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A first look at the 20th annual ISSCC/57 

Storage scope captures 1-nanosecond signals/73 
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Conductive Plastic Trimmers 
at Carbon Prices. 
Just when you thought " low cost" also meant " low performance", along comes 
the dazzling new Bourns l; Motel 3355. Compare it to the CTS 201, Mepco 46X 
or Piher PT15. Our revolutionary conductive plastic element vs. their carbon ... 
fact is we outperform them all. TG prove it, we spec important characteristics 
such as CRV at 1% and a TC of 500 PPM/CC ... the others don't And only the 
3355 has board-wash cap2bility. a UL- 94V-1 flammabAity rating and an optional 
choice of nine rotor colors. The standard Wire is priced at just 11c each ( 100.000 
pieces). .. about what you'd expect to pay for the ower performance carbon types. 

Send today for complete details on a colorful -iew way • o design in superior 
performance for your cost effective needs — the Model 3355 Trimmer. Direct 
or through your local distributor. 

TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Ave., Riverside. 
CA 92507. Phone: 714 781-5050 — TWX: 913 332-1252. 

CATALOG SHEET SPECIFICATION COMPARISONS 

BOURNS CTS IREPCO PIHER 
CHARACTERISTIC 3355 20V 46x• PT15' 

Element Conductive Plastic Carbon Carbon Carbon 

Temperature Coefficient 500 PPM/°C No Spec No Spec 1000 PPIAPC 

Contact Resistance 

Variation 1.0% max. No Spec No Sxec No Spec 

Power Rating 25 W at 70°C .25 W at 55°C .25 W at 55°C .25 W at dec 
Flammability UL-94V-1 No Spec No Spec UL-94 

Board Wash Capability Yes No Spec Nr. Spec Ne Spec 

Source: CTS Series 201 Data Sheet. Mepco Cata Sheet ME1004, Piher Data Soeet F-2002 Rev 7/73 

International Marketing Affiliates: European Headquarters — Switzerland 042'23 22 42 • Belgium 32/218 2005 • France 
C1/2039633 • Germany 0711/24 29 36 • Italy 02/32 56 88 • Netherlands 70t67 14 00 • United Kingdom 01/572 1531 • 
ttorvay 2/71 18 72 • Sweden 764/20 110 • Jam 075/921 9111 • Australia 02/E5-0,11 03/-95-9566 • Israel 77 71 15/6/7 

For Immediate Application — Circle 120 
For Future Application — Circle 220 



Take a tip from Hewlett-Packard. 
Oscillographic recorders from Hewlett-
Packard can free you of pen problems. 
The reason starts with our pen tips. 'Bing-
sten carbide in our ink recorders, ceramic 
in our thermal recorders. Since these tips 
are designed not to wear out, the pens can 
last the life of the recorder. 
But it takes more than a trouble-free 

tip to deliver a really trouble-free writing 
system. HP builds sturdy, stainless steel 
pen mechanisms that eliminate fatigue 
failures. Even failures you might expect 
from sustained violent signals. 
HP's combination of hard tips and 

trouble-free design creates a mechanical 
stability that flees you from pen adjust-
ments, lapping, and replacing. You'll find 

these exceptional writing systems in Hew-
lett-Packard's complete line of 2-to 8-
channel oscillographs. 
These recorders are designed to meet 

our own tough environmental specifica-
tions such as shock (30G, 11 rnsec, 1/2 sine), 
vibration (5 to 55 Hz, 0.0I" p-p), and oper-

ating temperature (0 to 55°C). 
Nobody likes to mess with recorder 

problems, especially pen problems. So the 
best tip we can give you is to use the cou-
pon and send for a brochure on the Hew-
lett-Packard direct writing oscillographic 
line. 11709 

r—Hewlett-Packard, 16399 West Bernardo Drive, San Diego, CA 92127 

I would like to know more about 
trouble-free writing. 

Attn: Bob Reade 

Hewlett-Packard's line of oscillographic recorders featuring 

• Name   

Company  

Address   

City _  State  

Phone Ext Please have a representative call 

Zip 

HEWLETT h PACKARD 

1507 Page U1 Road. Palo Alto Calrforma 94304 

For assIslance call VVashIngton ( 301, 948-6370. Chcago (312) 
255-9800 Attanta ( 404)955-1500 Los Angeles (213)877-1282 

1 
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Restore service fast 
with this new digital tester. 
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first-line 
e tool. 

Let s faèe it. Restoring service 
is a tough business and can be 
very costly. Besides providing 
customer assistance, a service 
engineer is required to trou-oe; leshoot various electronic 
and electro-mechanical sys-
tems. He must be able to align, 
adjust, and calibrate an in-
creasing installed base of 
equipment. And, when the sys-
tem is down, he's expected to 
restore service fast. 

That's why we built the new 
TEKTRONIX 851 Digital Tester 
. . . it can help your first-line 
service engineer solve prob-
lems throughout the field 
service spectrum. 

With this one portable digital 
tester (only 13 pounds), a first-
line service engineer can make 
many of the same measure-

A 
COUNT 
(B C) A 

TRNSN 
(M.) 

TIME 
(B C) 

DIGITAL 
TESTER 

ments that a ve required an 
oscillosco , OMM, counter, 
timer, lo probe, thermome-
ter, and cial purpose test 
equip t. Now service can 
be r'red fast and calls for 
b. p engineers reduced. 
• 
And it's easy. This one knob 
allows you to dial 22 functions 
to perform a wide range of sys-
tem measurements, signal 
analyses, and self tests. It's 
easy. Just dial a function, probe 
the circuit being examined, and 
read the results directly from 
the LED display. All the func-
tions are completely autorang-
ing and the indicator lights tell 
you exactly what range is being 
used. So the interpretation is 
done for you. 

And you get all this capability in 
one portable package for only 
$1995:' 

RANGE 

MHz • ma 
KHz 

Xis 

ms 

AUTO 

NINL 

DOWN 
RANGE 

f"1 

For a demonstration of the 
TEKTRONIX 851 Digital Tester 
or application notes, please 
contact your Tektronix Field 
Engineer or write Tektro' 
Inc., P.O. Box 500, Bea 

iSt 

R 97077. In Europe, wr 
ktronix Limited, PO. Box 36, 
. Peter Port, Guernsey, 

Channel Islands. 

K 5.2 

V 

Tektroni'x 
COMPSTTED TO Fxri_LENcE 
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Highlights 

Cover: Industry executives view the New Year, 81 

While 1978 should be pretty much the same 
as 1977, top executives in electronics firms 
worldwide see some trouble spots. Heading 
the list in the U. S. are the increasing Japa-
nese presence, the problems of capital 
formation, and the Carter Administration. 
Included in this survey is the outlook from 
Wall Street. 
Cover photo by Joe Ruskin. 

Action now, say semiconductor chiefs, 59 

The time has come for the American semi-
conductor industry and the Government to 
counter the Japanese competition in U. S. 
markets, say leading industry chiefs. Speak-
ing at the first annual Electronics Confer-
ence in Washington, D. C., they proposed a 
broad range of countermeasures. 

Computers on boards boom, 65 

To meet the growing demand for microcom-
puters on boards, many firms are turning 
out new products, in addition to the chip 
families covered in part 1 of this special 
report. This second and final part classifies 
and compares the boards. 

Fast signals no problem for this scope, 73 

Single-shot signals with 1-nanosecond rise 
times can be captured with the newest fast 
storage oscilloscopes. The key is a more 
rapid writing rate, achieved with a specially 
constructed cathode-ray tube. 

And in the next issue . . . 

The annual market survey and forecast for 
the U. S., Europe, and Japan . . . esti-
mating the cost of testing integrated circuits 
. . . when to specify circuit breakers. 
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Start Getting Your 
MoneySworth 

Out of Power Modules 
Now, you can really start getting your 
monevsworth out of power modules with 
Abbott's new LOW COST series. 
Designed to give you 100,000 hours of 
trouble-free operation ( that's 11% years), 
these reliable units meet the needs of 
OEM engineers. Their purchase price is 
about $7 per year of service. The model 
LC series feature: 

• 47-420 Hz Input Frequency 
• 0.1% Regulation 
• +60°C. Ambient Operation 
• Single and Dual Outputs 
• 1 Day Stock Delivery 

These units provide more quality per 
dollar compared to similar items on the 
market. See table below for prices on 
some of our LC models. Many other LC 
models are listed in our catalog. 

If analyzing the many similar power 
supplies on the market is confusing; if 
you are concerned about the long-term 
'reliability of those units, then decide on 
an Abbott power supply for your system. 
Your best buy in OEM power modules 
is ABBOTT. 
Abbott also manufactures 3,000 other 
models of power supplies with output 
voltages from 5 to 740 \MC and with 
output currents from 2 milliamps to 20 
amps. They are all listed with prices in 
the They Catalog with various 
t111)11( , 

60 -Ace- to DC 
400 to DC 
28 VDC to DC 
28 VDC to 400 -4%-
12-38 VDC to 60 -/%‘• 

5V @ 
6 Amps 

5V @ 
10 Amps 

12V @ 
10 Amps 

15V @ 
4 Amps 

28V @ 
1 Amp 

-±-12V e 
1.2 Amps 

±15V@ 
4 Amps 

LC5T6 LC5T10 LC12T10 LC15T4 LC28T1 LLC12T1.2 LLC15T4 

$62 $73 $99 $73 $62 $87 $119.00 

Please see pages 3156-3168 Volume 2 of your 1977-78 EEM (ELECTRONIC ENGI-

NEERS MASTER Catalog) or pages 644-653 Volume 2 of your 1977-78 GOLD BOOK 

for complete information on Abbott Modules 

Send for our new 60 page FREE catalog. 

abbott transistor 

INDUSTRIAL PRODUCTS DIVISION 
general offices 

5176 W Jefferson Blvd./Los Angeles 90016 
(213) 930-1040 Telex: 69-1398 

eastern off ice 

1224 Anderson Ave./Fort Lee, N.J. 07024 
(201) 224-6900 Telex: 13-5332 

Readers' comments 
Pay the price 

To the Editor: Your unnamed "pres-
ident of a high-technology company" 
[Editorial, Oct. 27, p. 24] by the 
omission of one word misstates his 
intent. Instead of saying, "the next 
big problem in electronics is not in 
technology but in human resources," 
he meant to say, "the next big 
problem in electronics is not in tech-
nology but in cheap human re-
sources." 
The least we can do is be honest. 

In "the classified pages bursting 
with recruitment ads," how many 
offer $25,000 a year to start with 
regular increases to $50,000 at the 
end of five years? As long as salaries 
are below these figures, it is patently 
obvious that there will be a shortage 
of available human resources. 

Richard G. Devaney 
Kingsport, Tenn. 

Make theirs metal 

To the Editor: The Nov. 10 issue of 
Electronics carried an item on our 
GPR 5000X general-purpose resistor 
[p. 134]. As the result of an error in 
a quote that appeared at the end of 
our original release, your headline 
and copy referred to the GPR as a 
carbon-film device and indicated 
pricing competitive with carbon-
composition resistors. 
The GPR 5000X is a metal-film 

resistor and is priced significantly 
below current market prices for 
metal-film resistors with a 2% toler-
ance. All of the remaining details 
concerning the product appeared 
correctly. 

John E. Covey 
Mepco/Electra Inc. 
Morristown, N. J. 

Not approved 

To the Editor: The International 
Newsletter in the Nov. 10 issue 
[p. 53] leaves the impression that 
Intel Corp. has in some fashion 
approved the Cobol package devel-
oped by Micro Focus Ltd. There has 
been no approval given by Intel to 
Micro Focus for this package or for 
any other software product. 

Mike Kane 
Intel Corp. 

Santa Clara, Calif. 
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Fluke Sponsors 
New Series: 

Tired of Reruns? 
Fluke counters with a new series in the 5 Hz-520 MHz/time 

slot. 
If you're paying over $345 for a counter and getting fre-

quency only, tune in on our new 1900-series of priced-right 
multicounters. 

Five different models offer both time and frequency, with 
award-worthy performance and features; the ratings are 
terrific! 

New Time and Frequency. 
Last year's hit, the model 1900A, set the stage for this new 

series of multicounters by offering frequency, period, period 
average and totalize standard in one great counter. 
Now all models in the series offer comparable features and 

value, with autoranging and autoreset as well. 
Most models feature a trigger level control and battery 

option for reliable field use or 
line-cord-free bench operation. 
All typically have a 15 mV sen-
sitivity (guaranteed on most!), 
plus a 0.5 pprwmonth time base 
for long-term stability. 

The Price is Right. 
From this shared base of 

solid performance features, 

 q. 

we've built a series of counters with one model just right for 
your needs. 
The new 1912A, with a 520 MHz range and an extensive 

package of standard features, offers more capability for $620* 
than you're likely to find any-
where. For 250 MHz measure-
ment perfection, the 1911A 
multicounter is a best-buy for 
only $495!' 

Forlowerfrequency ( 12,5MHz) 
applications, specify the 1910A 
for $395:' The 1900A, years 
ahead in value, has been re-

1925A duced to $345* for even more 
cost-effective 80 MHz measurement. 
For rugged environment applications in the 125 MHz area, 

you'll want the 1925A with its RFI shielding and dust-resist-
ant steel case. $750,- (For only $225* more, a special prescaler 
option extends the 1925A's range to 520 MHz.) 

Tune In and Count. 
Call (800) 426-0361, toll free, for the location of the closest 

office or for complete technical literature. Then stop in for the 
great family picture, and review the extensive option list for 
better TCX0s, data outputs, and more. John Fluke Mfg. Co., 
Inc., P.O. Box 43210, Mountlake Terrace, WA 98043. 
*U.S. price only. 

Command Performance: Demand Fluke Multícounters. 

IFLU7IW1 
2109-7003 

For Literature circe 7 
For Demonstration circle 133 



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. Phlla. (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; 
LA., CA (213)638-0454; 
Santa Clara, CA (408) 735-8300. 

News update 

• Conrac Corp.'s Systems-East divi-
sion in West Caldwell, N. J., has 
won approval to continue develop-
ment of the Stores Management Set 
for the F-18 strike fighter. Unlike 
earlier fighters requiring a hard-
wired control system to activate and 
fire each type of missile, bomb, or 
other stores, the F-18 will have most 
of its weapons controlled by a single 
microprocessor-based system that 
accommodates changes primarily by 
means of software [Electronics, Dec. 
23, 1976 p. 36]. 
Conrac is now building a develop-

ment model of the system, with 
which "all functions of the sms will 
be demonstrated," says Louis A. 
Ciasulli, the division's F-18 pro-
grams director. Meanwhile, all items 
for the full-scale development mod-
els of the sms, scheduled for delivery 
in June, have been breadboarded 
and tested, with actual hardware 
assembly slated to begin in January. 
"Except for one custom hybrid 
circuit, for the digital control func-
tion of the armaments bus control-
ler," Ciasulli notes, "we have man-
aged to build the sms with off-the-
shelf hybrids and discretes." 

la Using a unique method for align-
ing optical fibers, Hughes Aircraft 
Co. has developed a connector with 
less than a 1-decibel insertion loss 
across the separable interface. The 
work was done at the Connecting 
Devices division in Irvine, Calif., and 
is a significant step toward satisfying 
the low-loss connector requirements 
of military agencies [Electronics, 
Aug. 5, 1976, p. 81]. 

Axial and angular alignment are 
controlled by a precision bushing 
precisely aligned in a split sleeve, 
and the interface gap between two 
fiber ends is controlled with a 1-mil-
wide metal spacer. The new connec-
tor is now available in limited quan-
tities for evaluation. Engineering 
prototypes with insertion loss values 
of 0.5 to 1.2 du have been tested. 
Moreover, notes James E. Witt-
mann, Hughes' product manager, 
"coupling loss for the system was not 
degraded, even after repeated mat-
ing of connectors." Bruce LeBoss 

Gas Sensing Semiconductor 

FIGARO 
TGS GAS 
SENSOR 

,quickly senses 
even small 

amount 
of gas. 

11 d. 
11 f 

Applications 
1. \atural tcaceleak Alarm combu• , , gases 
2. Propane Gas- Leak Alarm contained , r1 smoke; 

3. Carbon Monoxide 6. Alcohol Detector 
Detec lof IDetector or drunken 

4. Autornalre Fan Control driven) 

5. Fare Alan, Mott, ling 7. Air Poilu troll 

Plea,d, ' mt.. i 

FIGARO ENGINEERING INC. 
•Head Office. 3-7-3 Higashitoyonaka. Toyonaka 

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

TEL 1061 849-2156 

*North America. 3303 Harbor Boulevard. Suite 
0.8. Costa Mesa. California 92626. U S.A. 
TELEX 678396 CABLE FIGARENGIN 
COSTAMESA TEL 17141 751-4103 
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From Electronics 
Magazine 
Zero-risk 

Book Series. 
trial offer. 
Design Techniques 
for Electronics 
Engineers. 
Nearly 300 articles 
drawn from 
"Engineer's 
Notebook." A 
storehouse of 
design problem 
solutions. $15.95 

N.J. 08520 

of " Design 
Engineers" 

orders of 10 or more copies. 

or you will refund 
book is returned after ten-

0 Bill firm 0 Bill me 

card: 
0 Diners Club 

0 Master Charge 

Date exp. 

design 
rec ues 

It* eiectRonics 
efIgneeR5 

Ebilitionts 
Ri'o ksides 

Electronics Book Series 
P.O. Box 669, Hightstown, 

Send me_ __copies 
Techniques for Electronics 
at $ 15.95 per copy. 

Discounts of 40% on 

I must be fully satisfied 
full payment if the 
day trial examination. 
0 Payment enclosed 

Charge to my credit 
0 American Express 
0 BankAmericard 

Acc't No 

On Master Charge only, 
first numbers above 

Name 

name 

Title 

Company 

Street 

City State Zip 

Signature 
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The catalog 
designers can't 

buy.* 

Mail to: 
Precision Monolithics, Inc., 1500 Space Park Drive 
Santa Clara, CA 95050 

I'm involved in design. Send me the new PM! catalog. 

My rame•  

Title  

Company  

Department/division  

Address Mail Stop_ 

City  

P'iore (  

State Zip 

Precision Monolithics Incorporated 
15a0 Space Park Drive 

Santa Clara, California 95050 
Telephone: (408) 246-9222 

TWX: 910-338-0528 
Cable: MONO 

Circle 9 on reader service card 

The new 448-page PMI catalog is packed with parts— 
MCIX's, REF's, op amps, comparators, DAC's, and plenty of 
others, including a 13:g section on chips that you can order 
by grade to guaranteed specs. It also provides 91 pages 

of application notes, an explanation of PMI's QA 
program, and selection guides that make it easy to 
find the best device for your application. For example, 
we include a guide for op amps that lets you find the 
one you need by function. 

If you're involved in design, we'll be glad to send 
the catalog without charge. Just fill out the 
coupon and send it. It'll be our pleasure. 

Here's the subject index: 
Numerical Index 
Ordering Information 
Q.A. Program 
Industry Cross Reference 
Functional Replacement Guide 
Operational Amplifiers 
Comparators 
Matched Transistors 
Voltage References 
D/A Converters - Linear 
D/A Converters - Companding 

Multiplexers 
Definitions 

\ Chips 
Application Notes 

\ Package Information 
Notes 

NI] 



RCA devices can 
new discoveries 
New devices. New packages. 

New parameters. All from 
the Powerhouse, your source 
for the widest choice in SCRs 
and Triacs.These additions 
to the RCA line offer you 
the latest ways to improve 
design, reduce costs and 
increase performance. 

A new way to heat. 
Solid-state induction heating is now 

entirely feasible, thanks to our new 40A 
asymmetrical SCR. Along with 40 kHz 
frequency, the compact RCA S7310 gives 
you a breakthrough combination of high 
voltage and current to work with. Plus 
high di/dt and dv/dt capability. When you 
use the ASCR to generate useful heat, 
you can also get rid of useless weight by 

eliminating bulky 50/60 hertz transform-
ers and related oversize parts. 

A new way to switch. 
Now you can design-out some of the 

problems you've had with big dc relays — 
such as too much cable bulk in automobiles. 
Our new solid-state way to switch up to 

15 amps is with the G4000 
gate turn-off SCR. Pack-
aged in plastic, this family 
of SCRs operates with as 
little as 1V gate trigger volt-
age— making them well suit-
ed to a full range of industrial 
and computer relay 
applications. 

High frequency thyristor inverters for heating 

o 

-^ 

Single-Ended 

Double-Ended 



New design flexibility for you. From RCA. 

VDROM IT 

Family (V) (A) (rrit) 

S7310 50-600 40 

'CT 
Description Package 

50-100 Fast Asymmetrical SCR TO-48 

G4000 50-400 15 3 Gate Turn-off SCR TO-220 

S860 50-600 100 200 Gen. purpose SCR 1/2" stud 

S5800 100-600 15 25 Fast switching SCR TO-220 

C106 15-600 4.0 0.200 4-amp gen. purp. SCR TO-202 

T2320 50-400 2.5 3-40 Sensitive-gate triac TO-202 

T6000 50-600 15 10-50 Gen. purpose triac TO-220 

A new source for the C106. 
This popular 4A general purpose SCR 

and corresponding sensitive-gate triac 
are now available from RCA. Featuring 
glass-passivated chips for stability They're 
in the economical three-lead Versatab 

package that facilitates just 
about any mount-dcwn tech-
nique. In a wide range of 
applications including: appli-
ance motor and speed con-
trols, oil & gas igniters, 
scoreboards, temperature 
controllers, solenoid drivers 
and battery chargers. 

A new source for 
circuit ideas. 

Here is a new designer's guide to the 
selection of optimum RCA solid-state 
devices for power circuits. It's arranged 
by application—over 40 circuits are shown 

— with key device require-
ments and recommended 
RCA devices included with 
each circuit. This makes it 
easy for you to choose the 
type best suited to the job. 

For more information, 
contact your local RCA 
Solid State distributor. Or contact RCA 
Solid State headquarters in Somerville, 
NJ; Sunbury-on-Thames, Middlesex, 
England; Quickborn 2085, W. Germany; 
Ste.-Anne-de-Bellevue, Quebec, Canada; 
Sao PaLlo, Brazil; Tokyo, Japan. 

RCA Power experience 
is working for you. 

Circle 11 on reader service card 



Editorial  

IEEE's poll: a mandate at last 

In the five years since the Institute of Electrical 
and Electronics Engineers started trying to 
set up a professional activities program, a 
constant complaint from critics has been that 
neither its goals nor the projects aimed at 
reaching those goals represent the desires of 
the members. Now, with the carefully prepared 
and circulated survey of members being 
analyzed this month, the institute has such 
a guide. 
The points on which the members agree 

are clear enough. For one, members favor 
the public stands on national issues such as 
energy and R&D spending that the IEEE has 
taken in the past. A heavy majority is willing 
to be polled again to express their views as 
guidance on future positions. 

For another, most members want the 
institute to get behind programs, such as 
registration, that will upgrade the status of 
engineers. Also, they want the IEEE to set up 
a legal fund to aid engineers involved in cases 
dealing with ethical conduct. And the majority 
favors various actions to curtail age 
discrimination as well as enhance the 
professional standing of engineers past 40. 

Altogether, the U. S. Activities Board 
survey looks to have come back as an 
endorsement of professional activities, even 
though most of the members stated that they 
actually joined the IEEE for the technical 
publications. Now the question is, what will 

become of the results of the survey? 
With a change in the leadership due next 

month, the fate of this survey is at present 
in limbo. The first step, therefore, is to get 
the results of the survey into general 
circulation —a step the institute has already 
taken. The more that people concerned with 
U. S. professional activities know about 
the findings, the more surely will the survey 
be remembered in the coming year. 
The next step would be to convert the 

research data into a plan of action. Here is 
where the going will get tricky, for some of 
the moves approved by the survey respondents 
would certainly jar the corporate interests 
represented in IEEE. For instance, publicizing 
the names of companies that have consistently 
ignored the standards recommended by IEEE 
in employing engineers might arouse the 
resistance of members who are also company 
executives. 

It is therefore, important for the activists 
to remember that the IEEE is not going to 
move overnight to implement the wishes 
indicated in the survey. By the same token, 
it is important for the "reluctants" in the 
organization to realize that the survey will 
not be forgotten. For it is clearly the case 
that any IEEE office holder who claims to 
serve the wishes of the working members 
simply must view the survey as a mandate 
for professional activities. 
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AT UNDER $2000,THE MODEL 40 OEM PRINTER 
NOT ONLY COSTS LESS TO BUY-IT ALSO COSTS 
LESS TO OWN. 
It costs less to buy 
because for less 
than $2000 
you get a 
300 1pm printer 
that's completely 
operational. All 
you furnish are 115 
VAC and the serial 
signal source. 

Once on-line, our 
model 40 OEM printer 
costs less to own. Not only is 
it highly reliable, it requires 
little maintenance. 

Even when maintenance is needed, the 
MTTR averages only 3/4  hour, thanks to built-in diagnoeics 
that help pinpoint trouble quickly. And with only seven modular 
mechanical assemblies and one CMOS logic card, repairs are simple. 

This modularity and diagnostic 
-% capability also cut the cost 

; - of training service 
Da 'P`1 71  gee .>" personnel. 

To reduce your 
logistics problems and spare parts inventory, 
there's an 80% parts commonality 
between all model 40 printers. Plus 41e 
Teletype offers an exchange e ez. 
repair service that can save te 
you up to 50%. 

For more informa- et e 
tion about our model 
40 OEM printers, 
send in the cou- Title 

Name 

pon. Or call Company 

312/982-2000. Address  

City State 

Corporation 
Dept. 53-0 

5555 Touhy Ave. 
Skokie, IL 60076 

Please send me additional 
information about the model 

40 OEM printers. 

Phone 

Zip  

Teletype is a trademark and service mark registered in the United States Patent and Trademark Office. 
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I LOW SIDE" 

DIP 
SOCKETF 

Unique TEXTOOL design 
offers high reliability... 
maximum socket density 
ide new TEXTOOL "Low Side- DIP socket 
series is designed for test and aging applica-
tions requiring both high reliability and 
maximum socket density. 

Lower sidewall construction of the new 
socket leaves a device body exposed for bet-
ter heat dissipation and more uniform airflow 
during extended tests at elevated tempera-
tures. The sidewall is 
high enough, however, 
to act as a guide to the 
tapered contact entry de-
signed to accept bent or 
distorted leads. 

The compact TEX-
TOOL " Low Side" DIP socket requires up to 
15% less P.C. board area than similar sock-
ets, yet still combines a minimum profile 
with low insertion force contacts for easy 
loading and unloading without damage to 
device leads. Since the contacts do not 
extend above the top of the socket, they 
are protected from possible bending or 
breaking. 

A center slot on the socket accepts all 
currently available loading and unloading 
tools. Its solid wall construction design sig-
nificantly reduces damage caused by mis-
alignment of a loading tool. 

New TEXTOOL "Low Side" DIP sockets 
are available in a choice of 14 or 16 pin 
versions in materials capable of 300°C oper-
ation. Both models have mounting holes in 
the socket body for applications requiring 
other than P.C. board mounting. 

Detailed information on these and 
other products from TEXTOOL . . IC. MS! 
and LSI sockets and carriers, power 
semiconductor test sockets, and custom 
versions . . . is available from your 
nearest TEXTOOL sales representative or 
the factory direct. 

eire i-OOL 

PRODUCTS, INC. 
1410 W. Pioneer Drive • Irving, Texas 75061 

214/259-2676 

People 

Programmers fall short, 

says Shebanow of Shugart 

When it comes to floppy-disk stor-
age, "most software designers 
greatly underestimate the amount of 
memory they will need," asserts 
Michael Shebanow, recently named 
to the newly created post of vice 
president of engineering at Shugart 
Associates Inc., a major manufac-
turer of floppy disk drives. What's 
more, the "programmers just aren't 
writing efficient programs," says the 
50-year-old engineer. 
The result is that the customers 

for this relatively cheap mass store 
for microcomputer systems seem 
always to be asking for drives with 
ever-increasing data-storage capac-
ity, he says. "That's why the single-
sided floppy lost its steam after only 
about a year on the market— our 
customers demanded double-sided 
drives." 

Big shipments. Not that Shebanow 
should mind the programmers' inef-
ficiencies. Shugart is shipping more 
than 10,000 standard 8'/2-inch-diam-
eter disk drive systems each month 
and more than 3,000 per month of 
the 51/4-in. minifloppy, which also 
came out in a double-sided version 
[Electronics, November 24, p. 41]. 
However, he makes some points 
worth noting. For one, users had 
better get used to the present floppy 
capacities, he says, indicating that 
Shugart is not likely to increase 
them soon. Rather than quickly 
asking for more capacity, they 
should first settle down and get to 
know the product. 

For another, programmers should 
learn to optimize their software. 
"They tend to use as much storage 
as they have available," he asserts, 
citing the minifloppy. "Typically, 
when the software designer com-
pleted his operating system program, 
he had used 32 of the mini's 35 
tracks, leaving only three tracks for 
data storage. So he figured he 
needed twice the capacity he had 
expected to use." 

Shebanow, formerly a vice presi-
dent at Pertec Computer Corp., has 
a background in the design of both 

Floppy man. A big factor is inefficient 

programs, according to Michael Shebanow. 

rigid and floppy disk drives and 
other peripherals. He partly blames 
management for poor programming. 
"They just want programmers to get 
the job done— nothing clever or 
exciting," he says. And that, he 
concludes, may turn out not to be 
good enough. 

Data Translation's Severino 

takes digital view of I/O 

The complete engineer— logic, sub-
system, and system designer, with a 
sprinkling of entrepreneur— that is 
an accurate description of Paul 
Severino, the prolific 31-year-old 
designer of analog input/output sub-
systems for microcomputers at Data 
Translation Inc. He has just been 
named vice president for engineering 
at the privately held, Natick, Mass., 
company, which probably has the 
industry's broadest line of analog vo 
boards for one-board computers. 

Exception. Severino does not con-
sider himself just a designer, al-
though he has considerable design 
experience stemming from stints at 
Digital Equipment Corp. and Prime 
Computer Inc. "I think we need 
more engineering people to get inter-
ested in entrepreneurial things," he 
says, having done just that himself. 
He owns part of Data Translation, 
along with Fred Molinari, the presi-
dent. Most recently, he was Data 
Translation's director of engineering 
for computer products, which means 
that his new job is not going to 
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MCC builds custom 
IC's using 12L 

to provide Consumer 
Product Prices 

If you need the performance improvements that can 
be realized only with an IC circuit custom designed for 

YOUR product or system — minimum power, ultimate 
miniaturization, optimized OEM pricing, PLUS the 
security of a proprietary circuit — Micro Components 
Corporation is ready to answer your 
critical questions ... and to ask a few 
which may save you time and money 

and result in a better product. I2L 
designs permit interface power output 
capability not available with CMOS 
plus the combination of linear and 
digital functions in the same chip! This 
means fewer external components for 
lower costs and higher reliability. 

We've considerable experience in developing 
and manufacturing high performance, high 
reliability IC circuits 
especially for consumer 

products. For example, for 
the KODAK EK4 and EK6 
Instant Cameras, we 
developed a unique circuit 
which combines both the 
silicon photo detector and 
control circuit in a single, 
optically transparent DIP. 

Because our business is, of necessity, confidential, 

we cannot divulge specific 
circuit details in most 
cases, but we CAN show 
you some intelligent 
solutions to problems 
involving sophisticated 

performance specifica-
tions, exceptionally high volumes and 
stringent pricing. 

We'll send you our Custom IC 
brochure and look forward to speaking 
with you about your requirements. 
Please write us at: 99 Bald Hill Road, 
Cranston, R.I. 02920 or 

Call (401) 463-6000 

In a variety of packages, including 
Flip- Chip leadless semiconductors for 

hybrid circuits, we've supplied 
custom circuits for: 

Automatic Cameras 

Smoke Detectors 

Camera Flash Circuits 

Automotive Systems 

Peripheral Circuits for 
Microprocessors 

Motor Speed Controllers 

Fire, Theft & other Security Systems 

Mobile Communications 

Remote Radio Control 

Timer Circuits 

MICRO COMPONENTS 
CORPORATION 
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New anr[iture 
metallized capacitors 
for professional and 
consumer electronics 

• 

r 

411 

WIMA MKS 2 min 
5 and 7.5 mm lead spacing. Up to 1.0 uF 

Ultra miniature size, previously unattainable. 

WIMA MKS 3 
7.5 and 10 mm lead spacing. Up to 1.0 pF 
Subminiature size and suitable for most 
applications. 
Long term reliability with high dielectric 
and case insulation. Designed for easy 
mounting and for double-sided printed 
circuit boards. 

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 
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411t4 
I/O man. A small company has less inertia 

to overcome, which Paul Severino likes. 

change his scope all that much. But 
Severino is a noteworthy exception 
among analog uo designers. He 
gained his experience at minicom-
puter houses, not, as is often the 
case, at companies primarily in-
volved with analog products. 
At DEC, Severino designed the 

first complete analog-to-digital sub-
system for the PDP-11/20 minicom-
puter. "Then I was hired by Prime, 
along with one other engineer, to 
handle the design of all their data-
acquisition peripherals. That was 
good experience, because I also 
participated in CPU [central process-
ing unit] designs. I understand 
computer uo structures because I 
designed them, and I look at data 
acquisition from the standpoint of 
the minicomputer environment, 
rather than from the standpoint of 
an analog circuit designer." 

Severino's background is helping 
him at Data Translation by afford-
ing him a solid understanding of 
microcomputer architecture, which 
he can translate into analog uo 
interface subsystem products his 
company can quickly make avail-
able. "We're a small company," 
Severino says. "We don't have a lot 
of inertia to overcome to get a new 
product out," which appeals to him. 
And what should also appeal is the 
consideration Molinari is giving to 
moving the four-year-old company 
from its base in uo boards into full 
microcomputer systems. Severino's 
broad experience should come in 
more than handy then. 



TO-5 RELAY UPDATE: 

Solve your energy 
crisis with 
TO-5 relays 

Subminiaturization and pc board compatibility — 
two obvious advantages of Teledyne TO-5 relays. 
But there's another outstanding advantage: low 
coil power consumption. This feature is best 
illustrated in the above graph which shows our 
TO-5 relay power savings compared to other 
miniature relays. The Teledyne 412 Series 
dissipates about 30% less power than the . 150" 
grid relay, and 50% less than the 1/2  crystal can. 
Our sensitive 432 Series is 65% less than the 
.150" grid. And 75% less than the 1/2 crystal can. 

" TELEDYNE RELAYS 

e =, 425 
e 

. Low Coil Power Consumption 

850 

600  

210 

412 
SERIES 

432 
SERIES 

GRID 

Power Diss pation at Nominal Coil Voltage 

N 

This means you can save over 6 watts in a typical 
system using, let's say, ten TO-5 relays. In the end, 
you gain significant advantages in terms of thermal 
and power supply considerations that can help 
prevent an "energy crisis" in your system. 

Our conplete line of TO-5 relays includes military 
and commercial/industrial types, with virtually all 
military versions qualified to established reliability 
M:L specs. For complete data, contact Teledyne 
Relays — the people who pioneered the TO-5 relay. 

• Hybrid "T" Series 
SPDT & DPDT types with internal transistor 
driver and suppression diode 

• "D" and "DD' Series 
Military and commercial/industrial versions 

with internal suppression and steering diodes 

• Maglatch Series 
SPDT. DPDT, and 4PST magnetic 
latching types 

• Centigrid" Series 
World's smallest relay — only . 225" (5.72mm) 
high x . 370" (9.40mm) square 

• Hi-Rel Series 
Screened versions for space flight 
applications (NASA qualified) 

• High Environment Series 
Hi-temperature. Hi- shock. and 
Hi-vibration types 

3155 West El Segundo Boulevard, Hawthorne, California 90250 
Telephone (213) 973-4545 
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Intel delivers six single 
that provide economy 

Intel leads the way with both the lowest 
cost and the highest performance single-chip micro-
computers available. We now deliver the industry's 
broadest and most complete selection of compatible 
economy microcomputers. So there's no need to 
compromise your standards when your application 
requires low cost intelligence. 

That's good news if you're designing for home 
appliances, automobiles, communications equipment, 
vending machines or any price-sensitive product. 
Now you can take advantage of microcomputer power 

to replace hardwired logic and 
electromechanical devices, and 
achieve unmatched design flexi-
bility, improved reliability 
and reduced product cost. 

At $3 in OEM quantities, 
our new 8021 is quite simply 
the world's lowest priced 8-bit 
microcomputer. It's a cost 
reduced version of our 8048, the 

microcomputer which won industry acceptance 
for the single-chip system concept. Then 
there's our new top-of-the-line 
8049, the microcomputer that 
sets a new standard for single-
chip system performance. 

The entire line of 
MCS*-48 microcomputers is 
priced right and designed to 
lower your total system cost. 
For example, they all operate 
from a single 5V power source, 
and the 8021 has the broad-
est operating range in the 
industry (4.5V to 6.5V). 

The 8021 also has an internal 
clock generator that lets you control system 

timing with a single 2ft resistor. Built-in zero 
cross detection enables the 8021 to accurately 
control system 
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chk) microcomputprs 
without compromise. 
timing operations and perform time-of-day 
accumulation. 

For sheer performance, there's not a 
single-chip microcomputer anywhere ,. 

that can catch our new 8049. 
With twice the on-chip memory 

of the 8048, the 8049 enables you to economi-
cally perform complex functions that previously 

required more costly multi-chip systems. And 
it's a drop-in replacement for the 8048, so you can e upgrade 8048-based products with no redesign. 

We've made MCS-48 microcomputers the 
easiest to use, too. Our 8748, for example, provides 
on-chip erasable and reprogrammable EPROM. 
That enables you to beat the ROM turnaround cycle 
during design and field testing. And its 100-piece 
prices start at just $39, making the 8748 economical 
for low to medium volume production. To ensure 
maximum flexibility, all members of the MCS-48 
family are software compatible. 

If you've taken advantage of our 
high performance multi-chip micro-

computers, the 8080 and 8085, 
you know that Intel delivers the 
most in-depth and advanced 
development support. Now you 

-, don't have to go without that 
support, even for your most 

Wife 

1/41111bur 

MCS-48 Microcomputers 

Model 
Program 
Memory 

Data I/O instruc- Package 
Memory Lines dons Size 

8021 1K Bytes ROM 64 Bytes 
8048* 1K Bytes ROM 64 Bytes 
8748* 1K Bytes EPROM 64 Bytes 
8035* (External) 64 Bytes 
8049* 2K Bytes ROM 128 Bytes 
8039* (External) 128 Bytes 

21 65 28 Pin 
27 96 40 Pin 
27 96 40 Pin 
27 96 40 Pin 
27 96 40 Pin 
27 96 40 Pin 

*Designed for easy expansion of program/data memory and I/O. 

budget-minded applications. It starts with our 
PROMPT11448 Design Aid. Then there's Intellee 
the industry's most powerful microcomputer develop-
ment system, with resident MCS-48 Macro Assembler 
and ICETM In-Circuit Emulation with symbolic 
debugging. Plus applications assistance worldwide, 
full documentation, training classes, design seminars 
and a rapidly expanding users' software library. 

The more important economy is to you, 
the more important it becomes for you to evaluate 
the 8021, 8049 and other members of Intel's 
MCS-48 economy microcomputer family. They're all 
available now through your nearest Intel distributor: 
Almac/Stroum, Component Specialties, Cramer, 
Hamilton/Avnet, Harvey Electronics, Industrial 
Components, Pioneer, Sheridan, L.A. Varah, 
Wyle/Elmar-Liberty and Zentronics. For complete 
technical information use the reader service card or 
write: Intel Corporation, 3065 Bowers Avenue, 
Santa Clara, CA 95051. Telephone: (408) 987-8080. 

intel delivers. 
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Only ITAC 
makes 'en all 

FND ITAC 
Array 

• 
emir 

MAN-
Equivalent 

No one makes a greater variety of LED digital displays than ITAC. 
NSB / NSN series red GaAsP displays: 0.3; 0.5; 0.7" H; dual or quad 
board-mounted; direct or multiplexed; common anode or cathode. 
MAN-equivalent series red single or dual-digit displays: 0.4:' 0.56" H; 
standard DIP: BIN coded; common anode or cathode. FND series red 
GaAsP displays: 3/8," 1/2:. 8/,," standard DIP; BIN coded; reflector/lense 
system; common anode or cathode. In addition, ITAC offers a variety of stand-
ard LED lamps, including MV-equivalent, FLV-equivalent and TIL-equivalent. 

What's more, if you're interested in custom digit or lamp arrays and 
alphanumeric displays, call or write us about your requirements. Standard 
or custom, take your pick from the only company that makes 'em all. 

t_:,.:  ii ac. S Sales 
2430 S 20th St., Phoenix, AZ 85034; (602) 252-3481; TWX (910) 951-1369 
International Sales: 
2045 Martin Ave . Santa Clara. CA 95050: (408) 985-2290. TLX 357490 
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Now measure AC and DC on any 
voltmeter with the NEW 

CURRENT 
GUN TM 

from 
F.W. Bell 

The all-new Cur-
rent Gun ¡ sa clamp-
on instrument that 
lets you read AC and 
DC from 0 to 1 kHz 
and from 0 to 200A 
quickly, easily, safely 
— without breaking the 
connection. Use with 
any voltmeter .... or get a reproduction of the 
wave form on a scope! Two ranges, 0 to 10A 
and 0 to 100A with 100% overrange. Only three 
controls: zero, range selector and press-to-read 
button. 

Less than $200 

Accessories available to greatly expand ranges 
— higher and lower. 
Request complete specs today. 

7--tA)  
A Subsidtary of The Arnold fnpneering Company 8 4949 Freeway Drive East Columbus Ohio 43229 

Phone 16141888-7501 TYVX 810-337-2851 

ELL INC 

Meetings 
Conference on Integrated and Guided 
Wave Optics, IEEE, Salt Lake Hilton, 
Salt Lake City, Utah, Jan. 16— 18. 

Reliability and Maintainability Con-
ference, IEEE, Biltmore Hotel, Los 
Angeles, Jan. 24 — 26. 

Internepcon/Japan and International 
Microelectronics Exhibition, Indus-
trial and Scientific Conference Man-
agement Inc. (Chicago), Harumi 
Exhibition Center, Tokyo, Jan. 
25 — 28. 

Power Engineering Society Winter 
Meeting, IEEE, Statler Hilton Hotel, 
New York, Jan. 29— Feb. 3. 

Automated Testing for Electronics 
Manufacturing Seminar and Exhibit, 
Circuits Manufacturing Magazine 
(Boston), Los Angeles Airport Mar-
riott Hotel, Los Angeles, Jan. 
30 — Feb. 1. 

CLEOS—Conference on Laser and 
Electro-Optical Systems, IEEE and 
OSA, Town and Country Hotel, San 
Diego, Feb. 7 — 9. 

Wincon — Aerospace and Electronic 
Systems Winter Convention, IEEE, 

Los Angeles, Feb. 13— 15. 

International Solid State Circuits 
Conference, IEEE, San Francisco Hil-
ton, San Francisco, Feb. 15 — 17. 

Computer Science Conference, ACM, 
Detroit Plaza Hotel, Detroit, Feb. 
21 — 23. 

Fifth Energy Technology Conference 
and Exposition, U. S. Energy Re-
search and Development Adminis-
tration, Sheraton Park Hotel, Wash-
ington, D. C., Feb. 27— March 1. 

Nepcon West and Semiconductor 
Hybrid Microelectronic Symposium 
and Exhibits, Industrial and Scien-
tific Conference Management Inc. 
(Chicago), Anaheim Conference 
Center, Anaheim, Calif., Feb. 
28 — March 2. 

Compcon Spring, IEEE, Jack Tar 
Hotel, San Francisco, Feb. 
28 — March 2. 
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It balances performance and cost 
where nylons and thermosets can't. 
VALOX" thermoplastic polyester resins. From a 

performance/cost standpoint VALOX resins 
consistently outperform nylons and thermosets. 
They offer stable electrical properties even at 

higher temperatures and in moist environments. 
VALOX resins have UL recognition of 140°C and 

heat deflection temperatures up to 420°F. Flame 
retardant grades are rated 94V-0 at 0.030 in. 
They exhibit excellent resistance to the broad 

range of solvents and chemicals typically 
encountered in electrical electronic applications. 
VALOX resins also offer outstanding moldability. 

And Cost? VALOX resins cost less than Qylons, 
and parts molded in VALOX resin can be more 
economical than thermoset parts through unique 
thin-wall design. scrapfree molding and short 
cycle times. 

For more information on the performance, cost 
balance that VALOX resins offer, write for our 
new brochure: Section 300-04. General Electric 
Company, VALOX Products Section, One Plastics 
Avenue, Pittsfield, MA 01201. 
'This rating is not intended to reflect hazards 
presented by this or any other material under 
actual fire conditio-is. 

WHAT THE WORLD IS COMING TO: GE PLASTICS 

VALOX fl LEXAN' D NORYL' E GENAL 

GENERAL ELECTRIC 
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HOW WE RUSHED AN OEM TO THE 
HOSPITAL BEFORE THE MARKET DIED. 

We got a medical OEM on a healthy sched-
ule by greatly reducing his development 
time. We gave him a choice of systems and 
software support to match his needs. And 
we showed him how to use higher level 
languages to increase his programmer 
productivity. 
OEM's account for more than half our 

business, and we've been helping to get 
them to market for almost a decade. In 
short, when you buy your computer systems 
from Data General, you just may buy your-
self some time. To avoid the risks in the 
OEM computer market, ask for our free 
OEM brochure. Call (617) 366-8911, Ext. 
4735. Or write. 

I I. DataGeneral 
We make computers that make sense. 

iata General. 1Vestb((r(), AIA1)1581. (617)366-8911. Data General ( Canada) ltd.. Wei.. I )ata General Eurcipe. 61 rue de Courcelles. Paris. France 766.51.78. Data General Aus;ralia. (gm 82-1361. 
Data General 1.((la.. Sao Paulo. hita General Corporan, (IL 1977. 
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That s why you should use Dow Corning e 3145 silicone rubber adhesive/ 
sealant for your critical bonding and sealing jobs on electrical/electronic equipment. 

Because it's strong, Dow Corning 3145 sealant easily withstands extended 
exposure to harsh environments. It's stable from — 65 to 250 C. Has excellent tear 
strength. Resists moisture. Protects against high-voltage leaks. And virtually never 
needs maintenance. 

Because it's gentle, you can safely use Dow Corning 3145 sealant on any 
material. Its noncorrosive cure won't affect copper or corrosion-sensitive equipment. 

Besides meeting Mil Spec MIL-A-46146, Dow Corning 3145 is also recog-
nized under the Component Program of U.L. up to 180 C for elongation, and up to 200 C 
for adhesion and dielectric strength. 

When your application demands high performance—from mounting re-
sistors to sealing or gasketing high-temperature electrical components—choose the 
sealant that's tough but doesn't hurt. Dow Corning 3145 sealant. 

For complete facts, write Dow Corning Corporation, DOW CORNING 
Dept. C-7540, Midland, Michigan 48640. Tell us about your 
application and we'll send a free sample. 

DOW COIIIIINO 
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Electronics newsletter 

Japanese describe 

1- micrometer 

VLSI technique 

British GE 

out to buy 

U. S. companies 

One-chip versions 

of floppy-disk 

formatter due 

Microwave chip 

capacitor family 

coming from Vitramon 

Schlumberger buying 

Membrain, British 

ATE maker 

A paper delivered at the International Electron Devices Meeting in Wash-
ington earlier this month could have long-term implications for very-large-
scale integration. In it, researchers from Japan's cooperative VLSI labora-
tory described how to fabricate two closely spaced photoresist walls to 
protect the intervening region from stray ions during mos implantation 
procedures. As a result, only one photomask or one electron-beam expo-
sure, instead of three, is needed to build the source, drain, gate, and 
electrodes of very small mos transistors. 

Says Yasuo Tarui, head of the VLSI lab: "I believe this technique is one 
of the most important to come out of our lab so far. Combined with short-
channel silicon-gate or diffused self-aligned [ D-mos] techniques, it should 
make it possible to build 1- to 2-micrometer VLSI in the future." 

Watch for Britain's General Electric Co. to join the rush of European 
companies out to buy a slice of American technology by company acquisi-
tion. The $3.5 billion group, which has no connection with the American 
GE, has signed Geoffrey Cross, former managing director of International 
Computers Ltd., to lead the search. Cross, who joined wt. from Univac 
five years ago, transformed the then flagging computer company into a 
$720 million success story. He has a shopping list of companies and more 
than $1 billion in ca. cash reserves to draw upon. While at Ia., Cross was 
known to be interested in purchasing a minicomputer manufacturer; such a 
deal would mesh well with GEC'S activities. 

Get ready for the scramble by semiconductor manufacturers like Intel 
Corp. and Nippon Electric Co. to bring out a one-chip floppy-disk 
formatter for double-density encoding now that IBM has released the 
details of its de facto standard. Concurrent with first shipments of its 
System/34, which includes double-sided, double-density floppy-disk 
drives, were mailings of reference literature disclosing that IBM has settled 
on modified-frequency-modulation encoding for its format. 

Vitramon Inc. is about to start pilot production on its first family of 
microwave ceramic chip capacitors for communications. The Monroe, 
Conn., firm is now supplying samples of engineering prototypes of the 
high-stability, low-loss chip capacitors and will have initial production 
units available early next year, with limited production quantities 
(100,000s) available by the end of the first quarter. The first devices are to 
be aimed at frequencies up to 1 gigahertz. 

Schlumberger Ltd. of New York is expanding its already multinational 
measurement and control operations with yet another foreign addition— 
Membrain Ltd. of Wimborne, England, a $6 million producer of auto-
matic test equipment systems. Being purchased for an undisclosed amount 
of cash, Membrain will continue under its present management headed by 
its founder and managing director, C. Anthony Davies. The British 
company is planning a 1978 thrust into the U. S. market for printed-
circuit-board testers with its new MB 7700 family of systems [Electronics, 
Oct. 27, International Newsletter]. 

Electronics December 22, 1977 25 



Electronics newsletter  
Cordless phone 

called key to 

specialty market 

ISSCC to honor 

Kilby and Noyce 

Trotter leaves 

AMI to return 

to campus 

Watch crystal and 

module work still 

in red at Motorola 

Addenda 

Although the market for traditional interconnect devices like answering 
machines and decorator telephones won't explode overnight, International 
Resource Development Inc., a Connecticut research and consulting firm, 
predicts that the market will grow to more than $300 million over the next 
decade from its present level of $50 million. But according to Stephen 
Caswell, IRD'S director of development, the key to market growth for 
retailers is the cordless telephone, which now sells for more than $400. 
Caswell thinks companies will mass-produce a base station that just plugs 
into a telephone jack and sell it with three extension phones for $ 150. 

Besides a program featuring the latest Lsi digital and linear device designs 
(see p. 57), February's 25th Anniversary International Solid State Circuits 
Conference will offer two new events. The first IEEE Cledo Brunetti award 
for outstanding contributions in the field of microcircuitry will be 
presented jointly to Jack Kilby, formerly of Texas Instruments Inc., for his 
early work in Ks and to Robert Noyce, chairman of Intel Corp., for his 
early work in large-scale integration. Also, the first Beatrice Winner 
Award will be given to the engineer who writes the best paper. 

The semiconductor industry is losing one of its premier managers of 
research and development. Donald Trotter, vice president and director of 
R&D at American Microsystems Inc. for almost seven years, is going back 
to his old school, Mississippi State University, in Starkville, Miss. Besides 
teaching in the electrical engineering department, Trotter will concentrate 
on attracting funded projects to a new solid-state lab there. 

Although Motorola Inc. says it is making progress in manufacturing its 
new low-cost, high-performance watch crystals and that there's much 
interest in its new advanced watch modules, both operations are still in the 
red. That is why the demise of the unprofitable operations is predicted by 
at least one Wall Street analyst. Motorola "will abandon the watch 
crystal business before long," says Sal F. Accardo, vice president and 
electronics analyst at Kidder, Peabody and Co. in New York. What's 
more, he continues, "the company will abandon the watch module business 
during the second half of 1978 because Timex, Motorola's largest 
customer, intends to build most of its own modules." The watch crystal 
operation in Franklin Park, Ill., and the watch module unit in Phoenix "are 
being watched closely," says a Motorola spokesman in Chicago. But, he 
adds, there has been "no decision" on abandoning the businesses. 

Another major manufacturer has joined the rush of Japanese TV set 
makers to establish a plant in the U. S. The latest, Tokyo Shibaura 
Electric Co. ( Toshiba), will open a factory in the suburbs of Nashville, 
Tenn., next summer to be operated by a wholly owned subsidiary. It will be 
able to turn out 200,000 sets a year. The move leaves only Sharp Corp. 
and Victor Co. of Japan as the major Japanese set makers without U. S. 
plants.... American National Standards Institute has settled on a 35-
track format for the minifloppy disk, rather than the 40-track type favored 
in Europe.... TI'S Digital Systems division is introducing its model 
ATS-961 automated test system. It will sell for less than $ 50,000. 
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„eb 
Now. ..N‘7 
the next 
generation of bench DMMs: 
Two New Keitbley Models 
offer uncompromising 
performance arid outstanding 
value! 

• Accuracy 31/2 's can't match: 
0.04% + 1 digit on dc volts and chms. 

• Large, bright, 20,000-count LED 
display that's quick and easy to read. 

• Convenient bench size that won't get 
"lost” yet doesn't crowd. 

• Exceptional reliability. 

Model 178 offers functions and ranges 
for most measurement needs: 100p..V 
to 1200V dc, 1001.LV to 1000V ac, 
0.11Z :o 20MŒ At $199* it is a 
remarkable value! 

Model 179 is a full-Unction, multi-
feature model offering the same 
advantages as the 178. Plus TRMS AC; 
10µVSensitivity; Hi and Lo Ohms, AC 
and DC Current. Yet ir.'s still half the 
price you'd expect. Only $2891 

Both models fealure 
designed-in reliability. 

Rugged circuits use a minimum of 
parts—hign quality, off-the-shelf parts— 
carefully assembled and tested by 
Keithley (we've been making sensitive 

Mode' 178 

laboratory instrumentation for more 
than 30 years.) 

Outstanding overload protection and 
rugged mechanical design keep both 
units going even after severe abuse. 
One-year accuracy specif cations 
minimize recalibration costs. Local 
assiszance keeps downtime to a 
minimum should service ever be 
needed. 

Model 179 

A battery option, user installable, gets 
you off "line" for critical measurements 
or for field use. Nine other accessories 
add versatility. 

For complete specificatons and 
immediate delivery on the 178 and 179, 
call you local Keithley representative. 
Or, call or write: Keithley Instruments, 
Inc., 28775 Aurora Road, Cleveland, 
Ohio 44139, (216) 248-0400. In Europe: 
D-800 München 70, Heigliofstrasse 
5, West Germany. (089) 7144065. 

To order your Keithley OMM: 
ALABAMA: Huntsville, (205) 883-8660 

ARIZONA: Phoenix, (602) 944-9185 

ARKANSAS: (214) 231-9489 (Dallas, TX) 

CALIFORNIA: Los Angeles. (213) 836-6170 
San Diego, (714) 226-0305 
San Francisco (408) 257-8333 

COLORADO: Denver, (303) 795-0250 

CONNECTICUT: (800) 225-3409. Toll Free 

DELAWARE: (215) 657-0330 (Philadelphia, PA) 

DISTRICT OF COLUMBIA: 
(703) 573-8787 (Arlington. VA) 

FLORIDA: Ft. Lauderdale, (305) 776-4800 
Melbourne, (305) 723-0766 
Orlando, (305) 425-5505 
Pensacola, (904) 243-6424 

GEORGIA: Atlanta, (404) 939-1674 

IDAHO: (303) 795-0250 (Denver, CO) 

ILLINOIS: Chicago, (312) 585-5485 

INDIANA: Indianapolis, (317) 293-0696 

IOWA: Cedar Rapids, (319) 365-8071 

KANSAS: Kansas City. (913) 492-7020 
Wichita, (316) 788-0621 

KENTUCKY: Lexington, (317) 293-0696 
(Indianapolis. IN) 

Louisville, (216) 729-2222 (Cleveland, OH) 

LOUISIANA: Baton Rouge, (504) 626-9701 

MAINE: (617) 944-6660 (Boston, MA) 

MARYLAND: Baltimore, (301) 321-1411 
South. (703) 573-8787 (Arlington, VA) 

MASSACHUSETTS: Boston. (617) 944-6660 

MICHIGAN: Detroit, (313) 569-4497 

MINNESOTA: Minneapolis, (612) 559-1976 

MISSISSIPPI: (504) 626-9701 (Baton Rouge. LA) 

MISSOURI: St. Louis, (314) 426-7055 

MONTANA: (303) 795-0250 (Denver. CO) 

NEBRASKA: (913) 492-7020 (Kansas City, KS) 

NEVADA: (213) 836-6170 (Los Angeles, CA) 

NEW HAMPSHIRE: (617) 944-6660 (Boston, MA) 

NEW JERSEY: North, (201) 368-0123 
South, (215) 657-0330 (Philadelphia, PA) 

NEW MEXICO: Albuquerque, (505) 255-2440 

NEW YORK: Metro New York, (201) 368-0123 
Syracuse, (315) 454-9314 (Paramus. NJ) 

NORTH CAROLINA: Durham, (919) 682-2383 

NORTH DAKOTA: (612) 559-1976 (Minneapolis, MN) 

OHIO: Cleveland, (216) 729-2222 
Dayton, (513) 434-8993 

OKLAHOMA: (214) 231-9489 (Dallas. TX) 

OREGON: Portland. (503) 297-2248 

PENNSYLVANIA: Philadelphia, (215) 657-0330 
Pittsburgh, (216) 729-2222 (Cleveland, OH) 

RHODE ISLAND: (617) 944-6660 (Boston, MA) 

SOUTH CAROLINA: Columbia, (803) 798-3297 

SOUTH DAKOTA: (612) 559-1976 (Minneapolis, MN) 

TENNESSEE: Oak Ridge, (615) 482-5761 

TEXAS: Austin, (512) 451-7463 
Dallas, (214) 231-9489 Houston. (713) 783-1492 

UTAH: (303) 795-0250 (Denver, CO) 

VERMONT: (617) 944-6660 (Boston, MA) 

VIRGINIA: Arlington, ( 703) 573-8787 

WASHINGTON: Bellevue, (206) 454-3400 

WEST VIRGINIA: (216) 729-2222 (Cleveland. OH) 

WISCONSIN: Milwaukee, (414) 464-5555 

WYOMING: (303) 795-0250 (Denver, CO) 

CANADA 
BRITISH COLUMBIA: Vancouver, (604) 732-7317 

MANITOBA: Winnipeg, (204) 475-1732 

ONTARIO: Toronto, (416) 638-0218 
Ottawa, (613) 521-8251 

QUEBEC: Montreal, (514) 735-4565 

EUROPE 
FRANCE: Palaiseau, (01) 928-00-48 

UNITED KINGDOM: 

Reading. Berks. (0734) 861287/88 

WEST GERMANY: Munchen. (089) 7144065 

Or call Keithley's Toll Free 
OMM Hot Line (800) 321-0560 

KEITHLEY 
'U S domesfic price only The measurement engineers. 
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Don't waste money 
and ruin PROMs. 

Move up to a first-rate programmer. 
What defines a first-rate 

programmer? 

A first-rate programmer is 
easy to use, safe ( U.L. listed), 
reliable, backed with a long-term 
warranty, and flexible enough to 
handle advances in PROM tech-
nology, a combination you get only 
with a Pro-Log programmer 

Our systems take the mistakes 

out of programming. 

Our Series 90 PROM 
Programmer walks you through the 
programming process so there's 
less chance for misprogramming. 
Separate sockets for master and 
copy PROMs make it impossible to 
accidently destroy a valuable 
master. 

Vendor-approved programming, 
full portability, free 2-year 

warranty. 

Using vendor-approved PROM 
personality modules, Pro-Log's 
field- proven programmers program 
every major MOS and bipolar 
PROM.They also program generic 
PROM families and do gang 
programming. 

They weigh less than 20 
pounds so they go where you need 
them. And they're backed by the 
longest warranty in the industry, 2 
full years parts and labor. 

A first-rate programmer is 

economical, too. 

A Series 90 master control 
unit costs only $1,800. A Series 92 
PROM Duplicator master control 
unit costs only $1,145. Single PROM 
personality modules cost from $325 
to $450. Generic modules start at 
$350. Gang modules which program 
8 PROMs simultaneously are $895. 
All modules come U.L. listed and fit 
both the Series 90 and the Series 
92. Options include CMOS RAM 
buffer (to 4K bytes), RS-232 
(terminal or modem) interface, TTY, 
parallel interfaces, paper tape 
reader, U.L. listed erase light, check-
sum option. and Auto-baud' 

Find out what else a truly first-
rate programmer has to offer. 

Call or write for a free 
pamphlet giving you comparison 
checkpoints. Pro-Log Corporation, 
2411 Garden Road, Monterey, CA 
93940. Phone (408) 372-4593. 

PRO-LOG 
C H ( 1 H A 1 I ( 1 N 

Microprocessors at your fingertips. 

Circle 28 on reader service card 



Electronics review  

Analyzer to rely 
on light waves to 
detect rf signals 
Air Force seeking thin-film 

optical spectrum analyzer 

for dense environment 

of electronic warfare 

Instead of translating down in 
frequency at the front end, a new 
spectrum analyzer that the Air 
Force wants will go up to optical 
frequencies, modulating a laser 
beam to detect broadband rf signals. 
The service, which will ask for bids 
early next year, wants the analyzer 
to help with the critical detection 
problem faced by electronic-warfare 
systems operating in extremely dense 
electromagnetic environments. 
"An advanced fighter must, for 

example, be able to pick up signals 
from enemy radar in an environment 
of, literally, megapulses per second," 
explains physicist Michael C. Ham-
ilton. He has been coordinating the 
analyzer project for the electro-
optical techniques and applications 

section within the Avionics Labora-
tory at Wright- Patterson Air Force 
Base, near Dayton, Ohio. 

Apparently, conventional crystal 
video or superheterodyne radio-
frequency receivers that operate by 
scanning over the frequency bands 
where enemy emissions are likely to 
be found are being pushed to the 
limits of their capabilities. Hence, 
the search for a solution that does 
not rely on the time-consuming scan-

ning process and that offers broader 
bandwidths. 

In the Air Force's proposed 
system, the rf signals to be analyzed 
are converted to optical equivalents 
by using them to modulate a laser 
beam in an acousto-optic Bragg cell, 
as shown in the drawing. The 
modulated beam is then focused 
through a lens and transformed so 
that individual frequency compo-
nents appear at a particular point in 

LASER 

BEAM EXPANDER 

Basic acousto-optic spectrum analyzer 
The operation of the Air Force's thin-film spectrum analyzer is made possible 
by a Bragg cell, an acousto-optic diffraction device often used to modulate a 
laser beam. The cell is generally fabricated of a crystalline material like 
lithium niobate, with a piezoelectric transducer bonded to one end and tuned 
to a specific bandwidth. Basically, the cell takes an electronic signal and 
converts it to a sound wave that interacts with the light wave. The modulated 
light beam that results is an optical analog of the radio-frequency input. 
Deflection angle and amplitude of the light beam depend, respectively, on 
the frequency and amplitude of the rf input. 

Next, the light beam is passed through a transformer lens that focuses it 
onto a linear array of photodetectors. Which detectors receive signals 
depends on the rf signals that have been received and impressed on the 
Bragg cell. The detector signals, together with data on their amplitudes, 
would then go to a central processor located elsewhere in the aircraft's 
avionics system. 

BRAGG 
CELL 

LENS 
(FOURIER TRANSFORM) FREQUENCY 

PLANE 

ELECTRONIC INPUT 

ZERO 
ORDER 
STOP 

FREQUENCY 1 

FREQUENCY 2 

DETECTOR 
ARRAY 
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space. This is done in a spatial 
Fourier transformation that makes it 
possible to detect each frequency 
component of the incoming signals, 
as well as its amplitude, with an 
array of photodetectors placed in the 
focal plane of the lens. From this 
data a computer could determine 
what type of emitters were being 
aimed at the aircraft and, conse-
quently, when danger threatened. 

Very small system. But the Air 
Force is not just trying to solve its 
spectrum analysis problem with an 
optical system. It wants an excep-
tionally small one. Ideally, it would 
like a system contained, as are 
monolithic integrated circuits, in a 
single piece of material, such as 
silicon or gallium arsenide. But no 
one material can yet be fashioned 
into the light source, waveguides, 
lenses, and detectors that the system 
needs. Consequently, the analyzer 
will be made by butting together on 
a substrate individual thin-film com-
ponents, each performing a different 
function. 

While such components have been 
built by several research groups 
around the country, "this is the first 
ambitious integrated optical circuit-
ry project, and we really believe it 
can be done," says Kenneth Hutchi-
son, group leader of Hamilton's 
section. Each of the components 
making up the system has been 
proven as an individual element. 
"Getting them into optical align-
ment on a substrate is the chal-
lenge," Hamilton adds. They expect 
a contractor to be selected some time 
next spring for a June start, with the 
project scheduled to be finished by 
late 1980. 

Materials choice. Moreover, just 
what materials will be used for what 
component will be left to the 
contractor. Gallium arsenide could, 
for example, be used for an injection 
laser, but not for a Bragg cell. For 
the latter, it is what Hamilton calls 
"a toss-up" between silicon and 
lithium niobate. Silicon's advantages 
are its good thermal properties and 
relatively low cost (and the fact that 
it could also be made into a laser); 
however, it falls far short of lithium 
niobate's acoustical properties. 

Whichever is chosen, the plan is to 
use it for the substrate also. 

Hamilton hopes to obtain a system 
that measures 5 centimeters long 
and 1 cm high and operates with 10 
to 100 milliwatts of rf input. "The 
laser will look like a grain of sand on 
the analyzer surface, and the 1-
micrometer-thick thin-film lens will 
appear slightly concave," he says. 

Present thinking is to tune each 
analyzer to a 400-megahertz band-
width with a resolution of 4 MHZ. 
Such a unit needs 100 detectors, one 
for each frequency element. "By 
stacking analyzers together, a much 
greater bandwidth could be moni-
tored," Hamilton explains. He is 
hoping eventually for a cost of 
between $ 1,000 and $2,000 per unit. 
By contrast, all-electronic systems 
cost tens of thousands of dollars. 
Further along, improvements could 
result in single analyzers that cover 
bandwidths of up to 1 gigahertz, 
with frequency resolution down to 
1 wiz, Hamilton says. 0 

Memories 

V-MOS approach 

aimed at 65-k RAMs 

Even as memory-chip makers strug-
gle for volume production in 16,384-
bit dynamic random-access devices, 
strong programs in 65,536- bit 
RAMS— the next density level— show 
indications of paying off. Samples of 
the big new 65-k parts could be 
available by the end of next year, in 
line with the industry's "rule" that 
memory densities double each year 
—the 16-k RAMS reached sample 
production in 1976. 

But who will build the 65-k 
devices and with what technology? 
Today's 16-k suppliers ( Mostek, 
Intel, Fujitsu, Nippon Electric, Tex-
as Instruments) are interested in 
extending their planar silicon-gate 
technology with some process and 
design-rule modifications. But a 
relatively new approach, using a 
buried-source, V-groove metal-ox-
ide-semiconductor process, could re-
sult in the first marketable devices, 

judging from recent disclosures by 
American Microsystems Inc. of San-
ta Clara, Calif., and Siemens AG of 
Munich, West Germany. In papers 
delivered earlier this month at the 
International Electron Devices 
Meeting in Washington, D. C., both 
companies made public advanced 
designs of v-mos dynamic memories. 

In v-mos, the transistors are built 
in a V-shaped groove and isotropi-
cally etched into the silicon. The 
resulting three-dimensional structure 
can be made very small, without 
relying on advanced and harder-to-
build scaled-down geometries. 

Definite feasibility. Fred Jenne, 
who heads American Microsystems' 
V-MOS RAM project, says: "We have 
definitely shown the feasibility of 
building 65-k dynamic RAMS with 
v-mos technology. We have built 
16-k feasibility chips with cell sizes 
under 170 square micrometers, using 
very relaxed 5-µm rules. This is more 
than enough margin to reach the 
65-k level." 

Indeed, Jenne is already looking 
ahead to the pinouts on the 65-k 
device. If the parts are to remain in 
the 16-pin multiplexed configuration 
of today's 16-ks, then a pin must be 
found to address the additional 
blocks of bits. "Our objective is to 
free a power-supply pin by elimi-
nating one of the three supply 
voltages needed on 16-k devices," 
says Jenne. "We're shooting for a 
single + 5-volt supply voltage, with a 
—2-v substrate bias supply" to 
reduce the effects of increased 
substrate doping. The die would 
have to fit the long and narrow 16-
pin package, dictating a very narrow 
chip that could be subject to break-
age in handling. 
The 16-k v-mos chip is AMI'S 

second test vehicle. The first was 
used to test the application of the 
buried-source v-mos configuration 
to dynamic RAMS [Electronics, Au-
gust 18, p. 100]. AMI has already 
applied its v-mos structure to com-
mercial 65-kilobit read-only memo-
ries and 1,024- and 4,096-bit static 
RAMS. By successfully building 
v-mos dynamic RAMS, AMI will prove 
that the process is a main-line 
memory technology and not simply a 
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Demonstrator. American Microsystems 16-kilobit V-MOS test chip demonstrates the feasi-

bility of applying the V-groove technique to 65-k RAMs. The complete RAM with its peripheral 

devices is at the right, with the chip's test pads and a sample array at the left. 

Big one. Details of the V-groove structure show up sharply in this photograph of the 65-k 

V-MOS RAM test chip built by Siemens. Cell dimensions of 13 micrometers on a side make 

the basic memory cell half the size of today's 16-k random-access memo•ies. 

specialty technique. 
Large outputs. With its 16-k test 

chip, AMI has demonstrated an 
important figure of merit for v-mos 
"We've shown that the ratio of the 
cell's storage capacity to equivalent 
bit- line capacity is two to three times 
larger than in [conventional] n-mos 
designs," says Jenne. "That says that 
our outputs at the end of the bit line 

will be larger and easier to detect, 
giving us more design flexibility and 
better reliability." 

Underscoring Jenne's optimism is 
the work of Siemens, which has 
never been an important mos mem-
ory supplier. "We see v-mos tech-
nology putting us into the forefront 
of memory design," says Hugo 
Ruchardt, who directs Siemens's 

advanced component efforts. "We 
began a v-mos program just one and 
a half years ago, and now we have a 
65-k RAM in sight." A commerical 
version is a year away, he says. 

Siemens is working with several 
approaches, as is tom, including an 
all v-mos chip, a chip with v-mos 
arrays and planar peripheral, self-
aligned, or non-self-aligned cells. 
"We feel we are zeroing in on the 
best approach," Ruchardt says. "We 
will have a complete 65-k chip to 
talk about in February," he says. 
Siemens's project is being sponsored 
by the West German government. El 

Photovoltaics 

Multilayer cells 

have high efficiency 
Spurred by the recent spate of 
Government funding, solar cells are 
surging forward. One example is the 
high-efficiency cells used with solar 
concentrators unveiled by two firms 
earlier this month at the Interna-
tional Electron Devices Meeting in 
Washington, D. C. 

Researchers at RCA Laboratories 
in Princeton, N. J., and Sandia 
Laboratories in Albuquerque, 
N. M., have built silicon solar cells 
designed to be efficient at high 
concentration levels. RCA reports 
15.5% with sunlight concentrated to 
the equivalent of 280 suns, and 
Sandia expects about 20% at 50 
suns. 

Cost-effective. These results are in 
line with "the 18% efficiency now 
accepted as the threshold for cost-
effective power generation by con-
centrator photovoltaic systems and 
represent an appreciable improve-
ment over the 13% efficiency of 
present commercially available con-
centrator cells," says James Hutch-
by, an aerospace technologist with 
the Physical and Optical Electronics 
group at NASA's Langley Research 
Center in Hampton, Va. 

Concentrator cells, which are op-
timized to operate at high sunlight 
levels, require an external lens 
system to intensify the light that 
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shines on them. Unlike ordinary 
cells, which have two semiconductor 
layers, concentrator cells are three-
or four-layer structures in which the 
top region (emitter) or the bottom 
region (base) or both are heavily 
doped to create a deep junction, thus 
lowering the series resistance of the 
device for increased current flow. 

Three layers. For its concentrator 
cell, RCA is fabricating p+-n-n+ 
structures from bulk-grown n-type 
silicon wafers. It diffuses phosphorus 
(an n-type impurity) into the n 
region to create a 25-micrometer-
thick back-contact layer. Then fol-
lows a 100-gm-thick base layer 
forming the n region and a 0.5-µm-
thick boron-implanted top surface 
layer for the p+ region. 
The thick base layer gives the cell 

high quantum efficiency in the 
infrared region, while the thin p+ 
layer provides high quantum effi-
ciency in the ultraviolet region, says 
G. A. Swartz, one of the cell's devel-
opers. "To achieve a long minority-
carrier lifetime, we use a high-resis-
tivity silicon in the base layer, so 
that the carrier diffusion length is 
greater than the base layer thick-
ness." At high illumination, the 
series resistance of the base layer is 
practically eliminated because of the 
conductivity modulation of the base 
by light-generated carriers, he notes. 

Additionally, RCA deposits 
chrome-gold metalization on the 
back-contact layer and a metal grid 
structure on the top surface designed 
to provide low series resistance. The 
grid is made up of a thin layer of 
vacuum-deposited chrome-gold over 
which is placed 5 gm of gold. The 
exposed top silicon surface is then 
covered with a two-layer antireflec-
tion coating that transmits 96% of 
light with wavelengths of 4,000 to 
11,000 angstroms. This coating con-
sists of 600 angstroms of titanium 
oxide over which is deposited 800 
angstroms of silicon oxide. 

Tailored emitter. At Sandia, work 
on improved concentrator silicon 
cells is taking the form of a proposed 
structure having a high-low junction 
in the emitter region, instead of the 
heavily doped back-contact layer of 
the RCA device. This gives rise to an 

n+-n-p configuration. According to 
J. G. Fossum, one of the experiment-
ers, the new structure will reduce the 
leakage current in the emitter 
region, thereby increasing the cell's 
open-circuit voltage, one of the key 
properties for a photovoltaic device. 

"This reduction in emitter recom-
bination current occurs when high-
level- injection conditions in the low-
doped emitter region impose con-
straints on the hole and electron 
transport in the emitter," he points 
out. The proposed structure is now 
undergoing intensive experimental 
evaluation. The results thus far indi-
cate that the configuration should be 
"a highly superior cell at high 
concentration levels," he says. 

Working with Fossum on the cell 
are F. A. Lindholm of the University 
of Florida in Gainesville and C. T. 
Sah of the University of Illinois in 
Urbana. Both RCA and Sandia are 
also working at building the concen-
trator cells repeatably, and improv-
ing efficiency still more. 

Communications 

Bell eyes digital 

spot-beam system 
The Bell System, which was not 
saying much while Satellite Business 
Systems Inc. got a lot of publicity for 
its all-digital satellite communica-
tions network, seems finally to have 
something to talk about. Research-
ers at Bell Laboratories earlier this 
month described a new communica-
tions concept that would greatly 
increase the capacity of communica-
tions satellites and make a variety of 
business services more widely avail-
able. These services include all those 
that Satellite Business Systems, a 
joint venture of IBM Corp., the 
Communications Satellite Corp., 
and Aetna Life & Casualty, has 
been talking about— facsimile, high-
speed data, voice, video, and telecon-
ferencing. 

Fixed plus scanning. In a paper 
delivered at the National Telecom-
munications Conference in Los An-
geles by Douglas O. Reudink, head 

of the satellite systems research 
department in Crawford Hill, N. J., 
Bell proposes to divide the satellite's 
transmitter power into spot beams, 
instead of relying on present ap-
proaches that use a single fixed 
beam to cover a wide area of the 
country. Bell is considering use of a 
dozen fixed spot beams to handle the 
cities with the heaviest telecommuni-
cations traffic, plus a pair of addi-
tional beams that would scan across 
the country, polling ground stations 
to determine their transmission 
needs. These stations would operate 
on demand with the satellite, using a 
time-division, multiple-access tech-
nique similar to the one that ses, 
which plans to be operational in 
1981, will use. 
The scanning beams, directed by 

phased-array antennas, could sweep 
over the continental 48 states in Iloo 
of a second. Each ground station, 
identified by a unique address, 
would be allotted a transmitting or 
receiving time that would be stored 
in a controller at a master ground 
station. The controller would relay 
this information to the control 
system aboard the satellite, which 
would then form and direct the scan-
ning beams to the ground. 
The beams would operate at the 

same 11- and I 4-gigahertz frequen-
cy bands that SBS proposes to use, 
but the Bell approach would more 
efficiently use the 500-megahertz 
bandwidth available at these fre-
quencies. Because the antenna 
beams would cover only 1% of the 
nation's area at any one time, 
channel frequencies could be reused 
more often, and thus channel capac-
ity in the satellites could be 
increased from 15,000 telephone 
conversations to more than 50,000, 
according to Bell. Moreover, the 
system would save 20 decibels effec-
tive isotropic radiated power, com-
pared with a single-beam system. 
More services. Like the sas net-

work, Bell's concept would permit 
more widespread services because 
the system could use small, less 
expensive 10- foot-diameter earth-
station antennas. For the same 
reason, the cost of multipoint video 
and high-speed data transmission 
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Why fool around? 
Our Snap-Lock makes your tough 

little connector decisions easy. 
It's the rugged, make-sure 
miniature circular connector to 
call for when you just don't want 
to fool around. 

It has the right quality features: 
metal housing, high contact density, 
moisture-proof, can be pressure resis-
tant and/or hermetically sealed. 
And you can choose from 

enough sizes and options to 
make designing-in Snap-Lock as 
easy as it is dependable: 2 to 19 
contacts, reversible, and crimp 
removable or soldered — 

plus a variety of mounting styles, 
back shells and potting boots. 

Positive, vibration-proof locking. 
You can hear it snap into place. 

It won't shake loose. But release is easy 
with a squeeze of the metal ring. 

Need a quick, pull-the-cable 
disconnect? 
We have it: Pull-Lock. Friction holds 

the connector together, but a firm 
yank on the cable pulls it apart. 

Details. 
We have those, too, summed-up in 

our latest Snap-Lock catalog. Get 
your free copy. 

mom 

ri FloK. Send me your latest Viking 
Snap-Lock miniature circular 
connector catalog. 

MY APPLICATION   

NAME   

TITLE   

COMPANY   

ADDRESS  

CITY  

Vilkin aI 
Ik• Pe 

CONNECTORS 
Viking Industries, Inc., 21001 Nordhoff Street, Chatsworth, CA, U.S.A ( 213) 341-4330 
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would be much less than land- line 
communications, as would the cost 
of tie lines and private networks used 
in corporate communications, par-
ticularly over great distances. 
At present, Bell Laboratories is 

building a prototype of the system, 
including a full-scale 100-element 
antenna array and a 16-element 
transmitting and receiving system. 
Some parts are already being tested, 
according to a spokesman, who is 
cautious about predicting the out-
come. "No one quite knows what the 
economics are going to be," he says 
of the system, which is described as 
"still in the theoretical stage and not 
yet committed to development." El 

Industrial 

Microprocessor does 

machine-tool chores 
Now creeping into the unsophisti-
cated end of the machine-tool busi-
ness, microprocessors are bringing 
automatic control to tools that could 
never afford it before. One of the 
first such microprocessor-based con-
trols will accompany a new $46,900 
press brake that Dreis & Krump 
Manufacturing Co. plans to ship 
early next year. 

Press brakes are massive yet 
conceptually simple machines that 
put bends in sheet and plate steel 
along the two axes of a plane. They 
are used extensively in the manufac-
ture of metal furniture, cabinets, and 
door frames. An operator loads the 
press brake by inserting a sheet of 
metal horizontally, and a gage at the 
machine's rear moves forward to 
position the sheet precisely over a 
fixed die. Then a vertical ram comes 
down, forcing the metal into the 
long, narrow die with tons of pres-
sure to form the bend. 

Unlike contouring operations, 
where the position and speed of one 
axis must match that of another to 
follow a profile, the press brake's 
two axes get to their positions inde-
pendently. That eases the control's 
computational burden enough so 
that Dreis & Krump handles the job 

with an MC6800 microprocessor 
from Motorola Semiconductor, says 
Eddie Farazandeh, manager of new 
product development at the Chicago-
based subsidiary of Nu Trek Inc. 
The application- 110 tons of pres-
sure are exerted by a ram anywhere 
from 10 to 14 feet long— demon-
strates that other simple point-to-
point operations could also be easily 
brought under microcomputer con-
trol. 

Like the microcomputers used on 
more complex tools, this one decodes 
the machine's keyboard and runs the 
40-character alphanumeric display. 
The keyboard unit is used for 
entering and storing piece-part pro-
grams that specify advance and 
return speeds and stops for the ram 
and gage and the forming speed of 
the ram. But it differs from other 
controls because the microprocessor 
is also responsible for closing the 
servo loop that positions the tool. 

Servo in software. "With the 
exception of a minimum amount of 
hardware— digital- to-analog con-
verters and pulsed encoder logic— 
we do all of the servo control in 
software," Farazandeh says. "The 
microprocessor monitors the ram 
and gage positions and, knowing the 
distance to go, computes accelera-
tion and deceleration to create a 
velocity profile. It tabulates those 
motions as it's executing them, while 
it's monitoring everything else." In 
contrast, most machine-tool proces-
sors simply supply a destination and 
a command to move, and then hard-
wired servo translator logic takes 
over, reporting back to the computer 
when the motion is finished. 

Until now, most press brakes have 
had mechanical back gages, though 
automatic gages made by several 
manufacturers can be retrofitted. 
But there has been no hard-wired 
numerically controlled ram mar-
keted successfully in this country. 

Dreis & Krump has also taken 
advantage of the microprocessor to 
add extras to the machine. The 6800 
keeps the ram level based on inputs 
from rotary encoders. The encoders 
replace both a steel leveling tape 
formerly used to sense whether one 
end was moving faster than the other 

Entry point. Most of the press brake's setup 

and control is handled through this micropro-

cessor-based control console. 

CiiiCAGEHNITE 

and a series of switches tripped by a 
cam that sensed the ram's vertical 
position. This new approach brought 
an eightfold increase in accuracy 
and repeatability in ram positioning, 
to ± 0.001 inch. 
The firm's new control is nothing 

more than three standard Motorola 
boards—a 6800-based central pro-
cessor card with input/output and 
memory expansion boards— and a 
pair of interface cards for the ram 
and gage. The interface cards con-
vert signals from the processor to the 
analog outputs that run the machine 
and accept bidirectional square-wave 
inputs from the rotary encoders and 
odometers on the ram and gage. , D 

Television 

GE, Hitachi merge 

U. S. TV operations 

With U. S. government restrictions 
on television exports by Japan to the 
United States in effect, Hitachi Ltd. 
has joined forces with an American 
TV producer, General Electric Co. 
The two have formed General Tele-
vision of America Inc., with head-
quarters in Portsmouth, Va. The new 
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The best MOS 
memories: 
Fujitsu's 
8227/8116 
41(116K MOS 
RAMs 
deliver 
highest 
reliability. 

Please send me data on the 8227/8116 MOS 
RAMs 
Pease send me the Fujitsu reliability story 
Pease send me Fujitsu's short-form Product 
Selector 
P ease send me the Fujitsu roduct Catalog 
Please call me about an immediate application 

Name 

Organization 

Address 

City 

Zip Telephone: 

Title 

State 
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You demand 4K and 16K RAMs with 
compatibility, maximum performance, 
versatile packaging, lowest price, 
prompt volume delivery and 
uncompromised reliability. Fujitsu 
delivers the industry's winners in every 
respect. 

You get functional and pin compatibility 
with the industry-standard MK4027 
and MK4116. But our devices were 
created from scratch, not licensed. 
The differences will make you the big 
winner. 

Speed is your first bonus. 150-ns 
access time from our ' H' version. 200 
('E') or 250 ns (' N') for lower cost 
designs. No one delivers higher 
performance. 

Packaging is your second big bonus. 
Both Fujitsu devices are available in 
16-pin ceramic dip form, or in plastic 
for extra savings (8116 in 01 1978). 
Either way, you're ahead. 

Price? You win again. We match the 
toughest price competition in the 
world. Fairly. How? Higher yields from 
superior double-poly processing that's 
meticulously controlled and 
supervised. 
Delivery? You re still ahead with 
Fujitsu. Our volume shipments already 
show Fujitsu to be the second largest 
supplier of MK4116-compatible 16K 
RAMs. 

Reliability is where you're the really 
big winner with Fujitsu. Our in-the-
socket field reliability is clearly 
superior. In fact, we ' wrote the book' 
on reliability—just ask for your copy. 
Our reliability book shows you how 
reliability is designed and processed 
into every device we ship. It starts 
with the initial concept and continues 
through design to pilot production, 
into full-scale manufacture. At Fujitsu, 
reliability is the result of deliberate 
management decision, implemented 
at all levels in the company. 

Just how reliable are Fujitsu RAMs? 
Statistically—measured over millions 
of device-hours in user sockets 
worldwide—our delivered reliability 
is up to an order of magnitude better 
than competition. 

Super reliability at no extra cost puts 
you way ahead. Why? Because the 
device that fails in the field can cost 
many times its original price to replace; 
worse, it can cost you your reputation. 
So when you consider the benefits to 
you and your customers of super-
reliable RAMs, Fujitsu memories, 
like our MB8227 and MB8116, make 
sense. 

FUJITSU 
AMERICA INC. 

2945 Oakmead Village Court 
Santa Clara, CA 95051 
(408) 985-2300 
Telex: 357402 • TWX: 910-338-0047 
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Corp. to move significant parts of its 
color iv assembly to low-wage coun-
tries [Electronics, Oct. 13, p. 69] did 
not precipitate GE'S move. Rather, 
"our plan was underway before the 
Zenith announcement was made," 
says Gault, who described the joint 
venture arrangement as a "long-
term insurance policy against the 
same type of thing happening to us." 
Fred R. Weliner, currently general 
manager of GE'S Television Business 
department, will be president and 
chief executive of the new firm. 

IEEE 

Members support 

career activities 
Early returns from a survey of 
members of the Institute of Elec-
trical and Electronics Engineers 
reveal that the majority does not 
want any easing up on professional 
activities. Such easing has been 
anticipated after the new officers, 
including Bruno Weinschel, the vice 
president for professional activities 
[Electronics, Dec. 8, p. 42], take over 
in January. 

If anything, the respondents want 
more action on economic matters, 
such as pensions and patent rights, 
and on public policy matters, such as 
IEEE position papers that take stands 
on national issues affecting engi-
neers. They also want both closer 
surveillance over entry into the 
profession and IEEE efforts to stop 
age discrimination. In addition, a 
majority favors mandatory state 
licensing of practitioners who are 
responsible for designing products. 
The tabulation of the survey, 

which will be completed by the end 
of this month, represents the opin-
ions of well over 4,000 members. 
They responded to a four-page ques-
tionnaire designed and circulated by 
the activities board. So far, the 
results contain several surprises, 
according to John Guarrera, 1977's 
vice president for professional activi-
ties. 

Although most of those surveyed 
say they join the institute primarily 

News briefs 

SIA forms trade committee 
The Semiconductor Industry Association, based in Cupertino, Calif., has 
formed a trade policy committee under Intel Corp. chairman Robert Noyce. It 
will develop a program aimed at combating the Japanese challenge to the 
U. S. semiconductor marketplace (see p. 59). The committee, which starts 
twice-monthly meetings in January, will "take a sounding of Washington 
attitudes" and canvas its own members for their feelings before developing a 
plan, says SIA's executive director, Thomas D. Hinkelman. One of the 
committee's tasks will be to alert member companies to the as-yet potential 
threat of increasing Japanese penetration of U. S. markets, although the 
SIA's four-year forecast [Electronics, Dec. 8, p. 25] predicts practically no 
increase in penetration of Japan's domestic market by U. S. semiconductor 
companies. 

Phone company buys fiber-optic system 
The first fiber-optic communications system purchased commercially by a 
U. S. telephone company that had no role in the development of the 
components is now on line in Las Vegas, Nev. It links the MGM Grand Hotel 
to Central Telephone Co.'s main switching office, 4.2 kilometers away. The 
system, including the optoelectronic interface, was developed and manufac-
tured jointly by Valtec Corp. in West Boylston, Mass., and Comm/Scope Co. 
of Catawba, N. C., a privately owned cable supplier for cable TV systems 
that Valtec now is acquiring. 
Under Valtec's supervision, Central Telephone used standard installation 

techniques to lay the cable. Commercial connectors from Thomas & Betts 
Corp., Elizabeth, N. J., were used to join each of the six graded-index fibers 
in the 0.6-in.-diameter cables in manhole and central-office locations. 
Average attenuation of the cable is 5 decibels per kilometer and connector 
loss is less than 1 dB. Similar installations connecting central offices are 
planned by Central Telephone for early 1978. (See p. 43 for a related story.) 

Northern Telecom sets Sycor acquisition. 
Canada's largest telecommunications equipment manufacturer, Northern 
Telecom Ltd. of Montreal, plans to acquire Sycor Inc. of Ann Arbor, Mich., a 
producer of intelligent terminals and distributed data-processing systems. 
The acquisition will be done through an exchange of stock valued at more 
than $66 million. The agreement comes on the heels of Northern Telecom's 
purchase for $ 15 million of a 12% interest in Data Corp., a Minneapolis CRT 
manufacturer. Meanwhile, the Canadian firm's U. S. subsidiary, Northern 
Telecom Inc., Nashville, Tenn., is negotiating to acquire Danray Inc., a Dallas 
maker of electronic PBXs and tandem switching gear. 

IBM introduces data-encryption products 
International Business Machines Corp. has introduced three new data-
security products based on the cryptographic formula, or algorithm, devel-
oped by IBM and adopted for Government equipment by the National 
Bureau of Standards [Electronics, March 3, p. 74]. IBM's new 3845 (table-
top) and 3846 (rack-mounted) encryption devices, priced from $2,125 to 
$3,600, are designed to protect point-to-point transmissions— between a 
computer and inquiry terminal, for example. A third device, the IBM crypto-
graphic subsystem, will encrypt data stored in magnetic-tape or disk files 
and is designed for IBM System/370 computers and data-processing 
networks. First shipments to customers are scheduled for the second and 
third quarters of 1978. 

for the technical publications, the 
IEEE'S traditionally strong suit, they 
are in favor of most professional 
activities— and that includes the 
power engineers, who have been 

considered the least enthusiastic 
about them. 

Another surprise, Guarrera points 
out, was that almost 51% favor 
having the IEEE publicize the names 
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SABRE VII 
makes no compromise 

with quality and performance... 
Why should you? 

No other IRIG tape 
recorder/reproducer gives 
you all these capabilities. 
System prices from 
less than $15,000. 

• Two electrically switchable tape 
speed ranges from 120 to V/8 ipsor 
60 to 15/16 ¡ Ps 

• Direct bandwidths to 2 MHz 

• FM bandwidth from DC to 500 kHz 

• 101/2 , 14 and 15-inch reels with 38.4 
hours of record time 

• IRIGPCM to 600 kb/s serial rate 

• HDR to 4 Mb/s serial rate 

• 7, 14 or 16 channel capacity 

• Low flutter/TBE 

• Self-contained power supply 

• Both tape shuttle and loop 
operation available 

Now have the full-capability perform-
ance you need at the lowest price. All 
it takes is SABRE JII, the all-band port-
able recorder/repi-oducer that handles 
either 1/2-inch or 1- inch tape ... records 
and reproduces Direct, FM, PCM and 
either serial or parallel high density 
PCM. Easily switches between IRIG, FM 
bands by means of a single switch. For 
even more versatility, you get two bi-
directional speed ~anges, plus auto-
matically-switched reproduce 
electronics for up to 7 tape speeds. You 
get it all, and SABRE VII actually costs 
less than comparable systems. 

Amazing? Yes, and because of the same 
superior engineering, SABRE VII also 
controls tape speed accuracy to within 
2=0.10% and extends tape and head life 
through enhanced tape handling. 
Options include FM calibrator, remote 
control, voice, IRIG tape servo, rack 
mount kit, shuttle, sequential record 
and/or reproduce and anti-vibration 
mounts. SABRE VII doesn't com-
promise with quality and performance. 
Why should you! 

For complete details, write or call: 

Sangamo Weston, Inc. 
Data Recorder Division 
P.O. Box 3347 
Springfield, IL 62714 
TEL: (217) 544-6411 

SANGAMO WESTON 

Schlumberger 
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MITEL 
WINNER 

OF THE 1977 
IEEE 

TOP CANADIAN 
COMPONENT 
AWARD 
MITELS MD4301 

CMOS/LSI DETECTOR/TIMER 

• 6.5 V to 12 5 V Operation • Standby Current— less than 25 

• Pet Input Amplifiers • On-Chip DRIVER — Over 300 mA 
• Low-Battery Warning • Audio Oscillator- 1 Hz to 20 (Hz 
• Led DRIVER — Over 20 mA • OC or AC Output Signals 

IDEAL FOR 
• Smoke/Fire Detectors— Ion Chamber and 

Photoelectric Types 

• Gas Detectors— Natural, Propane, Silane, Etc 
• Temperature Detectors— Freezers, Stoves, Furnaces, 
Environment 

• Pressure Detectors— Weights, Forces, Strains, 
Movements 

• Timers/Controllers—Burn-In Units, Sprayers, 
Heaters, Etc 

I , ,r more information write or phone 
Adimm 18 AIRPORT BLVD. 

BROMONT. QUEBEC. CANADA OS JOE ILO (514) 534-2321 
TLX 05 267474 

mITEL 
Semiconductor 
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New microprocessor-based games doing well 

The high prices of the new nonvideo electronic games that are built around 
microprocessors are apparently not discouraging Christmas shoppers, 
according to the three makers of toys and games who were the first 
companies to introduce them [Electronics, August 18, p. 71]. "We're selling 
all we can make," says James Houlihan, director of research and develop-
ment at Milton Bradley Co., Springfield, Mass., of his company's Comp IV 
number-guessing game and its Battleship attack game. The games, which hit 
retailers' shelves in August, sell for between $20 and $30. 

Also selling successfully are the three pocket-calculator-sized games from 
Mattel Inc., Hawthorne, Calif., and the most expensive game, Code Name: 
Sector, the submarine-chase game from Parker Brothers Inc., Salem, Mass. 
The Parker Brothers game retails in some outlets for as much as $50. The 
success of the games has sent the toy makers back to their drawing boards, 
and each says it will design new ones for 1978. In addition, semiconductor 
makers such as Texas Instruments and Rockwell International, eager for this 
new market for microprocessors, will be coming up with different ways to use 
light-emitting diodes and sound-producing integrated-circuit chips that make 
the games flashier and more exciting. No one is talking specific numbers but 
next year the volume of games could reach into the hundred thousands. 

of employers who consistently ignore 
the Guidelines to Professional Em-
ployment for Engineers and Scien-
tists, a set of goals for employer 
practices endorsed by the institute a 
few years ago. Some 64% want the 
IEEE to "engage in constructive 
persuasion" to encourage companies 
to comply with the guidelines, and 
almost 67% say employers observing 
the recommendations should receive 
favorable mention by IEEE. Publi-
cizing the "bad guys" as well as the 
"good guys" had been thought of as 
a no-no among institute leaders, who 
have been leery of putting corporate 
noses out of joint while the IEEE 

depends for financial cooperation 
from industry. 
A third surprise was the large 

number, 85%, who favor the IEEE'S 

taking positions on technical policy 
questions as it has in the past 
regarding communications, re-
search-and-development spending, 
and U. S. energy policy. "Almost the 
same percentage want to be polled 
regularly on current engineering 
issues to provide continuing guid-
ance for the formulation of position 
statements," Guarrera adds. There 
is little enthusiasm, though, for 
collective bargaining by engineers. 
Two thirds of the respondents would 
neither join a non- IEEE collective 
bargaining unit nor have IEEE form 
one. 
Now that the institute has a 

survey of members' opinions, what 
happens? " If ever we had any input 
from our members about what they 
are thinking, we have it now," 

IEEE members on age discrimination 
Here are preliminary tabulations of IEEE members' answers to questions 
concerning age discrimination in the U. S. Activities Board's survey: 
1. Would you favor IEEE/ USAB efforts in support of legislation or an 
Executive Order for Affirmative Action for engineers over 40? 

Yes: 55.6%; No: 27.6%; Not sure: 16.8% 
2. Should the IEEE suggest to employers that they establish a policy of 
rotating assignments as a means of offering engineers who are expert in 
older technologies the opportunity to be assigned to projects requiring the 
latest technologies? 

Yes: 59.3%; no: 26%; not sure: 14.6% 
3. Should the IEEE suggest to employers that younger engineers be assigned 
to projects in older technologies to provide them with broader experience? 

Yes: 56.8%; no: 28.7%; not sure: 14.6% 
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An Vhincti Microprocessor Control 45* 
led 

'impact Printer for just $3 
Now that's what we call 

Practical! 
Laugh all the way to the bank, OEM's. 

With both matrix impact print head and 

built-in microprocessor controller, our 
DMTP-6uP is a budget printer in price 

only. In practice, it's one of the greats. 

You can print 80-96 columns of both data 
and text at a fast 110 cps. Turn out up to four 

copies at once on regular 8/2 inch roll paPer, 

even on fan-fold forms and labels. Not only are 

all needle drivers and diagnostic routines in-

cluded with the microprocessor, but you can 
choose the interface function you want — paral-

lel ASCII, RS-232C/I-Loop, or switch-selectable 

baud rates from 110 to 1200. YOu even get the 

economy of easily-replaceable.ink rollers and 

a sell- reversing 10- million character life ribbon. 

• $345 in 100 (Its.; single units $472 

All that for $345*1 It's phenomenal... 

and it's also very ?ractical. 

PRACTICAL AUTOMATION, INC. 

Trap Falls Road Shelton. CT 06484 
Tel (203) 929-6381 
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The Deck Has A Wild Card Now! 
Priority Interrupts 

1K RAM 

ce 6k EPROM " 

,e` 
e 

(5), Bus Buffers 
Cs 

0 2 p‘Ps 

Our new 9600 MPU Module covers all bets. With its memory 
and I/O features it may be the only card you need to draw. 

Send us a name for our Wild Card. If we use it we'll deal you 
a fully- loaded 9600 off the top to improve your hand. 

The 9600 Family of EXORciser* compatible Support Modules is a 
set of generalized building block hardware designed around the M6800 
Microprocessor. The cards are also pin and outline compatible with the 
Motorola Micromodules* and Evaluation Kits. 

Save time and money with these low cost, ready-to-use Cards. Use 
them to build ycur data communications, industrial control, and other 
microprocessor-based system and give it personality with software or 
plug them in to your EXORciser* to expand memory and I/O capacity. 

Support Module 

9600 MPU with all the optiols 
9601 16 Slot Mother Board 
9602 Card Cage 
9603 8 Slot Mother Board 
9610 Utility Prototyping Bodrc 
9615 4K Erasable PROM Module 
9620 16 Port Parallel I/O Module 
9626 8K Static RAM Module 
9630 Card Extender 
9650 8 Port Duplex Asyn. Serial I/O 

tr ier] CREATIVE MICRO SYSTEMS 
6773 WESTMINSTER AVENUE • WESTMINSTER, CALIFORNIA 92683 • 1714) 892-2855 

1-4 Price 100 Price 

595.00 
175.00 
75.00 
100.00 
36.00 

250.00 
375.00 
295.00 
60.00 

395.00 

357.00 
105.00 
45.00 
60.00 
21.60 
150.00 
225.00 
177.00 
36.00 

237.00 

Delivery 

Feb. '77 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 
NOW 

t One 9600 will be awarded to the submit-
ter of the winning name. Offer void 
where prohibited. Decisoon of the judges 
is final. All entries become the property 
of CMS. Deadline for entries is APRIL 
19, 1978. 

Trade Mark of Motorola Inc. 
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ERIE TECHNOLOGICAL PRODUCTS, INC. 
Erie. Pennsylvania 16501 

814 453-5611 

FIXED & VARIABLE 

C eramics 
FROM ERI*E 
LOOK TO ERIE FIRST FOR 

CERAMIC 
TRIMMERS 

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 

... AND STILL THE BEST BUY 

TUBULAR 
CERAMIC CAPACITORS 

r-

Designed for 
/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 TECHNOLOGICAL PRODUCTS, INC. 
Erie, Pennsylvania 16501 

814/453-5611  
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comments Carlton Bayless, the out-
going IEEE executive vice president. 
"I hope the Board of Directors, when 
they see all the results, will be 
responsive. I have seen an increasing 
willingness on behalf of the board to 
follow what the members want." 

Herbert H. Heller, chairman of 
the USA B task force that conducted 
the survey and senior staff engineer 
for Bird Electronics Corp., reports 
that the in-coming vice president in 
charge of the board, Bruno Wein-
schel, has already assured him that 
results of the survey will be "consid-
ered a mandate" during 1978. 

Education 

Heath to package 

technical courses 

Heathkit builders rarely think of the 
company this way, but Heath Co. 
has been in the education business a 
long time. For example, the 410-
page set of instruction manuals for 
its top-of-the-line iv kit is almost a 
primer on color television principles. 

But now, the 51-year-old Benton 
Harbor, Miçh., kit maker has 
decided to go aggressively after 
continuing education as a market in 
its own right. It has been sprinkling 
basic electronics home-study courses 
throughout its mail-order catalog for 
about two years now and last month 
started shipping its most ambitious 
one—a microprocessor course with 
hands-on breadboard trainer that is 
tagged at $269.95. 

High-growth market. "We see 
continuing education as a high-
growth market, and I expect that 
educational products will be a $40 
million to $50 million business for us 
within five to eight years," says 
William E. Johnson, marketing vice 
president. That is a hefty chunk of 
new business for the Schlumberger 
Ltd. subsidiary, which is estimated 
to have sales of $ 100 million. 

Heath will expand its home-study 
business primarily by tying courses 
to the products it sells. Accordingly, 
Johnson envisions offering self-study 
packages in audio, television, au-

tomobile tune-up and repair, and 
automotive and marine electronics. 
"But we see an opportunity for 
many, many more," he adds, listing 
such diverse topics as welding, 
photography, and mathematics. 

Heath tested such a tie-in to its 
massive amateur radio business this 
summer when it offered an inexpen-
sive course that promised to help 
budding hams pass the Federal 
Communications Commission's 
amateur radio novice examination. 
At $29.95, the firm sold almost 
8,000 copies of the text-and-tape-
cassette course in less than six 
months. For $9.95 more, Heath 
throws in a code-practice oscillator 
kit for learning Morse code. 
The microprocessor course is also 

configured to hit the purchaser 
twice: once, at $89.95, for the 
programmed text, tape cassettes, 
printed visual materials, and a 
generous handful of 62 microproces-
sor-oriented components to be used 
in the course's experiments; and a 
second time for the $ 189.95 digital 
trainer, a miniature computer built 
around Motorola's MC6800 micro-
processor, with built-in monitor pro-
gram, six-digit display, and hexadec-
imal keyboard. "We took it to the 
New York Personal Computing 
Show, and we got more interest in 
our microprocessor trainer than in 
our personal computers," comments 
Louis E. Frenzel, director of com-
puter and educational market devel-
opment. 

Business boon. Heath's personal 
computers will be a boon to its 
educational business, he adds, as 
Heath readies courses in program-
ming and using computers. It has 
already developed a home-study 
course in Basic programming and is 
preparing courses in assembly lan-
guage programming for Intel Corp.'s 
8080 microprocessor and Digital 
Equipment Corp.'s LSI-11 micro-
computer— the processors behind 
Heath's two hobby computer 
systems. In the works are courses for 
programming in high-level lan-
guages like Fortran. 

Further, Heath is eager to apply 
the computer as an instruction aid. 
"But CAI [computer-aided instruc-
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Smaller 
makes sense. 

tion] takes a lot of memory," 
Frenzel says, "and we're waiting for 
our floppy disk," a product that 
Heath will introduce early next year. 
"We'll start with CAI on courses that 
teach how to use the computer effec-
tively," he says. "We've even toyed 
with the idea of a stand-alone 
computer that's designed for people 
to take our courses on." 

Fiber optics 

Bell's Chicago system 

goes like gang busters 
After eight months of field opera-
tion, the exploratory fiber-optic tele-
communications system in Chicago 
is yielding excellent performance, 
say officials of Bell Laboratories. 
Still, they say their prototype needs 
some improvement in the operating 
lifetime of the injection- laser light 
sources before it goes to volume 
production, now planned for the 
early 1980s. 
"We had only four instances of 

trouble, but by automatic switching 
to backup channels, we never 
dropped a call," says Ira Jacobs, 
director of Bell Laboratories' wide-
band transmission laboratories, 
Holmdel, N. J. There were three 
electronic circuit malfunctions and 
one laser failure after 60,000 oper-
ating hours, he says. One reason the 
overall system performed so well, he 
admits, "is that each channel has a 
one-to-one fiber backup whereas in a 
production system, one would back 
up many." 

Better lasers. "While results give 
us confidence that lasers are reason-
ably reliable, our biggest problem is 
laser devices that fail early," adds 
Stewart D. Personick, supervisor of 
Bell Labs' fiberguide repeater group. 
The injection lasers used in the 
Chicago trial are fabricated of 
gallium aluminum arsenide and have 
a mean statistical lifetime of 1 
million operating hours. But the 
laboratory's objective is a 10-
million-hour lifetime, and to get this 
kind of improvement, Bell is "con-
sidering changes in fabrication and 

In the tradition of mini-computers 
and mini-skirts, great small products 
usually evolve from larger packages. 
The new 8020A digital multimeter 

carries on the Fluke tradition of pre-
cision bench-top instrumentation, with 
this handheld, 13-oz. DMM. Same 
quality and value, smaller package. 
And only $ 169:k 
Your 8020A goes on call with you 

in your pocket, briefcase, or tool kit. 
Wherever your job takes you and your 
8020A, you can count on bench-instru-
ment performance 
Small in size, but big in capability, 

with features like 2000-count resolu-
tion, transient protection to 6000V, 

six resistance ranges to 20 MO. Plus, 
an exclusive conductance capability 
for leakage measurements to 10,000 
MO! 
And, traditional Fluke quality and 

accuracy are guaranteed for a full year. 
Parts and service available worldwide. 
And that's meaningful when it's from 
the recognized leader in DMMs. 
Get your hands on one. Call (800) 

426-0361, toll free. Give us your 
chargecard number for same-day ship-
ment. Or, we'll tell you the location of 
the nearest Fluke office or distributor. 
(Where you can save by buying a ten-
pack of 8020As for only $ 1521!') 

*U.S. price only. 

Fluke 8020A DMM for Field Service: $169. 
1807-7005 

FLUKE 
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introducing... 
a low cost burn in system for 
medium volume users of IC's 

• Static and dynamic burn-in 

• Capacity for 3960 14 pin IC's 

• Large library of burn-in board designs 

Small in size, low in cost and providing simultaneous burn-

in of a variety of device types — that's the new CRITERIA III 
Burn- in Chamber from Reliability Inc. Designed for the medium 

user of IC's, RAMS, ROMS and microprocessors, 

the CRITERIA Ill offers every feature of larger 

systems at a fraction of the cost. 
Send for brochure today. 

(iD P.O. Box 37409/Houston, Texas 77036 

713/492-0550/TWX: 910-881-1739 

Reliability, Inc. 

Circle 44 on reader service card 

At125°C 
you can burn your fingers on some DAC's 

our 4058 stays cool 
Because this new, hybrid 12 bit DAC was specifically 
designed for the temperature range — 55 to + 125°C. 

It is not merely a top- end selection of 
commercial DAC's, where you don't 
know today what tomorrow's yield 
will be. 

Your application may not need 
the full temperature range nor 
the hermetically sealed metal 
DIP. But for a lot of industrial 
applications these and other 
features of the new DAC 

offer you vital safety factors. 
For example, it is produced to 

MIL Std 883 giving extremely high 
" reliability. It has a very low tempera-
ture drift of 5 ppmi°C gain, 10 ppmi°C 

max. offset. 
And if you want to fly with it, the 4058 is shock, 

vibration and acceleration tested - its already being 
used in the new MRCA. 

irTELEDYNE PHILBRICK 
Allied Drive at Route 128 
Dedham, Massachusetts 02026 
Tel: ( 6171 329-1600 

TWX: (710) 348-6726 
Telex: 92-4439 
Cable: TELEPHIL 
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Electronics review 

culling out devices in testing," he 
says. 

Jacobs, Personick, and others 
described results of Bell's fiber-optic 
system, operating since May 12, to a 
session at the National Telecommu-
nications Conference, which met 
earlier this month in Los Angeles. 
An all-digital system, operating at a 
44.7-megabit-per-second data rate, 
it has 1.5 miles of 24-fiber cable, 
serving as trunk lines between two 
downtown telephone company ex-
changes and as a customer loop to an 
office building [Electronics, Feb. 3, 
p. 48]. The layout carries voice 
traffic for all three, in addition to 
data and video service between one 
telephone exchange and the custom-
er's building. 
Mass splicing. An important goal 

of the Chicago trial is to test Bell's 
mass fiber-splicing technique, with 
workmen laying the cable in man-
holes and striving for alignment 
accuracy of 1/10,000 inch. "With a 
total of 12 splices joining no less 
than 144 fibers, there was an 
average loss of only 0.5 decibel per 
fiber splice, a gratifying result," 
Personick says. Furthermore, Bell 
researchers gained data on how far 
the fiber cables could be pulled 
through underground ducts without 
splicing. "We're confident that be-
tween a '/ 2- and 1- kilometer length is 
the tradeoff [ to make] between the 
minimum number of splices and the 
cable size, strength, and pulling 
length," he says. 

Overall, the spliced cables are 
averaging a loss of 8.5 de/km, 
compared with 5.0 de/km unspliced, 
according to Bell calculations. No 
cables broke when pulled through 
the crowded underground ducts, 
some dating back to the 1890s. 
As fiber-optic technology proves 

itself, Bell officials see economic 
realities calling the turn on when 
telephone companies adopt them. 
"What concerns me is how rapidly 
costs of the fiber and optical devices 
come down," says Jacobs. "Users are 
not going to junk perfectly good wire 
or microwave trunks and loops for 
light-wave systems, and it's no secret 
we're in a period of slow growth of 
new facilities." 

You have your own 
calculator. 

Why not a DMM? 

Finally, a digital multimeter that's 
yours, just like your pocket calculator. 
and more useful. Only $169.* 
You pack only 13 OZS. in your pocket 

or service kit, but size is deceptive. The 
8020A has more useful features than 
any other multimeter available—at, 
any price! Features like 26 ranges and 
seven functions, including conduct - 
ance. 2000-count resolution. Hi/lo pow-
er ohms. 
And it's rugged. The high-impact 

case protects a minimum number of 
component parts (47 in all, and they're 
all readily available from any of the 
worldwide Fluke service centers. Your 
8020A is factory calibrated by NBS 
traceable equipment. And we guaran-

tee it'll live up to published specs for a 
full year. 
The 8020A is a true field instrument, 

designed with a highly readable LCD 
display, and inexpensive 9V transistor 
battery power for continuous use up 
to 200 hours. Reliability, quality and 
value: that's Fluke tradition. 
To get your hands on one, call (800) 

426-0361, toll free. Give us your charge-
card number and we'll ship an 8020A 
the same day. Or, we'll tell you the loca-
tion of the closest Fluke office or dis-
tributor (where you can save by buy-
ing a ten-pack of 8020As for only 
$1521*). 

*U.S. price only. 

Fluke 8010A DNIM for Field Service:$169. 
1807 70u4 

FLUKE 
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If you want to get something done ask the busy company. 
Since '61, we've sold Discretes and plenty of them. The rea, 
sons are clear. 

High product quality and resulting low return rate 
translate into really high volume (more than 21/2 billion units 
this year). 

High volume means off-the-shelf deliveries at competi-
tive prices. 

Quality. Volume. Availability. Delivery. Competitive 
prices. Make ITT' Semiconductors the one-stop for practically 
any Discrete you have in mind: 

TRIACS. Glass passivated silicon triacs in the 4 to 8 amp, 
and 50 to 600 volt peak repetitive voltage range. 

RECTIFIERS. Complete line of low power rectifiers with 
400 mA to 3 A ratings thru 1000 volts PIV. This includes the 
highest volume glass 1 Amp rectifier produced today. 

SCHOTTKY RECTIFIERS. Full line of axial leaded 
Schottky Rectifiers available in volume from 1 to 5 Amp 
ratings. Get ITS5817 thru 5825 series literature. 

SCHOCKLEY DIODES. Four-layer diodes includes four 
series. Switching voltages ranging from 20 to 200 volts, 
holding currents from .5 to 60 mA. 

VARACTOR TUNERS. Our varactor diodes are widely 
used in FM, TV (UHF 8z VHF tuners) and AFC tuners. 

ZENERS. A full line of off-the-shelf zeners in five 
product series: power dissipation devices; 400, 500 mW, 
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billion times. 
1 watt, in glass and 2 and 5 Watt in plastic standard regular 
voltages available from 3.3 to 33 volts. All tolerances. 

SILICON DIODES. Leading the world in low power silicon 
diodes, with over 200 different devices, up to 250 volt capaci-
ties. Low capacitance, low forward voltage drop switching 
as fast as 2 nSec. 

TRANSISTORS. Our wide selection of plastic transistors 
includes EIA registered popular high volume types in T092 
and various lead bend configurations. Also in volume, pop-
ular metal can T018 and 1'039 packages which may be tested 
to your criteria. 

GERMANIUM DIODES. Over 200 devices including the 
most complete line of gold bonded germanium diodes 

available. High efficiency for RF detection up to 800 Mz. 
They're in a class by themselves (we're the only U.S. 
manufacturer). 

Contact ITT Semiconductors, 74 Commerce Way, 
Woburn, MA 01801 or call (617) 935-7910. Ask for our new 
250 page Discrete catalog (available early '78). 
In Ohio: (513) 435-3750, Illinois: (312) 991-7100, 
Massachusetts: (617) 935-7910, 
Georgia: (404) 939-6715, 
Northern California: (415) 
961-5265, Southern California: 
(213) 995-1571. 

ITT 
SEMICONDUCTORS 
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"MACS Done It Again 
Open Reel Performance in 

the Cassette Mode 

OW. 

The TEAC R-81 has all the 
features you look for in a high quality 
data recorder, but with a big plus: 
4 speeds. 

Open reel data recorders offer 
4-speed selection as a standard fea-
ture, but cassette types have been 
limited to the single speed mode. 

The R-81 changes all that, giving 
you the convenience and simplicity 
of a cassette recorder along with all 
the options of 4-speed variability. 
High-frequency data can be recorded 
at high speed and reproduced at 
low speed—or low-frequency data 
converted to a higher frequency, 
for analysis by a general-purpose 
frequency analyzer. 

There are 7 channels, too, one 
switchable for noise compensation 
(fourth channel), another for memos 
(seventh channel). 

The R-81 also features the clean, 
rational styling that TEAC cassette 
tape decks are famous for. The front-
loading configuration, with all the 
controls on the front panel, is ideally 
convenient for desk-top use. It also 
facilitates mounting with other equip-
ment made to. professional standards, 
as does the body size, which meets 
EIA specifications. 

And the R-81 is ready to operate 
anywhere. In addition to AC (with 
adapter) and DC power sources, you 
have the full portable versatility of 
dry cell battery operation. 

TEAC's done it again: advanced 
the art of data recording. And you're 
the winner. 

powiR 
CeCI, 

T EAC. 
TEAC CORPORATION, 3-7-3 Naka-cho, MusaaNgux Tokyo. Japan 

U.S.A.: B J Wolfe Enterprises Inc.,10760 Burbank Blvd. North Hollywood. Calif. 91610 England: International Instruments Ltd, 
Cross Lances Rd . Hounslow, Middx W. Germany: nbn Elektronik Starnberg,813 Sternberg. Max-Emanuel-Str . 8 France: Tekelec Airframe S.A.. Cite des Bruyeres. 

Rue Carle-Vernet 92 Sevres Holland: SIMAC Electronics.Veenstraat 20, Veldhoven Italy: A. E S.S.E. S P L. Corso Lodi, 47 20139 Milano Norway: Rodland & Reltsmo A.S.. 
Gladengveien 3A,Oslo 6 Sweden: Teleinstrument ab.Maltesholmsvagen 138. Vallingby Switzerland: VVenger Datentechnik,Bruderholzstrasse 45, 

4053 Basel Denmark: Danbit, Plantagevej 23, 2880 Scolrod Strand Australia: Jacoby, Iv5tehell Ltd,P0. Box 70, Kingsgrove NI S W 2208 
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Washington newsletter  

Army replacing 

Electronics Command 

with 3 others . . . 

. . . new Eradcom 

headquarters to be 

in Maryland 

Ferris reshuffling 

top FCC staff; 

Spence to leave 

Fossum to head 

DARPA; Heilmeier 

joins TI 

Reacting to top Defense Department and congressional concern with its 
costs and performance, the Army is abolishing its Electronics Command 
at Fort Monmouth, N. J., and setting up three new ones— Electronics 
Research and Development ( Eradcom), Communications Research and 
Development (Coradcom), and Communications and Electronics Materiel 
Readiness (Cercom). Projected reorganization costs over three years are 
$13.4 million, but the Army figures it will save $4 million annually in 
operating costs thereafter. Civilian staff cutbacks will total 345, while 
another 314 civilians and 38 military personnel will be transferred to other 
facilities. 

Eradcom headquarters will be set up at Adelphi, Md., near Washington, at 
the site of Army's Harry Diamond Laboratories. Fort Monmouth will 
keep the Electronics Warfare Lab as an Eradcom unit, as well as the 
Electronics Devices and Technology Laboratory and portions of the 
Combat Surveillance and Target Acquisition Laboratory not involved with 
lasers. Laser work now at Adelphi and Fort Monmouth will be consoli-
dated at Fort Belvoir, Va., under Eradcom. 

Headquarters for Coradcom and Cercom will be at Fort Monmouth, 
and will be composed of the remaining Electronics Command units. 
Coradcom will take over tactical computer-software responsibilities from 
the Army Computer Systems Command at Fort Belvoir, while Cercom 
will direct all logistics functions of the Electronics Command at Fort 
Monmouth, Fort Huachuca, Ariz., and Sacramento Army Depot, Calif. 

The Federal Communications Commission's new chairman, Charles 
Ferris, is reportedly shaking up the organization by replacing chief 
engineer Raymond Spence and Charles Higginbotham, chief of safety and 
special radio services who oversees citizens' band radio regulations — along 
with at least two other long-time staffmembers holding appointive posi-
tions. Higginbotham, with the FCC since 1948, will be replaced by Carlos 
Roberts, present chief of policy and planning. A successor to Spence has 
not been selected, sources say. Also on the list of top executives to be 
replaced by Ferris is Howard Kitzmiller, an 18-year FCC veteran and chief 
of the legislative division. 

The Defense Advanced Research Projects Agency got a new chief in mid-
December with the appointment of Robert Ross Fossum to succeed 
George H. Heilmeier, who resigned to join Texas Instruments Inc. in 
Dallas. Fossum was vice president and general manager of ESL Inc., 
Sunnyvale, Calif., specializing in strategic reconnaissance. Earlier, he was 
dean of both research and science and engineering at the Naval Postgrad-
uate School, Monterrey, Calif. 
At TI, Heilmeier becomes vice president and director of a new System 

Technology Laboratory, which the company says will emphasize coupling 
semiconductor technology with its business thrusts in equipment and 
services. 
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wAghinntnn rnmmentary  

Will you take your Japanese wet or dry? 

U. S. trade negotiators and electronics compa-
nies, frustrated by the slow pace of trade talks 
with Japan, are getting angry. Unfortunately, 
that bodes well for new protectionist measures 
that are certain to be introduced in Congress 
next year. Those could seriously impair the 
ability of American multinationals in the 
computer and semiconductor industries to main-
tain their preeminent position in other world 
markets, much less develop new ones. 
George Meany's AFL-CIO and a host of small 

American electronics companies under pressure 
to save domestic markets and jobs reject this 
view. To them, only leading multinationals like 
Texas Instruments Inc. and Ism Corp. can 
afford such an egalitarian approach. The little 
guy almost invariably sees himself as just one 
more walnut about to be crushed in a nutcracker 
made up of an IBM or a Ti on one side and Japan 
Inc. on the other. That perception is generating 
increasing hostility toward Japan and injecting 
a mean spirit into trade negotiations that the 
U. S. cannot afford if it is to avoid protectionism 
and instead get Japan to open its markets to 
competition from America— the Carter Admin-
istration's stated goal. 

The dry American 

To achieve that goal, American negotiators 
and businessmen need to learn much more 
about Japanese thinking than they know at pres-
ent. Rockwell International's Terry Wong, for 
one, suggests there is more to doing business in 
Japan than putting a new piece of technology or 
a bankroll on the table. Crucial to success there, 
says Wong, business development chief for 
microelectronics, is the development of "a 'wet' 
relationship." That concept, as President Carter 
should be made to understand, has nothing to do 
with the number of martinis an American busi-
nessman can consume at lunch. 
"The quality of being 'wet,' as applied to an 

individual," Wong explains, "implies that you 
are very likable, very amiable, a nice guy — and 
you can be accommodating, understanding, 
empathetic— all those good things one would 
learn about in transactional analysis. The oppo-
site type— the 'dry' personality— is one who 
usually gets to the point right away and doesn't 
beat around the bush like most Japanese. The 
dry person is interested in doing something 
quick and forces you to do something that's 
uncomfortable." 
Americans and other industrialists from the 

West, though, are seen as dry in Japan in view 
of their often impersonal, profit-oriented ap-
proach. " In fact, in the U. S., you are expected 

to be dry—'get to the point or get out of here,'" 
says Wong. "But in Japan you've got to under-
stand the guy, and he has to understand you. He 
has to know your motivations and what you're 
really up to. He has to become convinced that 
you're not out to get him—or dominate him. 
Once he feels comfortable with you, he wants to 
do business." Interested Americans, he adds, 
can take a major step toward a wet relationship 
by learning to speak some Japanese. 

Americans should also know that there is no 
way of becoming wet overnight. It is, instead, a 
long, slow, and often frustrating process for non-
Japanese. The Rockwell manager, who speaks 
from experience, almost sighs when he notes 
that "things always seem to go very, very slowly. 
It takes an unmercifully long time to get 
anything started, and a whole hell of a lot of 
patience to see it through to the end. What you 
can accomplish here in one or two meetings will 
typically take five or six over there." 

The long wet road 

The concept of the wet relationship advanced 
by Wong is supported by Japanese businessmen 
in Washington. " It tracks perfectly," says one. 
Moreover, it contributes a great deal to under-
standing Japanese corporate philosophy. Wong 
explains that, too. "Whereas in the West, 
companies are interested in the fast buck—'get 
in, grab the money, and get out' — Japanese 
companies, especially large corporations, are 
looking for long-term advantages." 
An amazing number of the large Japanese 

companies coming here to the U. S. are less 
concerned about making a profit in the first few 
years than in "flying the company flag and 
establishing a long-term position," Wong says. 
"The Japanese feel that if you're in anything for 
that stretch of time, you will make out, and that 
it's important for the two of you to be good 
buddies." Though good wet relationships are no 
guarantee of success, Wong cautions, they are 
"a necessary first step." 

Insights like those provided by Terry Wong 
should help American executives— and White 
House negotiators— develop a better apprecia-
tion of Japan's approach to world markets, as 
well as a useful base for their own approaches to 
Japan. Nevertheless, the option of taking a loss 
over several years in order to establish a long-
term position in a market is one that is open 
only to the largest American corporations. 
Indeed, even they could have difficulty trans-
lating that philosophy for the dry, dividend-
hungry stockholders to whom they must ulti-
mately answer. Ray Connolly 
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Here in Wabash 
James Pobst can sell his eggs for less 

because he grows his own feed. 
We make relays the same way- sort of. 

We make our own switches. That not only helps lower the cost 
of our relays, it does something else that's important. 

Since James Pobst knows what's gone into his chickens, he 
knows what kind of eggs he's going ta get. Same way with 
us. We know what our relays with our switches in them 
are going to do. And just to make sure—we run over 

3 billion test cycles a day. 

That's what you get in a Wabash relay— performance 
you can count on matter which of over 6000 
variations you select. Of course all meet proposed 

NARM and EIA standards. 

But as we say—the best news is our price. 
Why not call us for a quote on a dry reed 

relay now. Look at it this way. If you found 
out later you could have purchased 
a better relay at a lower price from 

us— you'd have egg 
on your face. 

wabash 
of 

Wabash, Indiana 
and Huntington, Indiana; Farmington, Missouri: 

Tipton, Iowa and South Boston, Virginia 

For information and quotes write or call: 
Wahach lie. Dent. RC7. 810 N. Cass St., Wabash. Ind. 46992 Tel: 219/563-2191 TWX 810-290.2722 

• 
:11feraill 

The EconmMiser. The most 
automatically manufactured 
dry reed relay ayailahle. 1 arid 
2 pole standard type,. Less 
than one dollar in quantity. 
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SPECIAL ISSUE JOURNAL OF SEMICONDUCTOR PROGRESS 

Discrete power devices: SGS-ATES announces 
a comprehensive range of more than 
200 types of Darlingtons and transistors. 

SGS-ATES, through re-
search, investment, and expe-
rience, has accumulated a wealth 
of technological know-how in the 
field of discrete power devices. 
By having at our disposal such 
technologies as Multi-epitaxial 
Biplanare HV, Multi-epitaxial 
Planar, Epitaxial Planar, Epi-
taxial base, and Hometaxial, we 
are geared up to produce each 
device with the most suitable 
structure. Our range covers all 
the principal applications and is 
available in the best package for 
your requirements, whether in 
plastic or metal. 
Biplanar technology 
" If existing technologies can't 

cope, we use our resources to 

SGS-ATES Semiconductor Corporation 
- 79, Massasoit Street - Waltham, MA 
02154 - Tel.: (617) 891-3710 - Telex 923495 
WHA 
Representatives: ARMATEL, Toronto (Ca-
nada) - BLACKBURN ASSOC., Dallas TX - 
BOYLE ASSOC., Reston VA - CERCO, 
San Diego CA - C.H. NEWSON & ASSOC. 
INC., Philadelphia PA - DYNE-A-MARK 
CORP., Clearwater FL, Ft. Lauderdale FL, 
Maitland FL - ELCOM INC., Englewood 
CO, Salt Lake City UT - FIAT ENGINEER-
ING, Bellwood IL - GREINER ASSOC. 
INC., Grosse Pointe Park MI - HECHT, 
HENSCHEN & ASSOC., Phoenix AZ - IM-
TECH INC., Cleveland OH, Dayton OH - 
J-SQUARE MARKETING INC., Westbury 
NY - KEBCO, Maryland Heights MO - LAT-
TRONICS MFG. REP., Indianapolis IN - 
LOREN F. GREEN ASSOC., Minneapolis 
MN - MEXEL, Mexico (Mexico) - NORTH-
MAR INC., Seattle WA - REP. INC., Hunts-
ville AL, Jefferson City TN, Tucker GA, 
Raleigh NC - RICAL ASSOC., Santa Ana 
CA - S.F. FOSTER CO INC., Pompey NY, 
Webster NY - SHAW-TECH INC., Moun-
tain View CA - STONE COMPONENTS 
SALES, Needham MA. 

improve them: and Biplanar 
technology is an SGS-ATES first 
Technological research has made 
SGS-ATES the first to produce 
800 V transistors in Planar struc-
ture and therefore stable in high 
voltage and high temperature 
conditions. Typical of the range - 
the BUW 26, NPN transistor 
L. 

(pA.t=m3h) 

• 

7,...•150•C - 

• 4. • 1 4 4. 

/0 L4* (el -Oh 

Stability of Biplanar devices 

with VCB0 = 800 V, VCE0 --
450 V, Ic = 10 A, Ptot = 125 W, 
TO-3 metal case. The diagram 
demonstrates the stability of Bi-
planar devices, with ICES re-
maining constant before and after 
the 1000-hour life test at high 
voltage and high temperature. 

The BU 406/409 family 
Previous improvements in 

Planar technology led us to the 
creation of the BU 406/409 fam-
ily, Europe's best-selling range 
of horizontal deflectors for TV. 
These devices have high resi-
stance to flashover breakdown 
and, in addition, the economy of 
the TO-220 plastic package, the 
use of which is permitted by the 

surface passivation intrinsic in 
Planar technology. Versions with 
integrated damper diodes are 
also available, together with equi-
valent types in TO-3 metal case 
(BU 606/608). 

Multi-epitaxial Planar devices 
Despite the simpler alterna-

tives, we use Planar structure for 
types 2N 5038/9, 2N 5671/2, 
2N 6032/3 and 2N 6354, because 
we know it's the best for the job. 
These NPN transistors handle up 
to 50A, 150V, can dissipate 140W 
in TO-3 metal case and are able to 
withstand very high secondary 
breakdown energy. These excel-
lent performances are the result 
of precise control of epitaxial 
growth processes, which are fun-
damental to Multi-epitaxial Pla-
nar technology. 

50 ,‘ Multienitaxial transistor 

Hometaxial devices 
Always an enthusiastic expo-

nent of Hometaxial technology, 
SGS-ATES has decided to keep 
this line in full production to 
meet continuing demand. Main 
advantages include low satura-
tion voltage, very high rugged-
ness and large safe operating 
area. 
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International newsletter 
Line width drops Optical contact printing is defining lines only 1.5 µm wide, separated by 

to 0 5 m in 
0.25-µm gaps, on a permalloy substrate in bubble-memory experiments 

. g 
under way at Hitachi Ltd.'s central research laboratory. To obtain this 

bubble memory high resolution, deep ultraviolet in the 2,000-to-2,600-angstrom range 
(200 to 260 nanometers) from a xenon-mercury discharge lamp is used as 
the light source. Engineers from the Japanese firm say they selected a 
photoresist sensitive only to these short wavelengths so that no filter need 
be used to eliminate other wavelengths. The resist is equivalent to poly 
methyl isopropenyl ketone, but the firm says the resist it actually uses is a 
poly methyl 3 butene 1. Chrome masks are fabricated by electron-beam 
exposure and plasma etch, and ion milling etches away unwanted material. 
Although resolution is high, alignment is limited to that attainable with 
conventional techniques, so these fine lines are limited to self-aligning 
patterns, or single-layer ones such as the bubble memories. 

I2L memory chip West Germany's Siemens no is coming out with first samples of an 
from Siemens has integrated-injection-logic device incorporating eight shift registers on a 

12-mm2 chip and featuring a clock rate of 6 MHz. The inputs and outputs 
6-MHz clock rate of all eight registers are compatible with low-power-Schottky-1-ri 

components and can be put in series so that configurations with lengths of 
64 bits can be obtained. The new device, designated S355, can be used in 
digital delay lines, as a serial data memory, and as a buffer memory for 
data-bus systems for microprocessors. 

L M Ericsson consortium The Saudi Arabian government says it will sign a $3 billion contract for a 
telecommunications network this week with a consortium led by Sweden's 

wins Saudi Arabian L M Ericsson and including the Dutch multinational Philips and Bell 
telecommunications pact Canada. The consortium won out over tri' and AT&T'S Western Electric 

with its Ericsson AXE computer-controlled switching system. In late 
summer, Ericsson beat out ITT for a $500 million contract from Australia 
for a similar system of computerized telephone exchanges. 

4-µm rules show up Coming in the spring from Matsushita Electronic Corp. is an n-channel 
in 4-k RAM from random-access memory featuring 4-µm aluminum and polysilicon line 

widths and source-to-drain spacing. Similar geometry will appear in the 
Matsushita. 16-bit 8080 due from Intel Corp. (p. 57). The 1-k-by-4-bit device with 

26,500 transistors will fit onto a chip only 3.7 by 3.1 mm. The TTL-
compatible device operates from a 5-v power supply with power consump-
tion of 300 to 400 mw. Access and cycle times are each less than 450 ns, 
with many of the devices showing times around 200 ns. The new chip is 
pin-compatible with the Intel 2114. 

. . . and in The upcoming complementary-mos versions of Nippon Electric Co.'s 
micro processors µCOM-43 will have aluminum lines with minimum widths and spacing of 

4 µm, while source-to-drain spacing will be 6 pm for n-channel transistors, 
due from NEC 6.5 prn for p-channel transistors. Chip size will be 6.2 by 6.2 mm, 

compared to 5.66 by 6.37 mm for the present p-channel models. The rrt.-
compatible devices will have the same instruction cycle time of 10 ¡Ls as the 
earlier models, but they will operate from a 5-v supply, instead of a 10-v 
one and will have a maximum power drain of 5 mw instead of 500 mw. 

Electronics/ December 22, 1977 53 



FEATURE ARTICLES FROM ELECTRONICS 
AVAILABLE IN REPRINT FORM 

No 01 

copies 

wanted 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 
R-705 Powering up with linear ICs 12 

pp $3.00 
R-703 Special report - memories 

16 pp $3.00 

R-702 World market report 1977 24 pp 

$4.00 

R-616 Special issue- technology up-

date $4.00 

R-614 Power supply choices for so-

phisticated designs 8 pp $3.00 

R-612 Fiber-optic communications 

special report 24 pp $3.00 

R-610 Special report on hybrid-circuit 
technology 19 pp $3.00 

R-606 Special issue- microprocessors 

$4.00 

_ R-526 How reliable are today's compo-
nents 16 pp $3.00 

Books 
  R-711 Circuits for electronics engi-

neers: 306 circuits in 51 func-

tional groups- 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 
$12.95 

 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 

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 

Payment must 
accompany your order 

Make check or money order payable to Elec-

tronics Reprints. All orders are shipped 

prepaid by parcel post. Allow two to three 
weeks for delivery. For additional information 

call (609) 448-1700 ext 5494 

Back issues now available: 

1960 to 1969, $5.00 each 

1970 to 1973, $3.00 each 

1974 to 1976, $4.00 each 

Mail your order to: 

Janice Austin 

ELECTRONICS REPRINTS 

P.O Box 669 

Hightstown, N.J. 08520 

The 1977 
Answer Book. 
It makes your 
job easier. 
$25. 

• Over 4000 
products. 

• II More than 5000 
manufacturers 
with local sales 
offices, reps/and 
distributors. N 
• Directory of Catalogs with 
postpaid inquiry cards for 5-second 
ordering of current catalogs. 

Electronics Buyers' Guide 
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 $351. Full money back 
guarantee if returned within 10 days. 

Name 

iti i 

Company 

Street 

City State Zip 

The 
magazine 
you're 
reading now, 
could be 
your own. 

Drop off the routing list. Get your own fresh, 
unclipped copy mailed to your home or 
office. Turn to the subscription card in the 
back of the magazine. If somebody has beat 
you to it, write: Electronics, P.O. Box 430, 
Hightstown, N.J. 08520. 

L. 

54 Electronics/December 22, 1977 



Electronics international  
SIgnItIcant developments In technology and bustness 

French lab produces tiny LCD 

for videophone applications 
Bucking the trend to ever larger 
liquid-crystal displays, the French 
Laboratoire d'Electronique et de 
Technologie de l'Informatique has 
developed a 128-by- 128-element LCD 
on a 6.4-millimeter-square matrix. 
The tiny display has a very practical 
purpose— minimizing the bandwidth 
necessary for picture transmission in 
videophones. 

In developing its video display, 
LETI joins Japan's Hitachi Ltd., 
which is working on a miniature tele-
vision set [Electronics. May 26, 
p. 41], and Hughes Aircraft Co., 
which is working on aircraft video 
displays for the U. S. Air Force 
[Electronics, Feb. 19, 1976, p. 29]. 
However, the French LCD has nearly 
double the number of elements of 
the Hitachi 120- by-90-mm dis-
play- 16,384, compared to 8,938. 
The basic Hughes display size is 
about midway between the other two 
at 44 mm by 44 mm, and its element 
array is 175 by 175. But the center-
to-center distance between elements 
is 0.25 mm, while LETI has whittled 
it down to 0.05 mm. 
Complex images. Because the 

French display must provide fairly 
complex pictures of faces and the 
like, it needs a gray scale as well as 
the many elements. Hence LETI, 

which is the electronics laboratory of 
the French atomic agency, has 
worked eight shades of gray into its 
new unit and is developing a 20-by-
20-mm version that will have a 256-
by-256 matrix. 
The work is being carried out for 

the Centre National d'Etudes des 
Télécommunications, the research 
arm of the French post office. CNET 
has already reduced videophone 
bandwidth requirements down to 2 
megahertz, about a fifth the usual 
video requirement. Since LCDS pro-
duce many fewer images per second 
than the faster-scanned cathode-ray 
tubes, they will cut the bandwidth 
even further. Moreover, they occupy 

Showoff. With this LCD, in the center of the matrix, and a projection lens and lamp, the 

French post office hopes to cut the bandwidth for picture transmission in videophones. 

less space and use less power than 
CRIS, and they have no image distor-
tion, since the points are geomet-
rically defined, CN ET says. 

Originally, LETI tried to develop a 
7-by-7-centimeter display, but en-
countered difficulties getting a uni-
form thickness of glass. Thus the 
41-mm2 matrix is enlarged by a 
I 50-watt projection lamp and lens to 
a larger display. The image pro-
duced is fine for static scenes, but 
any moving subjects cause a notice-
able blur. 
To drive the display, 50 volts are 

applied to the 128 rows sequentially, 
and signals of about 6 y are applied 
to the 128 columns simultaneously. 
If the current to the rows and 
columns is in phase. the display is 
black; if out of phase, then it is 
white. Phase variations between 
these extremes give the gray levels. 

While scanning is at a rate of 25 

frames a second, the LCD's 100-to-
200-millisecond response time means 
the image changes between 5 and 10 
times a second. In a CRT videophone, 
the image changes 25 times a 
second, so with the LCD the transmis-
sion bandwidth should be cut by a 
factor of 2/2. 
The liquid crystal. The liquid-

crystal material is a mixture of 
metoxybenzylidene butyl and etoxy-
benzylidene butyl. To produce the 
image, LETI uses the technique called 
deformation of aligned phases. Jac-
ques Robert, head of the lab's liquid-
crystal team, says it investigated the 
twisted-nematic process which also 
is a member of the field-effect 
family of techniques. But the meth-
od chosen allows easier multiplexing 
and greater complexity— at least 
256 by 256 elements, he says. The 
contrast ratio has not been mea-
sured, but it is better than 50:1. So 
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far, the display is based on discrete 
components, but Robert says LE-ri's 
development and manufacturing 
counterpart, Société pour l'Etude et 
la Fabrication de Circuits Integrés 
Spéciaux, may develop an integrated 
circuit for the device. The key will be 
sufficient potential in other applica-
tions. CI 

Japan 

Analog facsimile unit 

gets digital processor 

With only two master chips, Tokyo 
Shibaura Electric Co. has devised a 
digital processing system for analog 
facsimile equipment. Incorporation 
of read-only memories on the 
modulator/demodulator and filter 
chips makes it simple to tailor them 
to the desired modulation scheme 
and filter characteristics, Toshiba 
engineers say. 

Easing implementation of the dig-
ital scheme is the input signal from 
the analog transmitter's document 
scanner— it is essentially a 0/1 
signal since it is reproducing a black-
and-white document. The scanner's 
shift register and the interface 
circuitry are synchronized at the 
sampling frequency of the digital 
integrated circuits. The transmitter's 
modem converts the baseband signal 
into the digital equivalent of a 
modulated carrier. 

In the receiver, a modem converts 
the carrier signal back to the base-
band signal, and the output interface 
circuit looks at the signal's 5 most 
significant bits, slicing them at a 
preset value to give a 0/1 analog 
signal for the writing head. To use 
standard analog transmission lines, 
d-a and a-d conversion is needed. 

Advantages. However, Toshiba en-
gineers say the digital design is 
desirable not only because it cuts 
costs and contributes to miniaturiza-
tion. They point out that it should 
improve long-term performance, 
since the ics will not degrade with 
age as do analog circuits. Also, it 
greatly simplifies manufacturing and 
quality control, because complex 

adjustments and the resultant tests 
are not needed. 
The sampling frequency in the 

digital circuits is a function of the 
frequency of the external clock and 
the number of sections used in the 
filters. Each filter requires a clock 
rate that is 32n times the sampling 
rate, where n is the number of filter 
sections used— in this application, 
five of the eight sections give a 10th-
order filter, adequate for facsimile. 
For the sampling frequency of 
15.552 kHz used in Toshiba's initial 
system, the clock frequency is 15.552 
times 32 times 5, or 2.48832 mega-
hertz. Maximum clock rate is 3 MHz, 
and the carrier frequency is derived 
from the clock by pin-connection 
programming of the modem. 
The block diagram shows a system 

designed for full-duplex amplitude-
modulation-phase-modulation ves-
tigial-sideband operation. With a 

carrier frequency of 2.1 kilohertz, it 
has nine of the master chips— two 
identical modems and seven filters of 
five different types. For half-duplex 
operation, one low-pass filter, one 
modem and one attenuation equal-
izer can be used for both transmit-
ting and receiving, cutting the num-
ber of ics to six. 
N-channel. Both the T3545 digital 

filter and the T3546 modem use 
standard n-channel metal-oxide-
semiconductor technology. Both op-
erate from single + 5-volt power 
supplies and are compatible with 
transistor-transistor logic. The filter 
has 5,300 active elements on a 4.1-
by-4.9-millimeter chip, and the mod-
em has 6,100 active elements on a 
4.8-by-4.8-mm chip. Toshiba will 
sell the chips, as well as use them in 
its own facsimile equipment. Initial 
prices are about $ 10.40 for the filter 
and $ 14.60 for the modem. CI 

Around the world 

Interim Viewdata module combines Teletext decoder with 2850 
Mullard Ltd. is teaming its Teletext module with a microprocessor in order to 
have an easily modifiable Viewdata module ready for next summer's trials of 
the electronic information service planned by the British Post Office. Thus the 
firm is joining Texas Instruments Ltd. in adapting a Teletext module to 
Viewdata with a microprocessor [Electronics, Oct. 13, p. 53]. Unlike Mullard, 
TI is considering a single-chip processor for the final design. 
The Mullard Viewdata module occupies two printed-circuit boards 

measuring 165 by 305 millimeters and 150 by 230 mm. Some 65 ICs are 
packed onto the boards, but they will shrink to three or four large-scale 
integrated circuits in the final design. The microprocessor is the 2650 from 
fellow Philips' subsidiary Signetics. While partitioning of the logic has not 
been set, there are basically two functional blocks. The first, the line-coupling 
unit, has a modem. The second logic block acts as an interface between the 
first and the decoder. It transfers the data from the computer to the Teletext 
display circuitry and transmits the users' information requests, entered via a 
remote control unit, to the computer. 

Vehicle-guidance system uses radio signals 
The West German ITT affiliate, Standard Electrik Lorenz AG, is drawing on 
know-how gained in making aircraft navigation equipment to come up with a 
vehicle-guidance system based on radio signal-measuring principles. The 
system consists of a vehicle-mounted transceiver and a tripod-mounted 
transponder that is the reference point. An amplitude-modulated carrier in 
the 1-gigahertz range travels from the transceiver to the transponder that 
may be more than 500 meters away. There it is converted to another 
frequency and fed to the transponder's two radiating elements— the line 
along which these signals' phases are equal is the guidance line. 

By timing the signal trip between transceiver and transponder, the 
distance can be determined. Any difference in phase between the two 
elements' signals yields the deviation from the course. From the angle and 
distance measurements, the processing unit determines lateral deviation 
from the guidance line. Accuracy is within 1.5 m. 
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Probing the news  
Analysts ot technology and bustness developments 

New stars to shine at ISSCC 
65-k RAMs, 4-k and 8-k statics, I L converters, 1-chip codecs, 

sub-100-ns 65-k ROMs, and 1-volt linears to head February program 

by Laurence Altman, Senior Editor 

A dazzling program has been pre-
pared for the 1978 International 
Solid State Circuits Conference. 
Now being mailed to members of the 
Institute of Electrical and Elec-
tronics Engineers' Solid-State sec-
tion, it is studded with papers on 
those next-generation digital and 
linear integrated circuits about 
which users have been hearing hints 
and stories but precious few details. 

In new memory devices alone, 
those in San Francisco on Feb. 15, 
16, and 17 for the silver-anniversary 
meeting will learn about: 
• Nippon Telegraph and Telephone 
Public Corp.'s 65,536-bit dynamic 
random-access memory. Not to be 
confused with an earlier device 
reported by Nippon [Electronics, 
June 9, 1977, p. 116], this produc-
tion-ready highly manufacturable 
part is built with one-transistor sili-
con-gate processing. It delivers a bit 
in 200 nanoseconds at a 150-milli-
watt chip dissipation. Prototypes of 
commercial versions are currently 
under development at Nippon and 
Fujitsu Corp. 
• Two V-channel metal-oxide-semi-
conductor 65-k dynamic RAMS, one 
from Siemens AG and the other from 
American Microsystems Inc. About 
one year away from prototype, the 
two are the first to apply the v-mos 
technique to high-density dynamic 
memories, the kind that achieve 
150-ns access times and 300-mw 
power dissipation off a chip 30,000 
to 35,000 square mils in area. v-mos 
is being closely watched as a strong 
alternative to silicon-gate planar 
technology at the 65-k level. 
• Two bipolar static 4,096- bit RAMS, 
both from Japan. Hitachi Ltd. is 
reporting on a 25-ns, 330-mw part, 

and Nippon Electric Co. on a 40-ns, 
50-mw part. The unprecedentedly 
low power dissipation of these tran-
sistor- transistor- logic devices will in-
tensify the battle between bipolar 
and n-mos statistics for the $60 
million cache-memory market. 
• Meanwhile, from Fairchild Semi-
conductor, a 16,384-bit dynamic 
memory design built with integrated 
injection logic and attaining 130-ns 
access time off one 5-volt power 
supply. If Fairchild can get its IL 
parts out in volume in 1978, they 
will challenge n-mox dynamic mem-
ories. 
• Also from Fairchild, a 65-k 
charge-coupled-device memory. 
Operating at I to 5 megahertz in a 
16- pin, 300-mil-wide package, it is 
the type of device that puts CCDS in 
contention for serial storage jobs. 
• A spectacular big read-only mem-
ory from Mostek Corp. A less-than-
100-ns, 65-k dynamic design that 
sets a speed record for MOS ROMS, it 

is as fast as many bipolar parts with 

a quarter its capacity. The mem-
ory's 8-kiloword-by-8-bit layout 
makes it perfect for microcomputer 
or minicomputer program storage. 
• Finally, in static RAMS, another 
first, an 8,096- bit part from 
Emm/Semi Inc. Organized in a 
1,024 8- bit word microcomputer 
configuration, it is the densest static 
mos memory yet to appear. Mostek 
is close to a similar device. 

Microprocessors. Also important 
on the digital agenda are two new 
microprocessors, both 16-bit chips 
that underline the trend to better-
performing minicomputer applica-
tions. Intel Corp.'s eagerly awaited 
8086 will be described for the first 
time. With 10 times the performance 
of the old 8080s, it can handle 16-
bit-wide words, as well as stay 
roughly software-compatible with 
8- bit 8080/8085 designs. It rep-
resents the first Intel central process-
ing unit built with the 4-micrometer 
geometry of H-MOS silicon-gate pro-
cessing. The other eye-opener is 
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Nippon's I6-bit CPU, which com-
bines n-channel mos and com-
plementary-mos for a 600-ns in-
struction-execution time. 

Analog and special Ls!. Com-
plementing this digital activity is a 
program loaded with outstanding 
analog designs, as well as an impres-
sive array of chips that handle both 
analog and digital functions for data-
converter and communication appli-
cations. In straight analog, for exam-
ple, there is a microwave biphase 

1 

modulator from Hughes Aircraft 
Co. that can operate in the 4- to 16-
gigahertz region, thanks to im-
proved, integrated, gallium-arsenide 
field-effect- transistor operation. 
Also included is a 32-point CCD filter 
for chirp radar applications from 
Texas Instruments Inc. 

In data converters, monolithic 
devices are moving up the scale in 
complexity, speed, and precision. For 
example, using 121, Analog Devices 
Inc. is building a fully self-contained 
10- bit successive-approximation 
analog-to-digital converter that is 
microprocessor-compatible. 

Some gems from ISSCC 1978 

Session 1.4: Bipolar ICs for industrial fiber-optic data links (HP Labs) 
Session 3.1: A fully integrated motion detector (Sprague Electric Co.) 
Session 3.2: A controller with high-speed I2L and high-voltage analog cir-

cuits (Hitachi Central Research Laboratories) 
Session 3.3: A monolithic speed-control system for automotive applications 

(Motorola) 
Session 6.1: Model for a 15-ns, 16-k RAM with Josephson junctions ( IBM) 
Session 6.2: Sub-100-ps Josephson interferometer logic ( IBM) 
Session 6.5: Low-power GaAs digital ICs using Schottky FET logic (Rock-

well) 
Session 7.1: A monolithic integrated 4-GHz amplifier (HP) 
Session 7.2: A uhf monolithic operational amplifier ( Bell Labs) 
Session 7.3: Gigabit-rate GaAs FET rf phase modulators (Hughes) 
Session 8.4: A fully integrated, 32-point chirp Z-transform IC (TI) 
Session 8.5: An integrated dual-tone multifrequency decoder (Mostek) 
Session 9.1: A high-speed, low-power, 4,096-by- 1- bit bipolar RAM (Hitachi) 
Session 9.2: A 4-k static bipolar TTL RAM (NEC) 
Session 9.3: A four-device bipolar memory cell (Signetics) 
Session 9.4: A 1-k-by-8-bit, 5-V-only static RAM (EMM-SEMI Inc.) 
Session 9.5: A 4k C-MOS erasable PROM ( Intersil) 
Session 11.1: A microprocessor-compatible high-speed 8-bit d-a converter 

(AMD) 
Session 11.2: A single-chip C2MOS a-d converter for microprocessors (To-

shiba) 
Session 11.4: A 10-bit monolithic tracking a-d converter ( Ferranti) 
Session 11.5: A monolithic tracking a-d converter using I2L and thin-film re-

sistors (Analog Devices) 
Session 12.1: Magnetic bubbles- status and future ( IBM) 
Session 12.2: A 65-k MOS RAM (NTT) 
Session 12.3: A 65-k CCD memory (Fairchild) 
Session 12.4: A 100-ns, 150-mW 65-k ROM (Mostek) 
Session 12.5: A 16-k- by- 1- bit Pi_ dynamic RAM ( Fairchild) 
Session 12.6: A V-MOS dynamic RAM (Siemens) 
Session 14.1: A two-chip PCM codec for per-channel applications ( National) 
Session 14.2: A single-chip n-MOS PCM codec for voice ( Intel) 
Session 14.3: A two-chip C-MOS codec (Siliconix) 
Session 14.4: A PCM voice codec with on-chip filters ( Bell Northern Re-

search) 
Session 14.5: An integrated PCM encoder using interpolation ( Bell Labs) 
Session 14.6: A companding d-a converter for a dual-channel codec (Siem-

ens) 
Session 15.1: An E2-PROM-based TV synthesizer (SGS-ATES) 
Session 15.6: A high-speed n-MOS/C-MOS single-chip 16-bit microproces-

sor (NEC) 
Session 15.7: A 16-bit H-MOS microprocessor (8086) ( Intel) 

Similarly, in a high-speed 8-bit 
d-a converter, Advanced Micro De-
vices Inc. has a bipolar chip that 
includes all registers and logic for an 
8-bit microprocessor and bit-slice 
interface. And Japan's Tokyo Shi-
baura Electric Co. has put an 8-
channel multiplexer and a 10-to- 12-
bit a-d converter on the same chip-
all in c-mos. And the device operates 
from a single 5-v supply. 

Specials. A new IC showing up 
more frequently at isscc is the 
dedicated system or subsystem chip, 
which mixes dense digital Lsi cir-
cuits with high-performing analog 
functions. For example, researchers 
at Sprague Electric Co. will describe 
an integrated motion-detector chip, 
containing an on-chip photodiode 
that operates over three ambient-
light decades. The diode's output, 
which corresponds to motion-trig-
gered light changes, is processed by 
121 linear and digital circuits. Na-
tional Semiconductor Corp., which 
has been working with optolinear lc 
combinations for two years, will 
present the details of its work using 
the photodiode/linear/digital tech-
nology as a building block for light-
activated ICS. 

Finally, Motorola designers will 
describe their 12i. automobile speed-
control system. It contains inte-
grated op amps, comparators, 
counters, a 9-bit d-a and a 4-bit a-d 
converter, and all the control logic. 
A major opportunity emerging for 

IC penetration is the dedicated com-
munications chip. The isscc pro-
gram has no fewer than six large-
scale integrated coder/decoders on 
one or two chips for pulse-code-
modulated telecommunications over 
private-branch exchanges and public 
voice and data lines. Intel Corp. will 
disclose its one chip n-mos approach, 
which includes a-d and d-a functions 
and multiplexer time- slot as-
signments under microprocessor con-
trol, while National and Siliconix 
Inc. will disclose two-chip systems 
offering sample-and-hold, precision 
references, and fast PCM buffers. 
Two telephone system manufac-

turers also will describe their codec 
designs. Bell Northern uses an 
n-mos approach that also has a CCD 
transversal filter built right on the 
chip, and Bell Laboratories has a 
bipolar design. El 
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Trade 

Answer Japanese now, U. S. warned 
Fairchild, Mostek want Government-built barriers plus R&D aid, 

but TI would rather have free access to Japan's markets 

by Ray Connolly, Washington bureau manager 

How much of a threat to America's 
world dominance in semiconductors 
is Japan's very-large-scale integra-
tion program? To several U. S. 
manufacturers it looms as critical, 
with American markets of the 1980s 
as the target. 

For example, Fairchild Camera 
and Instrument Corp. and Mostek 
Corp. have just issued calls for the 
Government to adopt strong protec-
tionist measures, including a one-
for-one reciprocal quota on semicon-
ductor trade with Japan, as well as 
increased direct Federal support for 
basic technology. On the other hand, 
America's leading producer, Texas 
Instruments Inc., opposes greater 
direct Federal support and quotas, 
calling them short-sighted 
approaches. 
They could cost U. S. companies 

their free access to world markets 
that have grown 11% annually in the 
past decade to generate a favorable 
American trade balance reaching 
$765 million this year, says TI presi-
dent J. Fred Bucy. Instead he wants 
the Government to push for free 
access to markets in Japan by equal-
ization of tariff barriers and the 
elimination of nontariff trade bar-
riers. 

Meeting. Bucy, his counterpart 
from Fairchild, Wilfred J. Corrigan, 
and Mostek chairman L. J. Sevin, 
spelled out their differences and 
concerns in Washington earlier this 
month during the first annual Elec-
tronics Conference. The two-day 
meeting, titled "Threats and Oppor-
tunities: How to Face Today's Chal-
lenges," was sponsored by Electron-
ics magazine. 

Japan's four-year VLSI effort, 
now almost two years old, is a joint 

government- industry program to 
leapfrog existing digital electronics 
technology and establish Japan as a 
major force in the world's data-
processing markets by advancing the 
state of the semiconductor art in 
five areas (see p. 63). Program costs 
are estimated at upwards of $250 
million— Bucy pegs them at $300 
million— to be split 60/40 between 
industry and government. Goals 
include developing logic chips with 
50,000 gates and memories with 1 
million bits. 
Where Corrigan and Sevin view 

VLSI as the coming battleground in 
what they believe is a U. S.—Japa-
nese economic war that already 
embraces television, automobiles, 
and steel, Bucy cautions against 
overreaction and panic by the U. S. 
"If the response of the semicon-
ductor industry is to call for the 

lawyers, we will be making a serious 
mistake," he says. 

Using his $300 million estimate— 
half going for equipment and instal-
lations— Bucy says "the numbers are 
not overwhelming" when viewed in 
relation to U. S. efforts. Exclusive of 
International Business Machines 
Corp. and Bell Laboratories, he 
notes, all other American semicon-
ductor research and development 
will surpass $200 million in 1977 
alone, with much of that devoted to 
val. Other industry sources place 
IBM'S investment in VLSI over the 
next three years near $ 1 billion. 
The TI executive sees possible 

Japanese restrictions on licensing 
VLSI patents as a much more serious 
problem than the investment. Unlike 
the U. S., where a jointly held patent 
may be licensed by any one of its 
owners— including the Govern-

Telecommunications: make it locally 

Americans may have an advantage over Japan in competing for developing 
world telecommunications markets if they respond to a country's desire for 
local manufacturing of products. That is the estimate of International Tele-
phone and Telegraph Corp. senior vice president Frank P. Barnes, who says 
Japan is not only reluctant to provide local integration in offshore plants, but 
also has had relatively little experience in technology transfer. 
He warns that continued growth of U. S. telecommunications exports to 

the expanding world market depends as much on a supplier's ability to cope 
with political and financial considerations in the buying nation, as on superior 
technology and a low bid. The reason is that the potential customer is usually 
the government. Ability to tie financing into bid packages may also be 
critical, Barnes says, especially in developing nations that have a small 
industrial base and insufficient resources to build up enough foreign 
exchange to support lump-sum financing of expansion. 
Americans can expect tough competition for world markets from Japan's 

telecommunications monopoly, Nippon Telephone and Telecommunications 
Co., which supports a telecommunications network second only in size to 
America's. The firm's "very close working relationship with manufacturers on 
development of standard products causes some people to refer to the 
competition as coming from Japan Inc.," Barnes says. 
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ment — any party of a Japanese 
patent may veto its licensing. Buey 
says Japan has not replied to 
inquiries on VLSI licenses, but he is 
not optimistic. Ti suspects "the deci-
sion has been made and that the 
answer is `No,'" he says. Denial of 
access to such patents for the U. S. 
and European competitors, he points 
out, would seriously impair their 
ability to compete and, at the same 
time, turn patent exchange into a 
one-way street. 

Transfers. While Buey offers no 
immediate solution to the patent-
exchange threat, he does believe 
American semiconductor producers 
and equipment makers can limit the 
threat in the marketplace. They 
must guard against "transferring our 
latest technological know-how to 
competitors who use it to beat us." 
He defines know-how as "the 
detailed knowledge of how to design 
or manufacture, as well as the equip-
ment that contains this detailed 
knowledge." It is a definition ad-
vanced to the Defense Department 
in February 1976 in an extensive 
report by a Buey-led task force that 
studied ways to prevent foreign mili-
tary usage of American leading-edge 
technology. 

U. S. makers of semiconductors 
and test equipment have already 
racked up sales of between $50 
million and $60 million to the Japa-
nese VLSI program, about half the 
projected capital equipment outlay, 
he contends. " It's ironic to me that a 
few of our industry members who 
are now so publicly concerned about 
Japanese competition are the very 
firms that transferred key technolo-
gies to them." 

Questioned later, he added, "I 
wouldn't sell my advanced ma-
chinery to Fairchild or Intel any 
more than I could walk on air. The 
same applies to anyone, regardless of 
nationality." However, individual 
companies "should be hardheaded 
enough to negotiate market partici-
pation as a price for transferring 
U. S. technology to Japan," he 
believes. 

Mostek's Sevin also cautions semi-
conductor makers "to watch more 
closely our technology flow and 

Spotlight to shift to Congress 

Evidence in Washington is increasing that those U. S. industries that feel 
threatened by Japan's economic invasion will next year turn away from the 
White House and to the Congress for protection. Bolstered by the December 
commitment of George Meany's AFL-C10 to put its muscle behind the drive, 
businesses seeking protection are increasingly optimistic. 
Meanwhile White House trade negotiators are coming under strong pres-

sure not to lose control of the delicate trade situation. Those pressures 
intensified when Robert S. Strauss, the President's special trade representa-
tive, rejected as insufficient the initial proposals by Japan to reduce its 
surplus trade balance with the U. S., which will reach $8.5 billion this year. 

Factoring the interests of U. S. electronics industries into the trade talks is 
particularly difficult, says Richard Heimlich, special assistant to Strauss. The 
negotiators are aware that the electronics industries now account for nearly 
10% of the Gross National Product and employment and still held a $900 
million positive trade balance in 1976 from $8 billion in exports. But, Heimlich 
notes, "national trade interests with respect to electronics are not easily 
identified. The multinationals have a substantially different perspective from 
domestically oriented firms and labor unions. Firms concentrating in 
consumer electronics see the world in a harsher light than those who sell 
computers and many other types of equipment." 

Heimlich says the U. S. is pushing for more liberal access to Japan's 
domestic market, "especially in manufactured products, which now repre-
sent 20% of her total imports compared with 40% to 60% in other major 
developed countries." The U. S., he says, insists that the Japanese "do more 
than acknowledge that problems exist" in such areas as relative currency 
values, high tariffs, credit restrictions and other nontariff barriers, distribution 
inefficiencies, and "the close interrelationship among the producing, banking, 
and trading elements of the Japanese economy." How much Japan will 
reduce those trade barriers is still unknown, Heimlich concedes, cautioning 
that there will be no quick resolution. 

thoroughly evaluate the long-term 
consequences of licensing and cross-
licensing arrangements" with for-
eign companies. Citing U. S. Depart-
ment of Commerce figures, he notes 
that Japanese royalties and fees paid 
for foreign technology soared from 
$62 million in 1961 to $299 million 
in 1971, then again jumped consider-
ably, to a figure of $428 million just 
two years later. 
The specter that American semi-

conductor makers may export more 
R&D to offshore facilities was raised 
by Buey when discussing the long-
term impact of Federal R&D policies. 
The beginning of the decline in 
university high-technology explora-
tion came when control over funds 
for such programs was transferred to 
the National Science Foundation 
from the Pentagon, he says. Eco-
nomic slumps in 1970 and 1974 
compounded the problem by slowing 
industrial R&D spending, he adds, 
noting that Federal rules on profits 
also slowed private R&D investment 
generally at a time when foreign 
competition was limited. 
A third element aggravating the 

slowdown, Buey points out, was a 
U. S. Treasury ruling disallowing 
corporate credits for R&D performed 
overseas. Although he believes that 
it is not possible to measure the 
impact of Government actions alone, 
he sees the result producing either a 
period of declining U. S. develop-
ment or of greater transfers of R&D 
offshore to decrease the cost of 
company facilities. 

Agreement. While the three semi-
conductor company chiefs divided on 
the issues of import quotas and 
direct Federal R&D support, they 
were in substantial agreement on 
questions of increasing U. S. produc-
tivity, better Federal tax incentives 
for R&D and capital formation, 
equalization of tariffs and elimina-
tion of nontariff barriers to permit 
free access to Japan. 

Productivity of both labor and 
management in the U. S. "is gener-
ally lousy," Buey contends. "They 
are not trained in school or by 
industry as to the importance of 
productivity or how to improve it." 
Productivity of Japanese workers at 
Ti's facilities there, on the other 
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hand, "is 20% to 40% better than in 
the U. S." 
He believes the key to increasing 

productivity includes both work sim-
plification and personal involvement 
by management. Mostek's Sevin 
suggests "awareness programs for 
employees" to alert them to "the full 
impact upon losing the challenge 
from foreign producers— namely, 
their jobs." U. S. workers, he says, 
"are our best resource," but must be 
encouraged "to work harder and 
smarter." 
He also wants a technology or 

R&D tax credit to cover product 
development as well as basic-process 
R&D, based on a percentage of sales. 
"In this way," he explains, "we 
could expand from the present 7% 
level for R&D to more near the 
12% Japanese levels" for semicon-
ductor work 
The Mostek chairman and Fair-

child's Corrigan were also in agree-
ment with Ti's Bucy in calling for 
what Corrigan listed as -additional 
tax credits for investment in ad-
vanced equipment" used for produc-
tion. To become stronger interna-
tional competitors, Bucy argues, "we 
need the catalysts that the U. S. 
government can provide" in the area 
of tax incentives, rather than more 
costly direct Federal funding. 

Fairchild's Corrigan nevertheless 
supports "more Government support 
of basic technology" in the U. S., 
including "increased military fund-
ing for R&D." He also proposes "re-
laxing antitrust legislation to enable 
closer cooperation without fear of 
reprisal between companies oper-
ating outside the U. S." To preclude 
Japanese and European semiconduc-
tor acquisitions or buildups within 
the U. S., he calls for "restriction of 
foreign ownership of American com-
panies in critical technology areas." 
Japanese view. Differences were 

clearly reflected in the views of 
Corrigan and those of H. William 
Tanaka, Washington attorney who 
spoke for the Electronic Industries 
Association of Japan. "Japanese 
suppliers last year had only 1.6% of 
the U. S. semiconductor market," 
Corrigan observes, "but this is up 
sharply from previous years." 1m-
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ports of Japanese integrated circuits 
"climbed from $2.4 million to $ 18.7 
million" in the last three years, he 
says, and are up 86% from 1976 
levels in the first half of 1977. Japan, 
he warns, has cut the American 
technology lead on 4,096-bit memo-
ries to "between one and two years. 
The U. S. will have no more than a 
one-year lead on the 16-k memory," 
he says. 

While Tanaka acknowledges the 
rise of Japanese ic exports, he 
contrasts the minute share of the 
U. S. market with America's 30% 
share of the Japanese lc market. 
18% is imported directly from the 
U. S., while an additional 9.6% 
imported from third countries is 
produced by local U. S. subsidiaries, 
he says. "Thus, U. S.-based multina-
tionals account for 90% of all ics 
imported by Japan." 

Barriers. All three semiconductor 
executives urged elimination of the 

semiconductor import tariff differ-
ential — about 12% in Japan vs 6% in 
the U. S. But Tanaka challenged 
the importance of that difference. 
Despite Common Market duty rates 
of about 17%, he said, American 
manufacturers have still managed to 
capture an estimated 80% of the 
European semiconductor market. 
More critical, the three agreed, is 

the need to eliminate Japanese 
nontariff trade barriers that discour-
age imports. High on the list was the 
Ministry of International Trade and 
Industry's policy that effectively 
pressures Japanese buyers to limit 
imports to a percentage of total 
purchases. 
Computers are but one example, 

Bucy observes. There, "mm's ad-
ministrative guidance suggests that 
computer imports not exceed 50% of 
total computer purchases." Another 
nontariff barrier, notes Fairchild's 
Corrigan, is Japan's unwieldy distri-
bution system "with three or four 
layers between producer and con-
sumer" that results in significant 

price increases on imported goods 
for the end user. 
On a broader front, Bucy wants 

American industry and the Govern-
ment to pressure Japan to stop 
exporting unemployment as a means 
of countering its own internal eco-
nomic problems. Japanese corpora-
tions are used by the government to 
implement its full-employment plan, 
he contends. Resultant excess pro-
duction is exported at the expense of 
jobs in other nations. "Some of the 
largest Japanese firms are main-
taining full employment at the cost 
of running their debt-to-equity ratios 
as high as 20:1 and higher," he says. 
"I'm convinced that Japan will have 
to pay dearly for this free lunch of 
full employment sometime in the 
future." 

Moreover, he sees a need for the 
U. S. to encourage Japan to continue 
liberalizing its foreign investment 
policy. " It's time the Japanese recog-
nize they have a well-developed 
economy, and that they no longer 
need to engage in the sort of invest-
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Chicago's Commonwealth Edison uses Ramtek 
color graphic displays for rapid display and status 
reporting of pipelines, valves, pumps, and other 
generating station data. A clear, color-coded display 
is updated every 5.0 seconds, giving near-
instantaneous visual scan-log-alarm functions, bar 
graphs, one- line piping diagrams, flow status, etc 

Before the Ramtek systems were installed, status 
reporting was by hardwired mimic boards, black and 
white alphanumeric CRTs and typers 

The Ramtek system not only costs less, it also 
allows more information to be presented to the 
operator in a form that is quickly and easily under-

stood This results in better operator efficiency, and 
faster alarm reaction time In Commonwealth Edison's 
16,000 Megawatt system, thirty Ramtek color 
graphics displays will be utilized 



Goals of Japan's VLSI program 
If the Japanese very-large-scale integration program meets its goals, says 
Texas Instruments president J. Fred Bucy, it would affect American makers 
of medium to large computers. But more important, Bucy says that such 
devices — subnanosecond logic arrays of 1,000 gates— would also "signifi-
cantly advance the state of the art of such military equipment as radar array 
processors and satellite communications systems." 
The overall goal is to develop VLSI technology by 1980. Bucy lists specific 

objectives as: 
• In logic, to reduce the current 1-nanosecond delay per gate for complexi-
ties of 100 gates to 0.5-ns delays for 1,500 to 2,000 gates. 
• In memory, to increase chip complexities from 4,096 bits with 200-ns 
access time to 1 megabit with 500-ns access. 
• In geometry, to reduce minimum line width to 0.5 micrometer from the 
current 5 gm. 
• In crystal perfection, to reduce the number of flows in single epitaxial 
crystals to 10 per square centimeter from the current 300 /cm2. 
• In wafer diameter, to increase size to 6 or 8 inches from the current 4 in. 

The VLSI program [Electronics, June 9, p. 99], started early in 1976, 
involves five companies and the Ministry of International Trade and Industry. The 
group's Computer Development Laboratory comprises Fujitsu Ltd., Hitachi 
Ltd., and Mitsubishi Electric Corp. The NEC-Toshiba Information Systems 
Inc. unit includes Nippon Electric Co. and Tokyo Shibaura Electric Co. 
Nippon Telephone and Telegraph Public Co. is not a member of the 
program, but funds its own VLSI effort. Its connection to the main program is, 
in effect, a consulting arrangement. It appears that the first group will 
develop IBM-compatible computers, the second noncompatible ones, Bucy 
says. 

ment-restriction practices typical of 
less developed countries," the TI 

president says. 
"Japan has liberalized its policy 

twice. In 1966, they permitted 50% 
foreign investment in selected elec-
tronic product industries. Then in 
1969, they permitted 100% invest-
ments in the production of certain 
consumer equipment. This is a trend 
we should encourage, because it can 
give U. S. manufacturers fair access 
to Japanese markets just as we have 
given them access to ours." 
To counter the threat of Japanese 

allocation of export markets, price 
fixing, or other trade constraints, 
Bucy also urges American producers 
to "insist that the U. S. government 
apply antitrust legislation even-
handedly" to all competitors for 
American markets. While certain 
sectors of Japan's electronics indus-
tries are exempt from the anticartel 
provisions of the Japanese monopoly 
law, violation of U. S. antitrust rules 
in U. S. markets should be subject to 
sanctions, he says. 171 
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Five success success stories: Each of these 
proprietary LSI circuits made one of our customer's 

new products perform better and cost less. 
That s our business. Making our customers' products better 

by applying the advanced technologies of large-scale integra-
tion. We ve done it hundreds of times, in a wide and growing 
spectrum cf product applications. 

Take, for example, the multimeter cir-
c.r.t we designed for an instrument manu-
facturer. By min:aturizing functions :n 
the circuit, we made the product more 
portable and more reliable. We also saved 
the customer a good deal of money in 
assembly labor—enough to amortize hds 
development costs within a year. 
Or consider the pair of ICs we devel-

oped for a CB radio manufacturer. One 
of the devices, a Bipolar AM Receiver, 
handles all functions between antenna 
and audio. The other chip, a CMOS dig,tal 
frequency synthesIzer, includes a pre-
scaler, a PLL and VCO. Providing over 
80% of the electromcs requ.red to pro-
duce a CB transceiver, this chip set is just 
one example of how we can combine 

4 

3 

KEY: 1 DVM Circuit. 3'? digit. AD cuyerter 2 LCD Watch 
Circuit. 6- digit. 6-turiction. 3 CB Scanner with ROM 
4 Cardiac PacernaKer 5 PLL Fregueicy Synthesizer 

both digital and linear processes to tailor a cost-efficient 
system solution. 
And we are as reliable as you can get when it comes fo 

making custom LSI circuits. Our proven 
production processes—HD'CMOS. Bi-
polar and the deposit:on of thin-film 
resistors on LSI chips— consistently 
produce high yields. 

2 Exceptional noise imm.».nity and high 
switching speeds are standard perfor: 
mance features—especially in our HO' 
CMOS circuits. And because they con-
sume less power than microprocessor. 
or IC-based systems. our devices operate 
on comparatively smaller, less-expensive 
power supplies. 

5 If your potential application requires 
more than a handfui of standard ICs and 
discrete components, you ought to think 
about the advantages of converting to 
custom LSI. Contact us today and we'll 
nelp you write your own success story 

MICRO 
POWER 
SYSTEMS 

Circle 

We sell more limn circuits. We sell solutions. 

3100 Alfred Street, Santa Clara, CA 95050, (408) 247-5350 
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Technical articles  

Microcomputer 
families expand, 
part 2: 
the new boards 
by Raymond P. Capece, Computers Editor 

D Chip makers, minicomputer manufacturers, analog-
device houses, and all those hopeful independent 
suppliers— everyone with the slightest claim to a related 
expertise is scrambling to meet a growing demand for 
computers-on-boards. Each has a different angle. 

Exploiting their newest microcomputer families to add 
to their boards' functions are semiconductor firms like 
Intel, Motorola, and Zilog. Busy scaling down minicom-
puter hardware and software to the board level are 
Digital Equipment and Data General, while plug-
compatible analog input/output boards are pouring forth 
from Analog Devices, Adac, Data Translation, and 
others. And springing up like crocuses are a host of 
independent makers, offering boards that are plug-
compatible with other manufacturers' products but that 
provide all sorts of additional functions. 
As with the chip families discussed in Part 1 of this 

special report on microcomputers, by far the most 
popular computers-on-boards are the mid-performance-
range 8-bit types, built around the one-board machines 
that started it all. Above them, the high-end 16-bit 
microcomputer boards are reaching the capabilities and 
performance of minicomputers; below, the low-end 8-
and 16-bit versions seem certain to propel the boards 
into new control applications. Less easily classifiable is 

the wide wide array of specialty boards for dedicated applica-
tions, which the user can slip into his equipment with a 
minimum of hookup hassles. 

Hassle-free design— that is what boards aim to offer, 
and many come close. From the engineer's viewpoint, it 
is certainly more expedient to build intelligent equip-
ment around a microcomputer board or boards rather 
than around chips, since boards exact much less atten-
tion to particulars like signal timing, power-supply 
levels, and circuit layout. 

Perhaps even more important, the board approach 
cuts the software problem down to manageable size. 
Several manufacturers in the field can supply their 
customers with low-cost, on-board software development 
aids such as monitors, editors, and even compilers for 
high-level languages. Some even have prototyping pack-
ages available that make the job of kicking off a micro-
computer design about as simple as it can be. 
As a result, no other approach beats a board imple-

mentation for getting a microcomputer-based product to 
market fast, with a minimum of engineering time and 
expense. In high-production volumes, of course, it may 
well cost more than a strictly chip approach— but for 
one-time-only designs, or for any product that does not 
warrant large development costs, it is unexcelled. 
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ONE-BOARD 
COMPUTERS 

Since its introduction nearly two years ago, the one-
board microcomputer has seen much play as a relatively 
easy-to-use controller. Loaded with processor, program 
memory, read/write memory, and input/output ports, by 
now it far outstrips hardwired logic control in popularity. 
Related families of special-purpose microcomputer 
adjunct boards are growing, too, but the number of 
strictly one-board solutions is greater than ever, espe-
cially since advancements in large-scale integration are 
rapidly multiplying the number of functions that a board 
is capable of carrying. 
The next generation is expanding both upwards and 

downwards. The one trend is toward powerful, high-
performance systems with additional functionality but at 
much the same cost as their predecessors. The other is to 
a universal controller that is easy to use both electrically 
and physically—a small board needing only one power 
supply and equipped with lots of i/o, all for a dramati-
cally small price. 

This low-end product market is now being supplied by 
several manufacturers, most notably Intel Corp. with its 
8-bit models and Texas Instruments Inc. with its 16-bit 
machines. 

Intel's SBC 80/04, introduced this year, underlines 
the price decline. It has a single-unit price of $ 195, 

which drops to under $ 100 for original-equipment manu-
facturers buying in quantity. Yet it in no way falls off in 
functionality. Shown in Fig. 1, the 80/04 is built around 
the second-generation 8085 microprocessor (comprising 
processor, clock, system controller, and serial vo port) 
and the 8155 256-byte random-access memory (with uo 
port and timing functions), and it needs only a single 
5-volt supply. Its board measures 6.75 by 7.85 inches. 
One of the economies in the design of the 80/04 is the 

omission of any bus interfacing. This restricts its use 
generally to stand-alone applications, although its serial 
port and 22 programmable uo lines can be used for 
modest communication. 
The low-end trend for 16-bit microcomputers was set 

by ît with its 1M990/100M ( Fig. 2), which sells in unit 
quantities for $450. Built around the 9900 microproces-
sor, the board includes 256 16-bit words of RAM, a serial 
uo port, 16 lines of parallel uo, and 1,024 16-bit words 
of erasable programmable ROM. Extra sockets on board 
allow RAM to go to 512 words and ROM to 4,096 words. 

Several features set the TM990/100M apart from 
other board products. For instance, it has an area in its 
foil pattern intended for breadboarding of special inter-
faces or additional custom designing. Also, an erasable 
PROM can be shipped with a software monitor called 
TIBUG, a debugging aid that can be erased by the user 
once his program is up and running. OEM kits containing 
a four-slot chassis, connectors, and cabling are available, 
and other accessories include a calculator-like hand-held 
terminal for data entry. 
Upward trends in performance of one-board micro-

computers stem partly from increased on-board memory 
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1. Controlling coats. A one-board microcomputer from Intel marks a downward trend in the size and cost of 8-bit controller boards. Built 

around the company's 8085 microprocessor, the SBC 80/04 has the same instruction set as the 8080, fits all its functions onto a 6.75-by-

7.85-inch board, and in quantity is priced below $ 100. Intended for stand-alone use, the board has no bus interface. 

66 Electronics/December 22, 1977 



1) ( 
II11111111111111111111111111111111111111111111111! 

2. Pressure from above. A $450 16-bit microcomputer competing 

with the mid-range 8-bit types is Texas Instruments' 990/100M. 

Mounted on its Th-by- 11-inch board are Ti's 9900 microprocessor 

plus memory, parallel I/O, serial port, and programmable timers. 

capacity for both read/write and program storage and 
partly from faster and more powerful processors with 
more interrupts and more interrupt levels. Perhaps even 
more significant is the growing variety of interface capa-
bilities. It seems that eventually such conveniences as 
high-speed direct-memory-access ports, analog voltage 
and current-loop inputs and outputs, and optically 
isolated ports— all under firmware control— will cease 
being spread among multiple-board families and will be 
consolidated into one-board products as Ls' circuit 
density rises and hardware costs drop. 
Such an upward evolution in one-board microcom-

puters can be seen, for example, in Intel's SBC-80 line 
(Table 1). From the 80/10 to 80/20, memory sizes 

doubled with increased chip integration, but more 
importantly both levels and sources of interrupts 
increased greatly in number. From a systems standpoint, 
a major advancement in the 80/20 was its bus's ability to 
interconnect several processors and give them direct 
memory access. Power consumption was also reduced. 
Next, the 80/20-4 doubled the amount of RAM on the 
80/20 and added two on-board timers. Most recently, 
the 80/10-A enhancement of the first SBC one-board 
model doubled the erasable-PROM capacity by replacing 
the 2078 device with the newer 2758. 

Some competitors 

Comparable one-board microcomputer capabilities 
are available in Zilog Corp.'s Z80-MCB. Since its 
instructions are a superset of the 8080A microproces-
sor's, the Z80 is more powerful while still able to run 
8080 programs. 
The size of the microcomputer boards has come in for 

a lot of attention lately, and the 71/2-inch-square-or-so 
Zilog board will undoubtedly have its advantages in 
some applications over the 61/4-by- 12-in. Intel board. 
However, the I/O lines number only 16 versus Intel's 48. 
Mostek Corp.'s SDB-80 single-board computer (called 

the OEM-80 if supplied without firmware) is also built 
around the Z80 microprocessor. Over and above the 
Z80-MCB's assets, the Mostek board is equipped with a 
separate scratch-pad RAM for the operating system (so as 
to free user main memory), four 8-bit parallel ports with 
handshaking capability, and three user-programmable 
timer/counter channels. All of which takes up quite a bit 
more board space-81/2 by 12 in. 

(Incidentally, National Semiconductor Corp. manu-
factures a plug-compatible version of Intel's SBC-80/10, 
called the BLC-80/10, for a bit lower price, though 
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3. He available. Tinted areas show where designing a controller is time-consuming and vulnerable to error— unavoidably so in the case of 

hard-wired logic ( left), whereas development aids can help a microcomputer implementation (right) past its programming problems. 
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On-board microcomputer development aids 

For the one-time or occasional design, on-board develop-
ment aids can save many manhours of programming and 
debugging time, at little extra cost beyond that of the 
microcomputer itself. During the prototype stage, a 
monitor program resident in microcomputer firmware is 
almost indispensable. Many suppliers therefore offer 
preprogrammed read-only memories or erasable program-
mable ROMs with a few kilobytes of monitor software. 

Zilog, for example, ships most of its one-board Z80-
MCBs with at least a 500-byte monitor system and offers 
more extensive monitors. Basically, the monitor allows a 
terminal connected via an RS-232-C or teletypewriter 
hookup to display memory and register contents in hexa-
decimal notation and to command the loading and execu-
tion of programs. Zilog's 3-kilobyte monitor adds several 
commands and a disk controller that, when used with the 
MDC memory/disk controller board in Zilog's family, 
allows for disk-based software development. 

Intel makes its system monitor available as part of 
prototyping packages that, in addition to a one-board 
computer, include a card-cage and backplane and tele-
typewriter adapter. Resident in an erasable PROM, the 

monitor occupies 4,192 bytes on either two or four chips. 
But far and away the most on-board firmware-resident 

development aids are offered by Mostek's one-board 
microcomputer. An operating system in a 2,096-bit ROM 
chip serves both as controller and monitor and can be 
purchased together with a listing of source code 
mnemonics and manual for $75. A more extensive system 
consisting of a four-chip set adds a text editor with full 
random access to character strings, an assembler that 
accepts the Z80 mnemonics and generates machine 
code, and a linking loader that allows programs to be 
written in blocks that can be relocated into memory for 
execution in proper order. The whole package is well 
worth $300 when compared with the cost of disk-based 
outboard development systems or software that must be 
cross-assembled on a host computer. 

For its TM 990 family of 16-bit microcomputers, Texas 
Instruments sells a $ 100 erasable PROM preprogrammed 
with an interactive debugging monitor that it calls TIBUG. 
An additional $ 100 buys an erasable PROM containing a 
line-by-line assembler that lets the user write his programs 
in the mnemonics of the 9900 microprocessor. 

nearly all the features of the BLC and SBC family lines 
are identical.) 

Motorola's Microsystems division in Phoenix has been 
producing its 6800-microprocessor-based board for over 
a year. The original design, designated the M68MMOI, 
includes 1,024 bytes of RAM, sockets for up to 8,192 bits 
of ROM, and three peripheral-interface adapters that 
provide a total of 60 input or output lines. Making up the 
60 are: 24 programmable uo lines; six interrupt inputs, 
three peripheral-control outputs, and three other lines 
that can be either; 12 buffered parallel-data output lines; 
and 12 buffered paralled-data uo lines. 

Motorola's other one-board, the M68MMO1A, sacri-
fices one of the programmable interface adapters to add 
an asynchronous communications interface adapter, 
which allows exchange of data serially, for instance, in 
the RS-232-C protocol. The number of parallel uo lines 
is therefore reduced to 40— the A version's only infe-
riority to the M68MMOI. 

It is worth noting that, apart from Intel's 80/04, all 
these one-board microcomputer have bus interface capa-
bilities that allow them to be expanded into systems. 
Although each manufacturer has designed his bus to his 
own specifications, each bus has become a standard in its 
own right and is in effect a solid basis for development of 
a microcomputer systems approach. 

- - 

MULTIBOARD 
COMPUTERS 

While single-board computers are gaining low-end 
design sockets, the multiboard microcomputers take 
many minicomputer applications in their stride. Since 

ROM capacities have risen to 8,192 bytes on the processor 
board and lots more on extension boards, programs of 
several hundred lines are not uncommon. Today, sophis-
ticated control applications, such as automatic testing or 
process control, can be realized with just a few boards 
from most of the common 8-bit microcomputer families. 
Whereas a complicated controller designed with hard-
wired logic would lie for an extended period of time in 
the prototyping and wiring phases, a multiboard micro-
computer solution can be ready almost as soon as its 
program is written. Figure 3 shows the snags in both 
such approaches. Unquestionably, large development 
systems, with their diskette-based software, editing and 

TABLE 1 SINGLE BOARD COMPUTERS 

Manufacturer Product Microprocessor Bits 

Intel Corp. 

SBC 80/04 8085 8 

SBC 80/05 8085 8 

SBC 80/10 8080A 8 

SBC 80/10A 8080A 8 

SBC 80/20 8080A 8 

SBC 80/20-4 8080A 8 

National 
Semiconductor 
Corp. 

ISP-8C/100N SC/MP 8 

BLC 80/10 8080A 8 

I MP- 16C/400 IMP- 16 16 

Motorola Inc. 
M68MMO1 6800 8 

M68MMO1A 6800 8 

Zilog Corp. Z80 MCB Z80 8 

Mostek Corp. SDB-80 Z80 8 

Texas Instruments Inc. 
990 ,100M 9900 16 

990'4 9900 16 

Computer Automation Inc. LSI 4 '') custom 2-chip set 16 
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monitoring capabilities, and emulation, can speed 
programming; but for starters, simple tools can make a 
big difference (see "On-board microcomputer develop-
ment aids" on opposite page). 
As for the 16-bit families, being essentially barest-

bones minicomputers, they have found their way into 
dedicated high-performance applications. For now, the 
price and performance gap between 8- and 16-bit micro-
computers permits separate discussion of the two. But 
the expected announcement of 16-bit microprocessors by 
the 8-bit makers will undoubtedly blur the distinction 
within the next year or so. 
The various board products for both 8- and 16-bit 

families are summarized in Table 2, and from the long 
list of board components in several of the families, it can 
be concluded that lack of hardware is unlikely to be a 
problem in choosing a microcomputer system. Rather, 
identifying the family with the right attributes for a 
given job is more likely to be the difficulty. For instance, 
familiarity with the 8080 could sway customers to Intel's 
products, but the Z80 microprocessor, with 80 instruc-
tions in addition to those the 8080 set- and a faster 
cycle time, to boot- makes a good case for the Zilog and 
Mostek microcomputers. 
The immediate family in all 8-bit board products that 

are built around single-board computers includes exten-
sions for both program and main memory and for uo. 
Several manufacturers offer combinations of RAM and 
Rom in different mixes and sometimes with additional 
uo expansions. Intel even equips its SBC line with a 
4,096-byte RAM extension having on-board battery 
backup: it can retain data for 96 hours when the system 
is powered down. Zilog has a combination board that 
puts 12 kilobytes of RAM at the disposal of a floppy-disk 
controller. This arrangement allows for flexible memory 
management, since the RAM can be used to buffer data 
between microcomputer and floppies, up to eight of 
which can be accommodated. 

TABLE 2: MULTIBOARD FAMILY LINES 

Intel's 
SBC 

Motorola's 
MM 

National 
Semi- 

conductor's 
BL C 

Z i log's 
MCB 

Single- board microcomputer 
with RAM, ROM, and I/O 

Processor-only board 

ROM board 

RAM board 

RAM board with battery backup 

RAM/ ROM board 

Memory and I/U board 

General-purpose parallel-I/U board 

Programmable parallel- I/0 board 

Optically isolated I/O board 

Combined parallel/serial- 110 board 

Serial - I/O board 

Communicaticns board 

Direct-memory-access controller board 
Analog input board 

Analog output board 
Lombined analog - i/Ll board 

Memory/disk controller board 

PHUm/erasable -PHUIVI programmer boarc 

Video display board 

Fast math board 

--Blin prototyping FR 

Source El ctronics 

Many versions of digital /o expansion exist, both for 
serial and parallel data. Some are general-purpose, but 
the programmable vo boards made by most of the 
manufacturers are far more flexible. They have vectored 
interrupts and also afford handshaking capabilities that 
permit one port to control the communication between 
an adjacent port and a remote one. The best serial ho 
boards have four or more independently programmable 
ports, which can be tailored to any of the common 
protocols. The widest variety of peripheral equipment is 
accommodated by those that provide different parity-bit 
formats and independent baud rates in each of the ports, 

Parallel 
I/0 lines(in.) 

Instructions 

Random-access 
memory 
capacity 
(bytes) 

Read-only 
memory 
capacity 
(bytes) 

Serial 
I/0 ports 

Interrupts 
Timers 

Power requirements ( A) 
Size 

Levels Sources +5V +12V -5V -12V 

78 256 4,096 RS-232-C 22 4 4 1 I 0.6 - - - 6.75 x 7.85 

,78 512 4,096 RS-232-C 22 4 12 1 t 1.8 - - - 6.75 x 12 

78 1,024 8,192 RS-232-C or TTY 48 1 6 0 2.9 0.14 0.002 0.175 6.75 x 12 

78 2,048 8,192 RS-232-C or TTY 48 1 6 0 2.9 0.14 0.002 0.175 6.75 x 12 

78 2,098 8,192 RS-232-C 48 8 26 2 4.7 0.1 0.001 0.025 6.75 x 12 

78 4,096 8,192 RS-232-C 48 8 26 2 4.7 0.1 0.001 0.025 6.75 x 12 

46 256 512 TTY 8 1 1 0 0.75 - - - 4.375 x 4.862 

78 1,024 8,192 RS-232-C or TTY 48 1 6 0 2.9 0.15 0.002 0.150 6.75 x 12 

43 1,024 words 1,024 words 16 1 1 0 2.25 - - 0.5 8.5 x 11 

72 1,024 2,048 - 60 max - 9 max 1 1.1 0.26 - 0.18 5.975 x 9.75 

72 1,024 8,192 RS-232-C 40 max - 8 max 1 1.3 0.26 - 0.18 5.975 x 9.75 

158 4,096 4,096 RS-232-C or TTY 16 - 8 3 2.0 - - - 7.7 x 7.5 

158 16,384 20,960 RS-232-C or TTY 32 max - 10 3 1.5 0.175 - 0.100 8.5 x 12 

69 512 words 4,096 words RS-232-C or TTY 16 15 17 2 1.2 0.2 - 0.1 7.5 x 11 

69 4,096 words 1,024 words 16 8 8 0 1.12 0.64 - - 11 x 14.5 

85 4,096 words 3,072 4 channels for drstributed PO 6 6 1 5.4 - - - 7.5 x 17 

Electronics/December 22, 1977 69 



as well as for either synchronous or asynchronous data. 
Even optically isolated digital vo expansion puts in an 

appearance, as an option for Intel's SBC 556 board. 
With 24 fixed input lines ( 16 fixed output lines, and 8 
programmable either way), the board is especially useful 
in industrial environments. It circumvents ground-loop 
problems, accepts inputs of up to 48 y, and has both 
current and voltage outputs. 
A few board manufacturers also offer a high-speed 

direct-memory-access controller, which, though, is 
needed less with 8-bit microcomputers than in the high-
performance 16-bit area. With transfer rates to or from 
RAM as high as a million bytes per second, DMA boards 
give the most use in systems with large data bases and 
thus greatly expanded memory, best handled by such 
16-bit machines. 

":711e 

HIGH -PERFORMANCE 
16-BIT MACHINES 

Being descended from minicomputer technology, as 
almost all 16-bit multiboard computers are, they gener-
ally require more powerful software development tools 
than 8-bit machines, often needing a minicomputer with 
disk-based software for their design. They are, after all, 
capable of high-speed calculations, large data-base 
manipulations, and fast throughput vo, for which on-

board development aids would be less than adequate. 
But descendants are sometimes also heirs, and 

certainly those 16-bit models from minicomputer manu-
facturers inherit a handsome quantity of mature applica-
tions software that has been thoroughly field-tested on 
the larger equipment. Thus board microcomputers from 
Digital Equipment Corp. and Data General Corp., for 
instance, almost guarantee long-term serviceability— 
and can talk to minicomputers besides. 

DEC'S LSI-11, having found its way into tens of thou-
sands of systems, is now being retired in favor of its 
recently announced successor, the LSI-11/2. Not only 
does the LSI-11/2 halve the board size exactly and add 
to the features of the LSI-11, it even undercuts the older 
model in price. 
DEC sees the reduction in board size, or form factor, as 

a definite trend brought on by falling hardware costs and 
rising circuit density. The tiny card-cage of the 
LSI-11/2 (Fig. 4) has slots for up to four cards—which 
is not the restriction it seems, since the four can contain 
the functions of up to 16 of the larger LSI-11 boards. 
The smaller boards can do it because of their multi-
layered printed-circuit construction. In addition, they 
have been reconfigured: whereas the processor board of 
the LSI-11 included up to 4 kilobytes of RAM, the 11/2 
CPU board contains no memory at all. DEC explains that 
most users prefer their own memory configurations, and 
the company therefore elected to pack all the 11/2 RAM 
on a board that uses 16,384-bit chips to hold up to 
32,768 16-bit words. 
A major goal of the LSI-11/2 design is to give the user 

4. Form factor slashed. DEC's second-generation microcomputer board family, the LSI-11/2 is exactly half the size of the LSI-11, yet otters 

more functions for less money. Shown are the line's first boards: processor, memory, serial-line interface, and IEEE-488 interface. 
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more flexibility. In an about-face, DEC is now encour-
aging purchases of the processor board only. There are 
even extra holes on the board near the edge connector 
that will facilitate wiring the boards in the Eurocard 
vertical-stacking format widely used in Europe. 

Other boards in the 11/2 family thus far are a serial 
line unit and an interface board. The first of these 
contains four completely independent programmable 
interfaces for synchronous or asynchronous operation 
and offers fully programmable baud rates and parities. 
The interface card is for the IEEE-488 standard instru-
mentation bus. 

DEC will follow up with more boards for its smaller 
microcomputer as it begins phasing out the LSI-11. 
Those adjunct boards that are critical to many LSI/11 
applications, like the analog lio board, can be expected 
out early next year. 

Data General's microNova line, just over a year old, 
has acquired both hardware and software enhancements 
over the past few months. An analog lio board has been 
added to its family, as well as several interface boards 
for various communications protocols and for interfacing 
to peripherals like paper-tape readers. Most important, 
though, are the software packages being passed down 
from the company's minicomputer line that now extend 
the microNova's applicability into industrial, communi-
cations, and small-business applications. 

Data General's sensor-access manager, for example, is 
a program of device handlers and subroutines for control 
of vo transfers between user programs and analog and 
digital sensors. Tested extensively in minicomputer 

5. Distributed I/O. Computer Automation's solution to the interfacing problem is unique: intelligent cables having small boxes mounted on 

them. Hardware in a box can hook each I/O port on the firm's LSI 4/ 10 16- bit microcomputer to up to eight assorted peripherals. 

systems, it can do the same sorts of jobs for the micro-
computers. When used with the new analog vo board in 
Data General's data-acquisition and control chassis 
subsystem, the manager program can shorten the time it 
takes to design interfaces for process-control systems. 
Communications interface boards for the microNova 

include a synchronous line controller, an asynchronous 
multiplexer, and a cyclic-redundancy-checking (cRc) 
board. These can be used with diskette-based software 
that supports several protocols and provides compati-
bility with IBM'S remote-job entry systems, including 
RJE80 and HASP II. 

Finally, a diskette-based Business Basic compiler 
allows the microNova to be used in small business and 
other commercial systems. 

Two more 16-bit types 

Like the microcomputers from DEC and Data General, 
El's 990/4 is a board version of a minicomputer, Tes 
990/10. The 990/4, however, can function also as a one-
board microcomputer, since it has room for up to 4,096 
16-bit words of RAM and up to 1,024 words of RAM 
and/or PROM for program storage. An extended system 
can be built in a three-slot chassis, with an additional 
memory board, expandable to 32 kilowords, and a 
communications register board for interfacing with 
various protocols. Unique to the 990 processors (all built 
around the 9900 chip) are 16 extended-operation 
instructions, which allow special hardware execution of 
complex arithmetic and logical operations that are less 
well suited to software implementation. This extension is 
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6. Starter kit. This prototyping package for National Semiconduc-

tor's BLC 80 family provides everything a user needs to design a fully 

functioning microcompu:er at the board-level: one-board computer 

with memory chips, prototyping board, card-cage, cabling, and 

system monitor software in programmable read-only memories. 

especially useful in high-speed signal-processing oper-
ations, such as fast Fourier transforms. 
Computer Automation Inc., Irvine, Calif., came out 

this year with microcomputer boards that are a low-end 
version of its Naked Mini series and use a two-chip 
custom microprocessor set. Like the firm's minicomputer 
boards, the microcomputers offer what Computer Auto-
mation calls distributed 1/0, which allows each of four 
ports on the board to interface to up to eight peripherals 
of a wide mix. 
The same firm is the only one to make intelligent 

cables— an interconnecting ribbon cable that has a small 
box called a Picoprocessor mounted on its middle to 
house ROMS, universal asynchronous receiver/transmit-
ters, or even microprocessors ( Fig. 5). Among the 
various intelligent cable types are interfaces that connect 
Computer Automation machines to printers, disk drives, 
teletypewriters, and even other computers. Why bother 
with intelligent cables? Well, they free the central 
processor of all interfacing chores, and in reconfiguring 
systems, only the cable need be changed to match up the 
equipment on either of its ends— the microcomputer's 
operating system remains intact. 

21/2 1/4-

SPECIAL-PURPOSE 
BOARDS 

In almost all microcomputer families the variety of 
boards is mushrooming, as one special-purpose board 
after another is developed to increase the functionality of 

the line. These adjuncts began first as extensions, then as 
i/o enhancements, including direct memory access and 
digital and analog lio, and finally have branched into 
more dedicated interfaces and miscellaneous functions. 
The most welcome of all additions are probably the 

analog i/o boards, which at last allow the microcom-
puters to talk to the real world (or at any rate the 
electrical world). Of the microcomputer manufacturers 
themselves, Intel, Zilog, Mostek, DEC, Data General, in 
fact nearly all of them make an analog board or have one 
on the way. Those that do not are most likely covered by 
a small-systems manufacturer or by the analog-compo-
nents manufacturers, such as Burr-Brown Research 
Corp., Adac Corp., Data Translation Inc., Datel 
Systems Inc., Analog Devices Inc., and Analogic Corp. 
The availability from the analog houses of analog tio 

boards compatible with a particular microcomputer line 
is a good indication of the line's success. Nearly half a 
dozen such products can be had for Intel's SBC family; 
Burr-Brown supplies the board for Motorola's M M6800 
products; and Analog Devices has recently announced its 
version for Texas Instruments' TM 990 family. 
The analog boards, which may be input only, output 

only, or combinations of both, hold a-d and d-a convert-
ers, multiplexers, and some memory and are completely 
programmable by the host microcomputer. A particular 
analog i/o board must be checked carefully to ensure 
that it suits the specific application—some input boards, 
for example, offer no low-level inputs (± 10 millivolts 
nominally) of the kind that allow direct hookup of 
sensors and thermocouples. Others are restricted in their 
limits of common-mode voltage rejection for balanced 
inputs. Most will offer voltage inputs (usually ± 10 y 
nominally) with current-loop input capability available 
from optional input resistors since signals are carried 
over current loops. The number of single-ended lines, as 
well as the capability for paralleling two lines for 
balanced inputs, may be critical in some applications. 

Other special-purpose boards include a group for 
interfacing, like those from Mostek and Zilog that hook 
the microcomputer to a cathode-ray tube for display, to 
a floppy disk for storage, and to other peripherals such 
as printers and terminals. Several of the higher-perform-
ance microcomputers offer high-speed DMA interfacing 
and 1/0 for achieving throughputs of a million words or 
more per second. 

Another special-purpose board handles fast mathe-
matics. In crunching through high-speed single- and 
double-precision additions and multiplications in hard-
ware, these boards unburden the host microprocessor of 
the software arithmetic that in any case it performs less 
than admirably. Signal processing often requires hard-
ware multiplications of at most a few microseconds—a 
speed unrealizable by the microprocessor alone. 
Where to begin? At the beginning, with a prototype 

package, which is offered by most manufacturers. These 
kits, like the one in Fig. 6, start with the basic one-board 
computer, card-cage, ROM monitor, cabling, and an 
interface to a teletypewriter for keying in the program.111 

Reprints of the two-part article on microcomputer chips and boards cost $4.00 from 
Electronics Reprint Dept.. P. 0. Box 699. Hightstown. N. J. 08520. The first part covering 
chips appeared in the Dec. 8 issue Copyright 1977. Electronics, a McGraw-Hill publication. 
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Rapid writing rate lets 
storage oscilloscope grab 

1-nanosecond single-shot signals 
by Ken Hawken, Keith Taylor, and Hale Farley, Tektronix Inc., Beaverton, Ore. 

11] There's no better way to catch fast single-shot signals 
and those with very low repetition rates than an oscillo-
scope with a storage cathode-ray tube. Still, such scopes 
must combine a storage time long enough to allow 
meaningful measurement with a writing rate fast enough 
to catch the signals. 

Advances in direct-view storage cathode-ray tubes 

have met this challenge. Now, recent improvements in 
the electron-gun structure and focusing system of such 
CRTs have pushed the storage writing rate up to 
2,500 centimeters per microsecond. Such a fast speed 
means that single-shot signals with 1-nanosecond rise 
times can be displayed clearly ( Fig. 1). 
The writing speed of the newest direct-view storage 

1. Fast grabber. With a 2,500-cm/ps writing speed, storage scope can display pulses with rise times that are less than 1 nanosecond. 
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2. Speed improvements. Latest direct-view storage cathode-ray 

tubes are about 150% faster than previous models. Furthermore, the 

stored traces can be viewed for longer time periods, so they can be 

easily photographed with an oscilloscope camera. 

scope is about 21/2 times that of earlier models ( Fig. 2). 
The stored rates are viewable for tens of seconds in the 
variable-persistence mode and for tens of minutes in the 
bistable mode. Thus, they are easy to photograph, even 
with an inexpensive oscilloscope camera. 
The 2,500-cm/'is speed compares with the fastest 

photographic writing speed available in nonstorage 
scopes. However, the photographic approach is often 
t; ne-consuming and inconvenient, and if the event is 
missed, there may not be a second chance. An alterna-
tive approach is digitizing techniques, but they tend to be 
expensive at high speeds. 

Faster stored writing rates 

The key to capturing fast signals is the writing rate 
(see "Obtaining the stored writing rate," opposite). 
The fastest storage scopes use a transmission CRT in 
which the image is captured by a storage mesh grid, 
rather than being stored directly on the bistable face-
plate phosphor ( Fig. 3). The mesh has a dielectric 
coating on the side facing the stream of electrons coming 
from the writing gun and flood guns. It is biased negative 
with respect to the flood-gun cathodes, so they are 
usually repelled by the mesh. 

Writing-gun electrons land on the dielectric surface 
and, by secondary emission, dislodge electrons, which 
are drawn away. This activity leaves a net positive 
charge at the image locations traced by the writing gun, 
so mesh apertures along this waveform trace are open to 
electron flow. Flood-gun electrons pass through these 
open apertures to produce a trace on the CRT screen. 
The decay time of the stored pattern on the transmis-

sion grid is determined by the dielectric coating material 
and the mesh bias. However, there is an inherent trade-
off between writing rate and stored viewing time: the 
faster the writing rate of the dielectric chosen, the faster 
the stored image will decay. 
To minimize the tradeoff, another mesh grid is added, 

producing a transfer-storage tube. Now the writing 

3. Basic storage. The storage cathode-ray tube uses a wire mesh 

near the faceplate. When writing-gun electrons strike the mesh, they 

dislodge electrons, leaving a net positive charge at those sites. Flood-

gun electrons then pass through screen and strike the phosphor 

beam first strikes a grid coated with a dielectric chosen 
for a fast writing rate. Before the image can decay, bias-
control pulses are applied to the grids to allow the flood 
guns to transfer the image to the second grid, which has 
a dielectric selected for long image retention. This 
second grid can be biased to produce either bistable or 
variable-persistence storage. 

Better guns and focusing 

As well as a 2,500-cm/gs stored writing speed in the 
variable-persistence mode, the recent scope refinements 
achieve 350 cm/lis in the bistable mode. At the same 
time, they result in improved vertical- and horizontal-
deflection sensitivities required to extend bandwidth to 
400 megahertz. 
An improved gun structure delivers greater charge 

density to the high-speed storage mesh. Increased writ-
ing-gun voltage improves secondary-emission yield and 
reduces space-charge spreading of the writing beam. 
Independent X and Y focusing systems, together with a 
vertical-only scan-expansion lens, obtain the required 
vertical-deflection sensitivity. The improved gun struc-
ture and focusing system result in narrower trace width 
for the same beam current. 

Additional gain in stored writing speed comes by 
improving the uniformity of the display's background. A 
more uniform background is achieved by computer 
design of the flood-gun system to improve collimation of 
the flood electrons at the storage meshes. 

High-speed digital applications 

The capacities of the fast direct-view storage scopes 
will be particularly useful in the growing number of 
applications of emitter-coupled logic and Schottky tran-
sistor-transistor logic. In such applications, there are 
several situations in which it was quite impossible to view 
signals before. 
One problem area is asynchronous systems involving 

fast pulses that may not repeat or that will have a 



repetition rate measured in seconds. Another is 
sequences of fast data pulses or fast control pulses that 
do not repeat. 

Glitches pose problems too. Fast sporadic glitches can 
result from sliver pulses caused by race conditions. Other 
glitches can result from noise caused by current tran-
sients on power supplies, fast transients coupling 
between closely spaced signal lines, and ringing or other 
distortions on improperly terminated signal lines. 

Another situation is pulses resulting from automatic 
testing of fast digital components. Because hundreds of 
tests may be performed at high speeds, the test sequence 
is usually not repeated for a given component. During 
component development or characterization, however, it 
may be necessary to observe in detail a particular failure 
mode. A final problem area is any sporadic failure in 
high-speed digital circuitry that precludes looping on the 
failure sequence to produce a repetitive signal. 

Even when the signal is repetitive, fast storage often 
proves useful. When conventional oscilloscopes are set 
for sweep rates of 10 ns per division or faster, the trace 
can become progressively dimmer as sweep rate 
increases. With storage, a clearly visible trace can be 
produced by adjusting the persistence control to produce 
an easily viewed display. A particularly common case is 
the missing vertical segment of the trace on fast-
switching digital waveforms. At the proper persistence 
setting, the rise and fall times are visible. Also, storage 
makes it possible to compare signals that occur at 
different times. 
Take the case of a signal line switching from a fast 

clock to a slow clock ( Fig. 4a). Two counters in different 
parts of the system but both driven by the clock must 
maintain equal counts. One counter is near the clock 
driver, and the other is at the end of a transmission line. 
At times the counters can get out of step after switching 

from the fast clock to the slow clock. The switching 
commands are not in synchronization with the fast and 
slow clock oscillators, and the oscillators are not in sync 
with each other. So there is no way to view the signals as 
a repetitive phenomena. 

Fast storage to the rescue 

By synchronizing a fast storage oscilloscope on the 
switching command, however, it is possible to display the 
transition period from fast to slow clocks. What's more, 
the display can be retained for long enough to study it. 

If both clocks are high at transition time, a small 
negative-going glitch appears on the clock line ( Fig. 4b). 
This glitch, caused by the fast clock turning off slightly 
faster than the slow clock turns on, is detected by the 
counter near the clock driver. Distortions caused by the 
transmission line, however, prevent the glitch from going 
far enough negative to be detected by the second coun-
ter, which would give a count difference. 

This glitch could probably be detected using a fast-
writing nonstorage oscilloscope and a viewing hood. At 
best, however, that technique is an excellent way to 
produce severe eyestrain— blink and the sweep is missed. 
Moreover, it is hard to be sure just what was seen during 
the sweep's brief duration. With storage, the image is 
retained in its entirety. 
Another broadly useful glitch-catching application of 

fast storage occurs when it is used with a logic analyzer. 
With the word recognizer of a logic analyzer set to 
trigger on a known erroneous parallel word, one cause of 
error would be a glitch on one or more of the signal lines 
at a time preceding the detected error. Setting the logic 
analyzer to the pretrigger mode permits study of a block 
of data for the time before the error. Logic analyzers are 
available for viewing more than 1,000 clock cycles 
preceding the error. If the error-causing glitch is very 

Obtaining the stored writing rate 

The stored writing rate of a storage oscilloscope is simply 
the highest rate of spot movement that will leave behind a 
stored image on the face of the cathode-ray tube. Faster 
spot movement will not leave an image, as in step-
response displays with no vertical edges or sine-wave 
displays with the zero-crossing edges missing. 
Two equations provide a measure of the stored writing 

rate required to properly record a single-shot signal. For a 
sine wave where the sweep rate is much slower than the 
beam's writing rate, then the stored writing rate 
(cm/its) = r f A, where f is the frequency in megahertz 
and A is the peak-to-peak amplitude in centimeters. 

For pulse or step responses, the stored writing rate 
(cm/'is) = kA/t„ where t, is the 10% to 90% rise time in 
microseconds. Here, k is a constant ranging from a value 
of 0.8 for a linear ramp to 2.2 for a single-pole RC 
response. A value of k = 1 applies to the case of a 
Gaussian (typical step) response. 
The required stored writing rate can be obtained from 

the equations or from a graph such as the one shown. For 
example, a Gaussian step response with a 1-nanosecond 
rise-time and a 2.5-cm amplitude requires a 2,500-cm/'is 
stored writing rate. 
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4. Glitch catcher. In this application, two clocks drive a system, and two counters, one local and one remote, monitor the counts. The 

counters can get out of step if glitches occur during switching. A high-speed storage scope can display such glitches and retain them. 

narrow (on the order of 1 to 2 ns), it is not likely to be 
captured by the logic analyzer. 

With a fast storage CRT, the user can examine the 
data captured by the logic analyzer to determine where 
it first departed from the correct sequence. Then he 
selects an event just before that point as a trigger for the 
scope. The logic analyzer's word recognizer serves as a 
convenient source for the needed trigger. 

If examination of the logic-analyzer display does not 
clearly disclose where the data sequence first went 

wrong, trigger points can be chosen earlier and earlier 
until the glitch is captured. If the scope can simulta-
neously house the logic analyzer and real-time plug-ins. 
then logic data and real-time waveforms can be 
displayed simultaneously on the same CRT. 

Other applications 

In laser work, some of the primary tests are verifying 
the presence and determining the characteristics of 
mode-lock pulse trains, measuring flash intensity and 

Maximizing the usefulness of fast storage 

The usefulness of rapid direct-view storage oscilloscopes 
is illustrated by the Tektronix 7834. In the bistable mode, a 
long storage time permits detailed analysis of hard-to-
repeat, single-shot signals written at 350 centimeters per 
microsecond. The variable-persistence mode provides 
easy viewing of slow-moving traces, while fast variable 
persistence, written at 2,500 cm /gs, extends views of 
single-shot rise times to the 1-nanosecond range. When 
operated in the nonstore mode, the instrument performs 
all the functions of a conventional oscilloscope with a 400-
megahertz bandwidth. 
Some 7834 features maximize the usefulness of fast 

storage. One of these is a multitrace delay control used to 
vary the display time between successive sweeps when 
the scope is used in a repetitive- sweep mode. Suppose 
the user wants to study a periodic waveform that occurs in 
a longer sequence of events. The scope's multitrace delay 
control can be adjusted to blank out unwanted events and 
allow triggering only on the desired periodic waveform. 

In calibration adjustments, the operator can set the 
multitrace delay equal to the time required to make an 
adjustment. The new result is then displayed along with 
the old, freeing the operator from manually resetting the 
time base for each trace. 
An external input for the transfer-control pulse permits 

control of the transfer time of the stored image from the 
fast mesh to the long-retention-time mesh. Thus transfer 
can be delayed until several closely spaced events have 
been recorded on the fast mesh. The events then appear 
together on the same display for measurement. This 
allows the operator to view the events as they occur in 
relation to one another. 
Remote control of storage functions such as erase, 

reset, and save gives the operator the ability to control the 
scope from a distance in such situations as experiments in 
hazardous environments. Also, these storage functions 
can be controlled by other equipment when used in an 
automatic test setup. 
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5. Laser setup. High-speed, direct-view storage oscilloscopes are useful in many parts of a laser system that operates at low repetition rates 

Here, typical waveforms are shown for such measurements as flash intensity, fluorescence delay, and width of the output pulse. 

fluorescence decay, measuring the gated output pulse, 
and aligning the laser and tuning the cavity. All these 
operations involve displaying high-speed pulses at very 
low repetition rates. Signal rise times from the light 
detectors range from milliseconds for the flash lamp 
down to nanoseconds or even picoseconds for the laser 
pulse train. Figure 5 shows several of the places in a 
pulsed laser setup where a fast, direct-view storage oscil-
loscope could be employed. Typical observed waveforms 
are shown at each point. 
A typical mode-lock laser may have a repetition rate 

ranging from a few pulses per second for relatively low-
power units to one pulse every 30 minutes for lasers used 
in fusion research. Effectively, these are single-shot 
signals to the oscilloscope. 

For lasers with repetition rates ranging from a few 
pulses per second to one pulse every few seconds, fast 
direct-view storage is valuable in tuning. The variable-
persistence decay time can be adjusted so that one pulse 

has not been lost before the next is written. Thus the 
operator can track signal variations as he tunes the 
cavity. For faster repetition rates, it may be desirable to 
use the multitrace delay control for blanking some of the 
pulses to reduce on-screen clutter. 

Other uses for the fast storage scopes include electro-
magnetic-pulse work and destructive testing. Electro-
magnetic-pulse measurements are not restricted to 
nuclear explosions. Other typical sources include light-
ning strikes, rocket engines, large motor-generators, 
automotive engines, and miscellaneous electromechan-
ical components such as solenoids. 

For example, the operation of logic modules in an 
automotive system can be disrupted by very short, 
radiated, high-energy pulses. In one case, a Fourier 
analysis traced the source of such random pulses, only 
5 ns wide, to a solenoid in the differential system. Once 
located, the pulses were suppressed successfully at the 
source. El 
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Designer's casebook  

C-MOS twin oscillator forms 
micropower metal detector 
by Mark E. Anglin 
Novar Electronics, Barberton, Ohio 

A battery-powered metal detector can be built with the 
four exclusive-OR gates contained in the 4030 
complementary-metal-oxide-semiconductor integrated 
circuit. The gates are wired as a twin-oscillator circuit, 
and a search coil serves as the inductance element in one 
of the oscillators. When the coil is brought near metal, 
the resultant change in its effective inductance changes 
the oscillator's frequency. 

Gates and A, in the figure are the active elements in 
the two simple oscillators, which are tuned to the funda-
mental frequencies of 160 and 161 kilohertz, respec-
tively. A, serves as a variable oscillator containing the 
search coil, and A2 oscillates at a constant frequency. 
The pulses produced by each oscillator are mixed in 

A, , and its output contains sum and difference frequen-
cies at 1 and 321 kHz. The 321-kHz signal is filtered out 
easily by the 10-kHz low-pass filter at A4, leaving the 
1-kHz signal to be amplified for the crystal headset 
connected at the output. The headset has a high impe-
dance (2,000 ohms) and therefore will not impose a big 
load on A4. 
A change in the output frequency indicates a 

frequency change in the variable oscillator due to the 
mutual-coupling effect between a metal and the search 
coil. The device's sensitivity, determined largely by the 
dimensions of the search coil, is sufficient to detect coin-
sized objects a foot away. 

This device's effectiveness derives from the twin-
oscillator approach, because it is not feasible to directly 
vary a single oscillator operating at 1 kHz. An oscillator 
operating in this range requires high values of L and C, 

Metal detector. Two oscillators and a search coil form a simple 

metal detector. Objects near search coil change A's frequency of 

oscillation and the 1-kHz output note produced by the mixing of 

oscillators A, and A2. A. amplifies and filters audio signal. 

and these elements would load down the gate and conse-
quently reduce circuit sensitivity. In addition, the cost of 
high-value inductors and capacitors is great. 

One-chip fm demodulator 
has improved response 
by J. Brian Dance 
North Worcestershire College, Worcs., England 

Coupling a preamplifier that has good selectivity with 
the new RCA CA3189E demodulator chip builds a 
frequency-modulation detector that outperforms the 
well-known CA3089 fm/i-f system. The circuit 
described here provides greater rejection of input-signal 

noise and high amplitude-modulation signals than its 
predecessor, while ensuring better audio-channel muting. 
Also the automatic-gain-control threshold can vary. 

Although the 3089 and the 3189 are similar, the 
external circuit shown in the figure differs considerably 
from the standard detector circuit used with the 3089. 
An input signal encounters four 10.7-megahertz ceramic 
filters (CF, — CF.) and two transistors in the preamp, 
which provide the needed selectivity and gain to optimize 
the signal-to-noise ratio, even before the 3189 operates 
on the signal. 
The bandwidth of the intermediate-frequency ampli-

fiers in the 3189 is limited to 15 MHZ, as opposed to 
25 MHZ in the 3089; but the narrower bandwidth 
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1. Improved fm detector. A good preamplifier and the CA3189 fm -f system provide optimum response. The circuit has greater noise 

immunity and better protection from a-m signal overload than detectors now used, and the agc threshold is selectable. 

improves circuit stability and, if printed-circuit boards 
are used, makes layout less critical. More important, 
since the overall bandwidth is only slightly greater than 
the input frequency, less noise is produced in the 
frequency band of interest from intermodulation 
products caused by signals outside the band. Also, a 
specially constructed zener diode is employed in the 
regulator circuit of the 3189 to minimize noise. 
Two muting circuits are used. For noise between 

stations, part of the voltage change appearing at the 
mute-drive port at pin 12 (which is driven by the noise 
from previous input stages) is fed to the mute-control 
input at pin 5 through a voltage divider that includes 
potentiometer it,. The muting threshold can thus be 
selected. 

Although this arrangement is satisfactory for inter-
station noise, additional components are needed to 
combat noise produced by tuning through a signal; 

otherwise, a sudden change in the output dc level will 
produce the familiar, low-frequency "thump" noise. An 
integrating circuit is formed by adding the 47- and 2.2-
microfarad capacitors between pins 5 and 12 to reduce 
this noise, but even this step does not eliminate it if the 
integrating-circuit time constant is too small for fast 
tuning. However, the deviation-muting circuit formed by 
placing a resistor between pins 7 and 10 ensures the 
noise will be eliminated, provided the deviation is less 
than ± 40 kilohertz. (The deviation is controlled by 
selecting a resistor of 15 kn.) Thus any voltage change 
caused by noise is reduced at the output, pin 6. 
The agc threshold is determined by R2 , which sets the 

voltage fed to pin 16 from pin 13. The threshold point 
can be selected from 0.2 to over 200 millivolts. A 40-
decibel agc range can be easily obtained if the very-high-
frequency tuner driving the 3189 uses dual-gate metal-
oxide-semiconductor field-effect-transistor stages or sim-
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ilar stages having wide dynamic range. 
The signal-to-noise ratio is 50 dB for a 3-microvolt 

input signal. If the first transistor stage in the preamp is 
omitted, a s/n value of 20 dB can be obtained for the 
same input level using only two ceramic filters. For a 
deviation of ± 75 kHz, the a-m signal rejection is 60 dB 
for input signal amplitudes greater than 500 µv, and the 
limiting sensitivity of the 3189 is typically 12 of at 3 dB. 
The tuning meter has an approximately logarithmic 
response over an input signal range of 10 µv to 100 mv. 
The quadrature tuned circuit between pins 9 and 10 

determines the percentage of Budio harmonic distor-

tion — typically 0.3%. This figure can be reduced to 0.1% 
if the network is a double-tuned circuit. 
The 12-kilohm load resistor sets the audio output 

level. The 3.9-nanofarad capacitor provides the 50-
microsecond de-emphasis required for reception in 
Region 1 (Europe), and a 5.6-nF capacitor is suitable for 
the 75-µs de-emphasis required in Region 2 ( U. S.). This 
capacitor should be omitted when the signal is fed to a 
stereo decoder circuit. 

Designer's casebook is a regular feature in Electronics. We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly 
the circuit's operating principle and purpose. We'll pay $50 for each item published. 

Keyboard programs the gain 
of an operational amplifier 
by P. A. Benedetti 
LAFBIC-CNR, Pisa, Italy 

Placing a standard keyboard and a few precision resis-
tors in the feedback loop of an operational amplifier 
produces a handy gain-programmable amp, useful for 
generating any one of several equally spaced voltages at 
the push of a button. Applications vary from testing 
components to controlling a computer program that 
employs an analog-input channel. 
As the figure indicates, depressing 1 of 16 keys on the 

normally open contacts of the keyboard selects the value 

of the feedback resistor placed across the 558 opera-
tional amplifier Al, to which a fixed input voltage V,„ 
has been applied. A's gain varies with feedback resist-
ance, of course, and so the output voltage also varies and 
assumes 1 of 17 equally spaced values (including 0), 
depending on which button has been depressed. The 
resistance values in the feedback loop have been selected 
so that the output voltage at A2 is: 

[Key number depressed  
— 

16 J 
V,n 

As might be expected, the programmable-gain prin-
ciple applies to a keyboard of any size. Resistor precision 
must vary accordingly, however, becoming greater as the 
number of keys increase. 

Key-bounce effects are not a problem except in some 
computer-based applications. A solution is to include 
double-testing of contact points in the software. 

Digital control A standard keyboard and a few precision resistors in op amp's feedback circuit generate an output voltage proportional to the 

number on the key depressed. Circuit applications vary from component testing to analog-voltage control of computer systems. 
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Executives' concerns: 
JAPANESE COMPETITION, 
GOVERNMENT POLICIES 

Look for steady growth in 1978, say top executives 

participating in Electronics' annual survey. But they 

temper their optimism with growing alarm over the 

Carter Administration for what they term inattention 

to unfair competition from Japan and for an 

antibusiness attitude. Meanwhile, European 

executives worry about inflation as well as Japanese 

aggressiveness, and the Japanese fear a backlash 

Here's Stata's good news: the 

electronics industries have applied 

the lessons of the 1974-75 slump 

about overcapacity and swollen in-

ventory and are in a good position to 

prevent an early repetition. In fact, 

"it looks like the electronics indus-

tries, particularly semiconductors 

and computers, continue to be in for 

good times in 1978," Stata says, 

particularly since executives seem to 

have learned a lesson from the re-

cession of 1974-75. The result, says 

Stata, is that top managements are 

being more prudent when planning 

expansion and hiring. 

New for the bad news: while he is 

projecting a 25% annual revenue in-

crease for the Norwood, Mass., firm 

through 1982, he fears the lack of 

quali'ied engineers and technicians 

could endanger that progress. The 

human resource problem is the chief 

brake on the firm's growth. "We 

have a large list of openings now, 

many of them for critical job func-

tions in both the semiconductor and 

data-acquisition systems areas." 

Many of them have been open for 

months, and he is not optimistic 

about filling them soon. 

Other clouds on the company's 

RAY STATA 

chairman and president, Analog Devices Inc. 

horizon are generated by the con-

tinuing lack of private investment 

capital and the high cost of doing 

business in Massachusetts. After re-

peated unsuccessful attempts to get 

a stock offering on the market, the 

company accepted a $5 million 

equity investment from Standard Oil 

Co. ( Indiana). 

While state and local taxes are a 

problem, Stata says it would be too 

costly and disruptive to move out-

side the state. So the firm will ex-

pand within the state and combat 

the problem through such groups as 

the newly organized Massachusetts 

High Technology Council [Electron-

ics, Nov. 24, p. 35]. 
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FEDERICO FAGGIN 
president, Zilog Inc. 

With 1978 promising to be a very 
good year for microcomputers and 

the semiconductor industry in gener-

al, the major long-term worry is Jap-
anese competition, Faggin asserts. It 

will not " really materialize in 1978 or 

1979, but the trend is definitely 
there. The signs are that we will have 

to cope with the Japanese to keep 
ahead. 
"One reason is the way the Japa-

nese economy works with respect to 

ours. They have strong government 
participation in industry for export. 
This makes it easier for them to com-

pete against U. S. companies." But 
that is only part of the problem, he 
says. "The Japanese culture and 
people are primed to do a very good 

job in this area. We have to compete 

by keeping ahead, by reducing 
costs, and so on." 

While he is not pessimistic, he 

says that " it will take a strong effort 

by everybody to keep their edge 
sharp. The name of the game here is 
really technological superiority." 

How much of a threat to the fast-
growing microcomputer maker is Ja-
pan's project to produce very-large-

scale integrated circuits? "More im-
portant for us is the threat of other 

major compentors in the J. S.," he 

says. " In the near term, there's no 
threat to us. Our goal always has 

been to be the technological leaders 
in microcomputers, and that in-

cludes Japan as we I as the domes-

tic market." 
Faggin is not too worried about 

the high cost of domestic produc-
tion, including labor and materials, 

because "we're all in the same 
boat." However, the cost of doing 

busiress in California is another mat-

ter for the Cupertino company. Con-
sequently, and for other easons as 
well, the company plans to set up a 
new plant elsewhere in : he U. S. 

One other reason is the availability 

of people: he admits to some difficul-
ty in hiring enough qualif ed engi-

neers because "the alea here is 

saturated. We have to work harder, 
which also means we have to offer 

higher pay." 

A second is the high cost of living, 

including taxes and hous:ng prices. 
Still another is that with a single 

plant in Silicon Valley, "we have all 
our eggs in one basket. One earth-
quake can put you out of business," 

or drought can affec: the supply of 
energy. 

RICHARD E. HORNER 

president, E. F. Johnson Co. 

The sorry state of the citizens' band 

radio business worries Horner, but 
not nearly as much as the Govern-

ment's economic policy. "How long 
can consumer spending carry the 

economy with no help from the capi-
tal-investment sector?" he asks. 

"Typically, capital spending 
should have followed consumer 
spending by six months to a year, 

but that hasn't happened because 
of the last two changes in the tax 
laws. Carter was saying all the right 

things before the election. But the 

honeymoon is over, and the Admin-
istration has lost its opportunity to 

encourage capital accumulation." 

After taking a bath in the CB busi-
ness from price wars and fat invento-
ries, his Waseca, Minn., firm is look-

ing to commercial customers for sal-
vation. "We are becoming increas-

ingly engaged with the capital-goods 
market because our consumer busi-

ness is devastated," he says. 
His goal is to reverse Johnson's 

sales mix next year from a peak of 

70% CB to 70% land-mobile, where 
the firm's business has been growing 
by 40% annually the last five years. 

"We'll have a small CB line that will 

sell at normal margins, but we're not 

going to lose any more money on 

it." Horner plans to absorb most CB 

losses this year; in the first three 

quarters, that added up to $8.4 mil-
lion on sales of $42.5 million. 

Even with no new investment, 
1978 will be recessionless. "There's 
an election in November, and the 

politicians will strive to keep the 
economy on an uptick, even at the 

expense of 1979 inflation." 
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GEORGE J. HART 
vice president and general manager, 
TRW Electronic Components divisions 

Most U. S. component makers see a 

Japanese cloud over their markets, 
but Hart sees a chunk of blue sky 
ahead. "We have a growing feeling 

that some of our biggest customers 
know in the long run that they can't 

depend upon Japan for compo-

nerts " If U. S. firms go out of busi-
ness, " it could be like OPEC and 
oil— and our customers are starting 

to come around to realizing it." 
The Government has to under-

stand the competitive disadvantages 

in trading with the Japanese and de-

vise remedies, he says. Thus the Los 
Angeles-based firm plans a major 

effort directed at educating Govern-

ment officials about the political con-

cerns that affect American busi-

ness's ability to grow and to provide 

jobs. Besides trade policy with Ja-
pan, other pressing issues are weak 
incentives for investment and high 

tax-as, Hart says. 
Although top company officials 

have long been leading spokesmen 

on business's political concerns, the 

new effort will involve middle 
managers. " In 1978, we want our 

people to be more active in their po-
litical environment." 

Next year, the firm expects infla-

tion of 5% to 6%, which will be diffi-

cult to pass along as price hikes in 

such product areas as home en-
tertainment. A downturn in the econ-

omy seems unlikely, " but if it hap-

pens, it would come late in 1978 or 
after. - All in all, the components 

business looks pretty rosy: "When 
it's good, it's very good; and when 
it's bad, it's still pretty good." 

STANLEY J. KUKAWKA 
vice president, Allen-Bradley Co. 

It has been a banner year for the 

country's largest resistor maker. 

Sales are up 20% and will grow 15% 

next year, Kukawka says. Yet the 

Milwaukee-based company has a 

problem that it plans to solve by 
shifting its manufacturing to Texas to 

take advantage of lower labor costs. 

"Manufacturing costs continue to 

be our biggest problem. We've tried, 
through mechanization and produc-

tivity improvements, to stay com-
petitive in a high-cost area like Mil-

waukee. But in the past several 

months, we concluded it couldn't be 
done. Look at where our compet-

itors manufacture; one might con-

clude we're a little late." 

Wisconsin residents are heavily 

taxed, with personal income taxes 
ranging from 6% to 11%, he points 

out. Companies operating there are 

obliged to make up their employees' 
loss of disposable income. 

Also, wages in Milwaukee, a 

heavy-industry town, are high be-
cause "heavy industry has a history 
of passing labor and material cost 

increases on to the ultimate consum-

er. We're caught in the middle, be-

cause price increases generally 

aren't accepted in our industry." 

Kukawka thinks it is time for the 

Government to drop the capital-

gains tax. "The U. S., Canada, the 
United Kingdom, and Sweden are 

the only countries with capital-gains 
taxes, and all four are in deep trou-
ble with industrial expansion and un-
employment. And we wonder why 

we can't compete." 

Drawing from statistics developed 
by the Government, he points out 
that small companies raised $ 1.1 bil-

lion in equity capital in 1969, but 
only $ 16 million in 1974. Fur-

thermore, in 1975 there were 10.2 

million fewer people investing in the 

stock market than in 1969, when 
portfolios averaged $ 10,100 per in-

vestor. " Multiplying that out tells me 
that there's about $ 103 billion now 

out of the stock market, some por-
tion of which would have been avail-
able as equity capital for new ven-
tures or new stock issues." 
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J. C. AKERMAN 

managing director, Mu/lard Ltd. 

Worries about Japanese technology 

and marketing acumen are not lim-

ited to American semiconductor and 

component manufacturers. Though 
Akerman says, "I am very, very op-

timistic for the immediate prospects 

of the United Kingdom consumer 
market," he sees a Japanese threat 
there, as well as in other areas, de-

spite Hitachi's decision to kill plans 

for a TV-assembly plant in Britain. 
His subsidiary of Netherlands-

based Philips Gloeilampenfabrieken 

expects to do reasonably well next 
year, but not well enough to gener-

ate the money necessary to invest in 
people and plant for the 1980s. " If I 

look beyond 1978 and the Japanese 

competition we can expect then, it's 
going to take a hell of a lot of money 

to compete." While buoyed by the 
resurgence in the company's inte-

grated-circuit business since Philips 

purchased the U. S. firm Signetics, 

he is worried by the Japanese ad-
vances in technology. 

The Americans have their heads :n 
the sand and believe that the world 
will continue the same, with U. S. 
technology leading the way, Aker-

man says. But the Japanese already 
have 2% of the American IC market 

and are coming on with bigger, 

cheaper, and more efficient 

products. 

To match the thrust from the Far 
East, the European countries must 

work together, although Common 

Market attempts to hammer out 
such a policy have been fruitless. 

However, one good area of coopera-
tion would be a common approach 
to IC technology. 

ale 

DAVID T. KIMBALL 

president, Leeds and Northrup Co. 

The exceptionally strong growth en-

joyed by the process-controls indus-
try in 1977 may not be repeated 
next year, yet the new year still looks 

very good to Kimball. "I don't see 

any recession in 1978, rather a flat 

economy continuing through the 
year and into 1979." 

Perhaps the major reason for a 
lack of significant growth in the in-

dustry is that its primary market, the 
chemical-petroleum industry, will be 

spending less. " It seems that there'll 
be some softening. 

However, the electric utility market 
continues to be strong for both in-

struments and systems, and, he 

says, "we don't see any easing of 
that through the early part of 1978." 

Despite some negative comments 
about the steel industry, "our busi-

ness in the primary-metals segment, 
surprisingly, is very strong." 

Kimball does not see any short-

term harm to process-control mar-
kets caused by the Carter Adminis-

tration's lack of direction on energy, 
"but this could become a problem in 

about five years." He is more con-
cerned with hiring enough experi-

enced systems engineers and quali-

fied programmers to handle the 
growth of his North Wales, Pa., com-

pany, and is troubled about increas-
ing taxes. For example, the planned 

corporate tax increase in Pennsylva-
nia "makes companies like L&N 

have to consider expanding in other 

locations, rather than continuing to 

accept being penalized by states 
that look to business to carry an in-

creasingly large share of the states' 
operating expenses." 

DONALD R. BEALL 

president, Rockwell International 

Corp., Electronics Operations 

Next year presents more opportuni-
ties than problems for steady expan-

sion of Rockwell's electronics mar-

kets, believes Dallas-based Beall. 
Sales of its fastest moving line, 

equipmen: for digital transmission 
and switching, show no signs of 

slowing down. New common carriers 

and established firms, both in the 
U. S. and abroad, are further step-
ping up competition, he says, which 

helps equipment suppliers. 
Surprisingly, he singles out for an 

upswing one area that has been slow 
recently. "Air transport and general-

aviation avionics markets here and 

abroad appear strong for 1978," he 
says. Specifically, he expects airlines 

to start long-delayed purchases of 
replacement aircraft. 

Like his counterparts in other U. S. 
executive suites, Beall seems most 

worried about political considera-
tions and their effect on business. "I 

hope the U. S. government, in an ef-
fort to improve the ability of our firms 

to compete abroad, will reach deci-
sions soon." Most needed, he be-

lieves, are clear-cut policies on tech-
nology transfer, taxes, export con-

trols, and aid to U. S. firms that are 

seeing "greater impediments" in the 
form of foreign competitors' getting 

government help for product devel-

opment and exporting. 

His units' operations reached 
sales of $ 1.1 billion in 1977, 49% to 

Government customers. He foresees 
defense markets remaining strong in 
1978, especially command, control, 

communications, and intelligence 
segments. 
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ANDREW S.. GROVE 
executive vice president, Intel Corp. 

Next year the semiconductor indus-
try will do something that it's not ac-

customed to doing: grow only 15% 

to 18%, predicts Grove. This, for an 
industry more used to increases in 

the 25% range, should be a cause 
for concern, right? Wrong. Certain 

parts of the market are really very 

strong, he says, "from the stand-
point that we are beginning to move 

into realization— a case in point is 
data-handling equipment." By reali-

zation, he means the point at which 
concepts are turning into commer-
cial products. 

Those markets include distributive 

processing, terminals, and minicom-

puters. Likewise "microcomputers, 

which have been at the design and 

beginning production stages in a 

whole range of industrial equipment, 
are shifting into full production. So 

we have these phenomena superim-

posed on generally ho-hum overall 

economic grcwth, and it gives an ex-
tra boost." 

Such growth has its problems, 
particularly at his firm, "which is out-

pacing the industry as a whole." 

Ideas abound, and "every day we 
find a major design event that took 

place many years ago popping into 
manufacturing."Thus, "we are oper-

ating under a capacity restriction — 

we just can't do everything we see." 
He also believes that the most dif-

ficult obstacles to overcome will be 

generated by what he calls the 

cross-currents of technological 

changes. "The industry, for instance, 
is again in a major change from the 
4-k to the 16-k level. Whenever that 

happens, there are very strange ed-

dies— delivery problems and seem-
ing shortages of capacity and avail-

ability for other products." 

The Japanese semiconductor ef-
fort "doesn't represent a qualitative 
change for our industry, but a quan-

titative change. We've had a lot of 

competition before, and what this 
says is that we are going to have sig-

nificantly more competition in terms 
of price, technology, and new 

products. The truth is that we have 
to run faster and more scared. But I 

don't think combating the Japanese 
requires different acts than combat-

ing TI does." 
However, one action that the Jap-

anese thrust has in very-large-scale 

integration triggered at Intel is to "try 
to run stronger in Japan," Grove 
says. "We're doing things there that 

aren't dramatic but that, perhaps, 

we wouldn't have done before, just 
to create a second front and not 
have all the fighting done on our 

shores." Some of those things are a 
stronger sales force, applications 

centers, and the "establishment of a 
testing laboratory in Japan with on-
site technical expertise imported 

from the States and staffed there." 
Overall, he continues, "we're making 
more of a capital investment there to 

supply the Japanese market." Addi-
tionally, "we'll be aggressive in 

price, but we're not going to dump in 
Japan." 

Since new markets for semicon-

ductors continue to open, Grove 
predicts that 1978 will be the largest 
year of capital investment in his 

firm's history, above previous highs 

of $30 million to $40 million. He does 
not expect the possible curtailment 
of tax credit to affect those plans, 

because, he says, "our expenditure 
plans are determined by our opera-

tional needs." 
The growing size of Intel presents 

another problem: finding qualified 

people in production, marketing, and 
engineering. One thing he hopes will 

attract potential recruits is the com-

pany's geographical diversification, 

triggered in part by California's tax 
structure. Many of Intel's facilities 
have moved out of the crowded and 

expensive Santa Clara area to the 
Portland, Ore., vicinity. And Intel is 
looking for a third site. 

JAMES V. BITNER 
senior vice president, Lear Siegler 
Aerospace and Electronics Group 

Political uncertainties are what keep 

the military/aerospace industry in 
business, but right now one political 

uncertainty is also Bitner's chief con-
cern. He vigorously opposes the 

Carter Administration's attempt to 

cut offshore sales of U. S. military 
equipment. Such a move would not 
only threaten one fourth of his 
group's $266 million annual reve-

nues, but also the industry's $ 10 bil-
lion plus contribution to the U. S. 
trade balance, he notes. 

To counter the Administration's 
proposals, aerospace officials orga-
nized the American League of Inter-

national Security Assistance a year 

ago. " It tries to tell Government offi-
cials our story," says Bitner, an ac-

tive member. "So far the restraint of 

foreign military sales hasn't hap-

pened," but he is not claiming the 

credit for Alisa. "Perhaps we've 
somewhat ameliorated it." 
A longer-term concern for the 

Santa Monica, Calif.-based group is 
the direction of research-and-devel-

opment spending— "a muddy thing 
right now." While some defense 

projects are well funded, on others 

"the military has thrown the ball 
back to industry" for broader company-

funded research efforts. 

However, 1978 should show "con-

tinued steadiness in business," with 
no recession in sight. Surprisingly, 

the aerospace job market, so often 

hit by layoffs recently, is tight. "We 
need a new wave of EE students to 

replace those who have moved on." 
Moreover, veteran engineers are 

once more in demand, he says. 
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CHARLES E. SPORCK 
president. National Semiconductor Corp. 

The time has come to spur the Gov-

ernment to action on the Japanese 

chal.enge, SporcK holds. "The semi-

conductor industry— in fact, all U. S. 

companies have a real problem," he 

says, noting the Japanese penetra-

:ion of the steel and television-set 

markets in particular. "Our problem 

is that we have a competitor that op-

erates by a different system. We 

canrot continue to allow our market 

to be open when the competitor 

plays by a different set of rules. 

"The Government somehow, 

sometime, somewhere, must face up 

to the problem. The final solution lies 

in its hands. It must make the funda-

merral decision whether it wants 

U. S. industry to be eliminated." If 

Japan is allowed to continue playing 

by different rules, the outcome will 

be "a situation wiere we buy manu-

factured goods from Japan and sell 

them raw products and materials. I 

view that as an absolute disaster." 

Sporck's solution: on an industry-

by-irdustry basis, "the Japanese 

should be told that if you have 20% 

of our TV business, for example, 

then we get 20% of yours." He 

would not tolerate Japanese pro-

tests that U. S. companies cannot 

sell in Japan because they do not 

understand the market. He thinks 

that is utter nonsense. 

The "first giant step" is to make 

electronics companies aware of the 

problem, since recognition "is not 

universal yet. We're trying to put out 

to the electronics industries the dan-

gers in buying Japanese products. 

Any electronics company that buys 

Japanese components, subassem-

blies, or finished products" where 

competitive U. S. products are avail-

able " is driving nails into the coffin." 

Yet for U. S. firms, the electronics 

business, especially the semicon-

ductor business, will be good in 

1978." Some things cloud the out-

look, however. A key example is the 

issue of a national energy policy, 

which he doubts will be formulated in 

a way that " will get us to increase 

the supply of energy. Instead, I see a 

continuous move away from the 

marketplace." 

He believes that nuclear energy is 

the only short-term means of meet-

ing the demand for energy. "The 

problem cannot be solved by exotic 

things [ like solar or wind power] or 

conservation." His conclusion is that 

"we're in a shambles on energy. It 

won't hit us this year or the next but 

[lack of policy] will do us long-term 

harm." 

High California taxes also are a 

cause of concern and are one rea-

son the Santa Clara-based firm es-

tablished manufacturing facilities 

outside the state, he says. Moreover, 

the short supply of labor means that 

any further manufacturing expansion 

will also be outside the state. Still, 

the company intends to expand its 

California development shop. Since 

there is "clearly a shortage of engi-

neers, especially EEs, we're in the 

process of recruiting a lot of people 

across the country." 
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ALFRED PROMMER 

vice president, Siemens AG 
Electronics Components Group 

"Rather temperate" is Prommer's 

summation of the 1978 outlook for 
Europe's components industry. 

Moreover, as president of the Euro-
pean Components Manufacturers' 

Association, he speaks for a market 

that accounts for about 25% of the 

world total. 

He links the not-so-rosy plospects 
for components next year to the 

Continent's general economic pro-
gress in 1978. The growth of Eu-

rope's economies has slowed con-
siderably this year, and the outlook 
for 1978 isn't any better. Inflation is 

likely to increase again as govern-

ments embark on new programs to 

combat unemployment; the un-
employment rate will still be at a high 

level; and the revaluation pressure 

on the strong European currencies 

will continue unabated." The upshot: 

declining prices coupled with ris.ng 
production costs will put a squeeze 

on profit margins for European com-
ponent makers. 

"Another problem facing Euro-
pean component producers s that 

world competition is not always un-
der equal terms," Prommer main-
tains. "Therefore we strongly advo-

cate that national governments and 

the Common Market authorries use 

all their power in international trade 
negotiations to equalize these 

terms." As long as that is no: 
achieved, the components irdustry 

should urge the authorities to hold 

onto the badly needed tariff protec-

tion in the current GATT (General 
Agreement on Trade and Tariffs) ne-
gotiations, Prommer believes. 

KENNETH G. FISHER 

president, Prime Computer Inc. 

In what could be titled "A Lament 

for the Bay State," Fisher joins chief 
executives of other companies 

based in Massachusetts in singing 
the praises of somewhere else. The 
reason is that he knows his firm 
could be more profitable if it were 

based elsewhere. 

State and local taxes, plus labor 
and energy costs, are restricting 
profits. "We did a survey in 1976 

that showed that our after-tax profits 

were double what they would have 
been if we had been in a state like 

Texas." 

While the firm will expand in 1978, 
doubling today's 170,000 square 

feet of manufacturing space and em-

ployment of about 1,000, "it's not a 
lead-pipe cinch that we'll expand in 
Massachusetts." Like others, he 
finds skilled technical people difficult 

to attract to Massachusetts. "All my 
friends are looking for the same 

kinds of people, and that's when we 
cease to be friends." 

Another worry is the Carter Ad-
ministration's capital-gains tax--

credit stance. Fisher says that he is 
in the fortunate position of being 

able to expand almost despite what 
the Administration does on capital 

gains. But elimination of that credit 
"would raise the cost of expansion, 
and I'm not happy about having to 

fight Carter at the same :ime I'm 

fighting my compet tors." 

He does not expect strong Jaoa-

nese competition in computers in the 
near term, but considers it a concern 

for the U. S. elect•cnics industries. 
"They have good technology and 

are state-subsidized. Any tine I see 

a competitor with that k;nd of 
command of technology and pock-

etbook, I have to think he'll come af-
ter me sometime." 

On the brighter s.de, h s firm has 

doubled its revenues each year for 

the past three— to $50 million in cal-
endar 1977—anc while he isn't fore-

casting another doubling, he sees a 
strong market arid economy for the 

next five years. "I don't expect a re-

cession next year— I'm bullish about 

both the general economy and the 
computer industry." 

In his view, demand for computers 

will be up at least 25% over the next 

five years. Supplies are short, costs 
are coming down, and prices are 
stabilizing or going up for the larger 

systems he sells. The average price 
of the Framingham, Mass., compa-

ny's systems is about $' 00,000 and 
going up. Accouhting in part for the 
company's recen: growth are the av-

erage prices of two systems: 
$140,000 for the Pr me 400 and 

$200,000 for the 500. 
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TARO KUNFINOBU 

president, Matsushita Electronic 

Components Ltd. 

Just as overseas comoetitors must 

dea with Japanese encroachment 
or tneir domestic markets, the Jaoa-

nese must prepare to cope with the 
backlash that is building in the U.S. 

and Western Europe. 
That is the major concern facing 

Kun nobu, even as he wrestles with 
lesser problems: excess inventories 

because of limitations on exports of 
te.evision sets and the dead market 
for cit zens' band radios, and over-
frght shifts in government policy tnat 

scramble business plans. 

To breacn the rising wall of pro-

tectionist sentiment around the 
world, the obvious means would be 

more direct overseas nvestment, he 
says. But even such a solution might 
treed a new problem: the company 

that builds plants in the U. S. or Eu-
rope must be sure to maintain 
enough domestic business to keep 

jobs filled and unions nappy. The 
best way to accomplish that is to 

take a leaf from the American elec-
tronics industr es' book: develop 

even more advanced technology to 

cover the loss. 

The Japanese have the money to 

spend for e.ectronics-aden pro-

ducts, he says but they cannot 

make up their minds about what to 

bay. They need a reason, much as 
the 1964 Olympics in Tokyo became 
the reason to buy color TV sets. 

JOHN A. YOUNG 

president, Hewlett-Packard Co. 

Unlike his semiconductor neighbors, 

Young is not yet alarmed by Japan's 
powerful push into advanced large-
scale integration. " For the long run, 

it's hard to draw a conclusion at this 

moment," he says. "The Japanese 

have proven to be very effective 
competitors." With their big invest-
ment in new technology, they bear 

watching, but "we haven't seen the 
outcome yet. 

"If they do play by a different set 

of rules, and if they damage U. S. 
semiconductor companies, then that 
would have a negative effect." Still, 
he sees a bright side. "Looked at 
from one point of view, it's not a 

threat but an opportunity," in that it 

opens up more suppliers. 
However, his firm is hardly waiting 

around for the Japanese to catch up 

technologically. "We are just getting 

on-stream with liquid-crystal and in-

tegrated-circuit processing facili-

ties." Moreover, the company's di-

versified product lines are matched 

by its wide ranging markets— nearly 
half of its $ 1.1 billion sales are out-

side the U. S., and the major Euro-
pean economies, for example, bot-

tomed out in 1977 and are climbing. 
"We expect that upward trend to 
continue next year." 
As an older, larger, and more di-

versified company than its Silicon 
Valley neighbors, the company does 

not share all of the same prob-
lems— such as finding qualified pro-

fessionals. Except for field engineers 
with computer-related experience, 

Yourg says, an aggressive recruiting 

drive on college campuses provides 
the firm with a well-qualified supply. 

Half of the professionals hired each 
year come without previous work ex-
perience. 

Since the firm is well spread out 
across the western world, it is not 
too troubled by high California taxes 

and living costs. In fact, renewing its 

commitment to Palo Alto, the com-
pany plans to build a headquarters 
building on a 30-acre site below its 

present headquarters. The new 

builcfing, to total 40,000 to 50,000 
square feet, is scheduled to be com-

pleted in about 1980. The firm's phi-

losophy has always been that it does 
not want to be the dominant em-
ployer in any locality. 
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J. FRED BUCY 

president. Texas Instruments Inc. 

The biggest problem we have in 

business s the fact that the present 

Administration doesn't show any 
confidence in business, and there-

fore business is not showing any 

confidence ir the Administration," 
says the Dallas firm's chief operating 
officer. Though it sounds like the old 

chicken-or-egg question, Buoy puts 

the blame squarely in the Govern-
ment's lap. 

"It can't make up its mind about 
what it wants to do about tax bills, 

about investment credits, about en-
couraging expors, about protecting 
high technology. Our customers are 

very cautious: they're keeping pur-

chases to a minimum, they're delay-

ing capital investment, they're con-
trolling inventories very tightly. 

They're preparing for the worst. 

Sure, our economy is very strong— 

the strongest in the world— but it's 
not moving forward because of the 

Administration's uncertainty." 
In instances where the Govern-

ment has established a position, its 

signals are generally read as anti-
business, says Buoy. For example, it 

has made concessions to consumer 
activists that have resulted in in-

creased regulation. The consumer-

ists are doing a great injustice to the 
country by increasing the cost of do-
ing business in the U. S." 

The Government simply is not sup-
porting industry in the same way that 
other governments do. " I'm not say-

ing I want the U. S. government tied 

as tightly to business as the Japa-

nese government is, through MITI 

[the Ministry of International Trade 
and Industry]. But I do think it could 

avoid being antagonistic." For ex-
ample, "our antitrust people are try-
ing to break up the auto industry, 

they're trying to break up IBM, and 
they're trying to break up AT&T." 

REGINALD F. JONES 

chairman, General Electric Co. 

Although the U S. recovery should 
continue into 1378, "the economy s 
stuttering, giving off mixeo signals," 
says Jones. His chief concern is that 

"business investment is lagging be-
hind the pattern of previous recover-

ies" and beyond what most econ-

omists agree is necessary to satisfy 
national needs for energy, productiv-
ity, job formation, and control of in-

flation. The reasons -are both eco-
nomic and political." 

"There has been along-term de-

cline in the real return" that investors 

can expect, Jones says. "Because 
of inflation, underdepreciation and 

phantom inventory profits have 
sharply reduced industry's real re-
turn on investment, after taxes." 

Also, with profitability deCining anc 

depreciation falling short of replace-

ment costs, " industry has had to 
turn increasingly to outsice sources 

for its capital funds," and "after sev-

eral credit crunches and liquidity 

crises, they are hesitant about going 

further into debt." 
The political tactors that deter 

capital investment are summed up 

by the Stamford, Conn.-based 
Jones in one word: " uncertainty." In 
that category he places energy, tax 

laws, tight credit, inflation, and Gov-

ernment attacks on business 
structure. 

Until the Administration and the 

Congress come up with a coherent 
long-term economic game plan, 

Jones says, "we can expect a con-

tinued shortfall in business invest-

ment." However, he acts, "there 

are hopeful signs the: a game plan 

emerging, at least for taxes." 

Continued 
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EDSON S. deCASTRO 

president, Data General Corp. 

A rational man, deCastro ex-
pects reasonable expansion in 1978. 

"I'm reasonably encouraged about 
the last six to nine months. There's 
been a reasonable rate of growth in 

the economy, and that makes for 
more confidence than there would 

be if a lot of excesses had been built 
in." Possible excesses include idle 

plant capacity and high inflation and 
interest rates, but he sees no prob-

iems with them. 

He looks for the computer industry 

to grow in the 30%-per-year range 

'for some time, and I don't see 1978 
departing from that." And while he 

stresses that he's not an economist, 

deCastro doesn't expect a recession 
next year. "I foresee a sustained 
market without a lot of worry about 

ups and downs," he says, basing 
that feeling on an absence of those 

excesses that make for recessions. 
But he describes himself as "very 

personally frustrated" about the 
Government's involvement in the en-

ergy issue. "We have a free en-

terprise system that's totally capable 

of taking care of the energy prob-

lem. The Government should repeal 

all laws regarding energy and get out 

of the business." 

While he thinks elimination or re-

duction of capital-gains tax credits 

would not affect his Westboro, 
Mass., firm, deCastro says small 
companies could be badly hurt. 

"We're big enough to succeed in the 

financial markets even if those tax 

credits were eliminated." Like Ana-
log Devices' Ray Stata, he has been 

quite vocal about the difficulty of at-
tracting qualified managerial and 
technical people to work in Massa-
chusetts. Thus the company has 

new facilities under construction in 
North Carolina and Maine, with ex-

pansion planned at home also. 
Another facility will be started at 

an unspecified location outside of 
Massachusetts in 1978, "because 
it's not as attractive to live here for 

many people as it is elsewhere, 

where the tax burden may be 30% 
less." Nor does he expect any sub-
stantial changes soon. "The attitude 

in the administration here seems to 

be to get the unemployed person a 

check, not a job, whereas the re-

verse is true in the other states 
where we have facilities." 

The plant that will be started out-
side the state probably will be a 
130,000-square-foot manufacturing 

module to which more production 
space can be added later. That's 
been the pattern for Data General in 
other states, except that the facility 

under construction in the Raleigh-

Durham area in North Carolina will 

be devoted initially to advanced re-

search and development [Electron-

ics, Oct. 28, 1976, p. 36]. 
Competition from the Japanese is 

not significant in the computer in-
dustry, in his opinion. Still, he rec-
ognizes a strong "buy Japanese" 

ethic in Japan and points to exten-
sive cooperation companies there 
get from their government as the re-

verse of the practice here. 
In addition, he continues, "the 

U. S. government has been very 

remiss in not forcing elimination of 
barriers to trade in the computer in-

dustry. Brazil, for example, has tre-
mendous barriers, and the Govern-

ment hasn't done anything about it. 

I'm afraid the Brazilian example 

could become a model for other 

countries." 
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GEORGES PEBEREAU 
director-general manager, 
Cif Alcatel 

The shadow looming over many 
French electronics firms is the parlia-
mentary election next March. A vic-
tory of the Left will almost certainly 
mean a slowing of investment and 
even the nationalization of some 
firms, such as CIT, a billion-dollar 
member of the mighty CGE group. 
Bul there is precious little any of 
them can do about the prospect, 
points out Pébereau. Management 
has little choice but to continue to 
run the company as if the specter 
were not threatening. 

Nevertheless, he is hoping for a 
substantial increase in business next 
year. Though more than 50% of its 
business lies outside its traditional 
telecommunications activities— in 
areas like computer peripherals, 
data-processing services, and auto-
mation— his company is pinning 
many of its hopes on its successful 
rarge of digital telephone ex-
changes, the El° series. 
The export success of the El° il-

lus:rates one solution to a major 
concern for CIT: slower growth in 
French telecommunications. The 
French carrier, the PTT, has a bigger 
telecommunications budget in 1978 
than ever before, some $5.2 billion. 
Though this means a big rise in de-
liveries, the growth rate is lower— 
less than 24% compared with almost 
35% in 1977. 

One of the biggest unknowns in 
1978 will be exchange rates," says 
Pébereau. Though the franc has not 
been the strongest of currencies, the 
faling dollar could make competition 
tougher. 

L. J. SEVIN 
chairman, Mostek Corp. 

Everything grows big in Texas, and 
that includes growth problems. Like 
other electronics executives, Sevin is 
concerned about raising money for 
future growth, and he does not like 
the possibility that the Congress will 
enact less attractive capital-gains 
tax laws. 

But he's quick to point out that 
the Governnent is not the only ob-
stacle to capital formation these 
days. "The investment community 
has a bad case of the jitters, along 
with the rest of the country. And 
even though we're performing better 
than ever, the semiconductor indus-
try is not really recognized as a high 
flyer anymore." 

"However, we can still raise mon-
ey in the capital market, even though 
we have to give up more of our com-
pany than we'd like, since stock 
prices are lower." Another avenue is 
borrowing from the banks for short-
term financing, a common practice 
but something to which semiconduc-
tor firms are unaccustomed. 
"We can always borrow, but equi-

ty is, and will always be, the No. 1 
solution for capital formation, espe-
cially for a growth industry like 
ours," says the top executive of the 
Carrollton-based firm. 

Besides being harder to get, to-
day's money does not go as far. 

"The return on invested capital isn't 
as good as it once was. Photoresist 
equipment that went for $ 12,000 a 
few years back is now in the neigh-
borhood of $40,000, and we never 
used to spend $4 million to $5 mil-
lion a year on test equipment for so-
phisticated devices. And not only is 
new equipment depreciated on the 
books in three years, it is often obso-
lete in three years. Nevertheless, to 
process competitively, we've got to 
spend the money, and therefore 
we've got to make an effort to find 
the money to spend. 
"So in addition to screaming to 

Washington for relief — for reversal of 
the capital-gains situation, for higher 
foreign-tax credits, for increased de-
preciation allowances—we should 
start looking harder for the capital 
that's available. The Government's 
done what it's done, and we must 
get on with doing business in that 
new environment." 
A year ago, Sevin was alarmed 

about unequal trade barriers in the 
Japanese and U. S. markets. "The 
inequity of the situation still irritates 
the hell out of me, but enough 
people have taker up the banner so 
that Washington is at least aware of 
our position. Now it's out of our 
hands; if nothing is done about it, 
we'll just have to live with it." 

Continued 
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RICHARD B. TULLIS 

chairman, Harris Corp. 

Nowhere is business as consistently 
good as in communications and 
data-handling, and this year is not 

likely to be a disappointment, de-
spite political and economic prob-
lems. That is the view from Cleve-

land, where Tullis expects sales of 
his $800 million firm — and of the in-

dustry— to grow at least another 
15% next year. 

He does see problems, but they 

do not seem to be affecting his busi-

ness. "There are more changes and 

crosscurrents running through the 

markets and countries we serve than 
any time I can remember," he says. 

"I'm not naive, but we're surmount-
ing all my political and economic 

worries— business is booming. 

"No one is coming up with viable 
solutions to high Federal budget 

deficits; persistent worldwide infla-
tion seems unanswerable; several 

countries' internal tensions or prob-
lems with their neighbors would 

seem to pose a threat to American 
business. But people are coming up 

with the money to buy the equip-
ment." In addition, Tullis is not wor-

ried about Japanese inroads into his 
computer and communications busi-
nesses. 

How do analysts see 1978? Look at 1977 

Experience is the best teacher for financial analysis, and 
the seers who follow the electronics industries have 
learned from 1977 that next year will be a good year. For 
nearly all market segments, they think 1978 will be a 
carbon copy of trends established this year. 

By and large 1977 has come in as predicted, says Hans 
C Severiens, vice president and senior technology analyst 
at Merrill Lynch, Pierce, Fenner and Smith. " It has been a 
good year, with good demand and little excessive inven-
tory at all levels: work in progress, finished goods, and 
user and distributor inventory." What's more, capital 
spending for all industries increased about 14%, but more 
for the electronics industries. 
He expects 1978 "will be a continued strong year, with 

particular strength in communications companies and 
minicomputer and distributed data-processing business-
es." Volume gains in these areas should be similar to 
those of 1977— "about 20% for communications and 
30% to 35% for those in minicomputers, peripherals, and 
distributed data processing.'' 

However, Severiens does expect "the second half to 
show some diminution of growth rates across the board, 
but not by a large factor." At the moment, "I expect no 
sharp discontinuities in the evolution of business during 
1978 " He believes the semiconductor industry "will grow 
no more than 14% in 1977," based on Semiconductor 
Industry Association projections. Therefore, " it would 
seem total industry growth in 1978 will be more than 10% 
but won't exceed 15%, with the integrated-circuit portion 
growing up to 20%." Shoulc growth be as low as 10%, " it 
would still be a good year, because it would represent the 
third consecutive year of double-digit growth." 

Other Wall Street analysts have estimates in the same 
ball park. Sal F. Accardo, vice president at Kidder, 
Peabody and Co., believes "dollar shipments of semicon-
ductors will expand by 15% in 1978," assuming no reces-
sion. A key positive indicator is "continuing strength in 
important end-user markets such as computers, instru-
mentation, and communications." 

Firthermore, "generally lean nventories exist at all 
levels, as implied by short lead times, because of available 
capacity and customer desire to maintain low stocks." 
Other plus factors for next year are " high quoting activity, 
strong distributor business, a recovery in the commodity 

semiconductor market, and continuing expansion of 
demand for advanced integrated circuits." 
As for other industry segments, Accardo foresees "con-

tinuing strong demand in the consumer electronics market 
for watches, programmable TV games, and microwave 
ovens," among other products. Also, "color TV produc-
tion of U. S. manufacturers could conceivably increase, 
especially with the curtailment of imports from Japan," he 
says. 

"The probability of a recession in 1978 is very low," 
says Kent A. Logan, vice president of research at Gold-
man, Sachs and Co. He predicts an increase of about 12% 
to 13% in worldwide sales of semiconductors in 1978, and 
a 17% increase in sales for test and measuring instru-
ments. Should the unexpected occur, he doubts the 
degree of earnings contraction will equal the severity of 
the 1975 decline especially for semiconductor manufac-
turers. 

Behind this belief are two factors. First, "there has been 
no accumulation of semiconductor inventories in 1977, in 
stark contrast to the huge oversupply that developed in 
1974. Consequently, shipment trends in 1978 should 
parallel actual usage trends without an inventory liquida-
tion problem." Secondly, "semiconductor managements 
appear to be much more cautious with respect to the 
1978 business outlook and consequently seem to have a 
much tighter grip on expenses." In contrast, "a sense of 
euphoria gripped the industry in 1975," which resulted in 
unrestrained increases in employment and in discretionary 
expenditures. 
Logan believes the Carter Administration's lack of direc-

tion on energy might erode business confidence, which, in 
turn, "could restrict the capital-spending environment." 
Another concern, adds Severiens, "is going to be the role 
that the Japanese will play in the mass-produced memory-
components market." Yet, because of the revaluation of 
the yen, the tendency toward U. S. government action, 
and the "tendency of semiconductor users in the U. S. to 
diminish their dependency on Japanese suppliers," he 
believes that "Japanese penetration will not significantly 
grow in 1978." However, "I wish U. S. semiconductor 
manufacturers would stop their shoddy practices and do 
more thorough testing so as to meet the Japanese head on 
in reliability. That's where we've been deficient." 
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Engineer's notebook  

Extending the range of 
the linear-scale ohmmeter 
by Edward H. Armanino 
Montevideo, Uruguay 

The linear-scale ohmmeter described by V. Ramprakash 
[Electronics, Nov 11, 1976, p. 115] can be adapted for 
the measurement of both small and large resistances. 
The current through both the resistance to be measured, 
Rx , and the standard Rc is objectionable in the original 
circuit when Rx is below 100 ohms or so. A comparator 
stage has therefore been added that multiplies any small 
value of resistance Rx, measured by up to 1,000 before it 
is presented to the ohmmeter proper. Moreover, the 
instrument's upper measuring limit may easily be 
extended to 500 megohms by replacing the 741 opera-
tional amplifier in the original circuit with a high-
impedance input amplifier. 
The complete ohmmeter circuit is shown in the figure. 

The multiplier uses two 741 op amps— A, for 
performing the actual resistance transformation, and A2 
for aiding the transformation by generating a needed 
reference voltage that is compared with A i's output. 
To ensure proper multiplication, the quiescent output 

level of A , must always be at one half the supply voltage 
(V/2), independent of the resistor values connected to its 
input. Op amp A2 is a unity-gain buffer whose nonin-
verting input is always biased at V/2, as shown; its 
output is therefore at the same value. Two light-emitting 
diodes indicate the voltage difference between the 
outputs of A, and A2 and this difference is minimized 
when measurements are performed. 
When the output of Al equals V/2, the voltage at its 

inverting and noninverting inputs is approximately 
equal. Thus: 

V RI RI _2(LU 
V 2 1 WI, RpI 2 (1) 

which reduces to: 

Rp = R1(1 Id1) (2) 

if Rc, = 1 9. 
Potentiometer Rp is adjusted with the aid of the LEDS 

in order to satisfy Eq. 2 for any Rx, tested. Rp is varied 
until both LEDS either are extinguished or alternately 
light as the pot position is rocked (wobbled) through a 
particular threshold point. 
The milliammeter in the original ohmmeter circuit 

reads the ratio R1/R1 , and such is the case here. Thus, 
to measure Rx, (which has been converted to RI.), it is 
only necessary to switch potentiometer Rp across the Rx 
terminals in order to compare it with the standard Rc 
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value ( 1 kilohm). Rc Rc,, Rp , and Rx are switched to 
the various circuit points with the aid of two ganged 
switches, S, and S2. 

In measuring very small values (R 1), the resistances 
of the internal wiring and the test leads (connected to 
Rx,) must be subtracted from the final reading. The 
value of the small resistance may be found simply by 
shorting the test leads, rocking Rp to find the compar-
ator threshold as before, then switching to the ohmmeter 
to read the milliammeter. Also, it is recommended that 
direct screw-mounting terminals be added on the front 
panel of the instrument and used to connect Rc, into the 
circuit when its value is below 10 SI This should be done 
because the resistance of the selector switch contacts are 
variable and on the order of magnitude of the standard 
value of Rci. 

Resistances above 1 MU cannot be reliably measured 
in the original ohmmeter circuit because of variable 
offset currents caused by the comparatively low-input 
impedance of the 741 op amp. This difficulty is over-
come by using a CA3140 op amp, as shown. It has an 
input impedance of about 1.5 teraohm, and when 1- Mil 
resistors are placed in series with each lead, reliable 
resistance measurements up to 500 M12 can be 
performed. 
Of course, the circuit is no longer self-calibrating, 

because range switches have been added. Potentiometer 
Rs sets the meter for full-scale deflection when 
measuring a resistor with a value equal to a standard R. 
Once this has been done at any one range, the setting 
holds for all ranges, and the milliammeter will always 
read the ratio R1/R1 , or Rx/Rc• 

7-segment generator displays 
PROM contents on a scope 
by Gérald Garon 
Quebec, Canada 

By generating the necessary horizontal and vertical 
deflection signals, this circuit enables an oscilloscope to 
display seven-segment characters. Such a generator-
scope combination is particularly useful for displaying 
the contents of programmable read-only memories in the 
familiar hexadecimal form. 
A 3-bit counter, two operational transconductance 

amplifiers, a binary-coded-decimal-to-seven-segment de-
coder, and an eight-line multiplexer make up the simple 
character generator that is the circuit's main building 
block ( Fig. 1). Each character to be displayed is intro-
duced into the 74151 multiplexer through the 7448 
decoder. Meanwhile, the 3-bit counter formed by three 
7473 J-K flip-flops begins to step through a 0 through 7 
count at a rate determined by the system clock. 
The least significant bit of the counter alternately 

generates a ramp voltage at the X and Y outputs with 
the aid of the CA3080 operational transconductance 
amplifiers and their corresponding integrating capaci-
tors. The second and third bits of the counter determine 
whether the ramp voltages are positive- or negative-
going. The counter also drives the 74151, which in turn 
blanks the scope trace for all but the desired segments. 
The appropriate segments are displayed one by one as 

the counter steps rapidly from 0 to 7. Thus one character 
is generated each time the counter cycles through all of 
the eight states. A new-character strobe signal is then 
generated at G,. 
The segment voltage is given by S=2.5fCR volts, 

where f is the clock frequency (typically above 10 kilo-
hertz), while C is the capacitance and R is the resistance 
of the components in the network surrounding the 
CA3080 op amps. The clock rate depends on the number 
of characters to be displayed and should be at least 25 
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cycles per second, which is the approximate minimum 
flicker rate detectable by eye. The segment voltage 
should be less than 0.5 y for the best viewing results. 

Instead of the CA3080 amplifiers, exclusive-OR gates, 
transmission gates, or three-state buffers may be used. 
The circuit should be designed so that the waveforms 
produced at X and Y will be identical in any case. 
By itself, this character generator can position only 

one character on the cathode-ray tube. More circuitry 
must be added in order to position the trace at a multi-
tude of points on the scope face, as shown in Fig. 2. Also 
note that to display hexadecimal characters, the 7448 
must be replaced by the 8223 or 74188 open-collector 
PROM, and programmed as suggested by Withrow [Elec-
tronics, July 8, 1976, p. 106]. 
The complete circuit requires an additional counter, 

two digital-to-analog converters, and two summing 
networks. In this typical application, the contents of a 
PROM are displayed. 
To position the trace at each of a possible 256 points, 

the X and Y outputs of the character generator must be 
combined with the output of the d-a converters by means 
of the summing networks. The n-bit counter, driven by 
G, in the character generator, strobes the converters and 
also determines the address of the PROM to be displayed. 
Note the PROM and its associate multiplexer will 

provide a 4-bit input and that hexadecimal characters 
can be displayed. In this case, relatively few characters 
are displayed, and so the simple d-a converters formed 
by the resistor network shown are used. These converters 
yield a visually acceptable linearity over 16 lines. 
By under- or overweighting some bits, the display may 

be formatted. For example, increasing the resistance 

2. Application. Character generator must be 

combined with n-bit counter, d-a converters, 

and summing network in order to position 

trace on CRT. Programmable ROM and 

74157 multiplexer provide character input 

and BCD-to-7-segment conversion. Resistor 

nets assume the d-a converter and summing 

functions. 

3. Output. Paired, partitioned, and slanted digits are displayed on 

the oscilloscope. Formatted display results from overweighting indi-

vidual bits in d-a converter by adjusting its resistor networks. 

01 0 01 0 , 01 CI 01 01 Co 

01 01 01 01 01 13 es é3 

45 WE WE 95 55 45 45 45 

37 67 57 57 67 6i di di 

99 99 • 9 99 09 89 99 89 
176 na 6: e. e. 

Cd Cd Cd CI Cd Cd Cd Cd 
EF EF 9F FP EF EF Fe EF 

Ol VI Ol OI 05 01 01 00 

Ed 01 01 01 01 01 03 01 
VS 45 WS 45 45 45 05 45 
67 67 57 57 67 61 £ 1 6 , 

09 69 69 89 69 89 89 89 
Rb Rb Rb 66 . 6 Pb Rb Rb 

Cd Cd Cd Cd Cd Cd Cd Ce 
EF EF E3 EF EF t 

corresponding to the least significant bit (390 to 560 
kilohms) will position the digits in pairs. Decreasing the 
resistance that corresponds to the most significant bit 
(47 k9 to 57 kIZ) will partition the display vertically. The 
degree of slant in the digits is accomplished by summing 
.a small part of the Y' output with the X' output by 
means of resistor R,. The paired, partitioned and slanted 
digits appear on the scope as shown in Fig 3. 

Engineers 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. 

Electronics/December 22, 1977 95 



Engineer's newsletter 

Use DIP sockets to 

'rewire' pc boards 

Changing any of the wiring on a printed-circuit board usually involves 
cutting traces on the board and adding jumpers—a troublesome and 
unreliable process, as Will Schweber, an electrical engineer at Instron 
Corp. in Canton, Mass., points out. So he suggests building a simple 
adapter that requires fewer jumpers and no trace cutting at all. 
Take a socket for a dual in-line package— one with wirewrap pins— and 

insert it into the board, soldering the ends of the pins flush with the board 
so that the socket stands above the board. Clip a quarter inch off those pins 
associated with the correction, and then solder jumpers between the 
clipped pins to make the correction. 

In addition, you can use the adapter to substitute an available lc for a 
temporarily unavailable one. Since the board is left intact, you can remove 
the adapter and plug in the proper part as soon as it arrives. 

Modifying The TI-58 and -59 programmable calculators from Texas Instruments can 

CROM 
interface with user-replaceable CROM (for constant read-only memory) 

programs  program modules—you use specified key routines to call subroutines 
for the Tl-58/59 within a program by label. If you want to modify the CROM programs, 

though, you have to copy them into the user-program random-access 
memory, where they occupy a lot of your valuable read-write memory. 

But Richard C. Vanderburgh of Dayton, Ohio, has found a shortcut —a 
way to specify any entry point, not just those steps that are labeled, for 
CROM execution. So, even though you cannot change any of the CROM 
instructions, you can change the way they are executed and determine 
precisely where execution should begin at each subroutine call. The 
sequence of *Pgm mm SBR nnn will cause the CROM code in program mm 
to start executing at step nnn. Similarly, the sequence of *Pgm mm 
SBR*Ind nn will cause the CROM code in program mm to start executing 
at the step specified by the contents of register nn. In either case, CROM 
code execution ends with the next INVSBR (return) instruction. 

Learn about Are you hazy about the design, performance, and limitations of quartz-
crystal oscillators and atomic (cesium, hydrogen, rubidium) clocks? A 

frequency standards 64-page technical note from the National Bureau of Standards, "Fre-
and clocks quency Standards and Clocks: a Tutorial Introduction," can go a long way 

towards explaining the operating principles and design features of these 
devices. 
The booklet gives a thorough but nonmathematical explanation of the 

various standards and clocks, besides introducing and defining the 
concepts of time, frequency, frequency stability, and accuracy. To order a 
copy of the $ 1.30 booklet, write to: Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C. 20402 for SD Cat. 
No. C13. 46:616 ( 2nd rev.). 

How everyone else's The latest publications and bulletins from the Engineers Joint Council deal 
with salary surveys, manpower guesstimates, and other engineering career 

career is doing information. For a catalog listing them all, write to: Engineers Joint 
Council, 345 East 47th St., New York, N. Y. 10017. Lucinda Mattera 

96 Circle 97 on reader service card • 





MPU-1 

MPU SERIES 
MICROPROCESSOR POWER SUPPLIES ' 
A Lambda's triple output MPU-1 and MPU-2 are compatible to power any 
microprocessor and its associated clock, ROM's, FPROM's, RAM's, 
PROM's, memories and I/O chips. 

MPU-2 

FEATURES 
MPU-1 and MPU-2 are designed to be used for laboratory, bread-
board, engineering prototype and pilot production as well as produc-
tion systems. 

1. All MPU power supplies contain three Lambda 
hybrid overvoltage protectors, the only true over-
voltage protector that can maintain, tripvoltage 
tolerance over 71 °C temperature range to protect 
microprocessors; clocks, memories, RAMs, ROMs, 
PROMs, FPROMs and I/O chips from destruction. 

2. Dual input voltage for domestic and overseas use in 
both MPU supplies: 105-125 or 210-250 VAC. 

3. Sprague electrolytic capacitors used exclusively 
for improved reliability. 

4. All hermetically sealed Lambda IC regulator 
LAS-723 used exclusively. 

5. Modern design Darlington silicon power trans-
istors. 

6. All hermetically sealed semi-conductors. 

7. No overshoot under conditions of power turn-
off or power failure. 

8. Lambda long-life vacuum impregnated mag-
netics. 
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SPECIFICATIONS OF MPU-1 
AND MPU-2 POWER SUPPLIES 

Voltage and Current Ratings For 
Triple Output MPU-1 and MPU-2 Power Supplies 

Model VDC 

Max Current 

(Amps) at 

40° C 50°C 60°C 

Price 

Qty 

1 

Qty 

100 

MPU-1 5 ± 5% Adj. 

12 ± 5% Adj. 

9-12V Adj. 

or 5V• 

3.0 

0.6 

0.6 

0.38 

2.5 

0.5 

0.5 

0.38 

2.0 

0.4 

0.4 

0.38 

$100 $ 80 

MPU-2 5 ± 5% Adj. 

12 ± 5% Adj. 

9V 

or 5V . 

7.0 

1.0 

1.2 

0.75 

6.0 

0.9 

1.1 

0.65 

5.0 

0.8 

1.0 

0.55 

$135 $108 

(*)Customer selectable 

DC output 
voltage ranges shown in table above 

Regulated voltage 
reguiation, line 

regulation, load   

ripple and noise 

temperature coefficient.. .   

remote programming   
resistance ( 5V output only) 

0  15% for input variations 
from 105-125, 125-105, 
210-250 or 250-210 VAC 

0.15% for load variations 
from no load to full load or 
full load to no load. 

1  5mV rms, 5 mV pk-pk 

0.03% per °C 

200 ohms/volt, nominal. 

remote programming   volt per volt. 
voltage ( 5V output only) 

AC input 
line   105-125 VAC/210-250 VAC 

at 47-440 Hz (derate 10% at 
50 Hz). Units are factory 
prewired for 105-125 VAC. 
Consult factory for opera-
tion at frequencies other 
than 47 to 63 Hz. 

input power   MPU-1 75 watts, MPU 2 145 
watts. 

line cut rent  MPU-1 1.0A, MPU-2 1.7A. 

Overshoot 
no overshoot on turn-on, turn-off or power failure 

Ambient operating range 
continuous duty from 0° to 60°C 

Storage temperature range 
-20°C to +85°C 

Overload protection 
automatic electronic current limiting circuit, limits 
output current to a safe value, protecting load and 
power supply when overload and direct shorts occur. 

Overvoltage protection 
all outputs inLlude fixed built-in overvoltage protection 
circuits which prevent damage to the load caused by 
excessive power supply output voltage. Overvoltage 
protection firing range-see table below: 

Output 

5V 
12V 
9-12V or 5V (MPU-1) 
9V or 5V (MPU-2) 

Overvoltage 
Trip range ( volts) 

6.6 ± .2 
13.7 ± .4 
13.7 -± .4 
10.5 ± .4 

Cooling 
convection cooled, no heat sinks or forced air required 

Controls 
DC output control. 
Simple screwdriver voltage adjustment over voltage range. 

Remote sensing 
Provision is made for remote sensing, on 5V output 
only, to minimize the effect of power output lead 
resistance on DC regulation. 

Input and Output Connections 
AC input and Ground-thru terminals on transformer 
DC output and Sensing-thru turret terminal on P-C 
boards 

Finish 
Gray, Fed. Std. 595 No. 26081 

Mounting 
Three surfaces, each with clearance mounting holes, can 
be utilized for mounting this unit. 

Physical Data 
Weight Size 

Model Lbs net Lbs ship, (inches) 

MPU 1 
MPU 2 

5 1/2 6 7 x 47/8x 23/4 

7 3/4 8 1/2 9 x 4 7/8 x 2 3/4 

Guaranteed 
60 day guarantee includes labor as well as parts. 
Guarantee applies to operation at full published 
pecifications at end of 60 days. 

3 



LN SERIES 5-YEAR GUARANTEED 
LOW-COST MPU SYSTEM COMPATIBLE 

POWER SUPPLIES 
LND-P-MPU 

• 
LND-X-MPU 

7 

• 

USED WITH COVER 

LND-P-MPU 

USED WITHOUT COVER 

New Monolithic and Hybrid OV 
overvoltage protection standard 
on 5V models — available as 
an option on other models 

Designed to Meet 
VDE Specs. 

Isolation Resistance 
10 Megohms 

Regulation 
line or load   0.1% 

FEATURES 
Ripple and Noise 
1 5 mV rms, 5mV pk-pk 

Isolation Voltage 
input to output -- 4000V 

Thermally Engineered 
Ventiletiori Holes 

Convection Cooled 
no external heatsinks or 
blowers necessary 

Dual Ilnput 
105-127 VAC, 47-440 Hz 
210-254 VAC, 47-440 Hz 

Mounting 
3 positions; 3 surfaces 

Fungus Proof 
No fungus nutrient material used 

Shipped Complete with Cover 
can be used with and 
without cover, depending 
on your application 

Listed in UL 
Recognized Component Index 

CSA certified 

DUAL OUTPUT 
5 VOLTS ± 5% ADJ, 9V-12V ADJ 

REGULATION RIPPLE VOLT. (1)MAX CURRENT AMPS AT 
MODEL (line or load) ( RMS) VDC. 40°C 50°C 60°C 71 °C 

PKG DIMENSIONS (2) 
SIZE (inches) PRICE 

LND-X-MPU (3) 

LND-P-MPU (3) 

NOTES 

0.1% 1.5 5±5% 7.0(5-95) 6.C(5.11( 
9-12 1.2 (1.02) 1.1 10.94) 

0.1% 1.5 515% 14.0113.31 12.2111.59i 
9-12 2.5(2.38) 2.2 (2 09) 

1. Rating in Parenthesis for LN Series when cover is used 
2. Dimensions include cover 

4.7 '4.0) 

1.0 (0.85) 
10.0 (9.5) 

1.8 ( 1.71) 

3.2 (2.72) X 7 x 4 7/8 x 2 7/8 $172 
0.8 (0.68) 
7.5 (7.13) 

1.3511.281 
11 x 4-7/8 x 4-13/32 245 

3. Includes OV protection on both outputs (5V OV trip point is 6.6 ± . 2V fixed, 9-12V OV trip points is 13.7 ± .4V fixed) 
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SPECIFICATIONS OF LN SERIES 

DC Output 
Voltage range shown in tables 

Regulated Voltage 
regulation, line 
regulation, load 
ripple and noise 

01% (0.15% for LN-Z) 
0  1% (0.15% for LN-Z) 
1  5my RMS, bmV pk-pk with 
either positive or negative 
terminal grounded. 

temperature 
coefficient 0  03%/°C 
remote programming 
resistance   200 ohms per volt nominal 

remote programming 
voltage   volt per volt 

AC Input 
I ine   105-127 VAC, 210-254 VAC 

(by transformer tap change) 
47-440 Hz. Consult factory for 
operation at frequencies other 
than 57-63 Hz. 

. . LND-MPU 34%. Efficiency ( Typical) 

Ambient Operating Temperature Range 

Continuous duty from 0° to + 71 °C with corresponding 

load current ratings for all modes of operation. 

Storage Temperature Range 

-557C to 85°C 

Overload Protection 

Electrical 
External overload protection, automatic electronic 
current limiting circuit limits the output current to a 
preset value, thereby providing protection for the load as 
well' as the power supply. 

Thermal 
Thermostat — automatically reset when over tempera-
ture condition is eliminated. 
Overshoot 
No overshoot on turn-on, turn-off or power failure. 
Overvoltage Protection 
Overvoltage protection module crowbars output when 
trip level is exceeded — standard both outputs of models 
LND-X-MPU and LND-P-MPU. 

Input and Output Connections 
Heavy-duty screw terminals on printed circuit board. 

DC Output Controls 
Simple screwdriver adjustment over the entire voltage 
range. 

Remote Sensing 
Provision is made for remote sensing to eliminate effect 
of power output lead resistance on DC regulation. 

Mounting 

Three mounting surfaces, three mounting position. One 
mounting position for LN-P models. 

Convection Cooled 
No external heat sinking or forced air required. 

Transformer 

MIL-T-27C, Grade 6; Electrostatic shield; 4000 VAC 
input/output isolation. 

Isolation Rating 
Minimum 10 Megohm isolation from DC to ground at 
ground at 1000 VDC. 

Fungus Proof 
No fungi nutrient material used. 

Military Specifications 

The LN series has passed the following tests in 
accordance with MI L-STD-810C: 

1) Low Pressure — Method 500.1, Procedure I. 
2) High Temperature — Method 501.1, Procedure 1 & II. 
3) Low Temperature — Method 502.1, Procedure I. 
4) Temperature Shock — Method 503.0, Procedure I. 
5) Temperature — Altitude — Method 504.1, Procedure I. 

Class 2 (0°C operating) 
6) Humidity — Method 507.1, Procedures I & II. 
7) Fungus — Method 508.1, Procedure I. 
8) Vibration — Method 514.2, Procedures X & XI. 
9) Shock — Method 516.2, Procedures I & III. 
MI L- I-6181D — Conducted and radiated EMI with one 
output terminal grounded. 

Physical Data 

Weight 

Package Lbs. Lbs. 
Model Net Ship 

Size 
Inches 

LND-X 7-3/4 8-1/4 7 x 4-7/8 x 2-7/8 (w/cover) 
7 x 4-7/8 x 2-3/4 (w/o cover) 

LND-P 15-1/2 17 11 x 4-7/8 x 4-13/32 (w & 
w/o cover) 

Finish 
Gray, Fed. Std. 595 No. 26081. 

UL/VDE/CSA 
Listed in UL Recognized Components Index. 
Designed for listing in VDE Index. 
CSA certified 

Accessories 
Overvoltage protectors standard on models 
LND-X-MPU and LND-P-MPU . 

Guaranteed for 5 Years 
5-year guarantee includes labor as well as parts. 
Guarantee applies to operation at full published 
specifications at end of 5 years. 
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Lambda's new MPU-3 microprocessor 
system switching power supply 

for expanded 8080 microprocessors 

Nezmekem-\xex-•x\ 

Features include: 
• Greater than 60% operating efficiency with switching circuitry on all 3 outputs 
• Full 5 year guarantee on parts and labor 
• Compatibility with any 8080 microprocessor system 
• Switching Circuitry on all 3 outputs 

VOLTAGE AND CURRENT RATINGS-MPU-3 

MODEL 
OUTPUT 
VOLTAGE 

MAX. AMPS AT AMBIENT OF 

40°C 50°C 60°C 71 °C PRICE 

MP U-3 5V ± 10% 
-9V ± 
+12V ± 10% 

90 
1.3 
1.0 

SPECIFICATIONS-MPU-3 
DC output 
voltage range: refer to table 

Regulated Voltage 

regulation, line:0.4% for line variations from 105-132VAC 
regulation, load: 0.4% for load variations from 0 to 
full load 
remote programming resistance: 1000 chms/volt ( 5VDC 
output only) 
remote programming voltage: volt/volt (5VDC output 
only) 
ripple and noise: 10mV rms, 50mV p-p for 5V output. 
15mV rms, 100mV p-p for -9V and + 12V outputs 
temperature coefficient: 0.03%/°C 
power failure: All outputs will remain within regulation 
for 16 msec after power failure 

AC input 

line: 105-132 VAC 47-440 Hz; hold up time: 16 msec 
min at low line and full load, and Vo max 

DC input 
145 VDC ± 10% 

Overshoot 

No overshoot on turn-on, turn-off, or power failure 

Ambient operating temperature range 
Continuous duty from 0°C to 71 °C with load current 
ratings as shown in table 

Storage temperature range 
-55°C to 85°C 

Overload protection 
Electrical—external overload protection: automatic fac-
tory preset electronic current limiting circuit limits the 
output current to 110% of max. rating, thereby providing 
protection for the load as well as the power supply. 

7.2 
1.1 
0.8 

5.4 

0.8 
0.6 

4.5 
0.6 
0.5 

$325.00 

Efficiency 

Greater than 60% with advanced 20 KHz switching 
circuitry 

Input and output connections 
Heavy duty terminal block on chassis 

Cooling 
convection-cooled 

Controls 
DC output controls 
Three voltage adjustment controls, one for each output 

Remote sensing 
Provision is made for remote sensing on 5VDC output 
only to eliminate effect of power output lead resis-
tance on DC regulation 

Overvoltage protection 
Built-in fixed overvoltage protection for all outputs 
standard on all units. When a preset-voltage is ex-
ceeded, the overvoltage protector crowbars the out-
put and removes the inverter drive. 

Mounting 
One mounting surface, two mounting positions 

Physical data 
Package Model: MPL1-3 
Weight ( lbs.) Net: 5.5 
Size ( inch): 12 51/64W. x 1 3/8H. x 7 3/32D. 
Finish: Gray, Fed. Std. 595 No. 26081 

Guaranteed for 5 years 
5 years guarantee includes labor as well as parts. Guar-
antee applies to operation at full published specifi-
cations at end of 5 years. 

6 



If you build your own µP system 
power supply, design with — 

THE WORLD'S MOST COMPLETE 
LINE OF SEMICONDUCTOR 
VOLTAGE REGULATORS 

Use Lambda made semiconductors and we will 
provide schematics with design values. 

OR COMPLETE SPECIFICATIONS & CIRCUIT DATA CONTACT YOUR NEAREST LAMBDA OFFICE 

A Lambda staffed sales and service offices 

o 
MIS-ATLANTIC REGION 
MelvIlle New York 11746 
HIS 0i.8 Holiovx Road 

Tel SIS 694 4200 
1WX 510 274 6404 
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Delaware. Eastern Penneybsnia. 

Southern New Jersey 
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Lexingmn.1,011{saCholoNIS . 12173 

e 
SOUTH-WESTERN REGION 

Dallas. 76231 
4950 Wm. never 
Tel 214 341 5130 
18/X 910 861 9040 

Houston. Teems 
ICI 713 464 6554 

Oklahoma 

Poughkeepee. New York 
Te. 91) 297 4E00 

o 
MID-WESTERN REGION 

Arlington Heights. In 60005 
7470 1,1 l,31.ton SI 

IC, 377 593 255(1 
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1.1,129055194 

Cleveland. Ohm. 
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I el 216 585 1808 

o 
NORTH WESTERN HE 0,.' ,0 
54557.1 e Caldoenle 

INTERNATIONAL 

larnIx1. F tonne Lot,. F ennoI Ger. 
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1,. 515 694 41(K) 
TAY 5111214 641)4 
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Abbey 11,5 15e ne ,be Ma.s, 
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lOO H3/153 
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InelloIl 
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Reynosa Hex.. 

Corpus Chnst. Texas 8..410 



THE INDUSTRY'S BROADEST 
LINE OF MICROPROCESSOR 
SYSTEM POWER SUPPLIES 

MPU-2 

LND-P-MPU 
5 YEAR 

GUARANTEE 

5 YEAR 
GUARANTEE 

LND-P-MPU & LND-X-MPU 

First triple output 

Dual output 

5 YEAR 
GUARANTEE 

- • 

MPU-3 

LND-X-MPU 

SWITCHING POWER SUPPLY FOR jiP SYSTEMS-MPU-3 

Prices reduced 
ON LOW COST MPU-1 & MPU-2 

A LAMBDA 
1,:LEC-111( )NICS 



New from Electronics... 
when you can't 
afford to reinvent 
the wheel. 
Here's just a sampling of the 
vast range of useful information 
you'll have at your fingertips... 

design 
tec ni ues 

foR electRonics 
engineeRs 

Bectronics 
Book Series 

• How to use soluble masks to protect pc boards 
from solder. 

e How :o evaluate power dissipation in microcircuit design. 
e How to hand-solder DIP circuits to save testing dollars. 
e How to compare the power of C-MOS with TTL. 
• How to really look at low-drift IC op amps. 
• How to accurately trim closed resistor loops. 
e How to drive LEDs directly from C-MOS logic outputs. 
• How to convert coordinates and find SWRs graphically. 
• How to compare coaxial-cable shielding effectiveness. 

• How to calculate resistance for sum and difference 
networks. 

• How to use a programmable calculator to analyze 
filter designs. 

• How to compute response of RLC networks with a 
short program. 

e How to eliminate stray signals in remotely gain-switched 
op amps. 

• How to chart power losses for hybrid-combined 
amplifiers. 

• How to reduce IC FET op-amp input bias currents. 

• How to build timing circuits for noisy environments. 

• How to approximate waveforms with exponential 

functions. 
• How to increase an instruction set without increasing 
word length. 

• How to extend the life of digital recording heads. 

• How to add numeric readout to logic probe displays. 

• How to pick the right film for better oscilloscope pictures.. 

• How to use a frequency counter to measure capacitance. 

• How to evaluate high-energy pulse effects on materials. 

• How to operate a logic gate as a flip-flop. 

• How to choose the right detector for rf power 
measurements. 

• How to measure the access time of bipolar read-only 
memories. 

• How to test power supplies quickly and cheaply. 

• How to get the most out of a digital multimeter. 
• And much, much more. 

Oraer today, and don't forget the other valuable books in the 
Electronics Books Series listed on the coupon below. 

Electronics Book Series 
P.D. Box 669, Hightstown, N.J. 08520 

1. Microprocessors 
Send me copies at $8.95 per copy. 
2. Applying Microprocessors 
Send me _ _ copies at $9.95 per copy. 
3. Large Scale Integration 
Send me _copies at $9.95 per copy. 
4. Basics of Data Communications 
Send me _ copies at S12.95 per copy. 
5. Circuits for Electronics Engineers 
Send me copies at $ 15.95 per copy. 
6. Design Techniques for Electronics Engineers 
Send me. _copies at $ 15.95 per copy. 

Discounts of 40% on orders of 10 
or more copies of each book. 

If after my 10-day free- trial examination I am not fully 
satisfied, I understand that my full payment will be refunded. 

P Payment enclosed D Bill firm D Bill me 
Charge to my credit card: 

• American Express El Diners Club 
O BankAmericard O Master Charge 

Acc't No. Date exp 

gemel 
itnit 

On Master Charge only, first numbers above name 

Name Title  

Company  

City State Zip  

Signature  
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Seven continents 

4,S411. 14~ 

Never before haeilie wôñd 
produced so mud' information. 

Never before has the need to 
make it meaningful been so great. 

On seven continents, McGraw-Hill 
men and women are gathering information. 
Not just facts but important information... which 
will help people do their jobs...will help them 
learn...will be useful to decision makers in business, 
industry, the professions and government. 

Finding the right material is only the first 
step in making information meaningful for our 

PHOTOGRAPH OF WORLD AS SEEN FROM MOON. COURTESY OF NASA 
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customers. We taketneinkirriTation and 
assimilate it. Interpret it. Edit itfor specific 
needs. Then we deliver information of value. — 

McGraw-Hill delivers that information 
through books, educational systems, films, 
magazines, newsletters, newswires, product 
and marketing information systems, database 
services, financial reports, and television. 

Serving your need for information is 
our business. 

uuII 

McGraw-Hill, Inc. 1221 Avenue of 
the Americas, New York, New York 10020 



Dialight 
Is your second source 
to C.« for miniature 
rockers and toggles... 

Come to the people who've always been specialists 
in having more good ways to solve problems: Dialight. 
What we've done in indicator lights, illuminated 
switches, readouts and LEDs, we're doing now in 
miniature rockers and toggles. 

This new Dialight family of switches, which 
comes in a full range of sizes is, we're proud to point 
out, all-American made. 

When you consider all the configurations of styles, 
sizes, life and safety ratings, colors and mountings, 
you'll find there are literally hundreds of thousands of 
design combinations. Such a number of possibilities 

can in itself be a problem, except that the new 
Dialight catalog is specifically designed to prevent 
confusion and help you quickly and easily find 
the most advantageous combination of features 
for your applications. 

If you'd like to see what Dialight quality rockers 
and toggles can do for the looks, durability and 
economics of your products, contact us today for the 
Dialight " Meets Your Need" Book. Your free copy 

will include a list of 1.71/ILIGH 
stocking distributors in 
the U.S. and Canada. A North American Philips Company 

American made by DIALIGHT in Brooklyn, N.Y. 

Dialight meets your needs. 
Dialight, 203 Harrison Place, Brooklyn. N.Y. 11237 (212) 497-7600 
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New procilletc 

Modem filters minimize crosstalk 
Family of more than 100 fixed-frequency units offers wide range 

of baud rates and frequencies for communications, control applications 

by Lawrence Curran, Boston bureau manager 

A family of more than 100 fixed-
frequency filters for modems is 
described by Frequency Devices Inc. 
as offering the broadest range of 
baud rates and frequencies available 
to date. Useful in applications rang-
ing from control, telemetry, and 
computer data transmission to high-
and low-speed telegraph systems, the 
534 series includes models for the 
standard curr baud rates of 60, 75, 
110, 150, 300, and 600. The filters 
require no external adjustment. 

Steven M. Ruscio, vice president 
for marketing and sales at the 
Haverhill, Mass., company, main-
tains that the high-frequency mem-
bers of the family, especially, will 
answer a growing need for communi-
cations and control applications. 
"These are precisely defined band-
pass filters based on computer-
optimized state-variable design tech-
niques," he says. 
At their center frequency, about 

which the frequency response is 
symmetrical, all models have an 
inverting midband gain of ± 0.5 dB. 
Relative to the midband gain, the 
filters attenuate the in-channel space 
and mark frequencies— the trigger-
ing frequencies— by no more than 
1.5 dB. At the same time, they 
attenuate the space and mark 
frequencies in adjacent channels by 
a minimum of 28 dB. "This inhibits 
crosstalk between channels while 
attenuating the signal of interest 
only moderately," Ruscio notes. 
The filters are implemented main-

ly with discrete components, but 
Ruscio points out that monolithic 
operational amplifiers that combine 
bipolar and field-effect transistors 
are used to achieve good slew rates 
and gain- bandwidth products. 

"Beyond that," he says, "the designs 
are essentially a computerization of 
classical state-variable design tech-
niques." The reason the company 
can offer so many different models is 
that the operator specifies the center 
frequency and shape (roll-off) the 
customer wants, and the computer 
program then outputs the poles and 
zeros of the desired filter. 
"Once we have these," Ruscio 

says, "and to maintain the charac-
teristics of the device, we do a 
computerized sensitivity analysis of 
all the components of the device," 
resulting in a computer printout 
giving the res;stance and Q values 

required for the specific model. 
Thirty-five 60-baud models offer a 

choice of fixed center frequencies in 
100- Hz increments between the 
ranges of 365 to 965, 1,075 to 1,875, 
and 2,000 to 3,600 Hz. The mark 
frequency is defined as 25 Hz above 
the selected center frequency, the 
space frequency as 25 Hz below. 
Twenty-eight 75-baud models offer 
center frequencies between 420 and 
3,660 HZ in 120-Hz increments. The 
mark frequency is 30 HZ above the 
selected center frequency, with the 
space frequency 30 HZ below. 
Twenty 110-baud models provide 

center frequencies between 425 and 
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• Fast TurnAround 
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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NEW! 
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310,it i • t 

31 lee 
This 44 page catalog consolidates the complete line of C&K small 
switches into a single, fact-filled, easy-to-read volume. It includes ev-
erything you need to know about toggles, rocker and lever handles, 
printed circuit mountings, snap-acting pushbuttons, 6 AMP alternate 
act:on and momentary pushbuttons, subminiature and microminiature 
pushbuttons, illuminated rockers, miniature power, slide, and 
thumbwheel switches— plus how-to-order information and a complete 
list of worldwide C&K distributors. Ask for your free copy and we'll 
show you a million and one ways to turn on the juice. 

C&K Components. Inc.103 Morse Street, Watertown. MA 02172 
TEL: (617) 926-0800 TVVX: 710 327-0460 TELEX: 92 2546 
Free Engneenng Samples on Request 

A mighty big 
catalog about 
some mighty 
small switches. 

New products 

3,655 HZ in 170-Hz increments, with 
the space and mark frequencies 
42.5 HZ above and below the selected 
center frequency respectively. Four-
teen 150-baud models have center 
frequencies between 480 and 
3,600 Hz in 240-Hz increments, with 
space and mark frequencies 60 Hz 
above and below the selected center 
frequency. 
There are nine 300-baud models 

offering center frequencies between 
215 and 3,315 HZ in 300-Hz incre-
ments, with the space and mark 
frequencies 75 Hz above and below 
the specified center frequency. A 
single 600-baud model with a center 
frequency of 1,815 Hz passes space 
and mark frequencies 150 Hz above 
and below the center frequency. 
Ruscio adds that users can specify 
center frequencies other than these 
in their baud ranges, and the compa-
ny can still handle the parts as stan-
dard. 

Models in the 534 series operate 
from a single-ended power supply 
that may range from 10 to 30 y dc, 
depending on the application. 

As an option, all models in the 
series can be supplied for operation 
from dual supplies that range from 
± 12 to ± 18 y dc. The short-circuit-
protected output-current capability 
of the devices is 2 MA, with an 
output noise level of 50 µv rms in a 
bandwith from dc to 50 kHz. All 
models in the series have an input 
impedance of 20 k and an output 
impedance that is specified by the 
company as 1 St typical. 
The operating temperature range 

of the 534 series filters is 0°C to 
+ 70°C and the storage temperature 
range is — 30°C to + 85°C. 
The filters are encapsulated in 

low-profile modules that are 2 by 2 
by 0.4 inches. They are pinned out 
for mounting on printed-circuit 
boards with 0.04-in.-diameter pins 
on 0.1-in. centers. 

Prices start at $42 each in quan-
ties of one to nine, dropping to $ 19 
each for quantities of more than 
1,000, and delivery time is two to 
four weeks. 

Frequency Devices Inc., 25 Locust St., 

Haverhill, Mass. 01830. Phone W. Morse at 

(617) 374-0761 [338] 
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Some of these components will probably never 
The others will just come close. ' 

The SR, XL, XK and AV are solid state position 
sensors featuring almost infinite life. All offer zero 
speed operation with some up to 100 Khz. ES current 
sensor utilizes Hall-effect IC and protects against 
damage from short circuits or overcurrent conditions. 

(el 

Snap-action V3, SM and SX switches offer 
wide variety of actuators, electrical capacity and 
termination. 

Mercury switches offer hermetic sealing, a 
variety of electrical capacity and broad temperature 
ranges at a low cost. 

ual devices for 
low installed cost, . 
electrical flexibility and s ac-
tive panel appearance. Series 8 
miniature manual switches provide small size and 
wide variety of operators. DM offers inexpensive 
snap-in panel mount design. 

Solid state keyboards provide high reliability no mechanical keyboard can offer. Panel sealed 
versions also available. 



ear out. 

The solid state key-
•ard, ANIL lighted push-
uttons and sensors you see 
ere will probably never 
ear out. Because they're all 
elid state. 

Each is based on a Hall-
ifect integrated circuit. A 
rcuit that's been tested 
ough billions of opera-Ions without failing. And 

;roven by performance in 
1 ousands of applications. IThe precision electro-
lechanical components you 
-e here come close. Simply 
11- cause of the careful way 
ey're designed and put 
gether. 

Like the long-life 
-rsions of our snap-action 
3, SM and SX precision 
•tches. Available in a wide 

anety of sizes, electrical 
; tings, terminals, actuators, 
.ntact forms and operating 
I aractenstics — some tested 
a mechanical life of over 

1,000,000 operations. 
MICRO SWITCH will 

rovide you with field 
ngmeers for application 
.sistance and a network of 
thonzed distributors for 
al availability. Write us for 

etails or call 815/235-6600. 
And find out how you 

. get a component that 
oes on forever. Or at least 
limes very, very close. 

101:10 SWITCH 
FREEPORT ILLINOIS 61032 

DIVISION OF HONEYWELL 

New products 

Components 

Pots include 

fixed resistors 

Complete trimmer circuits 

for analog ICs are 

housed in standard DIPs 

To a greater degree than one might 
expect, the arrangements of fixed 
and variable resistors used for trim-
ming analog integrated circuits are 
highly standardized. To trim a given 
operational amplifier, for example, 
most users will use the same two 
fixed resistors in series with the same 
trimming potentiometer. 

Having made this observation, 
Bourns Inc. has developed a line of 
new trimming components that con-
sists of arrangements of trimmers 
and fixed resistors in nine standard 
configurations and a variety of 
values. Called Multi Function Trim-
mers, the new units are housed in 
dual in- line packages, ranging from 
a six- pin DIP containing one fixed 
resistor and one trimmer to a 14-pin 
device with four resistors and two 
trimmers (photo). A 16-pin DIP with 
four trimmers and no fixed resistors 
is also available. 
The advantages of the new ap-

proach are many: the time and cost 
of designing circuits is reduced, the 
amount of board space required by 

an analog ic and its peripheral 
components is cut, and manufac-
turing is speeded because the new 
trimmers can be handled by stan-
dard automatic insertion equipment. 
In addition, the DIPS are compatible 
with automatic test equipment, re-
ducing incoming-inspection costs. 
The nine units in the MFT line all 

operate from — 55°C to + 125°C and 
can dissipate a maximum of 0.25 w 
at 85°C (0.10 w at 125°C). Their 
individual components drift a maxi-
mum of 100 ppm/°C and track to 
within better than 50 ppm/°C. 
Available resistances vary from 
model to model, but generally fall in 
the range from 100 12 to 500 kft. 
Individual trimmers with values as 
high as 500 net are possible. 
The model 7126 dual voltage 

divider shown in the photo imple-
ments the most popular operational-
amplifier trimming circuit. It con-
tains two identical networks, each of 
which consists of a trimmer with a 
fixed resistor hung on each end. 
Boums Inc., Trimpot Products Division, 1200 

Columbia Ave., Riverside Calif. 92507. 

Phone Bill Galvan at ( 714) 781-5204 [3411 

Thermal reed switch 

handles 0.5 A at 120 V ac 

A temperature-responding ferrite 
and a reed switch constitute an inex-
pensive temperature-sensing device. 
OH D series thermal reed switches, 
built into plastic housings, have 
ratings of 0.5 A at 120 y ac. They 
always operate at the same tempera-
ture because they sense by means of 
the Curie point of Thermorite. The 
ferrite is permanent, and the con-
tacts of the reed switch are durable, 
so that the switch has a long life. 
Switching temperatures between 
60°C and 130°C are standard, but 
special settings are available. Maxi-
mum differential is 10°C. 
The sensor provides quick thermal 

response because the Thermorite is 
in direct contact with the object 
being monitored. The switch has a 
high mechanical resonance frequen-
cy (2 to 3 kHz) and is glass-encased 
in nitrogen to prevent both corrosion 

CRO SWITCH products are 
ailable worldwide through 
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New UVS-11E 
EPROM Erasing System 

New products 

Performance and Reliability 
for 

$59.50 

i onne  

Now available . . . the newest member of UVP's growing 
family of quality EPROM Erasing Lamps. The UVS-11E 
Short Wave UV Lamp was designed specifically for the small 
systems user and computer hobbyist. It's compact, 
easy-to-use, and will erase up to 4 chips at one time. It even 
features a special safety interlock system for complete safety. 

This is the first UV erasing system to offer simple operation 
and foolproof safety features at an affordable price. Like all 
UVP products, the UVS-11E is quality-built and backed by 
45 years of UV technology. 

Order now from your local authorized UVP stocking dealer. 
Or write today for more information and name of nearest 
dealer. 

ULTRA-VIOLET PRODUCTS, INC. 
5100 Walnut Grove Avenue, San Gabriel, CA 91778 USA 
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1977Answer Book. 
It makes your job 
easier. $25. 
"What companies make the products I 
need? How do I contact them locally? 
How do I get their current catalogs fast?" 

Ask The Answer Book. Over 4000 

products, more than 5000 manufacturers 

with their local contacts and distributors, 
directory of trade names and catalogs, 

post-paid inquiry "bingo" cards for 
5-second ordering of current catalogs. 

Electronics Buyers' Guide 
1221 Avenue of the Americas, N.Y., 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 

of the contacts and explosion. 
George Ulanet Co.. 413 Market St., Newark, 

N. J. 07105. Phone (201) 589-4876 [343] 

Thick-film resistor network 

stands only 0.195 in. high 

Up to nine resistors for high-density 
packaging are provided by a thick-
film resistor network with an above-
board height of 0.195 inch. Avail-
able in 6-, 8- and 10-pin models, the 
MSP networks have a maximum 
power rating of 1.70 w ( 10-pin pack-
age). Individual resistors have a 
maximum power rating of 0.18 w. 
Standard resistance range is from 

10 0 to 1 MS/ with 2% tolerance, and 

the standard temperature coefficient 
is ± 100 ppmfC over an operating 
temperature range of — 55°C to 
150°C. Networks are available from 
stock to meet requirements for pull-
up, pull-down, voltage-divider, im-
pedance-balancing, and other appli-
cations. 
Dale Electronics Inc., Box 74, Norfolk, Neb. 

68701. Phone Dave Dossett at (402) 371-

0080 [344] 
City State Zip 
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New products 

Subassemblies 

Optical coupler 
switches 7.5 W, 
drives triacs 
The missing link between low-power 
controllers such as microprocessors and 
high-power ac switches like triacs is 
supplied by the MOC3011 optical 
coupler. Used alone, the unit switches 
power-line loads up to 7.5 w. Let it 
drive a high-power triac, and it switches 
kilowatt loads. 

Housed in a six-pin dual in-line pack-
age, the coupler contains a gallium-
arsenide infrared-emitting diode, which 
is energized by currents of 10 mA at 
voltages as low as 2 v. A transparent 
insulator able to withstand 7,500 
carries the infrared radiation to a mono-
lithic photosensitive circuit in the same 
DIP. This circuit's output simulates that 
of a small triac: it can switch ac loads 
up to 100 mA and can sustain output 
voltages up to 250 y in the off condi-
tion. Output characteristics of the 
coupler also eliminate complex interface 
circuitry. 

Motorola's annular ring technology, 
silicon-nitride passivation, and ion-
implanted elements are combined in the 
monolithic chip to provide the moisture 
resistance and temperature stability 
necessary for operation in such ap-
pliances as microwave ovens. 

Available from stock, the MOC3011 
sells for $ 1.60 each in hundreds. 
Motorola Semiconductor Products Inc., P.O. 

Box 20912, Phoenix, Ariz 85036. Phone Harold 

Frede at (602) 244-4556 [381] 

Current-loop d-a converter 

aims at process control 

Designed for use in industrial pro-
cess-control systems, the MP1480 is 
a 12-bit current-loop digital- to-
analog converter with a built-in 
storage register. Operating over the 
standard current range of 4 to 20 
MA, the converter has a slew rate of 

, 

2 mA/gs and a half-least-significant-
bit settling time of 10 its. Packaged 
in a shielded module with dimen-
sions of 2 by 2 by 0.375 inches, the 
MP1480 sells for $ 135 in small 
quantities. In hundreds, the price 
drops below $ 100 each. Delivery 
time is 12 weeks. 
Analogic Corp., Audubon Road, Wakefield, 

Mass. 01880. Phone (617) 246-0300 [383] 

Analog dividers 

provide high accuracy 

A series of two-quadrant hybrid 
dividers that interface with micro-
processor-based systems contains 
units with maximum 25°C errors of 
1%, 0.5%, 0.25%, and 0.10%. These 
error figures are true maximums, 
including the effects of offset volt-
age, feedthrough, scale-factor errors, 
and nonlinearity in both quadrants. 
Designated models SGR 503 
through SGR 506, the dividers have 
small-signal bandwidths of 1 MHZ 
and full-power bandwidths of 200 
kHz. Slew rate is 25 V/µs. For small 
quantities, prices range from $49 to 
$160 depending upon accuracy. The 
compact devices occupy less than 

half a cubic inch and weigh less than 
an ounce. 
SGR Corp., Neponset Valley Industrial Park, 

P. 0. Box 391, Canton, Mass. 02021. Phone 

Ann Ripley at (617) 828-7773 [384] 

Switching supplies 

are board-mounted 

A line of multiple-output switching 
power supplies consists of units 
packaged on printed-circuit boards 
and fitted with connectors. At 65 
watts, efficiency is a minimum of 
75%. Units having up to five outputs 
are available from the company. In 
hundreds, a five-output model sells 
for $ 152; delivery time is six to eight 
weeks. 
Etatech Inc., 187-M W. Orangethorpe Ave., 

Placentia, Calif. 92670. Phone (714) 996-

0981 [385] 

Isolation amplifier 

withstands 6.5 kV peak 

The model IA286 isolation amplifier 
is a compact module with dimen-
sions of 2.52 by 3.52 by 0.63 inches 
and an input/output isolation-volt-
age rating of 5,000 y dc continuous 
and 6.5 kv dc peak. The input circuit 
presents a common-mode impedance 
of 109 0 in parallel with 10 pF and a 
differential impedance of 10' 2 7 in 
parallel with 3 pF. 
The amplifier gain can be ad-

justed from unity to 100. Its nonli-
nearity is no more than 0.1%, and its 
temperature coefficient is less than 
0.025%/°C. The IA286 sells for $58 
each in hundreds and is available 
from stock to 30 days. 
Intronics Inc., 57 Chapel St., Newton, Mass. 

02158. Phone Richard Sakakeeny at (617) 

332-7350 [386] 
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New products 

Microprocessors 

Flexible system 

uses floppy disks 

Development package 

can also become 

a building block for end user 

Many microprocessor development 
aids can be used only to develop and 
debug hardware and software for 
microprocessor-based systems. But 
when Mostek Corp. introduces its 
AID-80F microcomputer develop-
ment system next month, it hopes to 
give users not only a development 
tool, but a package that can be used 
as a building block for end products. 

For $5,995, customers will get the 
complete system: a Shugart Asso-
ciates Inc. dual-floppy-disk drive, 
power supply, front panel, and six-
slot card cage with processor, mem-
ory, and disk-controller boards. Un-
like makers of other disk-based 
development systems, Mostek plans 
to unbundle hardware and software 
so that it can be purchased piece-by-
piece by the user. 

For Mostek, it is a back-door 
entry into the computer business. 
"The fact that our development 
system is built around software and 
boards that are available to original-
equipment manufacturers opens up a 
new market for us," says Bryan D. 
Knox, applications engineer for the 
Carrollton, Texas, firm. " Its constit-
uent elements will be sold separately, 
and we plan to make software avail-
able separately, too, on an OEM basis 
with limited and unlimited licensing 

arrangements." That way, the devel-
opment station could be configured 
into such end products as inventory-
control systems, industrial supervi-
sory controllers, communications 
concentrators, and small business 
computers. 
The system is designed around 

Mostek's version of Zilog Inc.'s Z80 
microprocessor; it will support soft-
ware development for that device, or 
with an optional $850 AIM-72 
board coming in the second quarter 
of 1978, it can be used to debug 
software written for the firm's 
MK3870 and MK3872 one-chip 
microcomputers. Disk space is con-
figured to hold up to 500,000 bytes, 
or 1 megabyte if the optional double-
sided disk is chosen, Random-access 
memory totals 32 kilobytes and can 
be expanded to 64 kilobytes by 8 bits 
with boards that also carry four 
input/output ports. 

But the system's real strength is in 
its software, specifically a powerful 
new peripheral-interchange program 
for file maintenance and exchange of 
data between peripherals. "Other 
systems offer some kind of file-main-
tenance ability," Knox says, "but 
our program has that plus the ability 
to handle other peripheral devices." 
It will copy data from disk to disk, 
between disks and peripherals, or 
between any two peripherals with a 
single instruction, he adds. 

Besides a monitor that is similar 
to Digital Equipment Corp.'s PDP-
11 monitor, a disk-based text editor, 
and Z80 assembler, the AID-80F 
comes with a one-pass relocating 
linking loader that allows users to 
append new programs to existing 
system resources. Mostek also pro-
vides a second linker program with a 
library search capability so that 
linking and loading can be done in 
the conventional two-pass manner as 
well. The system's Z80 debugger will 
step through programs stored in 
random-access memory instruction 
by instruction. Hardware single-step 
and in-circuit emulation of the Z80 
will be marketed as an $ 1,195 
option. 
Mostek Corp., 1215 W. Crosby Rd, Carroll-

ton, Texas 75006. Phone (214) 242-0444 

[371] 

Motorola aims display 

at original-equipment market 

Motorola Inc.'s new general-purpose 
display terminal intends to be many 
things to many people: to the 
process-control industry, it is a neat 
little stand-alone package that even 
houses the analog-to-digital conver-
sion electronics; to systems compa-
nies, it builds a low-cost business 
microcomputer when complemented 
with some disk memory; and to the 
Phoenix Microsystems division, 
which makes it, there is no better 
vehicle to sell the company's Micro-
module board products. 
The Epic 68 is aimed at two 

markets: original-equipment manu-
facturers and sophisticated end us-
ers, according to Ken Hanley, 
systems product manager at the 
Motorola division. "A systems OEM 
can take the Epic, add some user-
oriented firmware or hardware, and 
make up anything from a passive 
monitor to a complete information-
processing system," he says. The 
market for the terminal, therefore, is 
more like that in which Conrac 
Corp. sells its display monitors, 
rather than that of, say, Hazeltine 
Inc. or Beehive International, which 
are designed principally for terminal 
applications. 

The Epic contains slots for eight 
Micromodule boards. The bare-
bones version of the terminal, which 
costs $2,960, has just enough in it to 
allow users to program it as a mini-
mally intelligent terminal. One 
stand-alone application for down-
range sonar detection has an inter-
face board, an a-d converter board, 
and a third board for calibration, all 
inside the Epic box. Another appli-
cation is an automated tool-crib 
monitor for a naval shipyard. " It 
doesn't take long to put together a 
system like this," Hanley maintains. 
"Just plug in the off-the-shelf mod-
ules and put some software around 
them, and you can get the thing to 
market quickly." 
Motorola Inc., 5005 East McDowell Rd., 

Phoenix, Ariz. 85008. Phone (602) 244-

6900 [372] 
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New products 

Semiconductors 

C-MOS EPROM 

draws 6bLW 

At 5 volts, read-only memory 

offers access time 

of 200 to 280 nanoseconds 

When designers of low-power micro-
computer systems need a program-
mable read-only memory, they want 
one that has a low power drain. That 
is why Intersil has developed the 
I M6603/04, a 4,096-bit ultraviolet-
light- erasable complementary-
metal-oxide-semiconductor PROM 

with a total standby power dissipa-
tion of 6 uw at 5 y dc. 
The 24-pin device is fabricated 

with Intersil's low-threshold, ion-
implanted silicon-gate c-mos pro-
cess. A single metal-mask change 
makes the memory available in 
either of two configurations— as a 
1,024-by-4-bit device (the I M6603) 
or a 512-by-8-bit unit ( the I M6604). 

Organized as two separate 64-by-
32- bit arrays, the PROM discards the 
conventional c-mos structure in fa-
vor of a shared design that allows the 
fabrication of large-scale integrated 
devices. With it, one n-channel 
device may be shared by several p-
channel devices. The PROM array 
consists of 4,000 standard p-channel 
floating-gate transistors, with the 
peripheral input/output and control 
circuitry being straight c-mos. 
The devices have a quiescent 

power dissipation on the order of 
nanowatts. When driven at 5 v, the 
devices typically draw no more than 
15 nw, at 10 y no more than 50 to 
100 nw. Access times on the 
6603/04 are 200 to 280 ns at 5 y and 
150 to 200 ns at 10 v. Power 
consumption in the active mode is 
dependent upon cycle time, tempera-
ture, and supply voltage. For a 450-
ns cycle time, 25°C, and 5 v, it 
ranges from 8 to 32 mw. 

According to Gopal Ramachan-
dran, product marketing manager, 
the IM6603/04 has a unique circuit 

technique that permits its operation 
at different voltage ranges. It has an 
extra power supply pin for the 
output buffers and a unique unbal-
anced buffered address latch that 
allows the ! M6604 to replace an 
existing multiple-supply c-mos eras-
able PROM, the 2704, by supplying 
address strobes to the pin that was 
formerly used for substrate bias. 

Data retention on the 165-by- 150-
mil device is estimated to be better 
than 100 years at 70°C. Program-
ming is performed by avalanche 
injection of electrons into selected 
floating gates. The device may be 
erased with standard high-intensity 
ultraviolet lamps. 

Available now in sample quanti-
ties, the 1M6603/04 is priced at $ 16 
each in lots of 100 or more when 
housed in plastic, or $24 each for the 
ceramic version. 
Intersil Inc., 10900 N. Tantau Ave., Cuper-

tino, Calif. 95014. Phone (408) 996-5000 

(4111 

Two-chip set uses infrared 

pulses to control TVs 

Drawing upon the expertise gained 
from developing integrated circuits 
for remote control of TVS by ultra-
sound techniques [Electronics, May 
13, 1976, p.87], Intermetall GmbH 
will soon offer a two-circuit lc kit 
that relies on infrared light as the 
transmission medium for the control 
commands. 

Infrared methods for controlling 
iv functions are already in wide-
spread use, particularly in some 
West European countries. But what 
Intermetall, the German member of 
the irr Semiconductor Group, has 
"leapfrogs the competition," says 
Marijan Lorkovic, product manager 
for integrated circuits. 
The lc kit, consisting of the 

SAA1050 transmitter and the 
SAA1051 receiver circuits, enables 
users to design an IR link over which 
up to 16 different systems or subsys-
tems can be remotely controlled. The 
systems may range from a simple 
model train to an elaborate color TV 
set with all the latest features. The 

subsystems may be, for example, the 
circuitry for channel selection or on-
screen display of the channel num-
ber. After being addressed, each unit 
or feature can be controlled by up to 
64 instructions. 

Says Lorkovic, "The large number 
of instructions gives equipment de-
signers not only flexibility now but 
also a big reservoir of control appli-
cations for the future." In fact, the 
development of the kit, he adds, was 
prompted in part by what TV produc-
ers arc envisioning for their re-
ceivers: Viewdata, Teletext, intelli-
gent games, and other features that 
will eventually make a set more like 
a home data terminal than a mere 
entertainment medium. But even 
now, as digital functions are increas-
ingly being used in iv receivers, a 
large repertoire of instructions 
should come in handy, he asserts. 
The SAA1050-SAA1051 trans-

mitter-receiver kit will be available 
as samples early next year and in 
large numbers in late spring. The kit, 
priced at $ 10 in volume quantities, 
will go to market in the U. S. and 
Europe at the same time. The trans-
mitter ic is a complementary-metal-
oxide-semiconductor device, and the 
receiver lc is a p-channel silicon-gate 
circuit. Both come in as a 24-pin 
plastic package. 
The receiver works with a photo-

diode that picks up IR pulses from 
the transmitter and feeds them 
through an amplifier to the 
SAA1051, which converts the in-
structions into signals that can be 
serially applied to a data bus. Over 
this bus the different pieces of equip-
ment and subsystems can be ad-
dressed, with the 64 instructions 
available for each address. 
Intermetall, 600 Woodfield, Suite 732, 

Schaumburg, III. 60172; Intermetall GmbH, 

P. O. Box 849, Freiburg, West Germany 

[412] 
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New products 

Data handling 

Data General 

markets boards 

Minicomputer firm offers 

series of analog interfaces 

that plug into microNova 

Convinced that microcomputer users 
will increasingly want "one-stop 
shopping" for all their needs, includ-
ing analog input/output interfaces, 
engineers at Data General Corp. 
have developed a series of boards for 
their own microNova — the first such 
interfaces available for the 16-bit 
machine. Datel Systems Inc., Can-
ton, Mass., is expected to introduce 
similar products next month, and 
this step is welcomed by Edward 
Zander, marketing manager for 
Data General's Microproducts 
group. 

"If users feel they have a number 
of sources for microcomputer ho 
boards, it gives them a good feeling 
about the microcomputer itself," 
Zander says. It is even better, in his 
opinion, if the interface subsystems 
are also supplied by the microcom-
puter manufacturer. 

Data General's series consists of 
three boards: a digital uo interface, 
an analog-to-digital board, and a 
digital-to-analog board. They all 
plug directly into the microNova 
chassis to give it stand-alone data-
acquisition and control capabilities. 
The model 4222 digital uo interface 
is a subsystem that takes the micro-
computer's serial ho bus and 
presents it to the outside world as 16 
parallel-input and 16 parallel-output 
lines. The unit also furnishes two 

strobe-output lines and a single 
strobe-input line. 
The model 4223 board is a 

complete a-d subsystem. It incorpor-
ates two eight-channel multiplexers, 
a differential-input instrumentation 
amplifier, a sample-and-hold unit, 
and a 12-bit successive-approxima-
tion a-d converter. Its 16 single-
ended or 8 differential inputs are 
program-controllable. The subsys-
tem offers jumper-selectable input-
voltage ranges of 0 to 5, 0 to 10, ± 5, 
and ± 10 v. A complete conversion 
requires 331.ts maximum. 
Model 4224 is the dual-channel d-

a interface, a 12-bit subsystem 
providing selectable full-scale output 
of 0 to 5, 0 to 10, ± 5, or ± 10 v that 
will settle to within ± 0.01% of full 
scale of desired output value in 7 its. 
Each channel's output range is indi-
vidually set. 

Zander concedes that prices for 
the model 4223 a-d board and 4224 
d-a interface unit are a bit high. The 
former will sell for $ 1,150 in single 
quantities, and the latter for $800. 
However, substantial discounts for 
quantity orders are available. Fur-
ther, the user gets Data General 
software for the units at no addi-
tional charge. The software is the 
company's existing Sensor Access 
Manager, a library of device han-
dlers and subroutines that control 
transfers between user programs and 
analog and digital sensor devices. 
The model 4222 digital uo subsys-

tem will sell for $400 in single quan-
tities. Delivery time of all three 
boards is 90 to 120 days. 
Data General Corp., Route 9, Westboro, 

Mass. 01581. Phone Edward Zander at 

(617) 366-8911 (361) 

Redesign takes heat off 

1/4 -inch-tape transport 

In its short six years of existence, the 
1/4-inch-tape cartridge has become a 
data-storage standard in word pro-
cessing and data communications, as 
well as in many other applications. 
But it runs into a reliability problem 
with the transport that drives it. The 
drive's frequent starts and stops heat 

the cartridge up, causing the tape to 
warp and be thrown out of alignment 
and often shortening tape life to well 
under the 5,000 passes guaranteed 
by cartridge manufacturers. 
Kennedy Co.'s new transport, 

however, dissipates too little heat to 
be harmful, thanks to redesigned 
circuitry that greatly reduces its 
power requirements. A" dual-voltage 
power supply and power amplifiers 
make it possible to use a shell-wound 
motor that consumes 22.6 watts 
during start-up and 8.2 w while 
running, according to Russell Bar-
tholomew, vice president of market-
ing. In contrast, most cartridge 
transports, including Kennedy's ear-
lier units, have a three-voltage sup-
ply with peak demands of 150 w to 
300 w and running-time dissipations 
of 37 w to 70 w. 

Besides eliminating overheating 
and warpage, the model 631 thus 
saves significantly on the amount of 
electricity consumed. To date, be-
tween 4,000 and 5,000 of the earlier, 
first-generation units have been 
manufactured. 
The bidirectional model 631 trans-

port can be equipped with one, two, 
or four read/write heads, with maxi-
mum unformatted storage capacity 
of 720 kilobytes per track. Normal 
operating speed is 30 inches per 
second, with 25 in./s as an option. 
Using a phase-encoded format at a 
recording density of 1,600 bits per 
inch, the drive has a transfer rate of 
48,000 bits per second at 30 in./s, 
40,000 b/s at 25 in./s. Start-stop 
time is 25 milliseconds at 30 in./s 
and 30 ms at 25 in./s. 
The transports are 6.5 in. wide by 

4.75 in. high by 8.625 in. deep, and 
weigh 3.75 pounds. Power require-
ments are + 5 y regulated and + 24 

unregulated. The 5-v line draws 
200 MA and the 24-v line draws 900 
MA during start-up and 300 MA 
running. 
The model 631 is priced from 

$500 to $795 depending on speed 
and number of tracks, with quantity 
discounts. Delivery time is within 60 
days. 
Kennedy Co., 540 West Woodbury Rd., 

Altadena, Calif. 91001. Phone (213) 798-

0953 [362] 
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New products 

Packaging & production 

Metallic bumps 

plated on ICs 

Electro-deposition technique 

prepares chips for 

tape-automated bonding 

Tape-automated bonding, or film-
carrier packaging, is now well estab-
lished as a method for mass assemb-
ly of popular integrated circuits in 
plastic dual in- line packages. How-
ever, the lack of specially modified 
or bumped chips that can take the 
heat and pressure of mass bonding to 
the copper microinterconnects of the 
film carrier [Electronics, Dec. 25, 
1974, p. 62] has held back the appli-
cation of this technique to hybrid 
thick- and thin-film assemblies. Hy-
brid manufacturers, who found chips 
on film carriers an attractive alter-
native to bare chips, usually require 
only relatively small quantities of 
chips, and semiconductor manufac-
turers simply were not willing to 
bump chips in these quantities. 
A new laboratory plating system 

for the electro-deposition of gold, 
silver, copper, or solder bumps on lc 
wafers should do a lot toward 
breaking this bottleneck. Interna-
tional Micro Industries' model 149 is 
designed for hybrid manufacturers 
who intend to bump lc wafers to 
prepare chips for tape-automated 
bonding. 
The new machine includes an 

automatic power supply for plating 

through apertures in either thick 
(35-micrometer) dry-film photore-
sist or thin ( 2-µm) liquid photoresist. 
Its current regulation maintains a 
fine metallic deposition in the bump 
area and minimizes mushrooming of 
the bump. The machine's power 
supply monitors and automatically 
regulates the plating current as the 
plated area increases. 
The machine has two workholders, 

each of which can accept wafers as 
large as 5 inches. The system is 
priced between $ 13,000 and 
$14,000. Delivery is 10 to 12 weeks. 
Tom Angelucci, president of Inte-

grated Micro Industries, points out 
that earlier plating machines could 
not effectively use the low-cost, 
high-yield liquid resists because lat-
eral bump growth forced the use of 
higher-cost dry-film resists. The con-
trolled-current supply of the model 
149 eliminates this effect, giving a 
prospective users of the machine an 
opportunity to avoid the lamination, 
removal, and material costs of dry-
film resists. 
International Micro Industries, P. 0. Box 604, 

Cherry Hill, N. J. 08004. Phone (609) 424-

3112 [391] 

Benchtop memory tester 

runs at 10 MHz 

The M-5 memory test system is a 
dedicated, benchtop unit designed 
for the production testing of memory 
chips, boards, and systems and for 
functional burn-in testing as well. 
The basic system, which is controlled 
by an 8080A microprocessor, con-
tains a pair of 8-bit address genera-
tors and can produce 16-bit data 
patterns. A third address generator 

can be added, and the word length 
can be expanded to 40 bits in 8-bit 
increments. Other options available 
for the 10-MHz tester are a real-time 
clock, an integrated-circuit handler, 
a wafer prober, and the circuitry 
needed for interfacing the system to 
an environmental chamber. The ba-
sic unit sells for $ 10,200. 
Micro Control Co., 7956 Main St. N. E., 

Minneapolis, Minn. 55432. Phone Wayne 

Peterson at (612) 786-8750 [393] 

Piggyback PROM programmer 

is priced at only $295 

Plug the PP-2708/16 PROM pro-
grammer directly into any 2708 or 
TMS-2716 memory socket, place the 
programmable read-only memory to 
be programmed into the zero-inser-
tion-force socket, and then simply 
push a button and a proprietary 
interface technique dumps the mem-
ory data over the eight lower address 

lines. Because of the simple inter-
facing technique and because all 
timing and control sequences are 
handled by the programmer, only a 
short software routine is required. 
The unit is simple, requires no addi-
tional power supplies, and sells for 
only $295 ($249 in kit form). It is 
equipped with 10-turn trimming 
potentiometers. A five-foot flat cable 
with a 24-pin plug is provided to 
connect the programmer with the 
socket of the 2708 or the TMS-2716. 
Oliver Audio Engineering Inc., 676 West 

Wilson Ave., Glendale, Calif. 91203. Phone 

(213) 240-0080 [394] 
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Classified section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES 
CLASSIFIED SALES REPRESENTATIVES 
Atlanta Jane Core 404/892 2868 
Boston Hoit Buchanan 617/262 1160 
Chicago Bru Heggens 312/751 3733 

Lii.voland 
Dallas 
Denver 
Detroit 

Mac Huesks 
Mike Taylor 
Shirley Klotz 
Mac Huesus 

216/7131 7000 
214/742..1747 
303/837-1010 
313/873 741n 

Houston . . Mike Taylor 
Los Angeles Stan Bassin 
New York Larry Kelly 

Philadephia Dan Ferro 

713/659-8381 
213/487-1160 
212/997-3544 

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 

VIDEO TAPE 
ENGINEERS 

JOIN OUR ELITE 
DEVELOPMENT TEAM 

Design State- of- the-Art rotary head video instrumentation 
tape recorders for BMZ frequency response & 3ns residual 
time base error. 

Bell and Howell, already a world leader in instrumentation 
magnetic recorders, is now deeply into video. Unusual ground-
floor opportunities exist for: 

II PRINCIPAL ENGINEER 
Design & Test 

Design signal systems and subsystems such as VTR FM modulators, demodula-
tor s. equalizers. preamps. record amps and electronic time base correctors. Work 
on small signal, high linear circuit design. Prefer BSEE or equivalent) plus indepth 
experience in design and test of video instrumentation electronic circuits. High 
Speed A-D conversion experience desirable. 

la SENIOR DESIGN ENGINEER 
Design capstan, scanner and other servos for rotary-head Video Instrumentation 
Recorder/Reproducer. Prefer BSEE ( or equivalent) plus extensive experience in 
VTR field demonstrating proven ability. Experience in VTR design and testing a real 
asset 

Besides the exceptional challenge, we offer a most comprehensive benefits 
program liberal relocation and excellent salary. Candidates must be able to obtain 
DOD secret clearance. Please send your resume, including salary history, conf 
dence, to Helen Duner, Employment Coordinator, BELL & HOWELL, M n Sierra 
Madre Villa, Pasadena, CA 91109. ( 213) 796-9381. 

n BELL E HOWELL 
We are an equal opportunity 

DATATAPE DIVISI011 !Affirmative A vlion Employer 

rs 
PRODUCT MANAGER 
PRECISION RESISTOR 

NETWORKS 

ELECTRO FILMS is growing 
geometrically and is in process of 
expanding its physical plant. To 
continue this dynamic growth rate in 
a balanced way we require the 
services of a design/applications 
oriented person to oversee and 
direct progress in our precision 
packaged and unpackaged network 
activity. 

Opportunity offers a capable and 
energetic individual financial growth 
and benefits tied directly to contribu-
tion. 

Ekactrvz. FT/ma hicorporiater•ci 
100 YE 4,0* VI* IF • • WARVOCM • I 001.• TEL 1,1011.41130 

•ftre oeesve emcee 

PRODUCT 
DEVELOPMENT 
MANAGER 

Rapidly growing consumer/com-
mercial electronics manufac-
turer has current need for New 
Product Development engineer 
to join its engineer dept. Indi-
vidual we seek will have a BSEE 
or equivalent and have 10 years' 
related experience in private in-
dustry. Must be experienced in 
RF & IC design with knowledge 
of microwave desirable. We of-
fer top salary, benefits and un-
limited advancement potential. 
Reply in confidence to Person-
nel Manager, ( 301) 355-9000. 

Universal Security 
Instruments, Inc. 
2829 Potee Street 

Baltimore, Maryland 21225 
An Equal Opportunity Employer M/F 

PROJECT 
ENGINEER 

Challenging 

Career Opportunities 
Battelle, one of the world's leading not-for-profit research development 
and educational organizations, has immediate and rewarding opportunities 
for you in the following areas: 

• Communications 
• Circuit design 
• Automatic control design 
• Micro processor and minicomputer system control 
• Electronic inspection 
• Engineering and systems development 
• Computer-aided manufacturing 

These positions offer you challenging technical assignments in both re-
search and marketing and participation with high-level industrial and 
government management. Positions require advanced degrees in Electrical 
Engineering, 3 to 17 years of industry experience ( depending on position), 
and demonstrated leadership skills. We offer excellent starting income 
commensurate with your experience and the status of the position, a 
comprehensive benefits program and many unique opportunities for 
professional and personal recognition and advancement. 

For immediate and confidential attention, 
send resume to: 
L. G. Hill, Manager, Employment 

O Battelle 
Columbus Laboratories 

505 King Avenue 

Columbus, Ohio 43201 

A n Equal Opportunity Employer 

ENGINEER—VACUUM TU BE 
Small Co. need manager for 
high-powered vacuum tube 
rebuilding and manufacturing 
operation. Must be a take 
charge individual that enjoys a 
shirt sleeve atmosphere. A 
thorough knowledge of process-
ing & test equipment required 
for both glass & ceramic 
vacuum tubes. A microwave 
background is valuable. Applica-
tions held in confidence. Send 
resume to: 

J.M. COMPANY 
1030 W. Maude. Suite 504 
Sunnyvale Ca. 94086 

TRANSFORMER 
ENGINEER 

Audio and power design. 4 yrs. min. exp. 
Salary open. Reply to: 

MICROTRAN 
P.O. Box 236, Valley Stream, N.Y. 11582. 

Phone 516-561-6050 

COMPUTER ENGINEER 
To assist in organizing the develop-
ment and hardware maintenance of 
our medical laboratory information 
systems. Experience in trouble shoot-
ing and maintaining mini computer 
systems ( PDP-11 PDP-13 desired. 
Salary dependent upon qualifica-
tions. Good fringe benefits. Please 
submit resume to: 

Carol Kopsa 
Dept. of Pathology 

144 ML., University of Iowa 
Iowa City, IA 52242 

ruicnin i‘ an equal top-
p. ,rnértitt allérmame action employer 

FOR WESTERN ACTION 
Free resume preparation and 
distribution to exceptional fee 
paid opportunities. Send 
experience and salary history to: 

The Wescott Agency 
Box 4428, 

 Vancouver, WA 98662  
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Engineering Careers 

You can get ahead faster with us 
than with anybody else. 

Here's why: 
1 You are needed right now. 
Our project teams are crying for good 
professionals who can grab hold fast. 

2 You'll get a chance to prove 
how good you are. Everybody is 
evaluated regularly; there are no 
missing persons at TI. If you're good, 
you move up fast. No matter how long 
the people above you have been there. 

3 You'll be involved in state-of-
the-art projects. Advanced airport 
and airborne radars. New infrared and 
laser electronics applications. TI is the 
technological leader in literally scores 

of product fields. This leadership has 
produced more than 7,000 patents. 

4 You'll work on a complete 
system. No threat () I getting locked 
into a repetitious specialty. You'll work 
on a small project team. You'll interface 
daily with other disciplines and other 
phases of your overall program. 

5 You'll work in a job-stable, 
multi-market situation. We have 
a variety of products and markets. We're 
not heavily dependent on any one of 
them — and neither is your job. 

Live in Dallas. The Southwest's 
largest and liveliest metropolitan area. 

Discover all the glitter and glamour, spectacular sport and high fashion Dallas is 
famous for— yet an economical place to make a home. Cost of living is way below the 
urban U.S. average. And there's no state income tax. The country's 8th largest city has 
year-round sunshine plus lots of lakes and facilities to enjoy it. The area has 34 
colleges, 102 major medical facilities, and a wealth of major media and entertainment. 

Openings also in Ridgecrest, California. 
All openings require a minimum of a System Engineers 

Will provide conceptual design definition 
for a wide variety of systems and 
subsystems. 

Analysts 
System analysts to work with system 
engineers in trade-off analysis to support 
system concept and definition. 

Computer System Engineer 
Requires MS or PhD in EE or CS and 5 
years' experience in hardware and 
software design of real-time compqter 
systems. 

Technology Requirements 
Engineer 
Requires MS in EE and 8 years' 
experience in the use of advanced 
semiconductor technology in system 
design. 

Send your resume in confidence 
to: Staffing Manager/P. 0. Box 6015, 
M.S. 222/Dept. E/Dallas, TX 75222. 

Bachelor's degree and U.S. citizenship. 

Software Engineers 
Application and Assembly language 
programmers are needed for implement-
ing control, signal processing, and auto-
pilot algorithms. 

RF Engineers 
Engineers required in all microwave 
disciplines including antennas, receivers 
and microwave components. 

Field Engineers 
Will support evaluation testing of 
weapon systems and subsystems. 
Specialized experience in software/ 
hardware design or microwave useful. 

Design Engineers 
Openings for all disciplines including: 
• Mechanical/Structural 
• Analog 
• Digital 

TEXAS INSTRUMENTS 
INCORPORATED 
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Broadcast Products Division 

NEW PRODUCT DESIGN 
ELECTRONIC AND 

PROJECT ENGINEERS 
Commercial broadcast equipment opportunities 
with an internationally active division of Harris 

Our Division is a leader in design, engineering and manufacture 
of radio and television broadcast and related equipment, used 
worldwide. We are part of Harris, a strongly growing diversified 
company in electronics and communications with volume now 
past the half- billion mark. 

Immediate Career Opportunities in New Product Design: 

SMALL TO MEDIUM SIGNAL 
CIRCUIT DESIGN ENGINEERS 

Familiar with small to medium signal RF, IF, Video and power 
supply circuitry. BSEE or MSEE, with 0-5 plus years experience 
(recent graduates considered) and background in product circuit 
design. This position and the appropriate training we'll supply 
provides an excellent opportunity for an engineer to enter the 
commercial broadcasting industry. 

LARGE SIGNAL 
CIRCUIT DESIGN ENGINEERS 

Interest or desire to learn large signal circuit design or high 
frequency vacuum tube power amplifiers. BSEE or MSEE with 3 
or more years experience in small signal circuit design or related 
field and/or interested in training for large signal design career 

PROJECT ENGINEERS 
Offering future management opportunities, this opening requires 
BSEE or MSEE with 5-10 years experience as Product Circuit 
Design Engineer in a manufacturing environment. Background as 
Project Leader in establishing project objectives, manpower 
needs and budget is desired. 

We offer favorable career prospects in a growth environment, 
competitive salaries and excellent benefits, and relocation as-
sistance to our desirable small, progressive city. Please direct 
resume giving full pertinent details including salary progression 
in confidence to: Lawrence E. Car!stone, Professional Employ-
ment Supervisor, Harris Corporation, Broadcast Products Division, 
Quincy, Illinois 62301. 

HARRIS 
COMMUNICATIONS AND 

INFORMATION HANDLING 

Ar, Equal Opportundy Employer— Male and Female 

NOTICE 
TO 

EMPLOYERS 
fflI ........... Ma 

Why 
we can recommend 

our readers 
for the top jobs 

The subscribers to this magazine have 
qualified professionally to receive it. They 
are also paid subscribers — interested 
enough in the technological content to have 
paid a minimum of $ 14 for a subscription. 
As subscribers to ELECTRONICS, our 

readers have told you several things about 
themselves. They are ambitious. They are 
interested in expanding their knowledge in 
specific areas of the technology. And they 
are sophisticated in their need for and use 
of business and technology information. 

Our readers are now in senior engineer-
ing or engineering management, or they are 
on the road toward those levels. In either 
case, they are prime applicants for the top 
jobs in almost any area. 

If you are interested in recruiting the 
best people in electronics, these pages are 
open to you for your recruitment advertis-
ing. 

Our readers are not "job-hoppers". To 
interest them you will have to combine 
present reward with challenge and op-
portunity for future career advancement. 

The cost of recruitment advertising on 
these pages is $55 per ad-

vertising inch. For information call or write: 

Electronics 
Post Office Box 900, New York, NY 10020 

Phone 212/997-2556 
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Engineers 
New Growth Means New Opportunity! 
NEW long term growth at Litton Systems Amecom Division means fresh career opportunities 
for ambitious engineers who seek professional advancement. These are IMMEDIATE 
career openings at all levels: 

SOFTWARE SYSTEMS ENGINEERS 
• Real-time hardware controller subsystems 
• Real-time systems processing 
* Assembly. Fortran, micro-code languages 
RF ENGINEERS 
• Microwave communications and 
receiving systems 
* High Sensitivity DF Receivers 
• Solid state microwave component design 
ANALOG AND DIGITAL 
PROCESSING ENGINEERS 
* LSI application 
* High speed data conversion 
* Power supplies 
ELECTRONIC WARFARE 
SYSTEMS ENGINEERS 
• State of the art ESM/ECM 
" Signal processing 
TELECOMMUNICATIONS 
SYSTEM DESIGN ENGINEERS 
Advanced digital subsystems including TDM 
• RF and analog subsystems including 
frequency synthesis and FDM techniques 
* Microprocessors and related real-time 
operating systems software 
* Voice switching systems 

ELECTRONIC WARFARE 
PROCESSING — HARDWARE 
* Microwave subsystem design 
* Circuit design — RF. video, analog, high 
speed A/D converters 
• EW digital subsystem design — signal 
sorting, microprocessorsimicrocontroller 
design. computer interfacing 
* Project engineering/design supervision 

All positions above require U S 
citizenship. Please send your resume and 
salary history in confidence to J.J. 
FitzGerald 

Amecom Division 

LITTON 
SYSTEMS, INC. 

Litton 
5115 Calvert Road 

College Park 

Md. 20740 

MANUFACTURING ENGINEER 
• Proficient in assembly line techniques, 
line station tooling and layout 
* Solve production line and electro-
mechanical problems 
• Interfacing with Design Engineering 
affecting timely design resolution 
* Minimum 5 years related experience, 
BSME preferred 
DATA COORDINATOR 
• Two years as a data coordinator. BBA 
required 
* Responsibility for all aspects of contract 
data requirements including company 
coordination, data submittals, corrective 
action requirements, formal customer 
approvals 
TEST ENGINEERS 
• BSEE with 5 years experience in design 
and development of FTE for RF and/or 
digital hardware, design and development 
of ATE software, preparation of test plans, 
procedures and specifications 
PROVISIONING SPECIALIST 
• 3 years experience in preparation of 
illustrated parts breakdowns ( IPB) in 
accordance with MIL-M- 15071G 
• Experienced in reviewing engineering 
specs and drawings for preparation of 
provisioning lists 
• Nomenclature ( DD Form 61). item 
descriptions ( FED-STD-5) and other 
software to meet Federal Standards 
FIELD ENGINEERS SAUDI ARABIA 
• Digital analog experience in state of the 
art telecommunications systems 
• One opening for supervisory experience 
engineer in installation of systems 
* Two years or more assignment in Saudi 
Arabia after two months training in our 
College Park. MD headquarters 
• Top salary. progressive incentive 
allowance, relocation. housing. 4 weeks 
per year paid vacation, travel, tax differential 
Please send your resume and salary 

history in confidence to. E Struckman 

Amecorn is located in a residential suburb of Washington. D.C. 
close to all major colleges and universities and the Nations 
capital An Equal Opportunity Employer M/F ' H 
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ENERGY CONVERSION 
UNIVERSITY OF DELAWARE 

The Institute of Energy Conversion of the University of Dela-
ware is an applied research institute directed towards making 
a measurable contribution to the solution of specific energy 
problems. 

SOLAR CELLS 
Significant advances in the development of high performance, 
low cost solar cells based on thin films have led to the crea-
tion of a number of new positions. Opportunities exist to join 
this major thin film photovoltaic solar cell group. 

PROGRAM MANAGER—PHOTOVOLTAIC DEVICES 
To lead the development of new and improved photovoltaic 
technology, devices and structures. Background in semicon-
ductor technology and junction devices preferred. 

PROGRAM MANAGER —PHOTOVOLTAIC SYSTEMS 
To lead a group designing photovoltaic systems and to 
manage the design, analysis, and installation of photovoltaic 
power systems. 

ELECTRONIC ENGINEER 
To join the solar cell research and development effort. Posi-
tion includes the analysis of solar cell properties and the 
development of new technological and analytical techniques 
leading to improved thin film photovoltaic devices for ter-
restrial applications. 

MATERIALS SCIENTIST 
To carry on basic studies of materials parameters for photo-
voltaic solar cells. Background in experimental measurement 
of semiconductor materials and experience in electron mi-
croscopy is required. 

Please send your resume in confidence to Mrs. T. Greer, De-
partment E, Institute of Energy Conversion, University of 
Delaware, One Pike Creek Center, Wilmington, Delaware 
19808. 

lhe ntlersItt Dula4rire 13 an allirmantc employer. 

UNIVERSITY OF DELAWARE 

JR. & SR. ELECTRONIC 

ENGINEERS 
If you are a BS, MS or PhD in EE or computer 
science with 0-7 years experience, we would like to 
talk to you. You are in desperate demand by 
electronic firms throughout the country. MAKE 
YOUR MOVE WHILE YOU ARE STILL YOUNG AND 
MOBILE. 

Predictions indicate 1978 to be the most dynamic 
year in a decade for engineering employment. NOW 
IS THE TIME TO LAY THE GROUNDWORK FOR 
YOUR FUTURE. Don't regard your present position 
as a temporary holding pattern or a place to wait for 
a lucky break. Present positions are the action base 
for future moves. 

RCI is a technical search firm with an outstanding 
reputation representing a broad base of nationwide 
clients serving the Electronics industry. If you are 
interested in advancing your career, call us or send 
your resume or a brief hand written description of 
your background including present salary and 
geographic preferences in confidence to: 

Search Director-Room A 

Regional Consultants Inc. 
213 West 9th Street 
Cincinnati, OH 45202 

513/579-1513 

ENGINEERS 
San Francisco Peninsula 

Participate in the Free World's most advanced aircraft defense 
systems ... with DALMO VICTOR, pioneer and still the Leader in the 
design and manufacture of State-of-the Art Digital Airborne Radar 
Warning Systems. 

New long-term Multi-million dollar contracts have created unusually at-
tractive growth opportunities in the following areas: 

* Realtime avionic software 
* Minicomputer central processors 

* Radar Systems 
*Airborne Receivers 
*Packaging of electronic equipment 

*Airborne hardware/test equipment 
*Broadband airborne antennas 
You are invited to explore these challenging positions and the very ex-
cellent benefits we offer: COMPANY PAID MEDICAL ( for you and your 
dependents), COMPANY PAID RETIREMENT PROGRAM, STOCK 
PURCHASE PLAN. EDUCATION REIMBURSEMENT ... and more: 

Please send your resume, to Dick Nelson, Professional Employment 
DALMO VICTOR. 1515 Industrial Way. Belmont, CA 94002. (415) 
595-1414. An Affirmative Action Employer. U.S. Citizenship required. 

-NTICTC012. 

Bell Aerospace TEXTRON 

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 

Representing EEO Cherri‘ Onlv 
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We're not a leader in LSI. 
But 20 years ago, 
we weren't a leader in 
minicomputers either. 

Now we're not making any dramatic predictions 
about our market position in 1977. But we can 
safely say a few things about what we're doing to-
day in LSI. 

We're using the most advanced technology 
available to develop custom proprietary circuits. 
We have a speciality expertise in the design area 
that allows us to design these circuits better than 
they've ever been done before. And we have the 
process technology in place to successfully 
manufacture some of the most complex chips in 
the industry. 

But we can also say a great deal about our 
strength as a company. Average annual growth for 

• DESIGN ENGINEERING 
MOS—memories, microprocessors 
Bi-polar—senor level positions 
Logic/systems—peripherals, LSI 
Technicians— MOS or Bi-polar 

▪ PROCESS ENGINEERING 
MOS diffusion/ion implantation 
Supervisors—sustaining engineering 
Technicians 

▪ PRODUCT & TEXT ENGINEERING 
MOS product-picroprocessors 
I.C. Test-senior level and supervisors 
Technicians—Equipment Maintenance 

d 

us is about 40% over the last 10 years—and there 
are no layoffs in our background. Not a typical 
semiconductor company, you might say. 

Ana you're right. But then, there's nothing 
typical about the way we work. Our standards 
are high. We don't maintain those standards by 
dictatirg artificial structures, or standing in the 
way of new ideas. The people we work with 
want an environment that lets them prove 
themselves, and that's what we try to give them. 

So that's where we are today. You can have 
some impact on where we'll be tomorrow, if you 
can offer experience in one of these areas. 

a COMPONENT/RELIABILITY 
ENGINEERING 
Failure analysis 
Device reliability 
Technicians—Failure analysis and SEM 

• SOFTWARE ENGINEERING 
LSI CAD—senior level 
Circuit/logic simulation 
Technicians—CAD 

Let's talk LSI. Contact Armand La Valle, Digital 
Equipment Corporation, Dept. M1208 38064 
180 Milk Street, Westboro, Mass. 01581. We 
are an equal opportunity employer, m/f. 

EXPANDING THE 
LIMITS OF LSI. 

a 
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The 

Which one 
is the printer 
development engineer? 

They all could be!! 
At Computer Peripherals, the emphasis is on finding innovative people ... indi-
viduals with technical training and ideas. If you can bring us the ability, we can 
open the door to exceptional opportunity ... and not just the first door. 

We are working in advanced areas of impact and non- impact printer design and 
development. We have immediate openings for: 

ELECTRICAL ENGINEERS 
Three years design experience in 
digital logic related to micro-
processors. 

MECHANICAL ENGINEERS 
Three years experience related to 
small mechanism design involving 
stepper motors, and vibration and 
stress analysis. 

MANUFACTURING ENGINEERS 
Three years in manufacturing process engineering in an electro-mechanical 
manufacturing environment. 

Appropriate degrees are required for each position. For more information on 
these openings and the career potential at Computer Peripherals, a joint ven-
ture of Control Data, NCR and ICL, Ltd., 

Call toll-free 1-800-521-3497 
to arrange a convenient appointment. Operators will be on duty. If unable to 
call, please forward a complete resume, including salary history to: 

( Mr. Bob Brown 

Ib ER INC. BRooxche-4.t8 PERIPHEMLS. er, Michigan 48063 

1480 N. Rochester Rd. 

1-313-651-8810 

ol PORTLAND, MC 

PERSONNEL RECRUITING FOR 
THE ELECTRONICS INDUSTRY 

NATIONWIDE 
Client companies nationwide from virtually 
every segment of the electronics industry 
use Dunhill of Portland to conduct talent 
searches. 
Career opportunities are available at all 
levels in a wide variety of disciplines. 
Forward your resume today for confidential 
consideration or phone: 

KEITH NYMAN —1 503 224-1850 
il e,irc ei, I 1011 ( .1 er retained 

POSITIONS VACANT 

Manufacturing Engineer-Communica-
tions Eqt. SE —$22K +, BPI, 5659 S. 
Laburnum. Richmond. Va. 23231. 

N/C Equipment Design. Machine 
tools. $ 23K + BPI. 5659 S 
Laburnum. Richmond. 23231 

EMPLOYMENT SERVICE 

"How To Get A Job Overseas" 253 
pages! Jam- Packed info. + Directory 
300 firms $5 Transworld, Box 
90802- HR Los Angeles 90009 

Engineers/Scientists—Over 800 
firms in Eastern U.S. pay our fees to 
recruit Top-Caliber professionals in 
all technical areas Send detailed 
resume, in confidence. Wallach 
Associates, Inc.. 1010 Rockville Pike. 
Rockville, MD 20852. 

OVERSEAS JOB GUIDE 

Job Hunting Guide + Directory of 
650 Firms. Details on lob sources, 
resumes. taxes. US $6.50 — WS & 
Canada). To foreign address —$ 7.50. 
Friar Books — EL, 8956 E. Ardendale, 
San Gabriel, CA 91775, 

TRANSLATIONS 

Freelance Technical Translators 
needed in 30 languages Sen ,.i 
resume to SCITRAN. Box 5456. Ste 
Barbara. CA 93I0.: 

BUSINESS PSYCHOLOGY 

How To Earn Money As A Consultant 
(including specimen contracts) $ 21 
Business Psychology Intl 890/44 
National Press Bldg Washington. 
D.C. 20045. 

An Affirmative Action Employer 

128 Electronics/December 22, 1977 



Engineering Opportunities 
at GTE Lenkurt 

Join a Company moving quickly into tomorrow 
...on the San Francisco Peninsula 

GTE LENKURT is an industry leader in video, voice and data communications. For over thirty 
years, we have pioneered a host of developments in microwave, multiplex and data communi-
cations. Our reputation as a technological leader in our field is firmly established. 

Communications is an exciting, fast-moving growing field. As we move into tomorrow, we are 
currently developing advanced new communications products for the telephone industry, in-
dustrial and business customers. 

ENGINEERS are urgently needed for important programs in the following areas: 

DEVELOPMENT RELIABILITY 
Electrical Engineers at all levels for projects and subscriber carrier, For analysis of electronic circuity. Experience in circuit design and 
analog and digital microwave radio, and PCM carrier and switching. knowledge of component reliabilities is desirable. 
Experience in either linear or digital circuit design required. 

APPLICATIONS 
Applications and Senior Applications Engineer positions available. Must 
be experienced in the engineering of transmission systems, microwave, 
multiplex PCM. signalling and support engineering. 

PROJECT 
Engineering of projects that integrate a wide variety of Lenkurt radio and 
multiplex equipment into systems that include ancillary equipment such 
as power plants, towners, antennas, waveguide, buildings and other ap-
propriate equipment. 

MICROWAVE SYSTEMS DIGITAL SYSTEMS 
Responsiole for defining radio performance specifications and product 
arrangements including baseband, IF, RF and protection switching. Must 
have experience in 2-13 gigahertz analog ard digital radio development. 

MECHANICAL 

Responsible for defining equipment characteristics of multiline 
subscriber pair systems in a digital telephone office. 

DESIGN SUPPORT 
Staff Mechanical Engineer to direct and coordinate mechanical design, Electrical Engineer at various levels to maintain, modify, and assist the 
construction, and documentation of factory test equipment. current production of electrical designs in various product lines. 

FOR ENGINEERING POSITIONS, a BS or MSEE ( or equivalent experience) is desired. 

EQUIPMENT DESIGNERS 
Equipment Designers must have knowledge of electromechanical packaging and/or 
printed circuit board layout. No degree necessary. 

Our salary structure and extensive benefits package are attractive. We also provide early recognition of prior service. 

D DEVELOPMENT D RELIABILITY ....I_  
D APPLICATIONS ID PROJECT i 
D MICROWAVE SYSTEMS D DIGITAL SYSTEMS IF YOU WOULD LIKE MORE INFORMATION 
D MECHANICAL o DESIGN SUPPORT I ON ANY OF THE ABOVE POSITIONS, 

D EQUIPMENT DESIGNERS I DETACH AND MAIL THIS COUPON: 

NAME  ammiL  

ADDRESS  I 
CITY  STATE ZIP   

TELEPHONE  

EJ Resume Attached D Please have Personnel Rep call nie 
Please send your resume, including salary history, to 
Professional Employment, Dept. E., GTE Lenkurt, 1105 
County Road, San Carlos, CA 94070, or phone us at 
(415) 595-3000, Ext. 580. 

LEIWURT 
An equal opportunity employer 
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ir' 977 Beicfen Corporation 

If it involves wire, involve Belden. Up 
front. We can give you comprehensive 
help in problem solving. Custom designs. 
Field engineering. And value analysis. 

If you're involved in new product design, 
send for your "Big Lift" today. Belden 
Corporation, Electronic Division, P.O. Box 
1327, Richmond, IN 47374; 317-966-6661. 

BELDEN 
Circle Number 902 on Reader Service Card 

Coming through... 
with new ideas for moving electrical energy 



Type 9 CdS 
photoconductive material 
offers highest stability! 

Stability at high tempera-
tures and less light mem-
ory than any other CdS 
material are the chief 
characteristics of Clairex's 
'Type 9 CdS. It also offers 

le F 

improved linearity and 
broader spectral response. 

Clairex photocells with 
Type 9 material are avail-
able in TO-5, TO-8 and 
TO-I8 packages. If you 

have photocell stability 
problems, try Type -9 
material. 

Clairex® is the iii Iii - 

try's specialist • in -I 
problems. Tell us our 

ii 'N'Ik PC1- EliFt% 

• URN TEMPER MORE ERROR 

•• URN \AGRI• 
FRSIOR`l EIVEC1 

%MGR UNEPRVI`f 

• FAST RES •PONSE IME 
• RESiSIANCE IMERANCE Pa Vt-C.. • 33 

11PAPER URE RANGE -50 t toi 't • 

problem; we'll develop 
the solution. Call (914) 
664-6602 or write Claire're., 
560 South Third AVe1111C,:. 

Ven ion, >ew York eee 
10550. , . • 

CLAIREX ELECTRONICS 

I. 

A Division ol ( Iiiirx uporatii 01 

Circle 901 on reader service card 


