of the 
vocal chords. Parameters of the 
speech signal spectrum other than 
pitch rate are handled by the LPC 
algorithm. In essence, the LPC tech-
nique estimates the next sample of 
speech waveform based on a linear 
combination of past samples to 
determine the weighting and assign 
the samples to produce the best esti-
mate. The results of all this process-
ing are combined in a frame of serial 
data for transmission via a commu-

nications interface, such as the EIA 
RS-232-C, the Mil 188C, or the 
cc in V.24. 

In the receive portion, the synthe-
sizer uses the information contained 
in the bit stream to reconstruct the 
speech signal, first as a sampled-data 
time series, then through the digital-
to-analog converter, and finally 
through an analog filter to an audio 
earpiece. 
The microprocessor handles sev-

eral chores. Although implementa-
tion of LPC in this architecture 
requires high-speed hardware mod-
ules, a relatively slow microprocessor 
can interpret as well as control 
program execution. Computation 
and decision are necessary in each of 
the analyses and the microprocessor 
must assemble the bit package in 
proper order and maintain frame 
synchronization. 

Model 100, which measures 18.6 
by 16.7 by 18.8 inches, sells for 
$14,950 in small quantities. It can be 
rented for $600 per month. Delivery 
time is 90 days. 
Time and Space Processing Inc., 10430 

Tantau Ave., Cupertino, Calif. 95014 [371] 

Inexpensive fiber-optic 

system handles 9,600 b/s 

Here's one of the first low-cost fiber-
optic digital data sets designed espe-
cially to carry data over relatively 
short distances. The full-duplex sm-
tem offers freedom from electromag-
netic interference and provides sig-
nal-emission security for such appli-
cations as transferring data from a 
computer terminal to a central 
processor. 
The data set handles rates up to 

9,600 bits per second, although 50 
kilobits per second is possible as an 
option. At 9,600 b/s, the error rate is 
one in 108. 

Compatible with EIA RS-232-C or 
ccIrr standards, the data set is 
supplied with everything except the 
fiber-optic cable: integral 25-pin 
connector, fiber connectors, regu-
lated power supply, and signal-
processing electronics. For data links 
less than 150 feet long, the company 
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recommends using Du Pont's plastic 
cable. For greater distances, up to 
1,200 feet, it suggests Du Pont's 
toughened silica-fiber cable. 
The data sets sell for $675 per pair 

of interface units, plus the cable cost. 
The company offers the Du Pont 
plastic cable at a cost of $3.30 per 
meter—exactly what it pays for it. 
Delivery time ranges from 30 to 90 
days. 
Optical Communications Corp., 950 Nor-

wood Rd., Silver Spring, Md. 20904 [372] 

Fast instruments test 

325-megahertz PCM links 

The MN-301 transmitter and the 
MB-301 receiver form a pseudo-
random data generator and receiver 
for use over the range from 1 to 325 
megahertz. The transmitter has pro-
vision for two different sequence 
lengths- 127 bits and 32,767 bits. It 
also puts out a simple test pattern 
(11001100 ... ), and has provision 
for local and remote error injection. 

The receiver features automatic 
synchronization, variable threshold 
adjustment, and a 4-digit counter to 
display bit-error rate or total bit 
errors. The counter, which has a 
binary-coded-decimal output port 
for connection to a.printer, can be 
used independently. Pricing on the 
ultrahigh-frequency modules is as 
follows: $3,900 for the MN-301 
transmitter, $6,000 for the MB-301 
receiver, and $875 for a mainframe 
that contains power supplies and 
cooling for the two plug-in modules. 
Delivery time for all the equipment 
is 8 to 10 weeks. 
Tau-Tron Inc., 11 Esquire Road, North Biller-

ica, Mass. 01862. Phone (617) 667-3874 

[377] 

Flexible tester diagnoses 

data-transmission problems 

The Hawk 4000 Datatrap is a micro-
processor-based piece of test equip-
ment designed to help the user diag-
nose data-communications problems 
quickly. An interactive device, it can 
monitor, transmit, and receive data 

Ogle 

between a modem and a terminal. 
The unit can trap and store 2,000 
characters for later study, with the 
data displayed on a 9-inch 512-char-
acter screen. 
The system operates with BISYNC, 

SDLC, HDLC, and all ADCCP standard 
protocols. It can handle full-duplex 
asynchronous data rates from 75 to 
19,200 bits per second and synchro-
nous line rates up to 75,000 b/s. 
Because its switch functions are 
contained in software rather than 
hardware, the Hawk 4000 Datatrap 
is highly resistant to obsolescence. It 
sells for $9,975 and has a delivery 
time of 60 days. 
International Data Sciences Inc., 100 Nashua 

St., Providence, R. I. 02904. Phone (401) 

274-5100 [376] 

660-nanometer signals cut 

only 40 dB/km by optical cable 

Model PFX-S12OR fiber-optic cable 
features a maximum attenuation of 
50 decibels per kilometer at 820 
nanometers and 40 dB/km at 660 
nm. Enclosed in a black jacket for 
increased resistance to ultraviolet 
radiation, the cable combines high 
strength with good flexibility: a 
1-meter length of PFX-S12OR can 
support more than 65 kilograms, and 
can be wrapped around a 3-milli-

meter mandrel five times without 
breakage. The cable replaces a 
previous product with the same 
model number, which had maximum 
attenuations of 85 dB/km at 820 nm 
and 50 dB/km at 660 nm. The 
earlier cable also lacked the pig-
mented covering. Like its predeces-
sor, the new PFX-S12OR sells for $4 
a meter; minimum purchase is 50 
meters. 
E. I. du Pont de Nemours and Co., Plastic 

Products and Resins Dept., Wilmington, Del. 

19898. Phone C. Ronald Ferguson or Ken-

neth S. Kamm at (302) 774-7850 [373] 

PCM carrier analysis tester 

checks 3. 152-Mb/s systems 

Designed to check out transmission 
systems and components that oper-
ate at 1.544 and 3.152 megabits per 
second, the model 273A carrier anal-
ysis test set is suitable for use with 
such Bell System transmission 
systems as T-1, T- 1C, multiplexed 
T-1, and the Digital Data System, as 
well as with Lenkurt Duobinary. In 
addition to detecting bipolar viola-
tions and logic errors, the set trans-
mits signals compatible with the Bell 
System's T-1 and T- IC test patterns. 
It can be used for isolating problems 
in the central office because it can 
receive on cable up to 4,000 feet 

.01 «gee MIX>, 61,, 

long. The model 273A has a select-
able bridging or terminating re-
ceiver. The transmitter can inject 
bipolar violations for circuit identifi-
cation and for the testing of auto-
matic protection switches. 
Bowmar/ALI Inc., 531 Main Street, Acton, 

Mass. 01720. Phone (617) 263-8365 [374] 
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Classified section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES 
CLASSIFIED SALES REPRESENTATIVES 
Atlanta Joe Lane 404/892-2868 
Boston Holt Buchanan . 617/262-1160 
Chicago E141 litggenS   312/751-3733 

Cleveland Mac Huestis 216/781-7000 
Dallas  Mike Taylor 214/742-1747 
Denver   Shirley Klotz 303/837-1010 
Detroit  Mac Huestis 313/873-741n 

HouStOn .... Mike Taylor 713/659-8381 
Los Angeles Stan Kassir 213/487-1160 
New York .. Larry Kelly 212/997-3594 
Philadeprua. Dan Ferro  215/568-6161 

Pittsburgh Dean Genge . 412/391-1314 
San Francisco. M.E Kenny . . . 415/362-4600 
Stamford Holt Buchanan . 203/359-2860 
XEROX 400 TELECOPIER . 212/997-6800 

11RFE t I 

Analyzers 

Graphic 
Computer 
Terminals 

Automated 
Test Systems 

Digital Test 
Instruments 

Programmable 
Calculators 

Microprocessor 
Design Systems 

Medical 
Instrumentation 

Oscilloscopes 

Spectrum 
Analyzers 

Graphic 
Computer 
Terminals 

Automated 

EVERYTHING 
IS COMING UP 

"GROWTH" 
AT TEKTRONIX 

Our vigorous growth spans the electronics field from Oscilloscopes and Instrumentation to RF 
Systems, Graphic Computing Systems, and Microprocessor Design Systems. Opportunity at Tektronix 
is definitely growing.To further advance the pace of new product development, and marketing activity, 
we need more highly skilled professionals. 

DESIGN 
ENGINEERS 

Opportunities exist from 
design to project 
responsibility. Experience in 
analog and/or aigital circuit 
design, mini-computers or 
microprocessors is necessary. 
Knowledge of machine 
assembly or high level 
programming languages 
would be helpful. 

SOFTWARE / 
FIRMWARE 

Opportun ties exist from 
design to project 
responsibilities. Background 
in design of compilers, 
assemblers, linkers or 
microprocessor/disc-based 
operating systems is desirable. 

APPLICATIONS / 
MARKETING 

You will provide 
applications and product 
support. New product 
planning, development and 
introduction and market 
research for assigned 
products. Design/applications 
of these products is necessary. 
Microprocessor and 
programming experience is 
highly desirable. 

A BS or MSEE or CS or the equivalent is required. We offer competitive salaries and benefits and 
relocation to one of the most attractive areas of the Northwest. Near Portland, Oregon, our 300 acre 
campus-like facility is just minutes away from your choice of urban, suburban or country living. Please 
send your resume to: Professional Placement, TEKTRONIX, INC., P.O. Box 500,E13, Beaverton, 
OR 97077. 

An equal opportunity employer m/f/h. IMIctronbc 
cONIAXT TED TO EXCELLENCE 

(- FIVE MINUTES 
Are you willing to invest five minutes in your career? That is all the time it will take to 
explore the outstanding opportunities we have for the following individuals: 

One Navigation Analyst 
Two Avionics Systems Engineers 
One Flight Control Systems Engineer 
One Power Supply Design Engineer 
One Software Development Engineer 

We have retained one of the finest search firms in the country to assure your confi-
dentiality while answering your questions about us and our opportunities. Now that you 
have invested one minute to read this ad, invest the other four by calling. 

14. - The PMS Group 
Tom Worrell 

3900 N.W. 79th Ave., Suite 451, Miami, FL. 33166 
Phone ( 305) 592-3610 

SOUTHEASTERN 
OPPORTUNITIES 

Fox-Morris, a leader in professional 
engineering placement, presents a 
partial listing of lucrative career op-
ptys currently available with our 
prestige client cos. 
Sr. Project Engr-GA $24M 
Sr lnst Engr-SC $28M 
Power Dist Engr-VA $22m 
Instrument Engr-LA $20M 
Electronics Engr-Atl $18M 
Maint Engr-New Orleans $ 19M 
Product Design Engr-GA $17M 
Process Control Engr-Miss $20M 
Project Engr-NC $18M 
Dept Supt-GA $16M 
Production Mgr-GA $17M 
1st Line Supen 121-GA $12M 
All employment costs paid by client 
cos. No applications or contracts 
regd. Reply in conf to K. Schauer. 
Mgr Tech Placement, by resume 
including present salary 

FOX-MORRIS 
PERSONNEL CONSULTANTS 
2200 Century Parkway, N.E. 

  Atlanta, GA 30345  

MANAGEMENT CONSULTANT 
MARKETING 

We are an international, manage-
ment consulting firm based in 
Chicago. Internal promotions 
together with continued growth have 
resulted in an unusual entry level op-
portunity for a promotable individual. 
Qualified candidates will have an 
engineering degree, an MBA, high 
scholastic achievement and 2-5 
years of experience in marketing, 
market research or closely related 
areas. 
Send resume including salary history 
to: P-5248, Electronics 

Class. Adv. Dept, P.O. Box 900 
N.Y., N.Y. 10020 

.. .tie have been placing graduate 
ENGINEERS 

in FEE-PAID positions 
I  I>'  THROUGHOUT THE U.S. since 
i 59. Over 1,000 client companies. 

We are graduate engineers work-
ing full-time for you. Send resume 
& salary history today or request 
confidential application. 

ATOMIC PERSONNEL, INC.  1 Suite L. 1518 Walnut St.. Phila., Pa. 19102 I 
An Employment Agency 

L...---««.. For All Technical Fields• — —I 
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ENGINEERS 
AT 

• Don't wear suits and ties 
• Don't snuffel papers and answer phones 
• Don't sit at desks 

• Do work outdoors 
• Do take charge 
• Do make decisions 
• Do face many challenges 
• Do bear heavy responsibilities 
• Do operate sophisticated electronic equipment 
• Do record information on oil and gas wells 
• Do intrepret this information 

• Are their own boss 
• Are searching for tomorrow's energy 
• Are not afraid of long hours 

THIS JOB IS NOT FOR EVERYONE - BUT IT 

COULD BE IDEAL FOR YOU! 

Schlumberger, the world leader in well logging 
and wireline service, has immediate career op-
portunities for the individual with a degree in 
Electrical or Mechanical Engineering or Physics, 
up to 3 years of work experience, outstanding 
scholastic record and U.S. Citizenship. 

If you want to be involved in the search for to-
morrow's energy, this JOB IS FOR YOU! 

CALL COLLECT: 

aaa a 

CARTER ROBINSON 
(713) 928-4218 

P.O. BOX 2175. HOUS— ON TEXAS 77001 

SCHLUMBERGER WELL SERVICES 

ARIL 

90,000 engineers and managers 
for $46.00 

For only $46.00 per inch your recruitment advertising in 
ELECTRONICS' Classified Section will reach 90,000 career-con-

scious engineers and managers as they're reading to combat job 

obsolescence, while they're thinking about their future and bet-
tering themselves. 

There's no charge for typesetting and free layout service is 
provided. For more information call or write: 

ELECTRONIC S Post Office BOY 900 
New York, N.Y. 10020 — Phone: 212997-2556 

MAKE YOUR 

NEXT 

MOVE A STEP 

IN THE 

RIGHT 

DIRECTION 

The road to professional 
fulfillment can be a real jun-
gle. We can help you find the 
right path. Our affiliation with 

Peerdnel 
lates® 

keeps us informed of oppor-
tunities in the ELECTRONICS 
industry from coast to coast 
as they occur. Together with 
over 175 associates, we 
offer our knowledge and ex-
pertise at no charge to you. 
Fees are company paid. 

POWER SERVICES, INC. 
DOD/I & C CONSULTANTS 
Northgate Office Building 
5861 Rivers Avenue 
North Charleston, 

South Carolina 29405 
18031747-0955 

JIM KING & ASSOCIATES 
Electronics Division 
438 Gulf Life Tower 
Jacksonville, Florida 32207 
(904 398-7371 

ELLS PARK PERSONNEL 
SERVICES 

5050 Excelsior Boulevard 
Minneapolis, Minnesota 55416 
612 927-4653 

BRENTWOOD PERSONNEL 
ASSOCIATES 

1280 Route 46 
Parsippany, New Jersey 07054 
201 335-8700 

WETERRINGS & AGNEW, INC. 
425 Midtown Tower 
Rochester, New York 14604 
716,454-3888 

AVAILABILITY, INC. 
Engineering Consultants 
1300 N. Westshore Blvd. 
Tampa, Florida 33607 
(813! 872-2631 
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LSI 
APPLICATIONS ENGINEERS 
CIRCUIT DESIGNERS 
SENIOR LSI DESIGN ENGINEERS 
TEST ENGINEERS 

There's no place like Florida 
...when you're in a growth career at the 
ITT LSI Systems Support Center 

This recently established, corporate-funded 

organization is located in West Palm Beach, where 

the year-round living is all you could ask for. The 

career opportunity is the ideal complement, because 
this Center is charged with providing the means 

for optimum use of LSI in wide-ranging ITT 

telecommunications, space, defense, automotive 

and industrial product areas. This scope and 

challenge dictate the building of a highly 

qualified, technology oriented, system 

sensitive professional staff. True ground-

floor positions with unusual reach into the 

future, offering excellent prospects for 

career advancement, are available to 
those who qualify. 

LSI APPLICATIONS ENGINEERS 
Direct interface with equipment division engineering personnel to 
identify and promote LSI design and application opportunity. Capable 
of assessing, analyzing, and coordinating the long range systems 
concept combining long range technology forecasting. Experience in 
telecommunications equipment highly desirable. 

CIRCUIT DESIGNERS 
Experienced designer in advanced LSI technologies. Responsible for 
design of complex LSI circuits in latest bipolar and MOS technologies. 
Requires BSEE and 2 years design experience using sophisticated 
computer-aided techniques. 

SENIOR LSI DESIGN ENGINEERS 
Responsible for custom LSI design using state-of-the-art MOS and 
bipolar techniques. Activities include feasibility studies, chip design, 
characterization and qualification studies. Requires MSEE and 4 
years experience using sophisticated computer-aided design layout 
and analysis techniques. 

SENIOR TEST ENGINEERS 
Interface with ITT equipment and systems divisions in testing philos-
ophy and testability for new applications. Generate and debug test 
and characterization programs for custom and standard LSI circuits. 
Requires BSEE and 4 years in product and test engineering. Sentry 
experience and knowledge of MIL-38510 qualification techniques 
preferred. 

Positions available at lesser experience levels. Recent or 
r pending college grads are also invited to inquire. 

Send resume with salary history in confidence to Mr. Jack W. Milligan, 
Director of Personnel, ITT LSI Systems Support Center, 3301 Elec-
tronics Way, West Palm Beach, Florida 33407. 

ITT LSI SYSTEMS SUPPORT CENTER 
An Equal Opportunity Employer, M/F 

gee 
genii 

Would 
you hire 
an engineer 
who 
couldn't 
understand 
this 

magazine? 
Of course not. ELECTRONICS is 
the technical publication for 

technical people. If they can't 

understand it, they can't receive 
it. That's why, when you're look-

ing for qualified engineers, you 

should consider our Classified 

Section. 
For only $46.00 per inch your 

recruitment advertising will 

reach 46,000 pre-screened en-
gineers—that's just $1 per thou-

sane—as they're reading to 
combat job obsolescence, while 

they're thinking about their 
future and bettering themselves. 

There's no charge for type-

setting and free layout service is 

provided. 
For more information call or 

write: 

ELECTRONICS 
Post Office Box 900 
New York, N.Y. 10020 
Phone: 212/997-2556 
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POSITION VACANT 

The New Brunswick Community 
College, Campus DeBathurst has an 
interesting position available as an 
Instructor of Technology in the 
electronics program. The successful 
applicant will be required to teach a 
2 year post secondary program lead-
ing to a diploma in technology. 
Instruction involves both the 
practical & theoretical aspects of 
electronics and will be given in the 
French language. The position offers 
excellent working conditions & usual 
fringe benefits found in government 
employment. A 2 month non-instruc-
tional period applies in lieu of vaca-
tion when an instructor becomes 
qualified. Applications are invited 
from those having a university 
degree in Electrical Engineering & 
having at least 3 years experience in 
the industry. The salary is up to 
$22,428 & is commensurate with 
qualifications & experience ( salary 
presently under review). Where the 
applicant does not have teaching 
qualifications, training is provided. 
Closing date for applications August 
5, 1977. Apply to: Mr. Hector D. 
Sonier, Principal, New Brunswick 
Community College, Campus De-
Bathurst, Postal Drawer I, Bathurst, 
N.B., Canada E2A 3Z2. 

POSITIONS WANTED 

U.K. B.Sc, M.Sc, 29, 7 years design 
and development experience of 
digital systems, TTL, CMOS, Micro-
processor techniques, seeking a 
suitable position. PW-5297, 
Electronics. 

Ga As R&D supervisor, 8 years 
experience, including program 
development with government 
agencies. Reply to PW-5266, 
Electronics. 

Will relocate. Engineering technician. 
10 years experience in prototype 
design, assembly and troubleshoot-
ing. -Worley, 1710 Arizona, Flint, MI 
48506 ( 313) 785-2602. 

CMOS/SOS R&D supervisor, 11 
years experience, including project 
engineering, program management, 
& program development with govern-
ment agencies. Reply to PW-5267, 
Electronics. 

MS, EE ( PE) $25K/yr Microwaves, 
Antennas, Logic Design. Gene 
Pereda: 505-294-2935, New Mexico. 

EMPLOYMENT SERVICE 

Engineers— discrete, personal, 
reputable national fee paid place-
ment serv. Murkett Assoc. Box 527, 
Montgomery, AL 36101. 

"How To Get A Job Overseas" 253 
pages! Jam-Packed info. + Directory 
300 firms $5 Transvvorld, Box 
90802-HR Los Angeles 90009. 

THIS SPACE 
AVAILABLE 

FOR 
$46.00 

oolo° 
Software 
Specialists 
The Boeing Company, in Seattle, Washington, is 

seeking computer professionals tor a variety of impor-
tant assignments on a wide range of systems including: 

• Energy Management/Control Systems 
• Military Command/Control Systems 
• Military & Space Avionics Systems 
• Surface Transportation Systems 

Challenging opportunities exist in the following areas: 

OPERATIONAL SOFTWARE 
DEVELOPMENT 

• Design and develop software for simulators, opera-
tional systems, automatic test equipment and other 
special-purpose or realtime applications. 

SOFTWARE/COMPUTING SYSTEM 
DESIGN AND ANALYSIS 

• Analyze system hardware, software and operator re-
quirements to support establishment of a system ar-
chitecture. 

• Perform systems analyses and trade studies to sup-
port design concepts, new business acquisition and 
proposal activities. 

SOFTWARE AND COMPUTER SYSTEM 
TEST AND EVALUATION 

• Design and develop hardware and software test con-
cepts and environments to support operational soft-
ware and computer systems test. 

• Conduct software tests. 

Candidates for these opportunities must have a BS 
degree or higher in Engineering or Computer Science 
and be a U.S. citizen. 

Attractive salary, fringe benefis and moving allow-
ances will be offered qualified candidates. And living is 
a pleasure in the unspoiled Northwest with its many rec-
reational and sports activities and relaxed ife-styles. 
Look into these opportunities. 
Send your résumé to The Boeing Company, P.O. 

Box 3707-LHK, Seattle, WA 98124. 
An equal opportunity employer. 

Arzreywàu 
Getting people together 
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CAREERS IN 

Printer 
Engineering 

Computer Peripherals, Inc., the joint venture company of Con-
trol Data Corporation, NCR Corporation, and ICL, Ltd. is in-
volved in an advanced technology development program. 

MECHANICAL PROJECT ENGINEER 
Outstanding growth opportunities exist in creative line printer 
development group for imaginative and creative project 
leader. Experience should include vibration, stress, structural, 
dynamic and thermal analysis of electro-mechanical equip-
ment. Responsibilities will also include product definition and 
generation of product specification. Supervisory experience 
with engineers and technicians essential. 

NON-IMPACT PRINTER SPECIALISTS 
Our vigorous growth has created immediate opportunities in 
our Ink Jet and Electrophotographic programs for Program 
Managers, Project Engineers, and design and development 
specialists in a variety of disciplines. An advanced degree in 
engineering or physics or a Bachelor's degree with equivalent 
advanced experience is required, plus the creative ability to 
develop new directions in non-impact printer technology. 

For both engineering positions above, BS required, MS pre-
ferred, plus 2-5 years relevant experience. 

We offer competitive salaries and benefits and outstanding 
growth potential. Please send resume to: 

Mr. Bob Brown 

COMPUTER 
PERIPHERALS, INC. 
1480 N Rochester Road 

Box DTH-23 
Rochester . Michigan 48063 
1-313-651-8810 

WHERE DO YOU FIT? 
In today's job market, that 

is. One way to see if you're in 
demand is to check the em-

ployment opportunities 

contained in ELEC-

TRONICS' Classified Sec-

tion. 
Another way to get a read-

ing is to place a blind ( box 

number) Position Wanted 

ad there. The cost is low 

(only $ 1.25 per line) and the 

results are often rewarding. 
For more information call 

or write: 

ELECTRONICS 
Post Office Box 900 
New York, N.Y. 10020 
Phone: 212/997-2556 

Digital 
Multimeter 
Design 

You will be responsible for the complete design of 
digital multimeters. You will design circuits which 
include input switching networks, AC attenuators, AC 
to DC convertors, and analog-to-digital convertors and 
displays. 

The successful candidate's background will include 
at least two years' analog design experience and 
familiarity with a combination of the above circuits. 

Benefits include educational support, insurance 
and profit sharing. 

Send detailed resume and salary history to Roy 
Epperson, TEKTRONIX, INC., P.O. Box 500, E23, 
Beaverton, OR 97077. 

An Equal Opportunity Employer M/F/HC. 

iwctronDe. 
1.µ1 IF f %CAI If M I 

ASSEMBLY ENGINEER 

SEMICONDUCTORS 
Our increased activity and involvement in plastic and 
multi-chip packaging has created a new opportunity for a 
semiconductor assembly engineer. 

This position requires a person with an up-to-date 
knowledge of automatic equipment used in assembly and 
packaging of semiconductor devices in plastics and ce-
ramics. Creative piece handling, advanced wire bounding 
concepts and efficient design of transfer machinery are 
required results. This is a staff function at a professional 
level. Aside from electromechanical design functions, 
associated manufacturing engineering activities ( process 
flow, work station design, measurement, etc.) will be 
present. 

If you have the background described above and the ap-
propriate college degree background, we would like to 
hear from you. This may be your opportunity to join a 
leader in the semiconductor industry and the broader field 
of electronic business systems. 

Write now to: 

N 
Thomas F. Wade, Manager 
Personnel Resources 
Microelectronics Division 
NCR Corporation 
8181 Byers Road 
Miamisburg, OH 45342 

Equal ( )11 ,4,11,IIII I I.. retrii,t,, 
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Product 
Safety 
Engineer 

Tests and evaluates measurement products to 
applicable UL and CSA standards. Recommends 
design changes consistent with intent of circuit to 
achieve compliance with standards. Writes reporta 
describing construction and testa to testing agencies. 

Position requires a BSEE or equivalent; a minimum 
of two years' design or test and evaluation experience 
and a good working knowledge of UL and CSA 
standards. 

Tektronix, Inc., develops, manufactures and 
markets internationally recognized precision electronic 
measurement instruments, computer peripherals and 
related electronic instrumentation. Located near 
Portland, Oregon we are within a two hour drive of the 
Cascade Mountains and Ocean Beaches. The close-by 
nature playgrounds and the City of Portland provide a 
variety of recreational and cultural interests. 

We offer a competitive salary, profit sharing and an 
oustanding benefits package. 

Please send resume to: Mary Walhood, 
TEKTRONIX, INC., P.O. Box 500, E16, Beaverton, 
OR 97077. 

An Equal Opportunity Employer M/F/HC. 

léktroname 
MANATTHMOFM>UFMX 

Job-seekers... 
be the first to know 
with McGraw-Hill's 
Advance 
Job Listings 
By having our weekly ADVANCE JOB LISTINGS sent to your 
home every Monday you can be the first to know about open-
ings both in and out of your field. AJL will enable you to 
contact anxious recruitment managers BEFORE their ads ap-
pear in upcoming issues of 21 McGraw-Hill publications. To 
receive a free sample copy, plus information about our low 
subscription rates, fill out and return the coupon below. 

ADVANCE JOB LISTINGS / P.O. BOX 900 / NY 10020 
PLEASE SEND A SAMPLE COPY 
OF ADVANCE JOB LISTINGS TO 

NAME ADDRESS 

CITY STATE/ZIP 

ENGINEERING 
MANAGER 

COMPUTER TERMINALS 

Internationally recognized leader in 
the business machines, data processing 

industry, is seeking a manager with 
a strong technical background to 
manage an engineering activity 

developing display-based and printer-
based computer terminals. 

Candidate must have extensive 
knowledge and experience in processor 
architecture; display technology; printer 
technology; circuit design; logic design, 
and data communications. Knowledge 
of computer programming desirable. 

An appropriate technical degree and 
10 years of progressive engineering 

experience with demonstrated 
performance as an Engineering 

Manager is required. 

This is a rare opportunity for a manager 
who is highly motivated toward new 
product development. Send resume 

including salary history, in confidence, 
to: 

BOX P-5249  
An Equal Opportunity Employer Ad/F 

ELECTRICAL /ICS 
ENGINEERS 

We are a rapidly growing international corporation with 
new openings in all Atlanta based Research 8: Develop-
ment Division. We need engineers and programmers with 
a BS or higher degree in electrical engineering or com-
puter sciences to work in the following areas: 

DIGITAL HARDWARE DESIGNS: 
Processor ( micro, mini) based design. 

SOFTWARE DESIGNS: 
System level programming ( small systems), assembly 
level programming, etc. 

DIGITAL COMMUNICATIONS: 
Hardware— Modems, Interface Devices, etc. 
Softwa re — Protocals, Link Control, etc. 

This is an outstanding opportunity for professional growth 
and advancement in high technology growth industry. We 
offer excellent salaries, bonuses, benefits and educational 
reimbursement for graduate level courses. 
Send resume and salary history in confidence to: 

P.O. Box 1555 
Atlanta, Georgia 30301 

Attention: Personnel Administration Manager 
Equal Opportunity Emplover 

RATES $46 per advertising inch ( 8"). Commissionable, 
SIZES N" to 10" deep in widths of one column ( 1'8"), two ( 3'n"), 
three )5' and four ( 7"). 
CLOSING Two weeks prior to mailing. 
MAILING One week prior to issue date. 
ISSUE DATE Every other Thursday. 

AD ORDERS/BOX NUMBER ANSWERS Send to Electronics. 
Post Office Box 900. New York. N.Y 10020. 
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Talk to your 
computer for $299. 
SpeechLabTM lets you talk to and control any S-100 

bus computer...Sol, Altair, IMSAI, etc. Use for compu-
ter input, research, vocal control and games. Price, $299 
assembled and tested. Complete hardware/software 
system, 275 page lab and 95 page hardware manuals. 

Address Heuristics, Inc., 900 N. San Antonio Road, 
Los Altos, CA 94022. • d. 
Phone 1415) 948-2542. H curiifis 

INC 

Circle 154 on reader service card 

This 
Publication 

is Available in 
MICROFORM 

le,gene. 

300 North Zeeb Rd., 
Ann Arbor, Mich. 48106 

(313) 761-4700 

• from 

Xerox 
University 
Microfilms 

PLEASE WRITE 
FOR COMPLETE 
INFORMATION 

No of 

Lop, 

wante ,1 

ELECTRONICS 
REPRINTS 

New reprints 
R-718 Display makers strive to refine 

their technologies 8 pp $3.00 

  R-716 Special report — Japanese wave 

in semiconductor technology 24 

pp $3.00 
 R-714 Special report — active filter 

technology 6 pp $3.00 

 R-713 Electron- beam lithography 

draws fine line 10 pp $3.00 

 R-712 Special report — large-scale inte-

gration 16 pp $3.00 

 R-710 Personal computers mean busi-

ness 8 pp $2.00 

  R-708 So you want to be a consultant 

6 pp $2.00 

 R-706 Low-cost dual delayed sweep 

method 6 pp $2.00 

Charts 
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 

Books 
R-711 Circuits for electronics engi-

neers: 306 circuits for 51 func-

tions— Electronics Book Series 

$15.95 
 R-704 Thermal design in electronics 

$5.00 
 R-701 Applying microprocessors— 

Electronics Book Series $9.95 

R-608 Basics of Data Communica-

tions— Electronics Book Series 

$12.50 

 R-602 Large Scale Integration— Elec-

tronics Book Series $9.95 

R-520 Microprocessors— Electronics 

Book Series $8.95 

 R-011 Computer-aided Design 135 pp 

$4.00 

 R-032 Active Filters 88 pp $4.00 

Payment must 
accompany your order 

Make check or money order payable to 

Electronics Reprints. All orders are shipped 
prepaid by parcel post. Allow two to three 

weeks for delivery. 

Mail your order to: 

Janice Austin 

ELECTRONICS REPRINTS 
P.O Box 669 

Hightstown, N.J.08520 

Back issues now available: 

1960 to 1969, $5.00 each 

1970 to 1973, $3.00 each 

1974 to 1976. $4.00 each 
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• 
Instant 

Modulation 

Just Plug-in and Read... 
The low cost AM/FM Modulation Meter mi 2304 
Tunes . . Levels . . . Automatically . . . and Preserts 
the Read-out Within 2 Seconds! Ideal for Mobile Radio 
Production and Maintenance. Covers All Bands Thru 

960 MHz. 

• 
nu MARCO 

INSTRUMENNTSI 
100 STONEHLR51 COURT. NORTHVALE. NEW JERSEY 07647 

TELEPHONE 201/767-7250 • TWA 710.991-9752 
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HIGH VOLTAGE POWER 
SUPPLIES: Up to 20KV 2A 
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MICROWAVE COMPONENTS 

SONAR SYSTEMS 
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(i ... CATALOG ON YOUR LETTERHEAD 
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— INSTRUMENT CO. INC. 
2 LAKE AVE. EXT., DANBURY, CT. 08610 

203-792-6666 

From Electronics 
Magazine Book Series. 
Zero-risk trial offer. 

Circuits for 

Electronics 

Engineers 

Contains 306 circuits 
arranged by 51 
functions from 
Amplifiers to Voltage 
Regulating Circuits. 
Saves design 
drudgery. $15.95 

Electronics Book Series. 
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new products or new literature, 
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Now Norden 
gives the 
PD P-11/34M 
a little brother: 
the LS1-111111. 

New militarized micro-
computer uses same software 
as commercial LSI-11. 

. The LSI-11M is a full-
scale, 16-bit micrp-
computer and the 
smallest computer in 
the PDP-11M line 
Part of a newfamiliof 

fully- militarized computers, it uses ex-
actly the same software as the com-
mercial LSI-11. 

Combining Norden's experience in mili-
tary electronics with DIGITAL archi-
tecture and DIGITAL software, the 
LSI-11M offers exceptional price/per-
formance. This is a direct result of a rich 
repertoire of over 400 instructions and 
a low hardware cost. 

Familiar features 
plus militarized peripherals. 
Available without chassis, the LSI-11 
comes as a 6 x 8.2 x 1" CPU module 
This module is available with 4K wads 
of resident semiconductor memory. 
Further memory options in the form pf 
4K PROM and 16K and 32K core 
modules are offered. Peripheral and 
I/0 connections are accomplished 
thru fully militarized serial and parall?.1 
I/O modules. The LSI-11M also has a 
real-time operating system ( RT-11). 

For more information, call or write 
Director of Marketing, Computer 
Products Center, Norden Division, 
United Technologies Corporation, 
Norwalk, Connecticut 06856; Telephcne 
(800) 243-5840 toll-free, or call 
(203) 838-4471. 

PDP-11 and LSI-11 are licensed trademarks of 
Digital Equipment Corporation. 

PDP data processing with 
Norden military muscle. 

NORDEN 
e/z  Division of 

UNITED 
TECHNOLOGIES 
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First in the Industry! 
LEDs with PHOTOCONDUCTORS 

In DIP OPTO-ISOLATORS 
Clairex has developed these 
four LED/photoconductive 
cell isolators in the conven-
tional dual-in-line package. 
They are truly an industry 
first! The inherent slower 
speed response of a photo-
conductive cell, as com-
pared to a silicon detector, 
provides an ideal unit for 

noise and transient immu-
nity. 

All four units have a 
photoconductive cell out-
put capabilky of 250 volts 
PAC along with an isolation 
voltage of 1500 PAC. They 
also feature a minimum 
R OFF of one megohm and 
guaranteed RON maximums 

at If biases of 16 ma and 1 
ma respectively. 
The CLM 50 and CLM 

51 incorporate a GaP LED 
with a photoconductive cell 
for both linear and logic 
functions. The CLM 60 and 
CLM 61 feature two GaP 
LEDs connected in inverse 
parallel in their input cir-

CLAIREX ELECTRONICS 

cuits to facilitate an a-c in-
put signal to the isolator. 

For complete details or 
any other assistance with 
your opto-electronic prob-
lems, call 914-664-6602 or 
write Clairex®, 560 South 
Third Avenue, Mount Ver-
non, New York 10550. 

A Division of Clairex Corporation 
Circle 902 on reader service card 




