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Communications 
10Hz - 43MHz 
(or 400MHz) 

Broadband 
100Hz - 25MHz 

Nelson Ross, the "SPECIALIST" in Spectrum Ana­
lyzers.offers you the most comprehensive selection 
of reliable, easy-to-use instruments - and backed 
by 15 years of spectrum analysis leadership. 
Selectfrom more than 30 models: Sub-Audio, Audio, 
Ultrasonic, Broadband, Telemetry, RF/SSB, RF/ 
UHF, TV, Microwave ... all at lowest cost. 
Ask for your new NR SPECTRUM ANALYZER 
CATALOG with specifications and prices. Chances 
are that we have the right Spectrum Analyzer for you. 

nelson· ross electronics 
A Division of Polarad Electronics Corp. 
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Now the oscillographic recorder that gives you 
more of everything, gives you two more channels. 
Introducing HP's new 4-channel oscillographic recorder. 
Shop around. Compare performance, 
trace quality, standard features and op­
tions. Compare price. 

It's the only way to see exactly why 
HP oscillographic recorders give you 
more of everything. In the two channel 
model 7402A. And the versatile new 
four channel model 7404A. 

Trace quality is just what you see 
here. Crisp and clear. Instantly dry. No 
blobs or smears, even at high speeds. 
At the flip of a switch, those four chan­
nels convert to two double-width chan­
nels that provide twice the resolmion. 
Non-fatiguing stainless steel pens, with 
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long-life carbide tips, can't be damaged 
by inpm signal frequency. 

Like the two channel machine, the 
7404A has handy front panel chart con­
trols including a remote pushbutton for 
speed selection by TTL or contact clo­
sure. And there's the added flexibility 
of event markers, timer and a 60 : 1 
"seconds-to-minutes" speed reducer. 
(Standard on the 7 404A and optional 
on the 7402A. ) 

An assortment of options, including 
paper take up, along with interchange­
able plug-in signal conditioners let you 
adapt either machine to specific appli-

cations. Amplify and meas ure a broad 
range of D C signals, or record AC/ DC 
excited transducer outputs. 

Base price for our new four channel 
machine is $4400 ( domestic USA price 
only ). Compare the value aga inst any 
other recorder. At any price. You 'll see 
for yourself just how much more you 're 
getting. 1 15 0 2 

HEWLETT f& PACKARD 

Sales and service from 172 offices 1n 65 countries. 
1501 Page Mill Road. Palo Alto, Calllorn1a 94304 
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Highlights 

The cover: The logic of digital-system testing, 75 
The data domain in which digital equipment 
operates is radically different from the time 
or frequency domain of analog devices and 
must be checked out by quite different test 
instrumentation. Part 1 of this two-part ar­
ticle discusses the rationale underlying 
logic-state and -timing analyzers and logic 
triggers for oscilloscopes. Cover illustration 
is by Gabor Kiss. 

Military laser R&D Is paying off, 59 
Though rangefinders are the only laser­
based weapons in production, the Army will 
shortly receive prototypes of a laser target 
designator, the Air Force is interested in la­
ser tracking systems for rockets, and all 
three services are exploring laser-based 
communications and data links. 

Tape memory achieves high data-transfer rate, 86 

The combination of a fast but efficient 
recording technique with a time-saving er­
ror-correction method boosts both bit den­
sity and tape speed in a magnetic-tape stor­
age unit. 

NCC rides high on new technology, 104 

This month, over 25,000 are expected to at­
tend the National Computer Conference to 
learn how microprocessors, mass storage, 
and data links are expanding computer ap­
plications and capabil ities. Some of the new 
hardware to be displayed is described on 
pages 1 08-9. 

And In the next Issue . . . 

Data-domain measuring instruments, Part 2 
... where C-MOS is today, a special report 
. . . the new popularity of voltage-fre­
quency converters . 
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It's National Computer Coruerence 
time again, and starting on page 

l 04 you'll find a preview of the tech­
nological developments that will 
surface there. First, there is a four­
page summary of the technical ses­
sions, featuring highlights of the 89-
session program that is being 
presented to an estimated 25 ,000 at­
tendees. Then, on page 108, is a 
cross section of some of the many 
interesting new products that will 
make their debut at show time. 

But our computer coverage this 
issue doesn't stop there. We didn't 
actually plan it that way, but this is­
sue ended up with a large share of 
space devoted to computers and sys­
tems that rely on computers. It's 
really more than just a coincidence. 
It's just another indication of how 
pervasively computers cut across 
electronics, just as electronics per­
vades all of industry. 

All of our technical articles, for 
example, stem from the realm of the 
computer. On page 75 you'll find 
"Engineering in the data domain 
calls for a new kind of digital instru­
ment," which is the first of a series 
on instrumentation designed espe­
cially for the digital world of com­
puters and related equipment. 

Then, on page 89, there's a de­
tailed article on packing more data 
into a magnetic-tape storage system. 
Combining synchronization advan­
tages of group-coded recording with 
efficient error correction, the ap­
proach gives a density of 6,250 bits 
per inch as the tape speeds along at 
200 in. per second. 

A third article, this one on page 
93 , describes a computer software 
program that simplifies the design 
of digital integrated circuits. An ex­
tension of the Sceptre program, Su-
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Publisher's letter 
per-Sceptre approaches digital cir­
cuit analysis by allowing digital ICs 
to be described in terms of the be­
havior of their terminals, rather 
than as a collection of many individ­
ual devices. 

our news departments, too, are 
big on computer stories. In the 

Probing the News section, for in­
stance, there are two stories about 
systems that would not exist were it 
not for computers. One tells of the 
work now afoot in Europe to end 
the traffic chaos at complex old­
wor ld intersections by putting 
"brains" in each traffic light. And 
the key to the work is the micro­
processor, says our Frankfurt bu­
reau manager, John Gosch, who put 
together the story (see p. 70) from 
his and other bureau reporting. 

And, another chapter in the Mor­
gan town, W. Va., people-mover 
saga is presented on page 63 . The 
computer-controlled rapid-transit 
system has been beset by troubles­
political, economic, and technical­
but now, thanks to an infusion of 
funds, it looks to be on track again. 
Larry Marion, of our Washington 
bureau, wrote the story after visiting 
the ill-starred project. "I would have 
have been the second fare-paying 
passenger of the system, but Boeing 
officials refused to take my money. I 
did take a ride on the system, from 
the Boeing maintenance facility to 
the downtown stop. It was very 
bumpy, much like the system's his­
tory, but I was told that was because 
the car I was in had too much air in 
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Model 3202 offers two independent low-pass or high-pass channels or 

single channel band-pass or band-reject from 20 Hz to 2 MHz. 

For only $895, Model 3202 provides the flexibility essential for 
complex frequency or time domain measurements. 

FUNCTIONS: Low-pass-direct coupled with low drift. 
High-pass-upper 3 dB at 10 MHz. Band-pass-continuously 
variable. Band- rejection -variable broad band or sharp null. 

TWO RESPONSE CHARACTERISTICS: (1) Fourth-order 
Butterworth or (2) simple R-C (transient free). 
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ZERO-dB INSERTION LOSS: All-silicon amplifiers provide 
unity gain passband response. 24 dB per octave slopes per 
channel extend to at least 80 dB. 

90-dB DYNAMIC RANGE: Low hum and noise (less than 100 
microvolts) eliminate costly preamplifiers. 

For fast action, call : (617) 491-3211 
TWX: 710-320-6583, Krohn-Hite Corporation, 
580 Massachusetts Ave., Cambridge, Mass. 02139, U.S.A 

-·-···-,11 

11 

I' 
I 

ON 

LILI KROHN-HITE n.n CC>RPC>FI~ TION 
580 Massachusetts Avenue, Cambridge, Massachusetts 02139 

SALES OFFICES: ALA, Huntsville (205) 534-9771; ARIZ., Scottsdale (602) 947-7841; CAL., San Jose (408) 292-3220, Inglewood (213) 674-6850; COLO., Denver (303) 934-5505; 
CONN., Glastonbury (203) 633-0777; FLA., Orlando (305) 894-4401; HAWAII , Honolulu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., Indianapolis (317) 244-2456; MASS., 
Lexington (617) 861-8620; MICH., Detroit (313) 52&-8800; MINN., Minneapolis (612) 884-4336; MO., St. Louis (314) 423-1234; N.C., Burlington (919) 227-3639; N.J., Haddonfield (609) 
795-1700; N.M., Albuquerque (505) 299-7658; N.Y., E. Syracuse (315) 437-6666, Rochester (716) 328-2230, Vestal (607) 785-9947, Elmont (516) 488-2100; OHIO, Cleveland (216) 
261-5440, Dayton (513) 42&-5551; PA. , Pittsburgh (412) 371-9449; TEX., Houston (713) 688-9971, Ri chardson (214) 231-2573; VA., Alexandria (703) 354-1222; WASH., Seattle (206) 
624-9020; CANADA, Montreal, Quebec (514) 63&-0525, Toronto, Ontario (416) 444-9111, Stittsville, Ontario (613) 83&-4411, Vancouver, British Columbia (604) 688-2619. 
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Tansitor 
Miniature solids .. . 

designed to 
meet your 

tantalum 
capacitor 

needs ... 3 ways. 

6 

in performance. These 
tantalum HA (cylind rical) and TC 
(rectangular) del iver a capacitance 
range from .01 to 68 uf and .01 to 
470 uf. Both carry a 2-50VDC and an 
operating range of - 55' F to 85 ' C 
with voltage derating to 125' C. Our 
polar and non-polar miniatures are 
encased in plastic with epoxy seals 
and offer a choice of radial or axial 
leads. With 24 case sizes one of our 
standards will meet your needs ... 
pe rfectly. 

in price. Ask for a quote. 
You'll find us extremely competitive. 
That's why we 're a leading 
manufacturer of tantalum mini-sol ids. 

and in delivery. At Tansitor, 
we 're different. Our delivery 
schedule is tailored to your needs. 
Need we say more? For more 
in formation or spec sheets, cal l your 
Tansitor representative or write: 

·+· !~~!!!~!' 
DIVISION OF AEROTRON. INC 

West Rd . • Benn ington , VT 05201 
Phone : 802 / 442-5473 TWX : 71 0 / 360·1782 

Circle 6 on reader service card 

Readers comment 

Feerst on Schulke 

To the Editor: It is gratifying to ob­
serve that a leading magazine has 
consistently expressed interest in the 
professional lives of its readers. 
However, your editorial proposal 
that IEEE's general manager be 
given the principal responsibility for 
carrying out the mandate of the 
membership to move forward in the 
professional area [Elect ronics, 
March 20, p. 10] overlooks the im­
portant fact that the position of gen­
eral manager is appointive, not elec­
tive. 

We do not fault the incumbent 
general manager, Major General 
[Herbert A.] Schulke, for what he 
is-a West Point graduate and a ca­
reer Army officer. Instead, his ap­
pointment is subject to criticism for 
what he is not. By his own admis­
sion, Schulke has never worked a 
day in his life as a civilian EE. Thus, 
he cannot be fully aware of the 
oversupply and underutilization of 
EEs; he cannot be sensitive to the 
wishes of the membership for mean­
ingful pension protection (Is it too 
indelicate to point ou t that 
Schulke's own retirement pay is 
more than $18,000 per year?); he 
has never had the pleasure of sitting 
at his desk on a Friday afternoon 
wondering if he would be laid off 
within the hour. In short, Schulke is 
not cut from the same cloth as is the 
typical IEEE member. A far better 
suggestion, which unfortunately was 
rejected by the membership (at the 
urging of the Board of Directors), 
would be to elect a salaried presi­
dent for a three-year term. 

The editorial also fails to take 
note of the increasingly loud cries 
from IEEE members that the organi­
zation should limit entry into the 
profession. This has been done suc­
cessfully by other organizations and 
can serve to end the senseless execu­
tion of the over-40 EE. 

Irwin Feerst 
Committee of Concerned EEs 

Editor's note: As Mr. Feerst's views 
are of a controversial nature, some 
readers may wish to write him di­
rectly. His address is P.O. Box 19, 
Massapequa Park, N.Y. 11762. 

The price 
match 
to the 

• micro-
processor 

A NEW PAPER TAPE 
PERFORATOR/READER 

COMBINATION! 
The lower cost of processing with micros 
and minis means paper tape still makes 
dollars and sense. 

The micro cost perf/reader combo 
Punch ... read ... duplicate ... 

complete 1/0 capability in one package. 
A plug-in interface to your processor. In­
tegra l tape supply and take-up. Designed 
for fan-fold or roll tepe. Everything fits 
within a compact 10W' x 19" panel. 
Completely emulates other perforator/ 
reader combos. 

Only $1360 
$1360 in quantity of one. Healthy 

OEM discounts! A little price tag, but big 
performance. 

The tape perforator operates asyn­
chronously up to 30 characters per sec­
ond. The tape reader photoelectrically 
reads up to 150 characters per second 
asynchronously and at 300 characters 
per second slew. 

Tape handling is designed for op­
timum performance and operator acces­
sibility. The punch and reader are easy to 
load and unload. Fan-fold or roll tape. 
The chad box, controls, everything 1s 
conveniently out front. The unit can be 
rack or cabinet mounted. 

The dollar difference 
With the processor swing to low-cost 

data management, Tally has the product 
with the matching price tag. There's just 
about a thousand dollar bill difference 
before the next alternative. 

;We invite your inquiry. 
Tally Corporation, 8301 S. 180th St., 
Kent, Washington 98031. 
Phone (206) 251-677 1. 

' 
' 
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TALLY ®, 
has sornet hin g neUJ 
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Great American Logic. 
From Jefferson, 
Franklin, Madison, 
and 
H•NJW:~:~~~ . 'L---· 1 ~ /~-~---· -~-~· ~':.~~~ 

l 

Give your industrial . 
control system a great con- · · 
stitution with HiNIL, the high 
noise immunity logic from 
Teledyne. It works reliably in 
adversity-like the great politi­
cal logic our Founding Fathers 
used in the Constitutional system .. 

HiNIL doesn't operate illogi.­
cally when it sees electrical noise 
and high voltage transients. With a 
3.5 volt guaranteed noise margin (versus 1 O V for CMOS and 400 rnV for TTL), it runs without shielding. 

HiNIL also runs true when the power supply doesn 't. It doesn t need expensive regulated supplies, 
tilters and spot regulators because HiNIL's power supply tolerance is a comfortable ± 1 V. 

And HiNIL is slow-that's right, slow not fast. Its 100 nanosecond propagation delay 1s fast enough 
for most control systems. But it won't be switched falsely by noise spikes when a fork lift rolls by (can 
you say the same for the hair-trigger logic you 've been using?). 

Like the Constitution , HiNIL is adaptable. It interfaces easily with TTL, DTL, RTL, MOS and CMOS 
directly, through open-collector outputs or through interface circuits. And it comes in about 40 types: 
from diode-expandable gates to quad sch mitt triggers , shift registers . display decoder/ drivers and a dozen 
other complex MSI functions. All conveniently packaged in ceramic or molded silicone DI Ps. 

Finally, HiN IL is cheap. It's priced right in there with TTL so you can save a small fortune on 
supply regulation , noise suppression and other 'extras" you II no longer need . 

So it you want to read about great logic, trade in your history books for Teledyne 's free literature on 
HiNIL. Better yet, experience HiNIL in your own designs. Get it from Teledyne. reps or distributors. 
Write or call now. 

~~TELEDYNE 
SEMICONDUCTOR 
1300 Terra Bella Avenue Mountain View. California 94043 

(415) 968-9241 TWX: 910-379-6494 Telex : 34-8416 
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USE INSTRUMENT MOTORS? 

Step Up To 

CRAMER QUALITY 
For Less Than You're Paying! 
CALL COLLECT .•• Cramer Sales Offices 
AID ENGINEERING 
SALES CO. 

JAMES H. ANDERSEN 
ASSOCIATES 
CANTRONICS, LTD. 

COL-INS CO., INC. 

CRAMER DIV. 
GLIDDEN ELECTRO 
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HELD AND MOLLARD INC. 

J. C. HOFSTETTER 
COMPANY 

JOS-CO SALES 
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MARTEC ASSOCIATES 
L. G. WHITE & CO., INC. 
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SPECTRUM ASSOCIATES 

I. W. STRONG 
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203-434-8223 
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Canada-Provinces of 416-661-2494 
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Albemarle, Louisa, 813-581-8233 
Hanover, New Kent, 404-934-7280 
James City & York 404-934-3138 
N.Y./N.J . 914-592-5500 
La., Ms. , Ok., Tx. (Ex- 214-363-6539 
cept El Paso County) 713-681-1415 
No. Ca. , Nv. 415-965-9321 
(Except Clark County) 
Ky. , Oh., Pa. , W. Va. , 
Mi. 

Mn., N.D., S.D., Wi. 

216-725-4477 
216-241-4880 
513-296-1010 
313-646-3635 
612-835-5858 

II ., Mi., Wi. 
Md:, Wa. , D.C., 
W. Va. , Va. 

312-956-8090, 91 , 92 
301-770-6556 

Canada - Provinces 
of British Columbia 
and Yukon Territory 
Az., S . Ca., Nv. 
(Clark County only) 

Co., N.M., Ut. , Wy., 
S. Id., W. Ks., Tx. 
(El Paso County only) 
In., W. Ky. 
Upper N.Y. State 

604-879-6711 

714-835-4114 
213-323-0603 
602-997-6324 
303-292-6900 

317-253-1215 
716-288-1080 

la., Mo. , S. II ., 314-428-3934 
E. Ks. , E. Ne., Ar. 816-421-1679 
De., S. N.J., E. Pa. 215-353-6343 
Mexico 58-40-90 • 58-47-10 

CRAMER: FOR ENGINEERED OEM PRODUCTS 
CONRAC CRAMER DIVISION 

MILL ROCK ROAD, OLD SAYBROOK, CT. 06475 
CORPORATION TELEPHONE (203) 388-3574 TELEX 966-453 
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News update 

• The Mitre Corp.'s pilot solar-cell 
system to generate electricity has 
run into some cloudy skies, both lit­
erally and figuratively. Spurred by 
last year's energy crisis, Mitre put a 
rooftop solar-cell array on its 
McLean, Va., headquarters [March 
21, 1974, p. 25] . Up to that time, the 
installation, designed to generate 1 
kilowatt of electric power, was the 
world's largest terrestrial photovol­
taic installation ever to be put into 
place. 

There hasn't been enough sun­
shine for a full-up power test, but 
the unit has produced two thirds of 
its designed output under certain 
sunlight conditions, says a Mitre of­
ficial. And the fuel-cell system that 
is to store energy for use during 
darkness has been installed but isn't 
operating. "We have connected the 
system but are having some prob­
lems," says the official. Mitre has 
had to add a computer monitoring 
system and some more weather sen­
sors for the test. 

• The National Weather Service is 
pushing ahead with development of 
its Aviation Automated Weather 
Station program [March 21 , 1974, p. 
36]. It has awarded a three-year 
negotiated task order contract lead­
ing to a prototype to Harris Corp. 
So far, Harris has received about 
$75,000 for three tasks-work on the 
input/output operations of the com­
puter system; defining algorithms 
for output sensor data; and com­
puter programi n.g. But final design 
and development of the prototype 
automated weather station, a task 
bigger than any thus far, is expected 
to be negotiated by late summer, 
says Roy Wyett of the National 
Weather Service's Systems Develop­
ment Office. This will be followed 
by evaluation of the prototype at 
Patrick Henry Air Force Base in 
Virginia. The program, a coopera­
tive one between the weather ser­
vice and the Federal Aviation Ad­
ministration , could lead to a 
national network of as many as 155 
automated weather stations. -

Howard Wolff 
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Complementary power pairs in plastic 
Epibase-darlingtons Epibase-transistors 
4 Amperes - TO 126 pack 2 Amperes - TO 126 pack 
NPN PNP · NPN PNP 
2N 6037 2N 6034 2N 4921/22/23 2N 4918/19/20 
2N 6038 2N 6035 SJE 720/21/22 SJE 710/11/12 
2N 6039 2N 6036 4 Amperes - TO 126 pack 
SJE 800 SJE 700 NPN PNP 
SJE 801 SJE 701 
SJE 802 SJE 702 

2N 5190/91/92 2N 5193/94/95 
SJE 220/1/2/3/4/5 SJE 230/1/2/3/4/5 

SJE 803 SJE 703 4 Amperes ~ TO 220 pack 
8 Amperes - TO 220 pack NPN PNP 
NPN PNP 2N 6121/22/23 2N 6124/25/26 
BOX 53/A/B/C BOX 54/A/B/C SIP 31/A/B SIP 32/A/B 

SGS · ATES Semiconductor Corporation· Newtonvllle, Mass. 02160 · 435 Newtonville Avenue · Tel : 617·9691610 - Telex : 922428. 
Stocking Distributors: Edmar Elect ronics Co .. Des Plaines, ILL, (312) 298·8580 · Energy Electronic Products, Los Angeles, CA, (213) 
641 ·9020 · Esco Inc., Dayton, OHIO, (513) 226·1133 - KA Electronic Sales, Dallas TX, (214) 634-7870 - Radar Electric Co., Seattle, WA, 
(206) 282-2511 - Rosyl Electronics, Bayshore, NY, (516) 586-1800 - Wilshire Electronics, Burlington, MASS, (617) 272-8200 -
Prelco Electronics Ltd ., Montreal 357, Quebec, (514) 389·8051. 
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Editorial _____________ _ 

Making Washington listen 

It's easy enough to bemoan the less-than-ideal 
state of technological input in the Government's 
decision-making processes. The difficult thing is 
coming up with practical and sensible 
alternatives to what looks like a case of 
technological tunnel vision in Washington. 

An important first step, therefore, is to stop 
waiting/or Washington to come looking/or 
answers and to start actively proposing 
solutions. Planned participation is the key to 
this approach, which uses the channels into 
decision-making procedures that are open to all 
citizens, but traditionally traveled only by 
special-interest groups. 

The real question is how to provide the 
decision-makers, whoever they are, with well­
researched options. Several proposals have been 
made that deserve serious consideration. One is 
that more corporations should adopt programs 
well-known within the academic community 
whereby talented staffers are granted leaves of 
12 to 18 months without pay for paid 
Government service. In the opinion of John 
Granger, former president of the IEEE and 
newly-appointed executive secretary of the 
Federal Council for Science and Technology, 
such extended leaves have benefits for the 
companies as well as government. "When a man 
gets back to his company, he will have first-hand 
knowledge about how an agency and the 
governmental process works. " · 

And such involvement need not be restricted 
to corporate contributions of talent. As an active 
professional society member, Granger sees a 
need for greater participation by individual 
members of IEEE in issues beyond those in 
which they have a special parochial interest, 
such as pension reform. · The key to broadening 
the awareness of engineering professionals in 
governmental activities is for their professional 

10 

societies to provide them with more information 
more often. 

With increased participation by concerned 
individuals, admittedly, comes the threat of 
conflict of interest. General Accounting Office 
investigators, of course, see this as a very real 
threat. Univac's Carl Hammer, director of 
computer sciences for the Sperry-Rand division, 
however, believes it can be largely nullified by 
adopting generally the oath employed by some 

·Federal advisory groups that make members 
-swear they will act only in the public interest. 

Participation in such advisory bodies, in 
Hammer's view, is a very effective way for 
companies and professional societies to enhance 
the Government's technological expertise. His 
preference: more extensive and dedicated 
participation in the many commissions and ad 
hoc committees, created regularly by 
Government, which cry out for competent 
professional participation. States and cities, he 
notes, are even more desperate for good 
professional advice than Washington. 

The roads into the congressional dedsion­
making process are also open to citizens, 
individual as well as corporate. Hearings by 
committees and subcommittees on Capitol Hill 
are just that, a chance for those people 
concerned about the subject of a bill to be heard. 
Furthermore, the committee staffs gather 
mountains of material in their research on 
pending bills, and their conclusions and 
summaries very often make or break a bill. Yet 
even the committees with the most to say about 
science and technology have slight technical 
competence. Unfortunately, that weighting 
shows no signs of change. Providing them with 
the best arguments for and against proposed 
laws is an obvious, yet too often overlooked, way 
to balance the scales. 
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The no-trade-off 
comparator. 

_,. Honest. It's guaranteed 12 nanoseconds fast. 
.. It's 5 millivolts accurate. 

Advanced Micro Devices' 686-an all-new -.. 
~ part for TTL systems with none of the limiting 

factors, none of the heartaches, none of the trade­
- offs you thought you had to live with. 

_, ~ Look, you know what TTL comparators have 
-r been like until now: 

A National 111 gives you 5 millivolt accuracy. 
• And 200 nanosecond speed. The Signetics 529 

;.'(- gets you down to 20 nanoseconds at a cost of 50 
., millivolts. And Fairchild's 760 gives you 5 millivolt 
" accuracy at 16 nanoseconds, but that's typical. 

That's all over now. 
~~ Get the Am686. It's yours off the shelf. And, 
- ~ because we like you , MIL-STD-883 for free. 

.., 

-. 

Advanced Linear 
~ 

Advanced Micro Devices, Inc. • 901 Thompson Place, Sunnyvale, California 94086 • Telephone (408) 732-2400 • 
Distributed nationally by Hamilton/Avnet, Cramer and Schweber Electronics. 
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Here we go again. It's another first from Litronix: multi-digit 0.5"-high LEDs. 
These two-in-one packages are tailor made for anyone who wants to save 

money in lower production costs. They require only half the inventory. Half the 
handling. Half as many components to assemble and test. 

Makers of digital time pieces will find them ideal, as will those who 
manufacture point-of-sale terminals. FM digital readout tuning systems. TV channel tuners, 
and instrumentation. 

The modules are end-stackable to produce any combination of 0.5 11 digits on 0.5" centers. The 
DL-727 is a two-digit module that's ideal for clocks. And our DL-721 module offers a + sign and 
a "1" for polarity and over-range indications on instruments. 

Each module has the same drive requirements. Power required is only 30 to 40 mW per 
segment from standard logic voltage supplies. Modules are packaged in standard DIPs. 

Naturally, you enjoy all the solid state advantages of LEDs. They're compatible with today's 
IC circuits. Rugged. Easy to multiplex. And offer fast response. 

In any business lower costs make a difference. Our dual 0.5 11-high digits help your products 
keep a competitive edge. 

Our data sheets tell all. Contact Litronix, 19000 Homestead Road, Cupertino, Calif. 95014. 
Phone ( 408) 257-7910. 

No wonder 
we're No.I 
in LEDs 

• • 1tron1x 
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Think of yourself 
as a heart specialist 
The system is your patient and its power supply is 
your responsibility. For a long, happy system life, 
prescribe Sorensen STM modular switchers. 

Compared to equivalent series-pass power 
supplies, STMs are twice as efficient, less than half 
the size, and price competitive. Yet they offer all of 
the inherent advantages of series-pass. 

We've got a catalog that describes all 
40 models, from 3.0 to 56 Vdc. It even has a prescrip­
tion form ready to fill out. Simply circle the inquiry 
number. Sorensen Company, a unit of Raytheon, 
676 Island Pond Road, Manchester, N.H. 03103. 
(603) 668-4500. 

rorensen 
.JPOWER SUPPLIES 
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a little A-300 
goes a 

long way. 
-•f• 

A 300 nF P'OWl!R AMPltFIER 
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People 

Aerospace Corp. 's Krause 

turns toward civilian business 

Mention the name Aerospace Corp., 
and people think of the develop­
ment of complex missile and satel­
lite systems-particularly for the Air 
Force. But that image will change in 
the next two to three years if Ernst 
H. Krause has his way. Krause 

New areas. Wrist alarm is one of civil-sector 

programs being managed by Ernst Krause. 

heads the non-profit El Segundo, 
Calif., organization's recently 
formed Civil Operations group. 

"Civil work is now only about 
10% of our $90 million revenue, but 
I expect the value to double in the 
next two or three years," says the 
senior vice president and director of 
technology development. A 62-year­
old Milwaukee native who began 
his engineering career at the Naval 
Research Laboratory during World 
War II, Krause is applying tech­
nology developed for the military to 
civil programs. And with the aid of 
funds from the Federal Govern­
ment's Law Enforcement Assistance 
Administration, police departments 
around the country may soon see 
what Aerospace has to offer. 

"Labor represents a big chunk of 
police cost," points out Krause, who 
believes that electronics could make 
the police officer more efficient. 
"For example, we'd like to be able 
to use one man in a patrol car, 
where two are now needed." He is 
referring to the comm uni cations 

and paperwork police officers now 
must do. "We've been working on 
this kind of thing for years in mili­
tary aircraft." 

Krause also believes digital com­
munications can make police far 
more effective, and not merely by 
unclogging voice channels. He envi­
sions increasing numbers of central 
crime data bases, which police in 
patrol cars could immediately call 
through microcomputer-controlled 
terminals. 

Krause's group is also working on 
a wrist-watch-size civilian trouble 
alarm [Electronics, Aug. 22, 1974, p. 
29, and April 3, 1975, p. 51], as well 
as methods to combat truck hijack­
ing. "There's no technical obstacle 
to keeping track of every truck on 
the road," he says. "The problem is 
doing it in a practical way." 

Not all of Aerospace Corp.'s civil­
electronics activities are in law-en­
forcement applications, however. 
The company is also helping eval­
uate night-vision and infrared de­
tection equipment for firefighting, 
working on transportation systems, 
and studying solar energy. 

In all these projects, Krause em­
phasizes, "we feel very strongly that 
our function-in civil as well as mili­
tary work-is to muster the R&D re­
sources of the country-not try to do 
everything ourselves." 

Bell turns Electronic Arrays 

to n-channel memories again 

It will have taken three years, but 
Electronic Arrays Inc. by next 
month should finally begin erasing 
the flawed image it has had since it 
first entered the random-access­
memory business. Company presi­
dent W. Donald Bell has his com­
pany geared up to provide samples 
of a 4,096-bit metal-oxide-semicon­
ductor n-channel RAM. The Moun­
tain View; Calif., MOS maker was 
the first to announce an n-channel 
RAM, the 1,024-bit EA1500, in 1972. 
But then it couldn't produce. 

Bell insists the process is under 
control now, and Electronic Arrays' 
device will be a second source for a 
Mostek-type 16-pin array. The com-
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CAPACITANCE 
RANGE 

1pFto10uF 

21 
TEMPERATURE 
Characteristics 

Voltage Range 
25 to 500 Vdc 

Encapsulated 
by 

"JET-SEAL" 



Delevan proudly announces another 
first in hybrid circuit component design. Only .1" square by 
. 075" high, the newest member of the Delevan Micro-i, inductor 
series was engineered to withstand the hi-temperature 
exposure of reflow soldering used for thick film processing. 

High temperature insulated magnet wire is thermal 
compression bonded to gold plated metallic 
solder rails. The solder rails wrap 
around the sides ot an alumina 
substrate to provide a visual 
indication of the solder bond 

Thermal exposure 
during assembly or 
rework is a severe 
test of component 
capability ... and can 
be a controlling 
factor in reliability 
and performance. 

When 
dependability is first 
priority, check out the 

new series 103 miniature lead less 
chip inductor ... built to stand the heat. 

Ask for bulletin 103. 

Delevan ' ~ AMERICAN 
• PRECISION 

Division INDUSTRIES INC . 

270 QUAKER RO . /EAST AURORA, N . Y. 14052 
TELEPHONE 7 16/652·360 0 

OTHER DIVISI ON S OF AM ERICAN PRE CISION INDUSTRIES IN C · 

BASCO• OUS TE X 
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Mixer. Changing his company's mix of 
products is getting Don Bell's top priority . 

pany will also soon second-source 
the Texas Instruments 22-pin 
TMS4060 4-k RAM. 

"Our main effort in RAMs now is 
to make the 4-k parts smaller and 
faster," as Electronic Arrays strives 
for credibility in that market and for 
the right product mix, Bell says. 
Product mix has been one of his 
chief concerns since he became 
president last November and 
moved to shelve development of a 
microprocessor that would have 
butted head-on with the Intel 8080. 

Instead, the 3 7-year-old chief 
executive officer ordered work be­
gun on what will be the EA9002, an 
8-bit logic processor aimed at appli ­
cation complexity below the 8080. 
That product bows in the third 
quarter, and will eventually be com­
plemented by a second source to the 
8080 or similar microprocessor. 

Both the microprocessor and 4-k 
RAM are efforts Bell is pushing to 
change Electronic Arrays' $16 mil­
lion mix from 65% calculator chips 
(the remainder is MOS memories) to 
80% memories and microprocessors 
two to three years hence. 

He's also looking for continued 
strength in the printing calculator 
chip market. "We have the re­
sources," Bell says of Electronic Ar­
rays' cash position, and he argues 
persuasively that he has control of a 
company that suffered from recent 
changes in top management. Bell is 
out to re-establish momentum and, 
as he puts it, "commit our resources 
in the right direction." 
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Fainhild introduces 
a universal standard 8-bit microprocessor 

that's simple to configure, 
easy to program, 

handles more than half 
of all small systems applications 

and costs less to use. 

,... Fairchild's new 8-bit F8 
, microprocessor is simply the 

best ever. 
v' Because basically, it's the 

most simple to use. 
And one look at our 

y-< before-and-after comparison 
shows why. 

"' 
,, The first complete 

microprocessor system 
on 2 cl1ips. 

Now for the first time, you 
can build a functionally com-

1 plete, self-contained, practical 
,._ 8-bit microprocessor system 

using just two chips. 
Two chips. 

- For the first time, you 
don't need additional packages 
for I/ O logic and latches, 
address logic, clock generation, 

Electronlcs/May 1, 1975 

Minimal microprocessor system 
before the Fairchild F8. 

RAM storage or power-on 
reset. 

Because they're already 
there-tucked right on our 
two basic chips. 

TheF8CPU. 
And the F8 ROM. 

The F8 su~rcontroller. 
How simplicity was achieved. 

To reach the functional 
densities and speed of the F8, 
we turned to our proven Iso-

Minimal microprocessor system 
alter the Fairchild F8. 

planar, ion-implanted, N­
channel technology, which 
allows up to 40% more function 
per unit area. 

This permitted added 
functions to be included on 
both CPU and ROM chips. 
Yet, the F8's CPU remains the 
smallest 8-bit, N-channel chip 
in the business. 

With lower power. And 
high speed. 

Continued. 
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Introducing the 
basic FS system. 
And 5 key changes. 

In developing the new 
F8, Fairchild designers have 
introduced a number of impor­
tant hardware features avail­
able with no previous system. 

Changes inspired by the 
hard-earned experience of 
users themselves: 

1. Two 8-bit I/O ports on 
the CPU chip. And two more 
on the ROM chip. 32 bidirec­
tional lines in all. 

2. 64-bytes of fast RAM 
scratchpad built into the CPU 
chip. 

3. A clock generator and 
power-on reset built into the 
CPU chip, too. 

4. A programmable inter­
val timer built into the ROM 
chip. 

5. 60% of the 70 instruc­
tions are 1-byte. 

Other F8 features and 
refinements include: 

A speedy 2 µs minimum 
instruction execution time. 

Direct TTL I/O compat­
ibility. 

A typical power dissipa­
tion of less than 300 MW per 
chip. 

Local interrupt with auto­
matic address vector. 

And much more. 
Result-a complete 2-chip 

microprocessor system that's 
really just 2 chips. Easier to 
handle, much more versatile, 

20 

THE F8. 
MICROPROCESSOR SYSTEM 

generally less expensive and 
just a pleasure to use. 

3 additional devices for 
mid-size, memory-intensive 
or multiprocessing systems. 

Along with the basic 2-
chip configuration, Fairchild 
has designed three additional 
F8 devices for easy system 
expansion: 

1. The 3852 Dynamic 
Memory lnteiface o·rcuit 
allows the user to expand his 
system using standard dynamic 
memory-such as the Fairchild 
4096-bit RAM. 

In addition, synchronous 
DMA channel control signals 
are generated by the 3852. 

2. The 3853 Static Memory 
lnteiface Circuit permits the 

user to expand his system 
using standard static memories 
including Fairchild's 2102 and 
3538 RAMs, and 3514 and 
3515 ROMs. 

The 3853 also features 
interrupt control circuits and a 
programmable timer. 

3. The 3854 DMA Direct 
Memory Access Circuit pro­
vides a fast, direct data path 
between a high-speed periph­
eral device and F8 processor 
memory without tying up and 
slowing down the CPU. 

The 3854 can also be used 
to provide a synchronous data 
path between multiple 
processors. 

All three additional F8 
chips are in final development 
or production now. 
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FS applications. 
The first standard super· 
controller goes to work. 

The advantages of the F8 
design become still more 
evident when its range of 
applications is considered. 

In fact, the new F8 
covers a broader spectrum of 
applications than any other 
microprocessor. (See chart.) 

Applications which the 
chart indicates are cost­
sensitive are ones in which 
total system performance is 
limited by the fact that data is 
entered manually (like cash 
registers and calculators). 

In these applications, the 
reduced parts count of the 
2-chip F8 system will usually 
be the lowest cost solution. 

For applications requiring 
fast data processing or n umer­
ical analysis, benchmark per­
formance of the economical 
F8 generally meets or exceeds 

3850 
FSCPU 

PRINTER 

INTERRUPT 

3851 
FSROM 

PAPER 
FEED 

INTERRUPT 

3851 
FSROM 

that of other microprocessors. 
For the designer whose 

primary concern is economy 
in one application and per­
formance the next, the F8 
provides one system for virtu­
ally every need. 

Because of the breadth of 
F8 applications, it is a logical 
candidate to become an 
industry standard. 

Traffic-light controller. Designed around a basic 
2-chip system, the FB traffic light controller handles 
crosswalk lights, crosswalk button interrupt ; street 
signal lamps and roaq traffic detectors. The con­
troller automatically adjusts signals for optimum flow 
for different traffic conditions throughout the day. 

3852 
FSMI 

FSCPU 

CROSSWALK 
BUrTON 

INTERRUPT 

FSROM 

~ 
AUTOMOTIVE IGNITION CONTROL 

::> 
u 
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AUTOMOTIVE BRAKES 

AUTOMOTIVE DASH CONTROL 

HOME APPLIANCES 

VENDING MACHINES 

ELECTRONIC SCALES 

SPECIALTY CALCULATORS 

ELECTRONIC GAMES 

AUTOMATED GAS PUMPS 

FAST FOOD CASH REGISTERS 

PAPER TAPE HANDLERS 

CASSETTE TAPE HANDLERS 

CASH REGISTERS 

COMMUNICATION LINE 
CONTROLLERS 

PRINTER CONTROLLERS 

TRAFFIC LIGHT CONTROLLERS 

COPIERS 

PABX 

FILM PROCESSING 

AUTOMOTIVE ANALYSERS 

FLOPPY DISK CONTROLLERS 

MESSAGE CONCENTRATORS 

MEDICAL INSTRUMENTS 

MACHINE TOOL CONTROL 

STORAGE AND FORWARD 
MESSAGE SWITCHING 

ADAPTIVE EQUALIZERS 

FAST FOURIER TRANSFORI./ 
ANALYSERS 

Microprocessor Application Spectrum 

I I 

Intelligent tenninal. Only four FB chips are requ;red to handle this smart 
terminal's keyboard input and printer, as well as provide memory 
interface for external RAM storage. Key-to-floppy-disk. Multiple FB processors are used in this key-to-floppy-disk 

system. Each controller consists of a CPU and a ROM . The processors are linked 
through a multiplexed memory channel provided by a OMA chip .This system 
illustrates the modular approach to expansion achievable with the FB. Because 
all controllers can operate simultaneously, total system throughput is increased. 
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Fairchild's F8 system is 
supported by extensive soft­
ware and hardware aids. 

F8 software. 
1. The F8 User's Manual. 

The User's Manual provides 
chip specifications, defines 
Cross Assembler and Cross 
Simulator programs and covers 
the instruction set in detail. 

2. Cross Assembler. 
Accessible now on the G.E. 
Timeshare Network. Additional 
networks available as required. 

3. Cross Simulator. 
Accessible now on the same 
basis as Cross Assembler. 

Plus additional software 
developed for our special F8 
programming hardware. 

F8program 
development hardware. 

To make F8 program 
development even easier, 
Fairchild has developed three 
hardware subsystems. 

1. F8M Program Develop­
ment Module. Available now, 
the F8M offers a basic <level-

r-----e-fg;-----~=~::-;~~B~~~~~-----, 1'"\1s;. Mountain View, California 94042 

~ \N Please send me more information 
wu~Or.. on Fairchild's new F8 Microproc-f A\ R ct\\\.."?, ::;,'~i~~~~ My specific ma of 

a 

Products are manufactured at my location in the following categories: 
D Industrial D Government/ Military D Instruments 
D Communications D Consumer D Computer D Business Machines 

NAME TITLE 

COMPANY 

ADDRESS PHONE 

CITY STATE ZIP 
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opment system for micro­
processor programs. 

The module features tele­
printer interface capability, 32 
I/ O lines, external interrupt, 
1024 bytes of RAM and 2048 
bytes of plug-in PROM, full 
operator controls and display. 

The F8M is also available 
in kit form. 

2. F8S Program Develop­
ment Module. Available in 3rd 
Quarter, this PDM will provide 
expanded capability for 
memory-intensive applications. 

3. F8C Microcomputer. 
Available in 4th Quarter, the 
F8C is a complete microcom­
puter system including power 
supplies and control panel 
housed in a bench-top cabinet. 
I/O ports are brought out to 
connectors, ready to interface 
with user peripheral equip­
ment. The F8C is provided 
with a native Assembler. 

Take your choice. 
You can find out more 

about Fairchild's new F8 super­
controller several ways. 

For general data, you can 
mail our coupon. 

Or for more specific F8 
facts, you may elect to write to 
us on your company letter­
head, describing your particu­
lar needs in detail. 

Or you may call your 
Fairchild Sales Office, Repre­
sentative or Distributor today. 
SemiconduclOr Components Group. Fai rchild Camera 
& Instrument Corp .. 46--J Ellis St.. Mountain View. CA 94040. 
Telepho ne I~ 151962-50 11. TWX: 9 10-379-6-0 5. 
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Meetings 

American Ceramics Society Elec­
tronics division Meeting, Sheraton 
Park and Shoreham Americana Ho­
tels, Washington, D.C., May 3-8. 

Photovoltaic Specialists Conference, 
IEEE, Hotel Valley Ho, Scottsdale, 
Ariz., May 6-8. 

9th Annual Carnahan Conference on 
Crime Countermeasures, University 
of Kentucky and IEEE, Lexington, 
Ky ., May7-9. 

International Microwave Sym­
posium, IEEE, Rickey's Hyatt House, 
Palo Alto, Calif., May 12-14 . 

Electronic Components Conference, 
IEEE, EIA, Statler Hilton Hotel, 
Washington, D .C., May 12- 14. 

Electrical and Electronic Measure­
ment and Test Instrument Confer­
ence, IEEE, Skyline Hotel, Ottawa, 
Ont., Canada, May 13-15. 

Audio Engineering Socie ty Slst 
Convention, AES, Los Angeles Hil­
ton, May 13-16. 

National Computer Conference, 
IEEE, AFIPS, Convention Center, 
Anaheim, Calif., May 19-22. 

Semicon/West '75, ' SEMI Inc. 
(Mountain View, Calif.), San Mateo 
County Fairgrounds, San Mateo, 
Calif., May 20-22. 

29th Annual Frequency Contr ol 
Symposium, U.S. Army Electronics 
Command, (Fort Monmouth, N. J.), 
Howard Johnson Motor Inn, Atlan­
tic City, N.J., May 28-30. 

Laser Engineering & Applications 
Conference, IEEE, OSA, Washington 
Hilton Hotel, Washington, D.C., 
May28-30. 

Summer Consumer Electronics 
Show, EIA, McCormick Place, Chi­
cago, June 1- 4. 

NAECON -Aerospace Electronics 
Conference, IEEE, Sheraton Dayton 
Hotel, Dayton, Ohio, June 10-12. 
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' WHATS GOOD FOR THE 
STUDENT SERVES INDUST RY 
BEST . .... ~ .. not the reverse ! 

There's only one ma nufacturer of a broad line of high quality electronic 
test and measur ing instruments emphasizing optimal design benefits for 
the educationa l fie ld. 

Ergonomics - human eng ineering ... ease of operation . .. logical panel 
layout An indication of the importance Philips attaches to this subject 
is the fact that the company maintains the largest industrial design 
center in the Western World. Here, industrial products, such as oscil­
loscopes, multimeters, waveform generators and many other test and 
measuring instruments, are not only designed, but exhaustively tested 
by typica l users. By filming the method by which the instruments are 

· used, a truly objective user-oriented evaluation is acheived. The 
layout is designed with group controls, that fall naturally to hand. 
Cable connections are placed away from oscilloscope displays and 
functional controls. Special contoured knobs and pushbuttons are 
designed to give the user unambiguous touch control. It is the attention 
to the small details in design with constant concern for overload 
characteristics, ruggedness and reliability that causes educators to 
gravitate towards Philips test equipment as a genuine aid in the 
electronic teaching process. 
Our 10 MHz dual beam oscilloscope PM3232 is typical of the design 
of many of our products using the approach of combining sophisticated 
specifications with ease of operations. People are usually surprised - - -
and very pleased to learn that this instrument is so inexpensive; it's 
only $ 875.00. Small wonder that for oscilloscopes, as well as the rest 
of the broad line of test and measuring instruments, industry is leaning 
more and more toward Philips for the design features so beneficial to 
education. 
To obtain further information about the Phil ips PM3232 or othertest 
instruments; or to have a field engineer visit you for a demonstration, 
use our toll -free HOT LINE number (800) 645-3043. New York 
State residents call (51 6) 921-8880 collect. 

Brig ht disp lays 
( 1 OK V mesh-type 

d ual beam PDA t ube) 
PHI LIPS 

Functionally designed panel 

.Comprehensive pushbutton 
triggering facilities 

Philips Test &. M easuring Instruments, Inc. 
A NOA 1 H AMERICAN PHILIPS COMPAN-,. 

400 Crossways Park Drive woodbury , N . Y. 11797 PHILIPS 
For demonstration circle 148 on reader service card. 

For information circle 23 on reader service card. 
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This one resistor can shrink 
your inventory costs 

Type CC. It's a 1/4w size 1% cermet film resistor that far exceeds RN55D specs. Use it 
for your needs from 1/ 8w at 125°to1 / 2w at 70° C (max. 250 V) and 10 ohms to 10 megs. 

TCR is well below 100 PPM/°C. Now available from A-B distributors: 10 ohms to 
10 megs off the shelf. Write for publication EC33. 

Electronics. Inc Electronics Electronics Ltd. Electromcs. Inc . 
Mounta in View, Chicago, Illinois Montreal. Quebec. Canada Newton, Massachusetts 
California ggog 
Electronics. Inc Electronics Co of Texas ~ly. Inc. Electronics 
Los Angeles, Cal1forn1a Dallas, Texas Indianapolis. Indiana Wes1bury, New York 

gg9 
Electronics Equipment Co .. Inc. Electronics Corporation 
El Segundo. Cahforn1a Houston, Texas Philadelphia, Pennsylvania 

Quality in the best tradition. 
- ~c~~~~i:i~RADLEY 
~ Milwaukee, Wiscon si n 53204 

.. 
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Wema sees 17% 

dip during 1975 

for semiconductors 

U.S. firm to use 

surface waves 

for i-f filters 

McDonnell picks 

Litton inertial nav 

for YC-15 craft 

Fairchild seeks 

liquid-crystal firm 
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Electronics newsletter ___ _ 

Wema has revised its projections of 1975 worldwide semiconductor 
consumption sharply downward. From its prediction of 2% to 3% 
growth [Electronics, Oct. 31 , 1974, p . 27], Wema has switched to a 17% 
decline-to $3.875 billion from the 1974 total of $4.677 billion. 

However, 1976 will see a growth much more dramatic than originally 
forecast, Wema adds. The new picture painted by the West Coast­
based association of electronics companies shows a 25% increase, 
rather than 15%, to $4.486 billion. Then 1977 should level off a bit with 
an increase of 18% to $5.707 billion. 

As for ICs in particular, the interim forecast projects a 15% decline in 
world consumption, from $2.155 billion in 1974 to $1.776 billion this 
year, to be followed next year by a 39% increase to $2.474 billion and 
by a 23% increase to $3.052 billion in 1977. The earlier projection was 
for a 7% increase in 1975. MOS consumption worldwide will be down 
7% this year from last year, from $725 million to $675 million, followed 
by a 49% increase to $1.004 billion in 1976 and a 24% growth in 1977 to 
$1.249 billion. Most of the decline this year, the forecasters say, is due 
to a lessening in demand for p-MOS, from $520 million to $440 million. 
N-channel MOS consumption will grow modestly this year, from $90 
million to $110 million, as will C-MOS, from $115 million to $125 mil­
lion. In terms of function, most of the decline in IC consumption will 
be in the logic area, from $459 million to $375 million, but memory 
will grow from $266 million to $300 million. 

The first U.S. company to announce plans to use surface-acoustic-wave 
technology to produce intermediate-frequency filters is Crystal Tech­
nology Inc. of Mountain View, Calif. Crystal Technology, supplier of 
the lithium-niobate substrate used by i-f filter producers Plessey Semi­
conductors in Britain and Thomson-CSP in France, expects to begin 
production by the end of this year, says marketing vice president Rob­
ert Carlson. The filter, designed for U.S. NTSC color-TV systems, will 
sell for $1 to $2, and have insertion l~sses under 10 decibels. 

McDonnell Douglas Corp. has picked Litton Industries' LTN-51 iner­
tial navigation system for its two Air Force YC-15 advanced medium 
STOL transport (AMST) prototypes that will begin flight tests in August. 
Litton says the software of its off-the-shelf L TN-51 has been modified 
to provide data on vertical velocity in addition to normal navigational 
outputs. The initial award is worth about $200,000. 

The YC-15 , a high-wing, four-engine jet, is competing with Boeing's 
YC-14 for the Air Force short-takeoff-and-landing transport mission to 
follow the C-130. The R&D program is budgeted for $85 million in fis­
cal 1976, a 52% increase from this year's $55 .8 million. 

Fairchild Camera & Instrument Corp. is strengthening its commitment 
to the digital-watch market by offering to acquire Princeton Materials 
Science Inc. of Princeton, N .J ., which makes liquid-crystal materials 
and displays. Fairchild had already offered to buy the assets of Exetron 
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New MCI unit 

to offer non-tariff 

phone services 

Separable camera, 

525-line display, fax 

added to Picturephone 

Japanese build 

a 16-bit n-MOS 

microprocessor 

Addenda 

Electronics newsletter ___ _ 

Corp. and its two subsidiaries, Exetron Time and Minitek, for 
$280,600. However, some of Exetron's creditors are said to be balk­
ing at Fairchild's proposed terms. Exetron filed a Chapter 11 petition 
under Federal bankruptcy laws in San Jose, Calif., in March. 

• 

". 

MCI Telecommunications Inc. is forming a new subsidiary to provide -f' 

non-tariff and non-common carrier services. The New York-based spe- _ 
cialized carrier's plans include remote telephone routing, station billing 
and traffic analysis, private-line network switching, and a computerized "' 
telemanagement service. The last is designed to allow high-volume 
users without a great number of lines to optimize their service through 
"least-cost" line usage. MCI's analysis services will be available in mid- .. 
July, but its private-line network service isn't expected to be operating f • 

until mid-1976. 

AT&T's Picturephone, which was sent back to the drawing board two 
years ago [Electronics, Sept. 13 , 1973, p. 75], might emerge with at 
least three new features designed to make it more palatable to custom­
ers. Bell Laboratories in Holmdel, N.J., is trying various approaches on 
its experimental Mod 3 system. Among them: a separable camera, 525-
line resolution, and the capability to receive facsimile. 

Matsushita Electronics Corp. has built Japan's first 16-bit micro­
processor on a single chip, the MN1610, in a 40-pin package. Using sili­
con-gate n-channel MOS technology, the designers have been able to 
get the equivalent of 1,391 gates on a 5.58-by-5 .5-millimeter chip that 
operates at a minimum clock rate of 2 megahertz. 

The MN1510, along with the MN1630 subchannel adapter, MN1650 
direct-memory-access control, and memory devices-together called 
the PFL-16A-provides minicomputer capabilities, says Matsushita. In­
struction execution time is 3 microseconds, and the memory capacity is 
64,000 16-bit words. 

The CPU was developed jointly by Matsushita and Panafacom Ltd., a 
minicomputer maker. First deliveries of the devices will be in Septem­
ber. In the U.S., standard 16-bit CPUs are available from General In­
strument Corp., National Semiconductor Corp., and others. 

Following Intel Corp. and Motorola Semiconductor [Electronics, April 
3, p. 44], Fairchild Semiconductor plans a 16-kilobit n-MOS random-ac­
cess memory. Thomas Longo, vice president and general manager of 
the IC group, says he expects to see a prototype by mid-1976 with pro­
duction starting in 1977. Longo won't discuss details of the part. . . . 
Look for Data General Corp. to announce a package of data-communi­
cations products for its Nova and Eclipse computers. Included are a 
$3,000 user-programable communications controller utilizing a 2,048-
bit bipolar RAM, the DUC/50, and three multiplexers: the $2,640 
ALM-16 (16-line asynchronous); the $2,000 ALM-8 (eight-line asyn­
chronous with full modern control) ; and the $1 ,500 SLM-2 (two-line 
synchronous). 
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urplastic 
400V 
-92 CR. 

We'll help you put it to work, 
~"' even if you've never used 

1;.. an SCR before. 
'1 Meet our new plastic T0-92 SCR: 

. _. 800mARMS, 400V,with 
200µ,A gate sensitivity and a 
maximum holding current of 
5mA. It sells for less than 50¢ 

,, in quantities of ten thousand. 
' ~ If you know SCRs, you know you 
~ can't get anything like it at the price. 
I{ (Except our plastic 300V SCR, 

,_ which is even less expensive.) 
If you don't know SCRs, we'll 

1
,,, introduce you. Our introductory kit 

includes dozens of designs and 
" ri descriptions for a variety of SCR 

applications. It'll help you take 
_, advantage of the fast, low-cost 
·' power-handling capability that SCRs 

) deliver in high voltage circuits. 
" Just fill out the coupon at right. 

lliD 

I 
D I'm using SCRs now, and I'd like I 

I to evaluate your new low-cost 400V SCR. I 
0 I've never used an SCR before, but I 
sure am interested in them. Please send me I your introductory kit I 

I -~i:_e ----- I 
Company 

I 
-Ad-dre-ss~~~~~~~~ I 
City State Zip 

Mail to: Mr. V. Savoie I ~8nitrode Corporation, '.. I 
11111111 O-t- e--=2--

-UNITRODE 
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A new and better way to get 
crisp, clear facsimile-type records 

of sonar, radar, or IR tliermography. 

Honeywell•s new 1856A linescan recorder. 
The Model 1856A from Honeywell 

reflects a real advancement in 
fiber-optic CRT technology . Offers 
high resolution recordings (greater 
than 100 line pairs/inch) , a broad 
gray scale capability , intensity 
modulation to 8 MHz, variable 
sweep range of 2µ.sec to 1 sec/cm 
and 1 cm pk-pk vertical recordings 
from de to 75 kHz , with a choice of 
recording media. 

In addition to print-out papers, 
the 1856A offers even greater 
flexibility through your choice of 
two accessory magazine 
assemblies. The Model 1218A, 
light-tight and self-contained , 
permits the use of recording papers 
and films for wet chemical 
photoprocessing to obtain an even 

wider resolution , and optimum 
reproducibility . When high writing 
and record speeds are not required, 
the Mod el 1219 Processor prov id es 
dry-processed high contrast or gray 
scale recordings on paper or film. 

For complete technical 
specifications, call or write Bob 
Shipman, Honeywell Test 
Instruments Division, P .0. Box 
5227, Denver, Colorado 80217. 
(303) 771-4700 . 

• 

'r 

TEST 
INSTRUMENTS "< 

DIVISION 

Circle 28 on reader service card 
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Significant developments in technology and business 

New tri-metal process 
brings hermeticity 
to plastic-packaged ICs 
RCA says chip fabrication 

does job of hermetic seals; 

prices will be same as 

for ordinary plastic devices 

A new way to beat moisture-caused 
corrosion in integrated circuits pack­
aged in plastic has been developed 
by the RCA Corp. Solid State divi­
sion in Somerville, N.J. The "her­
metic in plastic" seal was achieved 
by using silicon-nitride passivation 
with three precious metals-tita­
nium, platinum, and gold-in small 
quantities over the conducting runs 
that interconnect the individual 
transistors on the IC. 

Initially, RCA is offering six stan­
dard types of devices in the new 
packages, aimed at mobile communi­
cations, automotive, and marine 
electronic-equipment makers. But 
the military will be using the devices 
as well. According to Bernard 
Reich, a special assistant for relia­
bility at the U.S. Army Electronics 
Command's Electronic Technology 
and Devices section, the Army is by­
passing its own MIL-M-38510 and 
MIL-S-19500 reliability specifica­
tions, which prohibit the use of plas­
tic in military systems, to use the 
new RCA devices in an electronic 
warfare system. 

RCA's new commercial circuits 
will be priced the same as its other 
plastic-encapsulated ICs, which are 
not hermetically sealed, says Ber­
nard V. Vonderschmitt, vice presi­
dent and division general manager. 
But their prices will be as much as 
25% below ICs in hermetic metal 
packages, he says. 
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SILICON 
NITRIDE 

PLATINUM 
SILICIDE 

Seal. RCA uses silicon nitride for hermetic­
ity, platinum silicide for non-corrosive ohmic 
contact, titanium for adherence, and plati­
num for a diffusion barrier layer. Thin gold 
(photo) replaces conducting aluminum. 

The new devices include two pop­
ular operational amplifiers, the 
CA741G and CA747G; a quad op 
amp, the CA324G, a quad voltage 
comparator, the CA339G; and two 
high-current npn transistor arrays, 
CA3724G and CA3725G. Other 
plastic-encapsulated devices includ­
ing complementary-MOS and n­
channel MOS types will follow. 

Testing. The hermetic-in-plastic 
parts were operated continuously 
for 14,232 hours per device without 
a single failure at the Electronics 
Command's Panama Canal Trop­
ical Zone Test Center. Failure rate 
was 0.25% per 1,000 hours at 80°F, 
90% to 98% humidity, and a 90% 
confidence level. This rate parallels 
the rate for hermetically sealed 
parts, says RCA, but the number 
tested-only 63-was small and the 
tests continue. 

In standard monolithic chips, 

GOLD INTERCONNECT 

aluminum metalization is used for 
interconnecting devices. When 
moisture penetrates a plastic IC 
package, aluminum oxides and hy­
droxides form. Since these com­
pounds are non-conductive, plastic­
packaged devices often fail. 

In producing the chip, RCA fol­
lows normal processing techniques 
until the final oxide step. At this 
point, a silicon-nitride layer is ap­
plied to hermetically seal the junc­
tions. A standard masking operation 
is then used to open contact win­
dows, and platinum is sputtered 
over the wafer and sintered in the 
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contact areas to form platinum sili­
cide. Finally, titanium and platinum 
layers are sputtered sequentially on 
the wafer surface. 

The silicon-nitride passivation 
and the titanium-platinum-gold 
metalization system used in the pro­
cessing of the hermetic ICs is similar 
to that developed by Bell Labora­
tories for beam-lead wafer tech­
nology. The RCA device, however, 
uses a second layer of silicon diox­
ide glass for device passivation, and 
mechanical protection. 

Standard photoresist techniques 
are used to define the interconnect 

pattern in the platinum layer. Gold 
interconnect runs are electrolytically 
plated on the platinum. The tita­
nium enhances adherence to the sili­
con nitride, and the platinum is a 
barrier layer between the titanium 
and the gold conductor. Vop­
derschmitt admits that RCA is ab­
sorbing most costs of developing 
the new process and generating 
reliability data to develop a market 
for hermetic-in-pl astic ICs . He 
points out, however , th a t the 
precious metals are used in such 
small quantities that they add negli­
gibly to device cost. 

Packaging & pro~uction 

Thick-film, large-scale hybrids shrink 
digital logic circuitry to small size 
Thick-film hybrids are generally 
considered best for fitting analog 
signal-processing circuitry into a 
small space. And now a Syosset, 
N.Y., design house has produced 
computer-aided design programs 
that facilitate the fabrication of 
complex digital systems in compact, 
hybrid packages. And component 
density is unusually high. 

"We can offer the low weight and 
volume of custom monolithic LSI, 
and we can produce a design in 
much, much less time," asserts Jeff 
Waxweiler, a vice president at Algo­
rex Data Corp. Users of these large-

scale digital hybrids, as W axweiler 
calls them, are exclusively military 
and aerospace customers requiring 
extremely small packages for tough 
environments. Moreover, different 
logic families and integrated-circuit 
technologies can readily be com­
bined to achieve high performance 
in a single package. 

Mariner to Jupiter, Saturn. The 
latest example of this is the memory 
being built by Algorex for the flight 
data system aboard a Mariner 
spacecraft. Jet Propulsion Labora­
tory is prime contractor for the 
Mariner, which will be launched in 

Large scale. Memory module with 32, 768 bits squeezes 128 C-MOS 256-by-1-bit devices 
plus 12 driver chips on a multilayer thick-film hybrid circuit measuring only 3 by 3 inches. 

1977 for a rendezvous with the plan­
ets Jupiter and Saturn. It was only 
last month that JPL chose the thick­
film hybrid design over a conven­
tional one that would have used fiat 
packs attached to multilayer 
printed-circuit boards. The memory 
for the Mariner will consist of four 
3-by-3-inch four-layer hybrid 
"boards," each containing 2,048 16-
bit words or a total of 32,768 bits. 

There are 140 chips on each hy­
brid-128 complementary metal-ox­
ide-semiconductor memory chips 
and a dozen driver chips, as shown 
in the photograph, below left. The 
C-MOS chips are RCA Corp .'s 
CD4061 type, a 256-by-l-bit static 
random-access device. According to 
Waxweiler, the four hybrids do the 
job of a pair of multilayer circuit 
boards measuring 7 by 14 inches 
each. He also points out that it took 
only three months to go from a logic 
diagram to hardware that could be 
tested by JPL, and that the cost of 
the memory, which is in the low 
hundred-thousand-dollar range, is 
half that of the conventional ap­
proach. 

Another system being built with 
the digital hybrids is a high-speed 
20-megahertz-clock-time, 16-bit 
central processing unit going aboard 
a missile system, which W axweiler 
declines to name. 

Packing. The CPU is made up of 
75 digital ICs plus 25 discrete active 
and passive chips. They fit on a 10-
layer, 2-inch-square ceramic sub­
strate that's 0.2 in. thick. This 
amounts to an IC density of25 chips 
per square inch. Densities to 30 
chips per in.2 can be fabricated. 

How does Algorex pack the cir­
cuitry on the small boards? The an­
swer is its computer-aided design 
scheme. Conductor routings are cal­
culated automatically, taking into 
account such parameters as circuit 
speed, capacitive loadings, and the 
need for isolating signal and clock 
lines. Making these calculations 
without what Algorex calls its Auto­
mated Integrated Design and Engi­
neering System would take a pro­
hibitive amount of time. The system 
even takes into account tolerances 
of the manufacturing process, ad-
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justing line widths and thicknesses 
accordingly. 

Algorex starts with a customer's 
logic diagram and the desired vol­
ume of the finished circuit. The pro­
gram first checks the design against 
a set of standard design rules, indi­
cating where changes must be 
made. Once the logic is correct, the 
program then will generate the sub­
strate drawings and the documents, 
including parts lists and assembly 
information. 

Next, a computer-controlled plot­
ter creates the masks needed for the 
screening and firing of the various 
substrate layers. Algorex doesn't do 
any manufacturing itself but sends 
the documents, masks, and tested 
chips to an outside hybrid manufac­
turer for assembly. It then tests the 
completed unit itself. O 

Measurement 

Laser, silicon team 
in super-fast switch 
A semiconductor switch that oper­
ates in 10 picoseconds , or 10 
trillionths of a second-10 to 100 
times faster than conventional junc­
tion semiconductor switches-has 
been developed at Bell Labora­
tories, Murray Hill, N.J. 

Bell Labs believes the new switch, 
which uses laser beams to start and 
stop an electrical signal, is the first 
use of picosecond optical pulses for 
switching electrical currents. Ac­
cording to David H. Auston, a 
member of the solid-state spectro­
scopy research department that de­
signed the switch, electrical signals 
up to 100 volts can be switched by 
only a few microjoules of optical 
energy. 

Laser beam. Laser light focused 
on a piece of light-sensitive semi­
conductor material causes the 
switching action, says Auston. In his 
experiments, a pulse in the green 
wavelength turns the switch on, an­
other in the infrared turns it off. A 
solid-state laser produces the in­
frared pulse, with part of it con­
verted to the green wavelength in a 
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Switcher. Bell Labs' David Auston examines 

experimental setup that switches silicon in 

1 O picoseconds. The system could be made 
to work as fast as 1 ps , he says. 

frequency-doubling crystal. The 
green pulse is focused through a 
narrow gap between two aluminum 
conductors atop the switch onto a 
thin slice of electrically charged sili­
con. The pulse makes the surface of 
the silicon highly conducting, clos­
ing the electrical gap in the alumi­
num and turning the switch on. 

Next, the infrared pulse pene­
trates the silicon, producing a con­
ducting region that short-circuits the 
current to turn the switch off. The 
timing of the pulse pairs is con­
trolled within a few picoseconds by 
manipulating a system of lenses and 
reflectors to vary the distances the 
infrared and green pulses travel be­
fore reaching the high-resistivity 
silicon, valued at 104 ohm-cm. 

"The device should work as fast 
as 1 picosecond, or less," says Aus­
ton. "The speeds we've attained are 
limited by the duration of the op­
tical pulses," generated by a mode­
locked neodymium glass laser. 

Initial applications of the switch 
will probably be limited to scientific 
uses such as the study of electrical 
properties of semiconductor mate­
rials, and the evaluation of conven­
tional high-speed electronic devices. 
In the future, however, the switch­
ing technique may find broader ap- · 
plications in such things as high­
speed electronic measuring instru­
ments and short-pulse microwave 
radar and transmission systems. 

Because there is no conventional 
instrument capable of measuring 
electronic switching times of a few 
picoseconds, it was necessary to de­
vise a special technique to deter-

mine just how fast the switching oc­
curs. To do this, Auston uses two 
switches connected in tandem, the 
second one being used to measure 
the electrical signal produced by the 
first. The results of this experiment, 
Auston believes, so far represent the 
fastest electronic measurement any­
where, although he points out that 
the National Bureau of Standards is 
conducting experiments similar to 
those at Bell Labs. D 

Computers 

Japan won't choose 
used U.S. computers 
Image-conscious Japanese computer 
users are unlikely to import used 
U.S. computers in quantity follow­
ing the scheduled liberalization of 
import quotas in December, accord­
ing to a report to the U.S. State De­
partment from its Tokyo embassy in 
April. Since old computers appear 
to lack status in Japanese eyes, the 
Tokyo Government has no immedi­
ate plans to slap stiff tariffs on such 
imports, letting them come in in­
stead at the same duty rate as new 
data-processing hardware. 

The option of higher tariffs is 
probably being held open, however, 
since the Ministry of International 
Trade and Industry would neither 
confirm nor deny to the U.S. that 
such a plan existed, according to the 
report. Even though "several U.S. 
companies see a potential market in 
Japan for used equipment, espe­
cially IBM 360 systems," the U.S. 
study sees such sales unlikely. 

The embassy observes that "the 
computer in Japan still carries an 

31 



Electronics review 

aura of mystique and one major 
consideration is the prestige value of 
the machine." The Japanese want 
the newest models, "even if it costs 
more and is more sophisticated than 
their needs require." No IBM 360 
import rush is expected, therefore, 
since that line may be two models 
old by the end of 1976 and "will 
have lost most of its glamor." 

MITI "will probably not panic into 
preparing elaborate counter­
measures against what will most 
likely turn out to be a non-prob­
lem," in the U.S. view. Earlier liber­
alization of import restrictions of in­
tegrated circuits produced no 
market disruption, the report notes, 
adding that the Japanese commit­
ment to EDP import liberalization 
would make it "very difficult to im­
pose a tariff on used equipment un­
til the threat is proven." O 

Avionics 

Keartott, Europeans 
gear up for F-16 
Contractors for the avionics systems 
that will fly on the F-16 fighter are 
being lined up on both sides of the 
Atlantic Ocean. One of the lucrative 
awards-for the inertial navigation 
system-went to Singer Co.'s Kear­
fott division last month. And the 
Norwegian firm, Kongsberg Vapen­
fabrikk, is slated to handle systems · 
work on the inertial gear. In addi­
tion, Kearfott has already placed or­
ders with Manufacture Belge de 
Lampes et de Materiel Electronique 
in Brussels, Belgium, for various 
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Marine landing system goes to Kearfott 
April was a good month indeed for Singer 's Kearfott division. In addition to 
the F-16 inertial navigation system award, it won a Navy contract for a mi­
crowave scanning-beam landing system for Marine Corps helicopters and 
short takeoff and landing aircraft . 

Kearfott beat out Bell Aerospace Co .. Buffalo , N. Y. to furnish the Marine 
Corps' remote area approach and landing systems (MRAALS). The $8.5 
million contract calls for the delivery of 81 ground systems over three years 
to the Naval Electronic Systems Command. A follow-on $4 .5 million con­
tract for airborne receivers is being negotiated by Kearfott with the Naval 
Air Systems Command. Bell Aerospace, meanwhile, says it plans a formal 
protest of the award to the General Accounting Office. 

The Marines' Ku-band [Electronics , Feb. 1, 1973. p. 72] is designed for 
use in remote Category 2 landing conditions-ceiling 100 feet and runway 
visibility to 1,200 feet. It covers ±20° in azimuth , and 0° to 20° in elevation . 
Glide slopes are to be selectable in the aircraft from 3° to 12°, and the sig­
nals are to be compatible with the AN / ARA-63 receiver/ decoder systems. 

Aircraft expected to use MRAALS include the CH-53, CH-46, and UH-1 
helicopters, and at a later date, the AV-8A STOL. The MRAALS will be com­
patible wirh existing approach aids located at forward military air bases and 
aboard aircraft carriers . 

types of hybrid integrated circuits 
for the inertial equipment. 

For the F-16 system, . Kearfott 
beat its competitors Litton In­
dustries Inc. and the General Mo­
tors Corp. Delco Electronics division 
to win an initial $1.5 million con­
tract to supply eight systems. A 
Kearfott spokesman estimates that 
$60 million is a "good ball-park fig­
ure" for the division's prospective 
sales of F-16 inertial sets to the Air 
Force and if, as anticipated, a North 
Atlantic Treaty Organization con­
sortium of four countries buys the 
plane for its own forces. 

If ordered into full production, 
General Dynamics Corp., the prime 
contractor, will build approximately 
650 aircraft over the next several 
years; NATO could order 350 more 
to replace its aging F-104s [Electron­
ics, Jan. 23, p. 30]. 

Cost-saving attraction. To make 
the F-16 more attractive to the 
NATO countries, the U.S. would al­
low the Netherlands, Denmark, Bel­
gium, and Norway to build portions 
of all of the aircraft, including even 
those going to the U.S. Air Force. 
Under this arrangement, consortium 
firms would produce 10% of the pro­
curement value of the 650 Air Force 

Gulde. Off-the-shelf inertial system from 
Kearfott will go aboard the F-16 fighter. 

planes, 40% of the procurement 
value of the 350 NATO consortium 
aircraft, and 15% of the procure­
ment value of third-country sales. 

The Belgian MBLE, which is also a 
licensee of Kearfott for its doppler­
radar navigation system, has al­
ready submitted prototypes of Kear­
fott-designed circuits for evaluation. 
These hybrids are destined for 
Kearfott's SKD-3000 digital com­
puter, an integral part of the inertial 
system. 

The European avionics effort on 
the F-16 could amount to at least 
$560 million. Marconi-Elliott Mi­
croelectronics Ltd., the British com­
pany, and Kaiser Aerospace & Elec­
tronics Corp. are vying for the head­
up display, and IBM Corp., General 
Motors' Delco division, and Litton 
Industries Inc. are competing in a 
second round of bidding after the 
USAF overruled General Dynamics 
Carp's initial selection of IBM for the 
fire-control computer. 

Another major avionics package, 
the fire-control radar, is undergoing 
flight-testing and is not expected to 
be selected until at least November, 
although efforts are underway to ac­
celerate a decision on that contract. 
U.S. radar contenders include West­
inghouse Electric Co. and Hughes 
Aircraft Co., but Philips NV in the 
Netherlands and MBLE share the 
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Tektronix 
TMSOO 
a line 
of 29test 
instruments 
that go 
six· in· a· rack 
including 
custom circuits. 
• digital multimeters 
• counters 
• generators 
• amplifiers 
• power supplies 
• oscilloscopes 
• a blank plug-in for your own circuitry 
• and more 

TEKTRONIX modular instrumentation offers your QC, tion. Included are pulse generators with features such as 
production test, or built-in test equipment a highly com- independent pulse top and bottom controls and repe-
pact, extensive line of test instruments ... TM 500. They tition rate to 250 MHz. And the DC 505A Universal 
are designed to work totally independently or as a sys- Counter/Timer features direct counting to 225 MHz and 
tern with each other. Blank plug-in kits make it easier for time interval averaging with resolution to 100 ps. 
you to build in your own testing circuits compatible with Here is a growing, compatible family of 29 plug-in mod-
TM 500. The RTM 506 rackmounting power module/main- ular instruments, accessories, and one, three, four, and 
frame (only 5Y4" high) provides six compartments to ac- six-compartment mainframes providing the common 
commodate TM 500 plug-in modular instruments and the power supply. All mainframe/power modules may be 
plug-in kits. It is available for benchtop or portable use hand-carried, all go on the bench, and there are SCOPE-
(TM 506), as well as for rackmounting (RTM 506). MOBILE® configurations as well. Some instruments are 

A common interface circuit board within the main- general purpose, such as DMMs, some are highly spe-
frame permits the intercommunication of inputs, output, cialized, such as those for oscilloscope calibration. They 
and various parameters among the plug-ins. Tektronix comprise test and measurment systems that are difficult 
will supply you with data on voltages, currents, and pin to duplicate with monolithic instruments. 
connection diagrams, so you can determine the feasibil- Send for the 56-page TM 500 catalog A-3072 with full 
ity of assembling your special circuits in blank TM 500 specifications and suggested selections of instruments 
plug-in kits. for typical applications. Or contact your local Tektronix 

The TM 500 family of instruments is designed to fulfill Field Engineer for a demonstration of how 
your test and system needs in such widely divergent TM 500 instruments can solve your 6~ 
areas as high-speed logic; de, power line frequency, needs. Write to Tektronix, Inc., P.O. 
audio, and rf to 550 MHz; oscilloscope and other instru- Box 500, Beaverton, Oregon 97077. 
mentation calibration; and even medical instrumentation In Europe write Tektronix Limited, 
calibration. They represent Tektronix standards of .. P.O. Box 36, St. Peter Port 
quality in design, performance, and ease of opera- ¥1' Guernsey, Channel Islands. 

TEKT RONIX@ 
For Demonstration circle 150 on reader service cara . -

committed to 
For Information circle 33 on reader service card . technical excellence 
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primary radar responsibility for the 
NATO consortium. 

In addition, the fire-control com­
puter will be in the hands of Danish 
firm Disa Elektronic A/S. Also, the 
optical part of the head-up display 
would go to Oude Delft in the Neth­
erlands and the electronics portion 
to Kongsberg. 

Navigator. Kearfott will supply 
General Dynamics with off-the­
shelf gear-the SKN-240012600-
series inertial navigator, designed 
essentially around the division's 
KT-70 inertial system, which is al­
ready flying on the Navy's P-3C an­
tisubmarine-warfare craft and A-
7D /E attack plane. Versions of this 
navigator were delivered last year to 
Sweden for that country's JA-37 
Viggen fighter and to the French 
navy for its Super Etendard, a new 
carrier-based aircraft. D 

Air-traffic control 

Recordings may 
help small airports 
Remember the old joke about the 
pilot's voice coming over the aircraft 
intercom that begins with, "Good 
morning. This is your pilot speak­
ing," and ends with, "Relax. Enjoy 
your flight. This message has been 
prerecorded?" 

In fact, a research and develop­
ment arm of the Department of 
Transportation-the Transportation 
Systems Center of Cambridge, 
Mass.-thinks recorded messages 
could make things a lot safer for air­
craft flying in and out of small air­
ports that lack control towers. The 
center proposed to the DOT's Fed­
eral Aviation Administration that 
an automated terminal-service sys­
tem be developed that would broad­
cast recorded messages with up-to­
the minute details needed for safe 
landings. 

''The pilot would get a radar posi­
tion fix of his range and azimuth 
relative to the airport," explains 
Paul Abramson, program manager 
of the ATC processing project office 
in Cambridge. "And the system 
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would also broadcast information 
about such things as the traffic and 
terrain around the airport, and wind 
direction and velocity." 

Abramson is shooting for a 
$200,000 price tag on the system, 
plus another $20,000 to $30,000 
each year to run it. He estimates it 
could be used by 50 to 100 airports; 
these are facilities such as Harvey 
Young Airport near Tulsa, Okla., 
and Jam es Field near Minneapolis, 
with 50,000 to 100,000 operations 
each year that might otherwise de­
cide to buy control towers in the 
next five to 10 years. 

Accidents higher. Control towers, 
on the other hand, cost at least 
$500,000 plus $140,000 yearly to 
staff and maintain. And only about 
500 of the 12,000 airports in the 
United States have them. Midair ac­
cident rates at the so-called unat­
tended airports are double those at 
tower-equipped fields. 

Abramson says the automated 
system basically would consist of a 
processor- most likely a mini­
computer- and a voice-response 
unit that would broadcast over the 
ultra high-frequency aircraft radio 
channels. Input would come via the 
airport's air-traffic-control radar­
beacon system. This radar inter­
rogates aircraft equipped with 
ATCRB transponders and receives a 
four-digit code dialed in by the pilot 
that identifies the aircraft. 

"The system will detect the air­
craft and identify itself on the voice­
response unit," Abramson explains. 
"The pilot would then give his iden­
tity, usually the aircraft's tail num­
ber, by voice. The system will record 
the pilot's voice and whenever it 

wants to talk to the pilot, it will play 
back the voice it has recorded." The 
pilot will also be given a unique 
code to dial into his transponder to 
confirm that he is, in fact, in the sys­
tem. A pilot without a transponder­
equipped aircraft could listen to ad­
visories sent to other planes. 

Right now, Abramson's group is 
trying to convince the FAA th.at it 
should get the go-ahead. Abramson 
says he could have a demonstration 
system built from off-the-shelf hard­
ware within a year. D 

Automotive 

Indy car gets 
telemetry check 
Riding alongside the Goodyear and 
Gatorade decals on Team 
McLaren's 1975 entry in the In­
dianapolis 500 auto race will be 
those of two of the newest sponsors 
to autoracing-Data General Corp. 
and EMR Telemetry. And inside the 
car will be a 35-pound package of 
electronic sensors and telemetry 
gear that McLaren hopes will give it 
that infinitesimal edge that's needed 
to win the big race. 

"There's never been a successful 
light-weight data-acquisition system 
for improving race-car performace," 
comments Gary Knutson, the man 
heading up engineering for 
McLaren Engines Inc., Livonia, 
Mich. "It's not that the components 

Racer. Data General 's Nova 2 computer 
(rear) controls telemetry system being read­

ied for Indianapolis 500 racing car. 
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Take a big byte out of data 
_ requirements with conography. 
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TM-Conogrophic is a trademark of Hughes Aircraft Company. 

What's conography? It's a 
new space-age technology which 
uses conic curves to digitize and 
store graphic and symbolic 
information. 

Conography not only reduces 
data requirements, it produces a 
better image. (It's like using a 
french curve instead of a straight­
edge to draw contours and curved 
images - a lot easier and with 
smoother results.) The computa­
tion of these special curves is so 
fast that a mini-computer 
can interactively change curved 
images in real time. 

The Conographic™-12 
advanced display terminal uses 
a standard video format, so you 
can receive, transmit and process 
information by video data trans­
mission. It has complete graphic 
and alphanumeric capability, high 
resolution video ( 1029-line ), 
selective erasure and 
extensive line textur­
ing capability. 

Since it requires 
less data to operate, 
the Conographic-12 
system needs 
less support • Creative Image Processing ~ 

hardware, simpler software, and 
less computer time for most 
applications. 

In other words, conography 
can save you a lot of time and money. 

Write for our brochure, 
"Image Processing with Cono­
graphy:' Hughes Conographic 

Products: 6855 El Camino 
Real, Carlsbad, CA 92008, 
(714) 729-9191. Orl284 North 
Broad Street, Hillside, New 
Jersey 07205, (201) 289-7770. 
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weren't available ; it's just that no 
one could figure out how to apply 
them to racing." The best systems in 
the past have been on-board multi­
channel fm recorders, which serve 
well for race-car design and devel­
opment, "but they weren't at all 
practical in a race," he notes. 

Variables. In contrast, the Indy 
car, designed and built by Bruce 
McLaren Motor Racing Ltd ., 
Colnbrook, England, will rely on a 
real-time, 14-channel multiplexed 
system to sense and transmit to the 
maintenance pit during the race 
such variables as fuel flow, manifold 
pressure, water and oil pressure and 
temperature, and cockpit and tire­
surface temperature . Team 
McLaren will enter two cars in the 
Memorial Day race ; an instru­
mented one will be driven by 
Johnny Rutherford, the Fort Worth, 
Texas, winner of last year's Indy 
500. 

The aerospace-grade sensors that 
Team McLaren plans to use are po­
tentiometer types, except the tur­
bine-pulse flow meter for monitor­
ing fuel flow. "One of the biggest 
problems around any racing vehicle 
is the unshielded ignition," Knutson 
explains. "So all the equipment 
must be shielded, and the high-level 
signals from potentiometric trans­
ducers are much easier to work 
with." The sensors are mostly from 
AST/Servo Systems, Newark, N.J. 

During the race, McLaren pit 
crews will see data on: 
• Fuel flow. "This can win or lose a 
race, so the primary transducer dur­
ing the race is the flow meter," 
Knutson says. Fuel consumption is 
now estimated before the race from 
average engine power-level data, 
since racing cars' fuel cells contain a 
spongelike safety material that pro­
hibits using level sensors. Devel­
oped by Flow Technology, Phoenix, 
the propeller-like device is mounted 
in the fuel line between the pump 
and the engine. 
• Manifold pressure. Working 
hand-in-hand with fuel-consump­
tion data, this can be adjusted by 
the driver to suit race conditions. 
• Water and oil temperature and 
pressure, monitored mostly for 
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News briefs 
Liquid-crystal display Is built on sapphire 
Hughes Aircraft Co . has improved its liquid-crystal graphic display by build­
ing it on a sapphire substrate. Previously, the liquid-crystal had been placed 
on a bulk silicon substrate containing the addressing and switching circuits 
[Electronics , Nov. 22, 1973, p. 34]. The sapphire permits simpler process­
ing and better yield than silicon , as well as isolation between elements. A 
1-inch-square display with 10,000 picture elements has been fabricated . 
Next step is a 2-by-2-inch display . Eventual applications could include por­
table 1V receivers, oscilloscopes, and special displays. 

CDC tries solid-state memory In tubes 
A memory addressed by electron beams is getting a tryout at Control Data 
Corp. 's Advanced Design Laboratory, St. Paul, Minn. The engineering pro­
totype, developed by Micro-Bit Corp., has nine vacuum tubes, each with a 
metal-oxide-semiconductor target that stores 128,000 bits. By the end of 
the year, Micro-Bit, of Lexi ngton , Mass., hopes to have a system with 24 
tubes, each with a capacity of 4.2 million bits (see related story, p. 104). 
Last year, Stanford Research Institute delivered its version of a beam-ad­
dressable memory to the Air Force [Electronics, Oct. 3, 1974, p. 44] , but 
this program was discontinued because of budgetary constraints . 

Piiots test Infrared scanner at night fires 
A forward-looking infrared scanner will be evaluated by the Los Angeles 
County Fire Department as a navigation aid for helicopter pilots when they 
combat forest fires at night. Developed by Aeronutronic Ford Corp ., New­
port Beach , Calif ., the 72-pound scanner consists of an infrared sen­
sor / scanner, a cooling unit, gimbals to point the sensor, and a pair of cath­
ode-ray-tube displays. The military system from which the basic design was 
taken weighed 650 lb. The fire fighters are already using another military 
development-night-vision goggles. 

Competitors ready dafa modules for IBM 3340 
Two companies-one American and the other Japanese-have developed 
plug-compatible data modules for the IBM 3340 Winchester disk drive. Nip­
pon Peripherals Ltd. has also introduced a plug-compatible drive . Memorex 
Corp., Santa Clara, Calif., will begin deliveries of its $2 ,000 70-megabyte 
Data Mark 70 in June, and a $4 ,000 fixed-head Data Mark ?OF is scheduled 
for September . Nippon Peripherals will start delivering its NP20 disk drive 
and NP21 data module by the end of the year. 

CDC and Honeywell form mass-memory company 
Control Data Corp. and Honeywell Inc . have formed a jointly owned com­
pany to produce rotating mass-memories-mostly disks. Magnetic Peripher­
als Inc. , to be headquartered in Minneapol is, will take over Control Data 
plants in Minneapolis, Redwood Falls , Minn ., Rapid City, S.D., Hawthorne, 
Calif ., and Lisbon , Portugal. Honeywell will contribute its Oklahoma City 
plant. Magnetic Peripherals will sell its entire output to the two owners. 

GTE wins $500 million Iranian contract 
General Telephone & Electronics Corp.'s GTE International subsidiary beat 
out five foreign telecommunications equipment suppliers to win a contract 
worth an estimated $500 million to double the capacity of Iran 's telephone 
network. GTE plans to begin installing equipment later this year. 

EIA communications makers to visit China 
Ten communications-equipment makers from the Electronic Industries As­
sociation will tour the People 's Republic of China for 1 O days, beginning 
July 27. EIA Chairman Glen R. Solomon of IBM's Federal Systems division 
will lead the trade delegation , whose members will be announced in June. 
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More desbllers are 
choosing McMOS todav 

Because lodav it's the CMOS 1na1 otters more 
AB business has become increasingly tighter, more design and purchasing people have turned to 
Motorola's McMOS*family of CMOS logic for new design requirements. Careful evaluation of 
relative merits convinced them that they would benefit more ways with McMOS. 

~llAL 
COVERAGE 
More than 80 different MC14000/14500 
devices form a balanced mixture of the 
industry's richest MSI line-up and the 
necessary simple gate a nd flip-flop 
types. This includes functions most 
TTL and CMOS suppliers haven't even 
attempted yet; and 25 new line addi­
tions are scheduled in 1975. 

[l( RELIABILITY 
Word gets around when product is 
reliable; and, of course, when it isn't . 
The word's around that McMOS is 
reliable. That's based on users' experi­
ence . .. and on test documentation. 
If the latter is important to you, con­
tact the nearest Motorola sales office for 
a copy of the latest on plastic McMOS 
documented reliability. Motorola 's 
standard off-the-shelf CMOS will do the 
job without gimmicky, expensive spe­
cial programs. 

Motorola McMOS vs. Major CMOS Competition 
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acMOS 
CONVERSION 
Now Motorola makes it easy to cross 
over to CMOS and get the low power, 
high noise immunity combination no 
other present logic form offers. There's 
an up-to-date TTL-CMOS Function 
Cross Reference you'll get if you circle 
the bingo number on this ad. 

00' TTL· LIKE PRICING 
Production and technological break­
throughs like those achieved at Moto­
rola's ultra-modern CMOS facility in 

CMOS follows the 'ITL pattern, 
but accelerates the pace 

10.00....----.....----....----..-----. 

Austin, Texas have created record 
breaking availability and pricing. We're 
able to price McMOS much lower now 
than was originally anticipated for this 
time. Now, for comparable functions, 
CMOS is selling competitively with 
TTL. 

~UNCTIONS 
That the McMOS family is heavy in 
MSI is no accident. It's been structured 
that way from the beginning because 
designers have indicated from the 
beginning that MSI had to be the cost­
effective way to go in CMOS. 

ltfiECIALIZED 
FUNCTION SERIES 
Now there's a whole new dimension to 
McMOS. The MC14400 Series is a 
growing set of specialized function MSI 
subsystems. It all started with the MC-
14435 AID logic subsystem, followed by 
the MC14490 Hex Contact Bounce 
Eliminator, MC14411 Bit-Rate Gener­
ator and the MC14415 Quad Hammer 
Driver. Others, for specialized applica­
tion in telephony, data handling, and 
watch/clock circuitry, will be available 
during 1975. Several of these are just 
coming out now: the MC14410 Two-of­
Eight Tone Encoder, MC14440/50/51 
Timepiece units, and MC14419 Key­
board Encoder. 

~ORMATIOll 
AVAILABLE 
McMOS, the CMOS of today; offering 
more, doing more, for more people. For 
information that will inform you if 
you're curious, and help you if you're 
serious, write to Motorola Semiconduc­
tor P roducts Inc., P .O. Box 20912, 
Phoenix, AZ 85036, or circle the reader 
service number. 

If\ MOTOROL A M c MOS '8' -complementary MOS for contemporary systems *TRADEMARK MOTOROLA INC. 
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• Exclusive sliding 
ball contact 
system for 
positive wiping 
action 

• Life tested to 50,000 mechanical 
operations, with commensurate 
electrical life 

• Available in 9 sizes, even a 
hard-to-find 2 rocker version, on 
up to 10 rockers 

• All SPST, each switch independent, 
rocker actuated 

Of course, the different DIP SwitGh -
Grayhill 's Series 76-also offers the 
standard DIP benefits of easy PC board 
mounting, compact high density de­
sign and a multitude of cost savings. 
Get the full story, including detailed 
specifications and prices, in Grayhill 
Engineering Bulletin # 238, available 
free on request. 

561 Hillgrove Avenue • La Grange, Ill inois 60525 
Phone (312) 354-1040 
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safety. "We might be able to do 
something if we detect an over-tem­
perature condition," Knutson says. 
• Tire surface temperature. "If a 
tire is overheating, it's a pretty good 
indication that we're going to have 
to slow down or change at the next 
stop to a tire of a slightly different 
rubber compound," Knutson says. 
Temperature will be monitored 
across the tread surface by mount­
ing thermistors close to the wheels. 

Telemetry package. The pro­
totype on-board telemetry package 
weighs about 35 pounds. It includes 
signal-conditioning gear, voltage­
controlled oscillators for frequency­
multiplexing, radio-frequency trans­
mitter and antenna, and a large re­
chargeable-battery pack that's good 
for six hours of continuous, all­
channel operation. 

Bringing everything together in 
the pit will be a Data General Nova 
2 with 32,768 words of memory, and 
Teletype and cathode-ray-tube ter­
minals for data display. Data Gen­
eral is also writing the software and 
lending the team an analog-digital 
converter. EMR is providing the pit 
receiver and antenna demultiplexer. 
Because the receiver has a narrow 
acceptance angle, the system also 
gives an accurate count of the num­
ber of laps completed and can cal­
culate speeds and fuel rates. D 

Displays 

LEDs, LCDs may 
have rival in ECDs 
Light-emitting diodes and liquid 
crystals so far have been the best 
displays for the fast-growing num­
ber of electronic watches. But a 
third type-electrochromic dis­
plays-may be close to application. 
For that matter, ECDs could chal­
lenge the other two in all display 
applications, including calculators, 
instruments, and the like, according 
to electrochromics developers. 

ECDs have been in the laboratory 
for some time, but at the recent 
Society for Information Display In­
ternational Symposium in Washing-

ton, two firms working on this 
chemical approach to electronic op­
tics, American Cyanamid and Ze­
nith, seemed close to applying it to 
watches and instruments [Electron­
ics, Dec. 6, 1973, p. 87]. 

The advantages of ECDs, Zenith 
developers pointed out at the SID 
meeting, are not oply contrast and 
legibility in dimly lit ambients, but 
wide viewing angles, memory, and 
compatibility with IC technology. 
Display-electrode longevity is at 
present the primary barrier to the 
development of an ECD for time­
piece use, Zenith spokesmen added, 
but it is not a fundamental problem. 

American Cyanamid Co., Wayne, 
N.J., which has been working on 
electrochromics for at least 10 years, 
has already signed an exclusive li­
cense with Ebauches SA, the Swiss 
watch maker, that will eventually 
lead to an ECD watch display. 
Cyanamid has set its sights on cal­
culators and instruments as well as 
just about every application now 
performed by LEDS and LCDS. 

Direct line. Zenith Radio Corp., 
Chicago, has also been working on 
ECDs and, although it's silent on 
specific applications, has a direct 
line to watch makers through its 
Movado (U.S.) and Zenith Time SA 
(Switzerland) operations. In addi­
tion, of course, Zenith could find a 
need for an ECD in the solid-state 
digital television tuner, now being 
designed for more and more tele­
vision receivers. 

Yet to be established is the cost 
comparison between ECDs and the 
other two types. As a display, elec­
trochromics offer advantages over 
LCDs in appearance, temperature 
range, and shock resistance. Com­
pared to LEDs, ECDs are claimed to 
use less power at constant-operation 
and offer color combinations that 
are easily visible in high ambient 
light. In addition, says Cyanamid's 
Thomas Whitehead, product man­
ager for electrochromics, this tech­
nology could be used in other op­
tical devices, such as a rear-view 
mirror for autos that adjusts to the 
glare of headlights. 

Neither Zenith nor Cyanamid has 
ventured a prediction of when ECDs 
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if it's a meter 
or meter relay, 

Stock or Special ... 
Digital, Analog, Analed. 

makes it. 
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Stock: 
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Special: 
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Simpson distributors nationwide stock over 2,000 
types, ranges, styles and sizes of panel meters, 
relays and controllers. They're all listed in our new 
Catalog 4400. Write for your free copy. 

Need a special or unusual meter? Let Simpson help 
you custom design it. Send us your specs and we'll 
send you a quote. But check our catalog first-that 
"special" may be a standard Simpson stock item. 

Get off-the-shelf delivery from your local electronics and electrical equipment distributors. 

SIMPSON ELECTRIC COMPANY 
853 Dundee Avenue, Elgin , Illinois 60120 
(312) 697-2260 • Cable : SIMELCO • Telex: 72-2416 

11\l CANADA: Bach-Simpson , Ltd ., London , Ontar io 
IN ENGLAND: Bach-Si mpsoh (U.K.) Limited , Wadebridge, Cornwa ll 
IN INDIA: Ruttonsha-Simpson Private , Ltd., Vikhro li, Bombay 

KATY INDUSTRIES 

INDUSTRIAL 
EQUIPMENT 

GROUP 
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SWITCHING 
POWER 
SUPPLY 

ELECTRICAL CHARACTERISTICS HR0510 

Output 5V10A 

Efficiency 74% 

AC Input voltage 117V±10%, 220V±10% 

line Regulation ±0 .2% or less 

Load Regulation ±0 .2% or less 

Ripple&. noise (ma x ) 40mV lp·p~ 

Overload protect ion Current Lim it Type 

Overload protection Signal Inhibit Type 

Output on/off TTL 
control level 

Withstand voltage 1.5K V AC for one minute 

Isolation resistance 100Mn or more at 500V DC 

Temperature rise 30°C or less 

Ambient temperature o-so0 c 
range (operating) 

Temperature 0.02%/C0 

coefficient 

Weight 1.7 Pounds 

Size (WxHxDI 1.77"x4 .72"x7.87" 

HR0510 • HR0520 • HR0530 · HR0905 
SV IOA SV 20A SV 30A 9V SA 

HR1204 • HR1506 • HR2406 
12V 4A ISV 6A 24V 6A 

Corporations interested in ac­
quiring the right to manufac­
ture our products introduced 
above, please contact: 

NEMIC 
Nippon Electronic Memory 
Industry Co., Ltd. 
1-20-1, Sendagaya, Sh ibuya-ku , Tokyo 
151, Japan Tel : (03) 478-3935 
Telex : 3232-190 NEMIC J 
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will be marketable. The main prob­
lem, SID speakers agreed, has been 
to develop the right materials and 
then establish suitable operating 
life. 

The basis for an ECO is an electri­
cally controlled chemical reaction 
that occurs along electrodes ar­
ranged in segments. The segments 
in the reversible reaction either ab­
sorb or reflect visible light. In gen­
eral, this type of display would have 
both an optical and electrical 
memory; other optical displays have 
an electrical memory only. D 

Communications 

New Intelsat RFPs 

may come by Fall 

A request for proposals to design 
and build the Intelsat V series of 
satellites represents a $250 million 
hardware plum for the winner. The 
award could come as early as Octo­
ber, says a spokesman for Intelsat, 
the International Telecommunica­
tions Satellite Organization in 
Washington. 

The new satellite series, planned 
to meet international traffic de­
mands expected by the end of the 
decade, will succeed Intelsat IV-A 
satellites, the first of which will be 
launched in July. 

Five or six of the Intelsat V craft 
will go into service in 1979. The next 
step is for the approval for the new 
satellites to be given by the Intelsat 
board of governors, which will meet 
in July. 

Competition. Expected to bid on 
the satellites are Lockheed Missiles 
and Space Co., Sunnyvale, Calif., 
TR w Systems Group, Redondo 
Beach, Calif., and Hughes Aircraft 
Co., Culver City, Calif. Lockheed 
and TRW will submit proposals for 
three-axis stabilized satellites, and 
Hughes is expected to propose a 
spin-stabilized model similar to ear­
lier Intelsats and other commercial 
communications satellites used to 
relay voice, TV and data [Electron­
ics, Oct. 3, 1974, p. 95). 

Intelsat wants the Intelsat V craft 

to relay the C-band frequencies of 
present lntelsats and to add bands 
for 11 and 14 gigahertz. As much as 
750 watts of power will be needed to 
operate between 10,000 and 14,000 
channels-up sharply from the 6,000 
in the IV-A series of which Hughes 
has built six for $119 million. "This 
power is not achievable within the 
constraints of a spinner," declares 
John Hockenberry, Lockheed's di­
rector of communication satellite 
programs. Hughes, of course, dis­
agrees. Intelsat IV-A requires but 
600 watts of power. 

Only about one third of the solar 
cells on a spinning satellite produce 
power at any one time, and the 
diameter of the launch vehicle pre­
cludes enlargement of the satellite 
to accommodate more cells, Hock­
enberry explains. 

Transponders. Intelsat has not yet 
decided on the number of trans­
ponders it wants for the two fre­
quency bands. But industry sources 
say that five satellites with more 
than 20 transponders each will be 
required. The C-band frequency 
will have 36-megahertz bandwidths, 
while the 11/ 14 GHz band will be 72 
MHz wide, says Simon B. Bennett, 
Intelsat's engineering department 
manager. Traveling-wave tubes of 
up to 15 watts output will be re­
quired. Intelsat IV and IV-A have 5-
and 6-w TWTs. The effective iso­
tropic radiated power required for 
the next series will be "approxi­
mately the same as the 29 dBW of 
Intelsat IV-A," Bennett adds. 

Two or three of the new satellites 
(depending on how many trans­
ponders each will carry) will be 
positioned over the Atlantic Ocean, 
two over the Pacific and one over 
the Indian Ocean. D 

Consumer 

Calculator /watch 

fits on the wrist 
Multiplexed circuits connecting the 
display segments have helped cut 
the size of a new calculator/watch 
combination so that it fits on the 
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Another 
technical 
knockout 

the first 80 W VHF transistor 
The industry's biggest VHF die (80 x 221 

mils) now offers unprecedented simplicity and 
minimized component count for land-mobile 

new design MRF243 provides 60 W Pout· 

The device is L-matched CO* for better 
broadbanding than conventional T-matching. 
Typical power gain for the '245 is 6.4 dB at 175 
MHz. Optimized thermal characteristics ensure 
20:1 minimum VSWR at rated Pout and 16 V 
high line. 

designs. 

150 mW MHW602 .____ __ ___, 20 w 120W 

75 mW 160W 

The MRF245 outperforms them all with 
saturated power in excess of 100 Wat 12.5 V. 

The computer-designed chip is thermally 
optimized, affords very high figure-of-merit geo­
metrical design and rugged structuring with no 
sacrifice in power gain. 

You use 2 parts in place of 4 - fewer pas-
si~e components and lower power /;; 
drivers. And, for the same P,n 1 F 

as other devices, get 10 more ;--z·· ·- 0' ' 
watts out ... 80 instead of 70. / / / 
For lower power radio, the ---~~t:.t:___~/ . . 

,-<~/ ;·--m.l"p.. . . -. ,..,..,>,;. !l!o~l!I '" . _-..,, .. f•{[;;~:..,~ .-~ ,r . ~ 

! ~""'"• .. ~::-!· 
t,.,. ';II!'"··~ - -- , Ir 

... -..?" 

Write Box 20912, Phoenix, 
AZ 85036 for data sheet 
and Engineering Bulletin 
EB-46 on 80 W amplifier 

, , design . Be first with the 
\ 

j 
_/ 

first ... 

c 

"Trademark of Motorola Inc. 

lr6!!1uJf')f /;f/ 
from Motorola, theARF producer. 
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If you're an engineer, or in engineering management, you might find our 
new SCR Series Single Phase Input Power Supplies very attractive . 
They provide 800, 1600 or 2400 watts of power and precise 0 .1 % 
regulation in both voltage and current modes (for higher power ask 
about our three phase input SCR units). All offer the highest power 
output per mechanical volume in the industry . 

Check these superior benefits : 

* High Efficiency 
* Remote Sensing 
* Remote Programming 
* Series or Parallel Operation 
* 5 Year Warranty 

* Rack or Bench Mount 
* Overvoltage Protected (optional) 
* Constant voltage or current 

with automatic crossover 
* Optional Input Voltages 

For applications assistance and technical information, phone TOLL FREE 
(800 ) 631-4 298 

-
CV 1ms CCrms AC 1ni:.ut I 

VOLTAGE CURRENT RIPPLE RIPPLE EFF PRICE S 
NOM.E 

100 75mv 1000 ma 63 13 650 

075 180 80 mv 1920 ma 65 26 850 
250 80mv 2990 ma 66 20 1100 
80 75mv 600 ma 65 13 600 

a 10 150 80 mv 1200 ma 68 26 850 
210 80 mv 1680 ma 69 19 1100 
40 60mv 120 ma 67 13 600 

0 20 80 BOmv 320 ma 70 25 800 
120 80mv 480 ma 73 18 1000 
20 GO mv 30 ma 68 13 500 

0 ·40 40 100mv 100ma 75 24 750 
60 " 100mv 150ma 80 18 900_ 
13 70mv 15ma 70 13 500 

0-60 26 90nw 39 ma 81 23 850 
40 90 mv 60 ma 81 18 1000 
10 80mv !Oma 77 12 500 

0 80 20 120mv JO ma 83 21 850 
30 .. 100mv 35ma 82 18 1000 

5 150 mv 5ma 80 10 500 
0· 150 10 200 mv 13 ma 

~ 
20 850 

15 200 mv 20ma 18 1000_ 
3 7!'i0mv 3ma 85 6 550 

0 300 5 300 mv 5ma 87 20 850 
8 300 mv 8ma 85 17 1000 
2 700 mv 2ma 87 6 650 

0-600 3 700mv 4 ma 88 20 850 
4 750mv 5ma 85 17 1100 

0

Spec1fy Model No. SCA40 58 
• "Specify Model No. SCA BO 28 

~ 405 Essex Road , Neptune, N J 07753 6~ 
ELECTRONIC MEASUREMENTS INC. 

M Phone (New Jersey) 201 - 922-9300 ·(Toll-Free) 800 - 631 -4298 
Spec1al1sts in Power Conversion Equipment 
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wrist. The all-electronic calcu­
lator/wristwatch was exhibited by 
Optel Corp., Princeton, N.J., in 
Switzerland at the Basel watch and 
jewelry fair, April 12 to 21. Pro­
totypes will be ready for sampling at 
the end of May, and small produc­
tion quantities are scheduled for 
mid-July. 

Called the Optel I, the calcu­
lator /watch is designed around 
complementary-MOS circuits and a 
field-effect liquid-crystal display. It 
uses multiplexing to wire the display 
segments, simplifying the design. 
Optel president Zoltan Kiss said at 
the fair that this is the first watch 
with multiplexed circuits to be 
shown. Kiss claims the throwaway 
batteries will operate longer than a 
year, "even when an average of 100 
calculations are made per day." 

The display has eight digits, six of 
which are used in the normal time­
keeping mode to show hours, min­
utes, and seconds. All eight are op­
erable when the device is switched 
by pushbutton to the four-function 
calculating mode. 

Prices. Succeeding versions will 
have memory and calculator func­
tions for scientific applications. 
Prices for the first two models will 
be between $500 and $550 for the 
standard version and $975 for the 
fancier one. 

At these prices, "we don't expect 
a market of hundreds of thousands 
of units right away," says Stephen 
L. Finta, director of Conel GmbH, 
of Wiesbaden, West Germany, dis­
tributor of Optel products in Eu­
rope, the Mideast, and Africa. 

Configuration. The Optel I packs 
three C-MOS chips into its case, mea­
suring 3.3 by 4.57 by 0.953 centi­
meters. One chip contains the 
countdown circuitry for time-keep­
ing, the second integrates the calcu­
lator circuitry, and the third the buf­
fer and driver stages for the display. 
The I-second time pulses are de­
rived from a 32-kilohertz crystal os­
cillator whose frequency is counted 
down by a 15~step divider network. 

The power pack consists of four 
1.5-volt silver-oxide batteries, each 
about 15 millimeters in diameter 
and 4 mm thick. D 
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Sprague puts more passiv co p 
families into dual in-line p ck ges 
than any other manufactu 

Call Sprague First! 

DIP 
MULTIPLE 

TANTALUM CAPACITORS 

Solid-electrolyte tantalum 
capac itors with 2 or 4 sec­
tions per package. 8- or 
16-pin configurations. Stan­
dard ratings are 6.8 µF @ 
3SV, 1SµF@ 20V, 22µ,F @ 
1 SV, 33 µF @ 1 OV. Capac­
itance tolerance, ± 20% . Op­
erating temperature range , 
-SSC to + 8s c. Write for 
Bulletin 3S42 or circle 1 S1 
on reader service card. 

DIP 
MULTIPLE 

METAL-FILM RESISTORS 

Noble metal film resistors 
encased in protective glass. 
Choice of 7 or 8 resistors 
per 14- or 16-pin package. 
Resistance values, son to 
100,000r!. Power dissipation, 
12SmW. Standard resis­
tance tolerance, ± S% . Op­
erating temperature range, 
-SSC to + 70 C. Write for 
Bulletin 7042 or circle 1 SS 
on reader service card . 

DIP 
MULTIPLE 

CERAMIC CAPACITORS 

Monolythic® construction 
.. alternate layers of ce­

ramic dielectric material and 
metallic electrodes are fired 
into a solid homogenous 
block. 2, 4, 7, or 8 capacitor 
sections per package. Stan­
dard ratings , 18 pF to 0.1 µF 
@ 1 OOV. Capacitance toler­
ance, ±20% . Write for Bul­
letin 6242 or c ircle 1 S2 on 
reader service card . 

DIP 
PRECISION RESISTOR 

NETWORKS 

(1 of 5 designs) 

Noble metal film resistors 
in pull-up, pull-down, inter­
facing, and terminating con­
figurations, for applications 
requiring repet itive resis­
tance patterns. 14- or 16-
pins. Up to 28 resistors per 
package. Individual resistors 
from SO to 100,000Q. Dissi­
pation, 12S mW. Write for 
Bulletin 7042 or circle 1 S6 
on reader service card . 

i---~----~~-
D IP l DIP 

TANTALUM/CERAMIC RESISTOR/CAPACITOR 
CAPACITOR ASSEMBLIES NETWORKS 

Solid tantalum and Mono­
lythic® ceramic alternating 
isolated sections. Choice of 
4 or 8 sections per package. 
Standard tantalum ratings, 
6.8µ,F@ 3SV, 1Sµ,F@ 20V, 
22µ,F@ 1SV, 33µ,F@ 10V. 
Ceramic ratings .01, .047, 
.1 µF @ 100V. Cap. tol. , 
±20%. Write for Engineer­
ing Bulletin 6642 or circle 
153 on reader service card . 

DIP 
MULTIPLE 

PULSE TRANSFORMERS 

(1 of 2 designs) 

Four transformers in 16-
pin package. All cores have 
exclusive protective coating. 
Inductance values from 1 O 
to 1 OOOµH. ET product val­
ues of 5 volt-µsec. Choice of 
four turns ratios . . . 1: 1, 2:1, 
3:1, 4:1. Operating temper­
ature range, 0 C to + 70 C. 
Write for Engineering Bul­
letin 40400 or circle \57 on 
reader service card . 

(1 of 3 designs) 

Metanet® metal-film resis­
tors and Monolythic® ce­
ramic capacitors in bypassed 
pull-up, R-C coupling , speed­
up, and active terminator 
networks. Resistor ratings, 
100 to 6800!2 with 125mW 
power dissipation. Capacitor 
ratings, 100 pF to .01 µF @ 
100V. Write for Engineering 
Bulletin 6612 or circle 154 
on reader service card. 

DIP 
TAPPED 

DELAY LINES 

Lumped constant delay 
lines . . . ideal for timing and 
pulse synchronization cir­
cuits. 14- or 16-pin packages 
with delays of 50, 100, or 
1 SO nanoseconds at a char­
acte ri sti c impedance of 
100 fl . Working voltage, 
50 VDC. Operating temp. 
range , O C to + 70 C. Write 
for Bulletin 4S004 or circle 
158 on reader service card. 

Popular Types Now Available OFF-THE-SHELF From Your Sprague Industrial Distributor. 

For complete technical data, write for any of the above-mentioned 
Engineering Bulletins to: Technical Literature Service, 

• Sprague Electric Company, 35 Marshall Street, North Adams, Mass. 01247. SPRllGUE' 
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS THE MARK OF RELIABILITY 

Electronics/May 1, 1975 43 



We put a lot of 
time and money into 
the development and 
production of reliable 
Delco Electronics 
semiconductor devices 
for a wide range of 
industrial, military 
and automotive 
applications. 

So, understand­
ably, we don't fool 
around when it comes 
to selecting our Delco 
semiconductor 
distributors. 

We handpick 

44 

them for their excel­
lence in customer 
service. 

We insist that 
they give us - and you 
- their best distribu­
tion services. 

Delco Electronics 
semiconductor dis­
tributors are strate­
gically located across 
the country in locations 
that make fast service 
practical. 

The people you '11 
find listed on the 
facing page are front­
line members of our 
sales force. They 
handle our entire line 
of Delco Electronics 
semiconductor devices. 
They know how to get 
immediate assistance 
and advice from our 
factory personnel. 

Next time you 
need a reliable power 
semiconductor, get it 
from a reliable semi­
conductor distributor. 

Your Delco Elec­
tronics distributor. 
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ctor no business 
f -washy distributor. 
ALABAMA, Birmingham 
Forbes Distribu ting Co., Inc. 
(205) 251-4104 

ALABAMA, Huntsville 
Powell Electronics 
(205) 539-2731 

ARIZONA, Phoenix 
" ) Sterling Electronics, Inc. 

(602) 258-4531 

,. 

-~ 

CALIFORNIA, Goleta 
R.P.S. Electronics, Inc. 
(805) 964-6823 

CALIFORNIA, 
Los Angeles 

Kierulff Electronics, Inc . 
(213) 685-5511 

CALIFORNIA, 
Los Angeles 

R.P .S. Electronics, Inc. 
(213) 748-1271 

CALIFORNIA, Palo Alto 
Kierulff Electronics, Inc. 
(415) 968-6292 

CALIFORNIA, San Diego 
Kierulff Electronics, Inc. 
(714) 278-2112 

CALIFORNIA, San Diego 
R.P.S. Electronics, Inc. 
(714) 292-5611 

CALIFORNIA, Sunnyvale 
Bell Industries 
( 408) 734-8570 

,., COLORADO, Denver 
Kieru lff Electronics, Inc. 
(303) 371-6500 

I r' 

CONNECTICUT, 
Norwalk 

Harvey Electronics 
(203) 853-1515 

FLORIDA, Miami Springs 
Powell Electronics/ Florida 
(305) 592-3260 
ILLINOIS, Rosemont 
Kierulff Electronics, Inc. 
(3 12) 678-8560 

ILLINOIS, Skokie 
Bell Industries 
Electronics Distributors Div. 
(312) 282-5400 

INDIANA, Indianapolis 
Graham Electronics Supply, Inc. 
(3 17) 634-8202 

MARYLAND, Baltimore 
Radio Electric Service Co. 
(301) 823-0070 

MASSACHUSETTS, 
Billerica 

Kierulff Electronics, Inc. 
(617) 935,5134 
(617) 667-8331 

MASSACHUSETTS, 
Newton 

The Greene-Shaw Co., Inc. 
(617) 969-8900 

MICHIGAN, Livonia 
Pioneer/ Michigan 
(313) 525-1800 

MINNESOTA, 
Minneapolis 

Stark Electronics Supply Co. 
(612) 332-1325 

MISSOURI, Kansas City 
Walters Radio Supply, Inc. 
(816) 53 I-7015 

MISSOURI, St. Louis 
LCOMP-St. Louis 
(3 14) 647-5505 

NEW JERSEY, 
Cinnaminson 

Wilshire Electronics/ Philadelphia 
(609) 786-8990 (215) 627-1920 

NEW JERSEY, Clifton 
Wilshire Electronics/ New Jersey 
(201) 365-2600 (212) 244-8930 

NEW MEXICO, 
Albuquerque 

Sterling Electronics 
(505) 345-6601 

Delco Electronics. 

NEW YORK, Binghamton 
Harvey Electronics 
(607) 748-8211 

NEW YORK, Buffalo 
Summit Distributors, Inc. 
(716) 884-3 450 

NEW YORK, Farmingdale 
W ilshire Electronics/ Long Island 
(516) 293-5775 

NEW YORK, Woodbury 
Harvey Electronics 
(516) 921-8700 (212) 895-9260 

OHIO, Cincinnati 
United Radio, Inc. 
(513) 761-4030 

Division of General Motors 

OHIO, Cleveland 
Pattison Supply Co. 
Industrial Electronics Division 
(216) 441-3000 

OHIO, Dayton 
Pioneer/ Dayton 
(513) 236-9900 

PENNSYLVANIA, 
Philadelphia 

Alma Electronics 
(215) 698-4000 

PENNSYLVANIA, 
Pittsburgh 

Cameradio Electronics 
(412) 288-2600 

SOUTH CAROLINA, 
Columbia 

Dixie Radio Supply Co., Inc . 
(803) 253-5333 

The Power Specialists. 

Electronlcs/May 1, 1975 

T EXAS, D allas 
Sterling Electronics 
(214) 263-1711 

T EXA S, H o uston 
Harrison Equipment Co., Inc. 
(713) 224-9131 

WASHINGTON, Seattle 
Kierulff Electronics, Inc. 
(206) 763-1550 

IN CANADA : 
ONT ARIO, Scarborough 
Lake Engineering Co., Ltd . 
(416) 751-5980 

ALL OVERSEAS INQUIRIES : 
General Motors O verseas 

Operations 
Power and Industrial Products 

Dept., 
767 Fifth A venue, New York, N .Y. 
10022 
PHONE: (212) 486-3723 

Delco Electronics 
Regional Sales O ffices 
Union, New Jersey 07083 
Box 1018 Chestnut Station 
(201) 687-3770 

Van Nuys, California 91404 
Box 2968 
(213) 988-7550 

General Sales Office 
700 E. Firmin, Kokomo, Ind. 46901 
(317) 459-2175 
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MOS·CMOS, TTL·HTL,T 
HP pulser solutions for, 

Before you choose your next pulse generator, 
look into THE broad line ... from HP. We'll 
give you a choice of several instruments for your 
particular logic family ... whether it's high-speed 
bipolar, MOS, high-threshold, or general-purpose 
bipolar logic. 

Need to test above 200 MHz? Our newest 
pulse generator gives you a rep rate to 250 MHz for 
testing high-speed bipolar logic at operational 
frequency limits. And its UNMATCHED variable 
transition time down to 1 nsec lets you meet 
manufacturers' conditions for propagation-delay 

tests ... or degrade transition times for worst-case 
testing. 

Maybe you need high output levels for 
MOS. We have instruments with outputs up to 16V 
(30V swing on dual outputs) and rep rates to 50 
MHz for the most advanced MOS circuits. Other units 
handle lower rep rates with outputs to lOOV. 

TTL? ... HTL? We offer a variety of 
instruments with single or dual outputs, selectable 
output impedance levels, fixed or variable transition 
times and pulse-burst options. 

We even have a plug-in series that lets you 



• • 

1, 
· ECL·S/TTL ... 
, your IC problems 

\ put together your own logic-testing system to include 
programming, word generation, pseudorandom 
sequences, multiphase clock generation , 

..,., and more . 
In this family, there's a pulse generator to 

satisfy your particular testing requirements. And you' II 
find human-engineered instruments to simplify 
your setups and reduce testing errors. 

-. So if you're thinking digital testing, 
find out what HP has to offer. Give your local HP 
fie ld sales engineer a call today. Or, write for a free 
copy of our new pulse generator brochure . 

HEWLETT tli PACKARD 

Sales and service from 172 offices in 65 countries. 
1501 Page Mill Road, Palo Alto. Ca!Jforma 94304 

For technical information circle 46 on reader service card '"" For immediate applications assistance circle 47 on reader service card 



Let's get the facts straight 
on IC packaging panels. 

The IC packaging panel, or 
"Augat board," has become so 
widely accepted, you'd think 
Augat would be happy. 

But frankly, we're concerned. 
People have gotten so used to IC 

panels that they may have lost sight of 
the reason for buying panels in the first 
place: flexibility in design, production 
and service. With the result that they 
may not be getting all the benefits 
panels can provide. 

We'd like to correct this situation by 
reviewing exactly what's at stake in 
your choice of a panel supplier. 

GETilNGTHE 
RIGHT PANEL. 

People often select a panel from a 
limited catalog without realizing the 
wide selection of stock panels available. 

When in fact, they can get exactly 
what they need right off the shelves of 
Augat distributors all over the world. 

With the largest product line any­
where, we're sure to have a standard 
board that fits virtually all your 
development and production needs­
including ECL and Schottky. 

For really special requirements, 
though, you should probably consider a 
custom-designed panel. If you 're deal­
ing with an experienced engineering 
staff like Augat's, it's surprisingly easy. 
And it won't cost you any premium­
it might even save you money. 

Whatever your requirements, you 
shouldn't settle for an approximation. 
Because you don't have to. 

HOW GOOD IS 
GOOD ENOUGH? 

The payoff for getting the right panel 
is faultless performance. No surprises 
in product development, production, 
or field service. 

It's the reason for Augat's no­
compromise approach to quality con­
trol. And it's why Augat uses the best 
precision-machining technology in the 
world, rather than conventional 
stamping methods, to produce the 
contact assemblies that are the heart 
of Augat panels. 

The result speaks for itself. The 
elimination of these common contact 
pitfalls: 

The corroded 
contact. 

The bent 
IC lead. 

The loose 
oontact. 

AU6Ar 

( 

When others succeed in duplicatin{' 

· ~ 

DELIVERY YOU 
CAN COUNT ON. 

f • 

~ 

In 197 4 Augat completed a multi- .. 
million-dollar program to automate 
production and bring the manufacture 
of IC panels under 100% in-house 
control. 

Result: The fastest turnaround the " 
industry's ever seen. ~ 

Most standard panels are on the shelf. 
But if the one you want isn't, you can-" 
still get it in no more than 2 weeks. 
And our custom panels are being turnea 
out in volume to meet the most 'r 
stringent delivery standards in the 
industry. '( 

So next time you're selecting IC -
panels, consider all the facts. For full 
information, send for our new brochur'e: 
Or phone George P. Howland, Engineer­
ing Manager, at (617) 222-2202. 
Augat, Inc., 33 Perry Avenue, 
Attleboro, Massachusetts02703. t 

YOU ONLY GET IT-< 
ALL FROM AUGAT. 

.... 

Europe-Augat N .V., Boulevard A. Reyers, 103, 1040 Brussels, Belgium, Tel.102) 7369399. 
)apan - Kyokuto Boeki Kaisha Ltd., New Otemachi Bldg., 2-1, 2-Chome Otemachi, Chiyoda-Ku, Tokyo 100-9 1, japan, Tel.103) 244-3788. 

Canada -A.C. Simmonds & Sons Ltd ., 285 Yorkland Blvd., Willowdale, Ont. M2)1S8, Tel. 1416) 491 -1010. 
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Recession 's impact 

on aerospace jobs 

seen slight in '75 

NASA gets design 

for 1 DO-megabit 

bubble recorder 

Up to $20 million 

for surveillance 

in plane studied 

Huge market seen 

in FAA R&D plan 

for VOR systems 
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Washington newsletter __ _ 

Jobs for engineers and scientists in America's aerospace industries will 
remain more stable in 1975 than for other categories of employment, ac­
cording to a new forecast from the Aerospace Industries Association. 
Engineering and scientific employment is expected to decline 1.8% to 
163,000, compared to a 2.8% drop to 973,000 from the 1974 level in all 
aerospace job categories. The forecast puts most of the job losses 
among production workers, particularly in the transport aircraft seg­
ment. Stretchouts in deliveries of large-transports will reduce jobs to a 
level of 55,400 by year's end, down 13% from 1974. Employment by 
government contractors making missiles, spacecraft, and parts, on the 
other hand, is expected to remain at 209,000, unchanged from last year. 
The AIA developed its forecast using data from 48 member companies 
and the Bureau of Labor Statistics. 

The design for a 100-megabit magnetic-bubble replacement for space­
craft tape recorders has been delivered to NASA's Langley Research 
Center by the Applied Physics Laboratory (APL) of Johns Hopkins 
University. APL researchers estimate that the bubble recorder's reliabil­
ity would be 4.5 times better than mechanically-driven tape units. The 
270 cubic-inch package would weigh 11.6 pounds and consume be­
tween 2.7 and 8 watts, depending on mode and bit rate. Of the $187 ,370 
system cost estimate, parts costs are estimated at only $57,370. Fabrica­
tion and testing would account for the rest. 

Magnetic bubble chips with 262, 144 bits on each 250-mil-square chip 
are called for in the recorder. The $50 chips, arranged in a non-recircu­
lating delay-line shift-register configuration, would have bubble diame­
ters of 2.3 micrometers. APL says NASA has favored bubble technology 
over charge-coupled devices because bubbles "have the edge in storage 
density, power consumption, and radiation hardness," and don't lose 
their data when power is removed, as CCDs do . 

Up to $20 million in electronic surveillance gear may be needed for the 
41 coastal-patrol aircraft the U.S. Coast Guard is considering. A Coast 
Guard official says a decision on the twin-engine planes is expected in 
June or July. The special sensors needed would include microwave ra­
diometers, low-light television cameras and infrared and ultraviolet 
line scanners, he says, adding that such orders would average about 
$500,000 per plane. It's known that Rockwell International, Hawker 
Siddeley, and the German-Dutch combine VFW-Fokker GmbH are 
vying for the aircraft award. 

The FAA next year will begin R&D on solid state VOR and Vortac airport 
transmitters to replace aging tube-type vhf and uhf units. A request for 
proposals on prototypes will be released in 1976. Meanwhile a senior 
FAA official predicts an eventual "billion-dollar market worldwide." 
About 1,000 tube-type VOR and Vortac transmitters, many of them 
close to 30 years old, are currently in use for commercial and high-per­
formance general-aviation pilots to give them bearings at more than IO 
miles from an airport. 
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Washington commentary _____ _ 

The coming COM explosion 

Nowhere is it more difficult to change the status 
quo than in the Federal Government. Usually 
it takes a crisis of major proportions to redirect 
Federal policies or programs-and one such 
crisis is developing as Government computer 
use increases. Agencies find they are drowning 
in inventories of paper printouts. Government 
production of paper reports, studies, regu­
lations and rules has always been huge, of 
course, but now, thanks to the computer, it is 
not only overwhelming but expensive as well. 

The General Accounting Office, in coopera­
tion with the Office of Management and 
Budget, the Department of Defense, the Gen­
eral Services Administration, and others, hopes 
to change all that. Their weapon in the fight to 
cut back on the cost and bulk of EDP printouts 
is computer-output-microfilm-the combina­
tion of electronics and microphotography 
known as COM that converts computer print­
outs directly to microfilm. 

Slow to grow 

If GAO succeeds in getting Federal computer 
users to follow the Pentagon's lead in convert­
ing to COM systems, then the market can be ex­
pected to expand far more rapidly than it has 
since the technology was first developed in 
1958 . By the end of this year, only 3,000 COM 
systems will have been installed nationwide. 
Compared to the number of computers in use, 
the market is still small-the Federal Govern­
ment alone either owned or leased 7,830 com­
puters in 197 4. 

The economies inherent in COM are formi­
dable, in GAO's view. A system usually consists 
of recorder/ developer with an annual rental of 
about $50,000, plus a microfilm or microfiche 
reader with a purchase price ranging from $70 
and $1,400, depending on its size and sophis­
tication. Machine readers able to print out full­
size copies of the film on demand are an option 
and cost between $1 ,000 and $4,000. 

With a system of this sort, GAO figures the 
production cost of 5,000 pages of computer out­
put could be cut from $194- $44 for paper and 
$150 for labor-to $20.50, of which $8 would be 
for film and $12.50 for labor. Storage and ship­
ment of the film or microfiche would be far less 
than for paper, of course, cutting costs even 
more. An agency generating 500,000 pages of 
paper reports per month could halve its output 
cost by converting to COM. 

One of the big economies for large-scale COM 
users is the system's high-speed output: one 

>­
COM recorder cari produce as much as 30 paper - ~ 
printers. Some computer printers can run as 
fast as 2,000 lines a minute, although a 1,000- ( 
line rate is more typical. The average COM --f 

recorder, on the other hand, generates 20,000 
lines a minute, and some can go to 50,000. ~ 
Moreover, they can handle colors, charts, 
graphs, and varying sizes and styles of type, all "', 
of which, GAO points out, "make reports more 
meaningful to users." 

An obvious question emerges: if COM is so r 
great , why don't more people use it? GAO's an­
swer translates simply as widespread ignorance ' 
of COM's existence among Government systems « 
designers, compounded by human resistance to 
change. 

Most systems planners either don' t even con­
sider COM or, if they do, they limit themselves 
to simple feasibility studies comparing only the • 
costs of paper and film. GAO wants more "com­
prehensive costing of alternatives," including 
all direct and indirect charges. Acknowledging 
the human factor, GAO admits that "almost ev­
eryone has worked with paper and is comfort­
able with it," while COM reports require a ma­
chine reader and can' t be marked up. Only a 4 

good training program could change this bias _.. 
for marking up paper printouts. 

Beating the drums 

By July, the GAO-sponsored steering com- 't 
mittee set up two years ago plans to issue its ti- ~ 
nal report on the performance of a pilot COM 
center set up at a Navy installation near Nor- r 
folk, Va. Beyond that, the group is considering 
proposing a Federal policy on acquiring and 
using COM systems, as well as the need for 
equipment standards. The General Services 
Administration, chief Government computer •-. 
buyer, is readying a handbook for all agency 
managers covering analysis and design of COM ( 
systems. In addition, it has set up a Federal -"'\ 
Government Micrographic Council to promote 
COM and similar cost-saving technologies. 

As for promoting the use of COM centers for , 
multi-agency use , GSA says its efforts "have 
been discouraging." Though the centers-a con- , 
cept that turns on the ever-economical GAO­
are unlikely to be widely accepted by agencies -i 
that prefer their own computers to be complete 
with output devices, the prospects for getting T 

more users to adopt COM for their in-house sys-• i 
terns are encouraging indeed. When the Gov-
ernment leads, others will surely follow. " 

- Ray Connolly 
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Powertec's second generation 
open·frame D.C. Power Supplies 

featuring 
J great new packages 

For years, our original OEM's have been recognized as 
the finest on the market. Now, we' re introduc ing the 

OEM II Series . .. and it is even better! 

' First, to help you avoid costly "over-buying ," we 've expanded the line by adding 
3 new packages and 9 new models. Take our new Model 2A5-1 .2A, fo r example. 
5V at 1.2A - the smallest open-frame standard power supply available today. 
Anywhere. 

Second, there are completely new electronics. Fewer components, simplified 
circuitry. Higher effic iency and increased reliabil ity. Improved specs for every 

> model. 

._And features: • Remote sensing and programming • JC regulated design 
• Output screw term inals, fanning strip compatible • All hermetic transistors 

, and diodes • Reverse polarity protection • Open remote sense lead protection 
• Improved temperature rat ing • 100% interchangeable with previous models 

r • Conservat ive component selection. And more. Much more. 

- It all adds up to extra performance at no extra cost. 

• 

.._FOR COMPLETE DETAILS, SEND FOR THE NEW OEM If BROCHURE 
Powertec, Inc., 9168 DeSoto Ave., Chatsworth, CA 91311 • (213) 882-0004 

Model Voltage- Price Modal Voltage- Price Modal Voll-· Price Number Current Number Cul'f9nt Number Current 

2A5·1.2A 5V · 1.2A $24 .95 2C5·6A 5V · 6.0A $54 .00 205·12A 5V - 12.0A $ 87.00 6V- 1.0A 6V - 5.0A 6V - 10.0A 

2A15-.5A 12V - 0.5A $24 .95 2C15-2.8A 12V - 3.0A $54 .00 2015-6A 12V -6.5A $ 87.00 15V - 0.5A 15V - 2.8A 15V - 6.0A 

18V - 0.4A 18V - 2.0A 18V - 4.5A 
2A24-.4A 20V - 0.4A $24.95 2C24-2.3A 20V - 2.3A $54 .00 2D24-5A 20V - 5.0A $ 87.00 

24V - 0.4A 24V - 2.3A 24V - 5.0A 

2B5-3A 5V - 3.0A $32 .00 2CC5-9A 5V - 9.0A $67.00 200 5-18A 5V - 18.0A $109.00 6V - 2.5A 6V - 7.5A 6V - 16.0A 

2B15-1 .3A 12V - 1.5A $32.00 2CC15-4.4A 12V - 4.BA $67.00 2D015-9A 12V - 10.0A $109.00 15V-1 .3A 15V - 4.4A 15V - 9.0A 

18V - 1.0A 18V -3.3A 18V - 6.8A 
2824-l A 20V - 1.0A $32.00 2CC24-3.7A 20V-3 .7A $67.00 20024-7.5A 20V - 7.5A $1 09.00 

24V - 1.0A 24V-3.7A 24V - 7.5A 

LIM Load 
Regulation : SV Models 0.1% 0.15% Ripple : 3 mV PK-PK 

15V & 24V Modelo 0 .05% 0.05% 
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Still rolling up the score. 
Now,223 standard Beckman DIPs. 

We're adding more and more models 'to the 
RESNET™ DIP resistor line to make things 
easier for you. 

Now there are 223 standard RESNET DIPs 
to give you wider selection, greater variety 
of resistance values, and less need for custom 
components. 

Use them for applications involving pull­
up/pull-down, lme termination, LED current 
limiting, ECL termination, or interface net­
works. And most models are second­
sourced, too. 

RESNET DIPs are dimensionally uniform, 
ideal for automatic insertion techniques. 
They're also laser-tailored for precise resis­
tance values. And every part is 100% tested. 
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Ours is the broadest line available and it's 
stocked locally by your Beckman/Helipot dis­
tributor for immediate delivery. 

Prices? Truly competitive, actually giving 
you the quality of cermet technology at 
plastic prices. 

Considering breadth of line, quality, avail­
ability, and good pricing, you don't have to 
look farther than Beckman for standard re­
sistor networks. Or for expertly produced 
custom versions as well. 

Check us out. For immediate literature or 
the phone number of 
your Beckman/Heli­
pot representative, call 

Beckman® 

toll-free (800) 437-4677. HELIPOT DIVISION 
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Electronics international ________ _ 
Significant developments in technology and business 

.( 

~ Sony develops non-contact switch 

-. 

~·. 

that operates by magnetoresistance 
The key ingredient in a precise non­
contact switch for industrial control 
systems is a venerable physical ef­
fect-magnetoresistance . After 
workers at the Sony Corp. Research 
Center developed a small trans­
ducer using the effect, the com­
pany's subsidiary Sony Magnescale 
Inc. was brought in to develop sys­
tems. The resulting products show 
positioning repeatability of better 
than ±1 micrometer. 

Sony claims that by using mag­
netoresistance it can produce de­
vices that are remarkably free from 
temperature effects, compared with 
other magnetic sensing devices. 
These devices can statically detect 
magnetic information recorded on 
ribbons, cards, or drums. This abil­
ity should enlarge the field of appli­
cation for the magnetoresistance de­
vices to a large range of jobs in 
control, measurement, and retailing. 

The basic transducer uses serpen­
tine patterns of thin-film ferro­
magnetic material on a glass-coated 
alumina substrate. Each pattern is 
designed so that most of the path 
length is along parallel lines, which 
are connected to each other by short 
lines at alternate ends. Two of these 
patterns, on the same plane but run­
ning at right angles to each other, a 
bias magnet, the package, and leads 
complete the transducer. 

Bias direction. Two types of 
transducers are available. Based on 
the same type of magnetoresistance 
device, they differ in their direction 
of magnetic bias. For one type, the 
activating element is a magnet that 
can be mounted to pass as far as 6 
millimeters from the transducers. 
Although the system provides relay 
closure as output, the transducer 
signal is analog. Output is relatively 
large-70-80 millivolts for a 10-µm 
motion-and a long cable can be 
used to link the transducer to the re­
mainder of the system. 

For the second type of transducer, 
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the sender is unmagnetized mag­
netic material, which can be as 
small as a 0.5-mm-diameter wire or 
needle. With this arrangement, the 
sensitivity is lower, and the clear­
ance must not exceed 0.8 mm. 

The thin film used in these de­
vices is an alloy of nickel and cobalt. 
When current flows through the thin 
film while subjected to a magnetic 
field, the alloy's anisotropy leads to 
a change in resistance proportional 
to the change in the direction of the 
magnetic field. In general, resistance 
is maximum when the direction of 
the current and the magnetic field 
are parallel, but minimum when 
they are perpendicular. 

which is attached to a bias magnet 
and become two arms of a bridge 
circuit. Disturbance of the bias field 
by the sender magnet's field pro­
duces an analog output curve that 
resembles a somewhat rounded top 
hat. Addition of waveshaping and 
power circuits enables the signal to 
drive a relay. 

The device's two thin-film pat­
terns form a center-tapped resistor, 

Normally, the bias magnet biases 
the device to saturation. Then, per­
formance depends only on the di­
rection of the magnetic field, not on 
its value. Saturation bias is on the 
order of 50 oersteds. Peak-to-peak 
output voltage is 160 millivolts with 
an 8-volt power supply and 270 mil­
livolts with a 12-v supply. Power 
dissipation is 25 and 100 'milliwatts, 
respectively. O 

Around the world 
Laser and computer aim British tank's guns 
The British army may retrofit its 900 54-ton Chieftain tanks with a fire-con­
trol system that uses a laser and digital computer to aim their 120-millimeter 
guns with a new degree of accuracy. The system may also be adaptable to 
other tanks. Marconi Space and Defense Systems Ltd. has received a $2.4 
million contract to complete development of the system, which is so com­
pact that it allows the tank to carry just as much ammunition as before. 

The laser range-finder, made by Barr and Stroud, has about a 10-ki lome­
ter range, and the Marconi 12-12P computer measures only 11 by 12 by 20 
inches. The laser is charged automatically when the gunner selects the am­
munition by means of controls on a handle he manipulates with his left 
hand. As the gun is loaded , the gunner lays the sight's aiming mark on the 
target and tracks it. When he presses a switch, the computer calculates the 
speed and range of the target, adjusts the aiming mark, and aims the gun. 

Minicomputer runs pattern analyzer 
Classification of chromosomes has been reduced to only a few minutes by 
a digital system based on an industrial-television camera, a memory, a mini­
computer, and a TV monitor. The pattern-recognition system, which may be 
adapted for such uses as analysis of cell structures, was developed by 
French researchers, mostly engineers working on doctorates at the Com­
missariat a l 'Energie Atomique 's Saclay Center, near Paris. Analog signals 
from the camera are converted to digital format, and the data is com­
pressed by a factor of five to 10. The data then passes to a 32-kilobyte 
memory, built around Intel 1103s interleaved to operate at 10 megahertz. 
Each byte has 4 bits that indicate gray level. Cabled logic identifies con­
nected points and isolates the patterns they form. The pattern-identifying 
data is fed into an lntertechnique Multi-20 minicomputer for analysis. A dis­
play channel then decompresses the data, converts it back to video format, 
and displays the image on the TV monitor. 
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Our inventory. It's the biggest in the 
ndustry, with over 8,000 items of electronic 

test equipment in stock and ready to go. And 
it's getting better all the time, because we add 
more state-of-the-art equipment every month. 
This means we can deliver one special instru­
ment . . . or a dozen . . . within hours of the time 
you place your order. 

Now, more than ever, renting makes 
sense . . . to st retch your equipment budget, to 
fill temporary needs, and to avoid the long 
delivery lead times associated with purchasing. 
And renting from REI makes even more sense 
... because we're better equipped to fill your 
needs than any other rental company. 

REI is backed by the tremendous re­
sources of the PepsiCo organization, which 
gives us the financial strength to keep on hand 
whatever test equipment you may need. And 
renting from us helps your financial strength, 

too. mce y . y only for the time you have 
your instruments, you'll never have to spend 
your money on idle equipment. 

Send for our catalog today for a de­
scription of our rental, rental / purchase and 
leasing plans, and for our low rental prices. Or 
call the instant inventory center nearest you 
for immediate assistance. 

I Rental Electronic0n~ - - - - - - - , 

j 99 Hartwell Avenue, Lexington, Mass. 02173. I 
I Please send me your free instrument rental catalog: I 
I Name Title I 
I Company I 
I Address I 
I City State Zip I 
L Tel.Number __________ :..J 

Rental Electronics, Inc. ® 
A P-EPSl(Q LEASING COMPANY 

Burlington, MA (617) 273-2770 • Gaithersburg, MD (301) 948-0620 •Oakland, NJ (201) 337-3757 • Ft. Lauderdale, FL (305) 771-3500 
Des Plaines, IL (312) 827-6670 • Dallas, TX (214) 661-8082 • Mountain View, CA (415) 968-8845 • Anaheim, CA (714) 879-0561 

Rexdale, Ontario (PLC Leasing Ltd.) (416) 677-7513 
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Low point reached 

in West German 

components market 

$1 billion investment 

planned by French 

for telephone upgrading 

Tax hike not all bad 

for UK consumer 

products makers 

West Germans 

develop variant 

of spider-bonding 
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International newsletter __ _ 

West Germany's components market has reached the bottom of its 
downward spiral, but it will remain there for some time before things 
start picking up again. That was the consensus of marketing men at the 
recent Hanover Fair, which is always a good barometer for the climate 
of the country's electronics industries. Significantly, they don't foresee 
an improvement in component sales before the final third of this year. 
Components manufacturers, whose output last year climbed by a nom­
inal 13% to $1.71 billion, are still suffering from sluggish orders from 
both consumer and industrial equipment makers. Aggravating the situ­
ation are declining export markets, which in good times account for 
about 30% of total production. 

The downward trend in output started about a year ago, when the 
rate of increase in components production value fell from 22% during 
the first half of 1974 to 0.5% during the second half. As a result, compo­
nents makers drastically curtailed factory capability-some by as much 
as 50% for certain types of devices. Such sharply reduced capacity, in­
dustry people say, could once more lead to supply problems if demand 
jumps suddenly when it picks up again, as observers say it will. 

French telephone equipment makers are getting a windfall of supple­
mentary investment from the government that should help France re­
cover a bit from its lag in telephone service. President Valery Giscard 
d'Estaing announced this week that an extra $1 billion will be added to 
the normal telecommunications budget over the next two years to fi­
nance a step-up in production of switching equipment and telephone 
lines. The breakdown between electronic switching equipment and 
electro-mechanical systems has not been decided. Giscard says that he 
wants the money to result in the installation of 900,000 more lines in 
France, which is among the worst-equipped countries in Europe. 

Industry analysts are finding a possible silver lining in the British gov­
ernment's April 15 announcement that it will hike the value-added tax 
from 8% to 25% on TV sets, radios, and audio equipment, effective May 
1. Although sales of color-TV receivers are expected to drop anywhere 
from 10% to 30% below the once-estimated level of 2 million sets this 
year, the net result may bring stability-if not growth-to the industry, 
they reason. One analyst believes that sales of black-and-white sets will 
rise 15%, and audio equipment will remain stable. 

Since the huge stocks of unsold sets have been wiped out by buyers 
rushing out to beat the deadline, set and components makers may now 
plan realistically for the new production levels, says one components­
company executive. An industry consumer survey indicates, however, 
that plunging color-TV sales may have also been caused by the increas­
ing number of rerun programs on the BBC and commercial channels. 

Yet another variation on the automated-bonding of integrated circuits 
is being tried by researchers at West Germany's AEG-Telefunken. De­
veloped by Georg Birglechner and his associates, the Sicon process fea­
tures the galvanic growth of gold bumps at the point of contact with a 
spider-like frame that is used to interconnect the chip with the leads in 
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Support gains 

for French 

anesthesia system 

French makers 

market new 

one-board computers 

Sony's newest 

video projector 

fills 8-ft screen 

International newsletter __ _ 

a dual in-line package. While the company won't release many details, 
it says the proprietary process uses an adhesive intermediate made of an -. 
epoxy with good thermal conductivity, tinned nickel for the inter­
connection frame, and a tungsten-titanium-gold metalization. r 

The company says that in extreme-temperature-cycle tests, bonds ~ ­
made by the process showed a 50% failure rate after 400,000 cycles, 
compared with only 2, 100 cycles for wire-bonded devices. What's ~ 
more, throughput has been substantially improved. Where hourly out- ~ 
put was 65 units, the new process allows 1,000 units to be finished . 

'(­

A French-developed electronic anesthesia system is slowly winning 
support at home and abroad as surgeons watch the progress of the pilot • 
team that first introduced the method at Necker Hospital in Paris three < 
years ago. At the end of this year, all 50 French state-owned hospitals 
will add the Anesthelec signal generator, recently marketed by Thomson + 
Medico-Telco, to their operating-room equipment. Austrian and Japa- .., 
nese teams also are using the French system on a smaller scale. At the 
World Congress on Electronic-Anesthetic Research in Paris this ,., 
month, U.S. doctors revealed that Food and Drug Administration con- .. , 
trols still prevent them from using the system on humans within the 
boundaries of the U. S. 

French computer makers are scurrying to market with a batch of new i 
microcomputers. Intertecbnique, so far mainly a minimaker, has pushed ~ 
its range down into the "less-tban-$1,000" category with the Multi 2. 
This computer, with its central processor and 1,024 words of micropro- "" 
gram on a single board, contains 15 general-purpose registers and has 
an execution time of 220 nanoseconds. The memory can be expanded 
to 32 kilobytes of ferrite-core plus 8 kilobytes of semiconductor 
memory. Intertechnique will start deliveries-in quantities of 16 or 
more only-toward the end of the year. 

Telemecanique also bas extended its range downward with a new en- -
try, called the Solar 16-05. It, too, has a single-board CPU, tied through 
a single bus to the memory and peripherals. There are 131 basic in­
structions and a main-memory capacity of 32,000 16-bit words. Com­
pagnie International pour l'Informatique, the French partner in Uni­
data, will follow in June with a group of new products including­
presumably- a one-board computer. • 

Three 13-incb picture tubes add up to a 48-square-foot TV image that is ,. 
twice as bright as the average movie screen. A new Sony Corp. color , -
projection system uses three modified Chromatron color tubes, each 
having its entire faceplate coated with one phosphor. The usual shadow ' 
mask is absent from these tubes. The projector is placed about 11 feet _ 
in front of the screen, which measures 8 feet wide by 6 ft high. The im- 1 
age has a screen brightness in excess of 20 foot lamberis. 

This projector is Sony's second entry in the big-screen market. Early , i 
in 1973, Sony demonstrated a projection system with a 51-in. screen. 
This smaller system was based on a single picture tube, using a shadow '­
mask and single lens to project a color picture. 
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For the Protection of ALL 
ELECTRONIC CIRCUITS 

FUSETRON® 
dual-element - time-delay fuses 

BUSS GLASS TUBE FUSES 
"quick-acting" 

. ® 
TBON rectifier fuses 

Avoi d nuisance opening , yet get full short-circuit 
protection. Available from 1/ 100 amp. to 40. Size 
'14 x 1'f4 in . and 9/ 32 x 11/4 in. 

Provide high speed action to protect delicate in­
struments and apparatus . Available from 1/ 500 to 
30 amp. Sixe 1/4 x 1 in . and 114 x 1114in. 

BUSS 
Signal-Indicating 
Alarm-Activating 

FUSES 

Available with 
time-delay or 

quick-acting char­
acteristics . Available 

from 1/ 10 to 30 amp. Size 
1/4 x 1'14 in . and 13/ 32 x 1'h in. 

BUSS 
Sub-M iniature 
GMW fuse 

and HWA fuseholder . 
Full size .270 x .250 in. with win­
dow to check fuse element . Avail ­
ab le 1/ 200 to 5 amp . 

Provide extremely fast opening and high degree 
of restriction of let-thru cu rrent to protect 
Solid State Devices. Ampere rating 'h to 1000 
in voltages up to 1500. 

TRON ® Sub-Miniature Pigtail Fuses 
Size only .145 x .300 in . Glass tube permits 
visual inspection. Hermetically sealed . Avail­
able from 1 / 200 to 15 amp. 

BUSS SNAP-LOCK 
FUSEHOLDER 
Rear panel mount fuseholder 
for 1/4 x 11/4 in. fuses. Snaps in­
to place . Specify HTA-00 for 
space saver type. HLD-00 to 
take visual indicating fuses . 
HKP-00 for standard fuseholder . 
HJM-00 to take 1/4 x 1 in . fuses . 

BUSS Fuses 
for 
TELEPHONE 
COMMUNICATIONS 
Similar equipment 

panel 
mounted 

fuseholder 
for 114 x 11/4 in. 

fuses . 

BUSS® 
FUSES 

For Quality- Reliability 

BLOCKS FOR BUSS FUSES 

For anything you need in protecting 

electronic circuits and devices -
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Al I types ava i I able for every ap 
pl ication . Single pole , multiple 
pole, small base, laminated base 
porcelai n base for fuses from 
1/4 x % in . up. Also signal fuse 
blocks ano special blocks of all 
types. 

Write for Bulletin SFB 

- See for yourself -

BUSSMANN MANUFACTURING 

a McGraw-Edison Company Division 

St. Louis, Missouri 63107 

GMT fuse 

HLT holder 

lamp 
indicat ing , 

signal-activat ing 
fuseholder . 
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Some people will pay any price 
for a bad linear IC. 

In rework, field service, and lost business. 
Adding value to a bad part has never made sense. 

That's why our digital IC tester, the J133C, is so popular. 't' 

And it's one reason why we're now offering a comparable 
linear IC test system. • 

The benchtop J149 thoroughly tests all popular 

r 

op amps (including duals and quads), voltage regu- ~ 
lators, and comparators. 

The system includes features like built-in oscil-
lation detection to prevent unreliable test results. 
And automatic continuity screening to protect the 

tester and IC from damage. You can insert the wrong 
IC, or the right one backward, without harming the device. 

Like the J133C, our new linear tester requires no user programming. All programming 

.. "' 

is done by Teradyne. All you do is plug in the preprogrammed family and device cards ~ 
appropriate to the devices being tested. 

If IC inspection is what you want, the J149 will give you high throughput. If you 
want evaluation, the system comes equipped with all the digital readouts, operating 
modes, and test capacity you need to analyze a device thoroughly. 

.. 

As you would expect, the J149 needs no calibration adjustments and is designed t >­

for hard industrial use. Naturally, its circuit boards are covered by Teradyne's unique 
1 0-year warranty. 

High yield is the difference between finding bad parts early and finding them late. -
The J 149 could be spotting the no-goods for you -
right now. Boosting your yield and your profits. 

Think yield. 
For a closer look at the new J149 linear IC test 

system, write: Teradyne, Inc. , 183 Essex Street, 
Boston, Massachusetts. In Europe: Teradyne Ltd., 
Clive House, Weybridge, Surrey, England. 

The 

J149 
Linear IC 

Test System 

""' I ~ ~ U' I)" ~ I ~ CHICAGO (312) 298-861 Of DALLAS (214) 231-5384/NEW ENGLAND (61 7) 458-1256/ NEW YORK (201) 334-97701 SUNNYVALE (408) 732-8770 .... ..;;i .... ~ LONDON (0932) 51431 / PARIS265 72 62 / ROME 59 47 62 / MUNICH (089) 33 50 61 / TOKYO (03) 406-4021 
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j Probing the news __________ _ 
Analysis of technology and business developments 

• 

~ Military's laser work to be rewarded , 
... Services don't have rangers, designators, communicators, and other devices 

• in stock yet, but prototypes are coming, with production in the wings 

by Larry Armstrong, Midwest bureau manager 

Lasers have yet to reach the military 
• inventory in great numbers. But un­

flagging interest in laser research 
) has poised the three services on the 

threshold of laser-based systems for 
navigation, reconnaissance and sur­

.. veillance, intelligence and counter­
> measures, communications, and 

"smart" ordnance. 
For example, Hughes Aircraft Co. 

has delivered 12 prototypes of a 
lightweight laser target designator 
to the Army Electronics Command, 
Fort Monmouth, N.J. One military 

... official quips that the tri-service des­
ignator is to be "an ultracheap de-

1 vice that they can give to every 
• man-just like a canteen." The 

Hughes prototype won't be quite 
that ubiquitous, but since the pro­
duction price is estimated as low as 

~ $150, the market potential is vast. 
And RCA Corp. has received a $1.5 
million development contract from 

4 the Army for a hand-held laser 
rangefinder. 

In fact, "the only lasers in produc­
tion now for military applications 
are in rangefinders, and Hughes is 

.,.... the only company producing them," 
• comments Arthur W. Eichmann, 

manager of advanced-laser appli­
~ cations at Hughes in Culver City, 

Calif. The firm has delivered about 
• 1,200 rangefinders and has contracts 

• for about 500 more. The Army uses 
them primarily on tanks, which are 

• too close to the ground to use radar. 
Designators. Rangefinders, how­

~ ~ ever, are only a subset of target des-
'-- ignators. "When you design a better 

designator, you automatically get a 
,._._ better rangefinder," notes Stanley E. 

Wagner, chief of the Electro-optics 
~ Device branch at the Air Force 

Avionics Laboratory, Wright-Pat-

Electronics/May 1, 1975 

terson AFB, Ohio. "The only differ­
ence is the pulse-repetition rate­
ranging is a one-pulse operation," 
he says. As a result, many new tar­
get designators are designed with 
the silicon detector and timing cir­
cuitry needed for the ranging func­
tion. 

Another Army-developed tri-ser­
vice designator is the ground laser­
locator designator. Mounted on a 
tripod, it can be carried by one man 
and is aimed visually. The device 
was developed by the Army Missile 
Command in support of future 
homing systems, such as the can­
non-launched guided projectile, and 
Hellfire, a battlefield-support mis­
sile. 

Called GLID-for its initials 
GLLD-it will be used by Army, 

Navy, and Marine forward observ­
ers and by Air Force forward air 
controllers, says William Tidwel~ 
deputy product manager at the Mis­
sile Command's Precision Laser 
Designator office at Redstone Arse­
nal, near Huntsville, Ala. Devel­
oped under an $11.1 million engi­
neering-development contract by 
Hughes, the ground designator pro­
vides an interface for the Army's in­
frared common night sight, and a 
modular laser designator/range­
finder that will be used in future 
Army systems. 

Airborne. One of those appli­
cations will be in the airborne tar­
get-acquisition and fire-control sys­
tem-until last month known as the 
airborne laser locator designator. 
"The designator is only a minor part 

Light touch. The sight is adjusted on an advanced prototype of the lightweight laser desig­
nator being built for the Army by Hughes. Device is designed to be used by infantry. 
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of the system." Tidwell says. "It can 
acquire targets, track targets, and 
identify and recognize targets at 
small standoff qrnges." The laser 
tracker gives the system, in .ad­
vanced development at Aeronu­
tronic Ford, Newport Beach, Calif., 
the ability to hand off targets from 
ground to airborne designators. 

The Aeronautical Systems divi­
sion has exercised production op­
tions for 77 Pave Spike pods, con­
taining both television and laser 
systems from the Westinghouse De­
fense and Electronic Systems Center, 
Baltimore, and will probably pick 
up an additional 60 pods this year. 
Pave Spike will replace the earlier 
Air Force Pave Knife System, an 
Aeronutronic Ford pod that first 
demonstrated the potential of laser­
guided weapons. 

Also coming along fast is Pave 
Tack, another Aeronutronic Ford 
pod that contains a modular laser 
ranger I designator that's become 
known as the Air Force common la­
ser. The contract for the competi­
tively bid laser system was won last 
November by International Laser 
Systems, Orlando, Fla. 

Reliability. "There have been la­
sers built with similar or better per­
formance," comments Richard 
Wallis, chief avionics engineer for 
the Pave Tack program, "but on this 
one, we're pushing for better relia­
bility, better maintainability." Mean 
time between failures is now 250 
hours, but that will go to 350 hours 
when the device goes into produc­
tion; MTBF on Pave Spike is 125 
hours. The Pave Tack laser trans­
mitter, smaller than its predecessor, 
fits into a package of 14 by 4Yi by 6 
inches. Pave Tack also has higher 
power and more flexibility, includ­
ing fast<..:r tracking rates and better 
beam divergence. In all, the Pave 
Tack laser system consists of four 
line-replaceable packages-a trans­
mitter/heat exchanger, power sup­
ply, range receiver, and electronic 
logic unit. 

The military is just beginning to 
look at lasers for uses other than tar­
get designation. The Missile Com­
mand, for example, has flight-tested 
its Beam Rider, a missile that rides a 
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Military's laser shopping list 
The neodymium YAG laser-Nd3+ ions doped into an yttrium-aluminum-gar­
net host-is the military's prime laser for rangefinders and target designa­
tors. Although the laser can be operated in a continuous-wave mode, the 
military is more interested in obtaining the high peak powers of the 
Q-switched , or pulsed, version. Typically , Nd YAG lasers can achieve peak 
powers of 106 to 107 watts with a pulse width of less than 30 nanoseconds. 

Although the laser is most frequently used at its 1.06-micrometer 
wavelength, its impact can be extended by using it to drive a nonlinear pro­
cess . For example, researchers in the 405B space-communications pro­
gram use a Nd YAG laser frequency-doubled to 0.53 µm to take advantage 
of more highly refined detectors and modulators available for the visible 
spectrum. Doubling is done inside the optical cavity by interaction of the 
fundamental output with sodium-barium-niobate crystals. 

But the military is looking for other lasers to handle jobs that the Nd YAG , 
with its average power of 1 to 1 0 W, just can 't handle. Reconnaissance ap­
plications-particularly serial imaging-require a minimum of 100 W to ras­
ter-scan an image, as well as to collect , and process the reflected light. Be­
cause of its coherent beam, a laser imager could operate at much higher 
altitudes than today's camera-and-flash units and image intensifiers. 

For imaging, the Air Force Avionics Lab has demonstrated a 10.6-µm car­
bon-dioxide laser with 6% efficiency. The 200-W device weighs only 1 00 
pounds and occupies only two cubic feet . Another candidate is the 5-µm, 
10% efficient, carbon-monoxide laser, which has an average power of 500 
W [Electronics , March 20 , p. 40]. Since different targets respond at differ­
ent wavelengths and since operation at several wavelengths will eventually 
be necessary for combatting laser countermeasures, the military is working 
on a stable of devices that emit across the spectrum. 

In the visible region, 0.4 to 0 .7 µm, prime candidates are dye and metal­
vapor lasers, including copper , gold , and zinc . In the infrared region, most 
of the activity is focused on the TEA (for transverse electric atmospheric 
pressure) waveguide laser, which some researchers claim is the best tech­
nique for getting high peak power out of a small package. Capable of oper­
ating on any of a number of gases or chemicals , its potential spans the re­
gion from 2 to 5 µm . 

est to all three services. The Navy, 

• 

... . 

laser beam and corrects itself ac­
cording to the beam coming 
through the aft portion of the mis­
sile. "We're looking to Beam Rider 
to provide a basis for the future up­
grading of command to line-of-sight 
systems," says Julian Kobler, project 
director for missile research, devel­
opment, and engineering at the 
command. In Dragon and Tow, as 
well as other air-defense and anti­
tank systems, for example, the laser 
beam would replace the wires or in­
frared now used. 

for example, is developing a hand- i- .• 

held voice-communications system 

Preguidance. The missile people 
are also looking at preguidance, 
"using a tracking system with a laser 
data link to remove various bias er­
rors from free-flight rockets without 
adding a guidance system to the 
rocket," Kobler says. And later this 
year, Missile Command researchers 
will begin looking at pattern recog­
nition and active imaging. 

Laser data links and laser com­
munications, in general, are of inter-

that looks like a heavy pair of bi­
noculars. Based on a gallium-arse­
nide-diode laser, the system is de­
signed for amphibious point-to-
point communications. 

But the most ambitious communi- l 
cations project under way is the Air -.­
Force 405B program. Aiming for 
space-data relay rates of l gigabit • 
per second between synchronously 
orbiting satellites, from low orbit to 
synchronous satellites and from • 
them to earth, the Air Force origi­
nally funded two preliminary sys- 4 

terns in parallel. But McDonnell 
Douglas Astronautics Co., St. Louis, 
has edged out Lockheed Missiles - t 
and Space Co., Palo Alto, Calif., for 
the engineering-feasibility model, to .... 
be delivered to the Avionics Lab , , 
this June-a 20-month program 
that's received almost $4 million in l'-

Air Force money. D 
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Why pay $2400 
for a TRUE RMS 
Digital Voltmeter 
that won't do as 
much as ours 
for $1395 ... 
Make Us Prove It .. . 
Send for the "TRUE EVIDENCE" 
and/ or request a demonstration. 

I 
1kV 100V 

RANGE 

10V 1V 

The Ballantine Model 3620A measures pure 
sine, complex and pulse waveforms from 
over 1 MHz down to below 1 Hz ... to 0.1 Hz 
optionally. Full scale ranges are from 10 mV 
to 1000V. Push " DC Coupled" button to read 
true rms of combined ac and de component 
present. 

Now just check these other important 
features: • Measures ac, de and ac+dc to 
beyond 1 MHz • Accuracy ± (0.1% RDG 
+0.1 % Range) • Resolution to 1 µV • ac 
measurements to 1 Hz • Line or Battery 
operation • Fully guarded input; floating or 
grounded • 90dB common mode rejection @ 
60 Hz • No thermal lag - direct computation 
of true rms - fast response to 300 msec 
• 4V2 digits, high contrast, Y2" high; 19,999 
counts • Automatic test equipment systems 
compatibility· • dB display 120dB total range; 
resolution to 0.01 dB. 

BALLANTINE LABORATORIES 
P.O. Box 97, Boonton, New Jersey 07005, 
Phone (201) 335-0900, TWX (810) 987-8380 
Four Decades of Innovation in Electronic Instrumentation 

I 
100mV 10mV 

10 100 t..f 
l'IHl.!flt MQDI: 

' I ; 4 I I ~1 .J • •I 

" ' • ' • ! 

AC/DC TRUE RMS VOLTMETER 
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The best power supplies 
you can buy for applications 

that don't need the best 
power supply you can buy. 

- - 9.t8 

.,..... l33.2. - 6f 
'- ! 

_i_-~ • • .... . ·-· -
" 

Sure, you can buy cheaper ix>wer 
supplies ... and more expensive ones, too. 

c) e But ACDC' s OEM series gives you the 
e most for your dollar . . . modestly priced ,____ 

___ O e . power supplies with high priced perform-
ance ... power supplies that will give you just what you need ... at a 
price you can afford. 

Compare our OEM series with the highest priced supplies on the mar­
ket. We offer 0.1 % regulation instead of 0.0 l % and open frame con­
struction instead of a closed black box. Aside from that, you might never 
notice any other difference. The OEM series features the same excellent 
stability, same dependable overload protection, same versatile mounting 
capability and the same long term performance guar-
antee. The only conspicuous difference is the price. 

There are over 100 U.L recognized models in the 
series from 4 to 36 volts, up to 36 amps. They're de­
tailed in our new 72-page Product and Application 
Guide. Forty-eight pages crammed with spe­
cifications, dimensions and technical infor­
mation on these and 300 other standard 
ix>wer supplies, plus rack systems and 
custom designs. And, there's another 24 
pages of engineering data .. .information 
that will make it easier for you to choose 
the correct ix>wer supply for your system 
.The catalog is free. Just write for it. 

acdc electronics inc. 
401 Jones.Road. Oceanside. CA 92054 (714) 757- 1880. TWX: 9 10-322-1470 
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Probing the news 

Transportation 

The great West Virginia compromise 
U.S. to finish Phase I of Morgantown people mover for an additional 

$40 million in exchange for university's acceptance of system 

by Larry Marion, Washington bureau 

Officials at the Urban Mass Trans­
portation Administration hope to 
have something special to celebrate 
during National Transportation 
Week, May 11 to 17-an agreement 
with West Virginia University con­
cerning the troubled personal rapid 
transit system in Morgantown, 
W. Va. UMTA administrator Frank 
C. Herringer will disclose at a House 
Appropriations Committee hearing 
May 5 that university officials have 
agreed to permit completion of the 
controversial four-year-old demon­
stration project-at an additional 
Federal cost of $40 million-in re­
turn for a pledge to accept the sys­
tem . 

UMTA has offered to pay 80% of 
the estimated $3.5 million in start­
up costs to operate the completed 
phase 1 system-three stations, 45 
cars, and 2.25 miles of guideway­
which is now in place and under­
going full-scale testing. The system, 
which has 21-passenger automated 
cars, connects the downtown 
campus with two new complexes on 
the outskirts of Morgantown [Elec­
tronics, Sept. 11 , 1972, p. 73]. UMTA 

officials estimate that the $40 mil­
lion will be needed to build another 
mile of guideway and two stations, 
and buy 30 more cars to complete 
the system. Total cost now stands at 
$104 million. A sixth station and 25 
cars have been dropped from the 
original contract. 

Cost overruns. Boeing Aerospace 
Co., Seattle, is the prime contractor 
for the $60 million-plus phase 1. But 
$4 million was first spent by UMT A 

on partially completed sole-source 
procurement designs by Jet Propul­
sion Laboratory of Pasadena, Calif., 
the project manager, and Alden 
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Self-Transit Systems Corp., Milford, 
Mass., the original prime contractor. 
Initially, in 1967, university officials 
estimated that the system would 
cost $18 million. By 1970, however, 
JPL had put the bill at $37 million. 
UMTA then canceled the Alden and 
JPL contracts and gave Boeing a 
competitively bid contract in 1971 
for up to $60, but even that has 
been exceeded as construction and 
R&D costs again skyrocketed. . 

R&D accounted for about half the 
total project costs , U MTA a nd 

·Boeing officials say, and electronics 
took a big part of that- $15 million, 
according to the General Account­
ing Office, Congress's investigative 
arm. Frank Musil, engineering man­
ager for Boeing in Morgantown, 
says, "We redesigned and remanu­
factured hardware because we 
wanted to improve reliability and 
the margin of capability. We also 
wanted to increase system avail­
ability. Better components and cir­
cuit design were needed." 

Moving people mover. Vehicle to be used 
in Morgantown is shown operating auto­
matically at Boeing 's test fac ility. 

Bendix Corp.'s Aerospace Elec­
tronics Products division, Ann Ar­
bor, Mich., designed the original 
command and control system, and 
built the first five prototype elec­
tronics packages. "We did not throw 
out the Bendix design. It was the 
starting point," Musil says. 

A bumpy ride. Each driverless car 
contains an on-board computer that 
takes frequency-shift-keyed signals 
for speed, direction, and control 
from loops embedded in the con­
crete guideway . The on-board 
Bendix box had transistor-transis­
tor-logic components to brake the 
vehicle. But the go/no-go brake sys­
tem was inadequate, Boeing offi­
cials say. Musil says, "We had to 
control the cars more accurately. 
The cars couldn't stop within six 
inches of the loading gate, as speci­
fied." 

Subsequently, Boeing designed 
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and built a "smarter" control sys­
tem, using programable read-only 
memories to store an appropriate 
program for stopping the vehicle . 

Boeing's vehicle-command and 
control system underwent the big­
gest change in electronics from the 
original, installed for the October 
1972 dedication. But "the whole sys-

tern, from inputs to outputs, was 
made redundant," Musil says. So it 
was shut for a year late in 1973 
while the electronics and propulsion 
portions were replaced and new 
software was designed. 

Says Boeing's Jack Gewin, "Ben­
dix didn't have that much redundan­
cy." Redundancy now includes ev­
erything from duplicate signal sen­
sors and interface between the pro­
pulsion and command and control 

NEW NL-C602 

1200 amperes rms 
800-1700 volts 

NEW NL-F701 

• CSll or wrltt for· full fldllls 

@ NATIONAL ELECTRONICS 
a varian division 

. l geneva, illinois 60134 (312) 232-4300 
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systems to dual Digital Computer 
Corp. PDP-11 minicomputers at 
control stations. Many changes were 
the product of the normal learning 
curve, officials say. But critics charge 
that many changes came about be­
cause quick fixes were needed to 
demonstrate the set-up before the 
1972 presidential election. 

Edict. "There was an edict placed 
on the program-it had to be dem­
onstrated before Nixon's reelection 
[in 1972]," says Vernon E. Hutton, 
who was the Bendix project man­
ager. UMTA's Herringer denies this, 
but concedes that former Secretary 
of Transportation John Volpe estab­
lished on October 1972 deadline for 
demonstrating it. 

Critics, including the GAO, say the 
system was built while it was still 
being designed. "UMTA's failure to 
develop definitive engineering plans 
of an integrated system was the pri­
mary reason for the cost increases," 
says Earle T. Andrews, an engineer 
and member of the university's 
board of regents. "Also contributing 
to the excess cost was adherence to a 
time schedule requiring consider­
able overtime work." 

Bendix project manager Hutton 
claims that Boeing took over design 
and manufacture of the control sys­
tems from Bendix because of poor 
coordination of subsystem work and 
high R&D costs. "There were prob­
lems with the control system. Two 
separate contracts-Bendix on elec-

Tab is steep 
When the Morgantown personal 
rapid transit system goes into op­
eration linking the three 
campuses of West Virginia Uni­
versity, riders will have to pay 
three to four times the current 
campus-bus rate for a system 
that won't be able to carry the 
estimated rush-hour load, ac­
cording to a recent consultant 
study. University officials esti­
mate t h at st u d e n't s w i 11 b e 
charged $21 to $26 a term, com­
pared to $7 for bus service. 
The study, by Barton-Aschman 
Associates Inc., Chicago, claims 
that system demand will exceed 
2,700 persons per hour, 200 an 
hour more than the capacity of 
the planned five-station system. 
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tronics and Boeing on propulsion­
were not being properly coordi­

... nated. Stopping at stations and 
braking controls got intertwined, 
and Boeing felt it would be difficult 

, :,. to coordinate two contractors," he 
says. 

Boeing's Musil says the change 
was "principally due to cost. We felt 

"' we could get a better product for the 
., money," he says. Herringer and 

GAO say that Boeing spent $3 mil-
• lion of its own funds to redesign the 

control system. Boeing was allowed 
to claim proprietary rights to the 

, • new system, although it must license 
it to royalty-paying users, he says. 

;. Boeing has yet to fully test the 
electronics. The hard-wired colli­
sion-avoidance system, which auto­
matically stops a car if it approaches 
a stalled vehicle, has been aug-

• mented by a software shut-down 
program at the control station, Mu­
sil says. Car tests began last month, 
although full-scale operation will 
begin next fall, according to the 
original plan, he notes. 

Samy Elias, representative of the 
university, says that UMTA offered the 

fo university the right to refuse the 
project. But an "agreement in prin­

" ciple" ha~ been made, Elias says, to 
• accept the system. The present sys­

tem is not what he envisioned eight 
years ago, though. "We really didn't 
want such a sophisticated project," 

~ 

he says. But, says Herringer, the 
~ " sophist icated project" accom­

plished its national mission to dem­
onstrate a new technology. 

It also taught the aerospace in­
dustry a lot, say Boeing and Bendix 

~ engineers. Bendix's Hutton points 
out, "we learned a lot on safety 

""" areas. Safety in (ground] trans-
• portation is the opposite of an air­

plane. In the aerospace industry, 
you put redundancy in to keep the 
plane going at all costs. The whole 
design philosophy is to keep it go-

' ing. But in transportation, a differ­
ent kind of safety is needed. If 
something fails , you don't want the 
vehicle to keep going, you want the 
vehicle to stop." Boeing knew that it 
needed more redundancy when PRT 
was first designed, but, Musil says 

......r they didn't realize how much would 
~ be needed. "We can't plead total ig­

norance [of what would be needed], 
but we did learn a lot." D 
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THE WORLD'S 
FIRST CIRCULAR 
IMAGE SENSOR. 

CIRCULAR! 
YES. And with on-chip scanning to provide serial output on a 

single pin. The 64 sensors of the R0-64 are each 0.1 mm x 0.1 mm 
in size and are uniformly spaced on a 2 mm diameter circle. The array can be 

operated at scan rates as low as 30 scans per second or as high as 40,000 scans per 
second. The device is packaged in a 16 lead ceramic DIP and sealed with an optical 
quality quartz window. The R0-64 is designed for applications in tracking, automatic 

alignment, automatic focusing, pattern recognition and many others. 
RETICON also continues to offer the most complete line of standard linear and matrix 
arrays in the industry. Our "C" series linear arrays provide from 128 through 1024 

elements of resolution on a single monolithic chip and are cons idered the standard in 
facsimile, OCR, and industrial control applications. 

Custom devices have been developed for a wide variety of applications from 
point-of-sale to spectroscopy. 

In solid state image sensing, our technical leadership backed by over 
60 salesmen and 14 distributors over the world makes RETICON 

the most viable source. 

RE"f ICOf'I® 
910 BENICIA AVENUE • SUNNYVALE. CA 94086 
PHONE: (408) 738-4266 • TWX: 910-339-9343 

Circle 65 on reader service card 65 



,( 

What's new in solid state... -- ~ 
'·.! 

More RCA Power1,' 

More ways to boost.'::, 
13 new types widen 

the range of applications, 
from audio to autos. 

range. At low prices. Ranging 
from $0.85 to $1 .60 at 1 K. 

In certain high-gain appli­
cations, noth ing beats a Dar­
lington. And you gain even more 
when you specify RCA Darling­
tons. 

Wide selection, for instance. 
RCA has added 13 new types, 
bringing to 29 our wide choice 
with in the popular 40-V to 120-V 

All these Darlingtons have 
the ruggedness and perform­
ance you'd expect from RCA 
Monolithic-chip reliability. 
Rugged clip-lead construction. 
Real-time process controls. 
Plus RCA power transistor ex­
perience. The kind that comes 
from serving volume customers 
in the auto, TV, computer and 

Type 

RCA8350/50A/508 
2N6383/84/85 
2N6055/56 
RCA1807/08 

Beta Vceo 

T0-3 hermetic package 
1000 , 5A 40160180 
1000 5A 40/60/80 
750 4A 60/80 

1000 5A 80 
Plastic VERSAWATT: cost- and space-saving 

RCA8203/3A*/3B * 1000 ~ 3A/ 1000 ~ 5A* 40160180 
2N6386/87 */88 * 1000 3A/ 1000 5A* 40160180 
2N6530/32/33* 1000 5A/1000 3A* 80/100/120 
2N6531 500 '3A 100 
RCA120/21/22 1000 3A 60/80/100 
RCA125/126 1000 3A 60/80 

2N6534/36/37* 
2N6535 

T0-66: space-saving hermetic 
1000@ 5A/ 1000 @ 3A * 801100/ 120 

500@3A 100 

NPN/PNP 

PNP 
NPN 
NPN 
NPN/PNP 

PNP 
NPN 
NPN 
NPN 
NPN 
NPN 

NPN 
NPN 

. . 

VERSAWATT CUTAWAY ,.. 

power supply industries. So we 
know how to keep costs down 
and quality up. 

What are RCA Power Dar­
lingtons doing today? Here are 
some typical ways that RCA 
customers are taking advan­
tage of Darlington features. 
With resulting fewer compo­
nents, lower cost, less space, 
and greater reliability. Check 
these applications. Then see 
what we'll do for you. 

1 Reduce audio costs 
RCA 1 BO? and RCA 1 BOS, 

used as outputs, each replace 
5 components (2 transistors, 
2 resistors, 1 diode) in a 40-
watt aud io amplifier- for a cost 
saving of almost 30% on the 

1 

RCA. Powerhouse · 



... 
transistors alone. 

~ 

2 Simplify a regulator 
" Voltage regulators are 

being made simpler and smaller 
• because of the Darlington 's 

lates into large savings due to 
much lower current needs. 

c 

there, under the hood, RCA's 
high-volume quality, rugged­
ness and product characteri­
zation are all-important. Espe-
cially thermal fatigue capability . 

11- high gain. Both linear and sc >---.-8--11 

DRIVER 
QI 

OUTPUT 
TRANSISTOR 
Q2 

The 2N6385 is our hermetic 
type. 2N6388 is our plastic cost­
and space-saver. 

switching types. RCA Darling-
, tons offer designers a choice of 

power in three packages, in 
;. NPN or PNP to meet circuit 

objectives. ;. " 3 Drive a wheel 
Our 2N6385 and 

• RCA8350B are good choices 
' for controlling motors such as 

~spindle and tape drives. They 
~ work with extremely low drive 

currents, like those available 
4 

from integrated circuits. In the 
,. typical bidirectional DC motor, 

~these types offer excellent 
second breakdown current 

....., characteristics which protect 
• against plugging: the effects of 

... back emf when reversing direc­
._tion at high speed. . 4 Drive a hammer 
, Inductively loaded com-
puter printer hammers use the 

- 2N6530 Darlington. Conven­
.Jently, it comes in the space­

.,_saving T0-66 package and can 
handle up to 120 V. Which trans-.. 

in Transistors. 

El 82 

RI R2 

Schematic diagram for all types. 

E2 

----

DIODE 

D 6 Try one! Our 1-for-
2 offer 

Now we'd like to know how 
E RCA Darlingtons might help 

5 Spark an engine you improve your cost effec-
ln auto ignition, our IC- tiveness. Give us the type num-

driven Darlington drives a H-V bers of 2 discretes you want 
switching transistor which replaced by an RCA Darlington 
switches high current through and we'll give you the Darlington 
an inductive load. And right you select. r------------------, 
I Mail to RCA Solid State, . . I j-........... es

1 I 
B 3200 Write in the I I Write in the I I OX 1 2 discrete RCA Darlington 
Somerville, N.J. 08876. typenum~;;: / ~~r~number I 

I Appncation ' J I I 
I New design? D Old design? D I 
I Est. annual requirements I 
I My firm buys d iscrete5' Th rough distributor D Di reel from RCA D I 
I Distributorname I 
I My name Company I 
I Address non I 
I City, State, ZIP .I 
~------------------Ste. Anne de Bellevue 810. Canada ; Sunbury-on-Thames, U.K.: Fuji Bldg .. Tokyo . Japan . 



Probing the news 

Management 

Rockwell's 
Williams 
sees the 
big picture 

The president of $898 million 

Electronics Operation must 

watch all areas of activity 

Rockwell International is deter­
mined to have its business evenly 
divided among Government, com­
mercial-industria~ and consumer 
sectors, and that puts Donn Wil­
liams in a pivotal position. Williams 
is president of Rockwell's Electron­
ics Operation, which had $898 mil­
lion in sales for the fiscal year end­
ing Sept. 30, 1974, involving 
products that cover all three major 
target areas. This should make Wil­
liams' perceptions of what's ahead 
for electronics a factor to reckon 
with at Rockwell International, and 
a matter of interest in related quar­
ters of industry. 

In the following interview with 
the editors of Electronics, Williams 
ranges across the technology spec­
trum from avionics to submarine 
navigation to wristwatch displays. 
Q: How's the recession affecting you? 
A: In the context of the three seg­
ments I've got (Autonetics Group, 
Microelectronics Group, and Col­
lins Radio Group), let's take the 
ones that are doing the best. Collins 
is having its best year ever; its or­
ders are ahead of what we had an­
ticipated. We're doing extremely 
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well in our industrial-commercial 
microwave communications, com­
munications switching, and auto­
matic call-distribution systems. 
Profitability has increased substan­
tially and will continue to increase 
in this area. We have not really seen 
enough to indicate the softening of 
the avionics market, but I can't help 
but believe that there must be some 
stretchouts for business jets and for 
air transport. 
Q: We keep hearing that military 
business is holding steady in the re­
cession. Does Autonetics reflect that? 
A: We are .ahead of where we 
thought we would be on new 
awards, partially because some of 
them were slipped from last year 
into this year. One thing we have 
noticed is a shift in the placement of 
buys: they tend to slip. At the end of 
the year, we don't expect to be 
ahead but we expect to be pretty 
close to our forecast for orders. We 
expect to be slightly under on sales, 
but on target on profitability. 
Q: Have there been any major new 
programs? 
A: No. This goes back five years 
when I came down here and we only 

~ r 

. . 

had the Minuteman, the Mark II, 
and a little bit of SINS [Ships Inertial 
Navigation Systems] work. We be-
gan a whole bunch of seed efforts 
trying to grow small businesses. 
These seeds are beginning to sprout 

., 

and bring some return. For ex­
ample, we decided to expand in 
navigation, which was just in missile 
submarines, so we moved in and 
now we have all the SSN 688 attack 
boat navigators and we're looking 
forward to trying to move that into -+ 
retrofit for the rest of the attack 
boats. Recently we convinced the ..,., 
Navy to put one of these on a car- .. 
rier to see if it could effectively do 
the job of carrier alignment, and it 
has done it. We hope that will give 
us an opportunity to move into car- • 
riers. 
Q: What are some of the other areas? 
A: We now have small contracts in 
ships control for both Trident and 

f 

the attack submarines. We're doing 
work on information transfer for 
ships, multiplexing on ships that we 
began some time ago. We began •-1-

doing some work on fast Fourier 
analysis of sonar data to determine 
rapidly what's out there. We have 
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put those in most of the Navy bases 
where they have P-3 stations. We 
are now moving into the carrier 
fleet. Our plan is to work with the 
Navy to move it into submarines so 
the submarine commander will have 
a real-time visual display. Also, 
we're Bell's team-member on the 
2,000-ton surface-effect ship for 
ships control. 
Q: What about other than the mili­
tary? 
A: Computerized fingerprint read­
ers are going to be a tremendous 
business for us. There will be small 
terminals which would be able to 
tap into the bigger centers. It would 
enable an arresting officer to rapidly 
identify whether he has John Dil­
linger or John Q. Public. 
Q: How long have you been working 
on this? 
A: Four or five years, and we now 
have a contract-some $5 to $10 mil­
lion-to build some of the major 
ones for the FBI. There are other ap­
plications-for example, identi­
fication for secure-access areas. 
Q: How are things going in Micro­
electronics? 
A: I wish I could say they are going 
as well as in Collins and Autonetics. 
I think they are going better now. 
We've done many things to make 
them better. In July of last year we 
went into an unstable period in the 
device business. There were ups and 
downs, and it was very difficult for 
us, but it was good for us too. Up 
until July we were what I call a sili­
con-stuffing plant: you want more, 
you stuff in more silicon. After July 
we became a productivity-, a yield­
improvement plant. Everything we 
have done since then has been ad­
dressed to improving productivity, 
improving yield, establishing more 
standardization among the devices, 
so we can have bigger runs of a 
common thing. In the last two to 
three months we have been turning 
around. 
Q: What areas dropped? 
A: Primarily devices for calculators. 
Other devices, such as parallel proc­
essing systems, grow. We're doing 
well in automotive. 
Q: What parts of the auto market? 
A: We've been working for some 
time on a contract with General 
Motors on LSI devices for various 
applications. We stayed out of seat 
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belts. That was not large enough in­
tegration. The main system we're 
selling today is the antiskid device. 
We're working on hydraulic antiskid 
with another company. 
Q: Do you see the placing of a con­
troller under the hood of a car? 
A: I think it has to be there. The car 
has to have a microprocessor. 
Q: When do you see this happening? 
A: I think it's evolutionary rather 
than revolutionary, but I think the 
energy situation will force lighter 
and smaller cars, and better use of 
fuel. This is going to have to lead to 
a microprocessor under the hood. 
And when they've got that micro­
processor, I think they've got a tre­
mendous number of additional 
things that will soon come about. 
Q: Do you have an advantage as a 
member of the Rockwell operation? 
A: I think so. The people who are 
somewhat concerned about automo­
tive electronics know that Rockwell 
does a substantial amount of au­
tomotive business, and if anything 
goes wrong electronicaliy they can 
come over and conk Rockwell and 
get a response. If they go to any of 
our friendly competitors, like AMI or 
TI, or Fairchild, and it isn't working, 
the competitor might say, "Well 
Jack, it just doesn't work-we've 
done our best." With us they've got 
a million clubs hanging over our 
head and they know it. 
Q: What about the device business? 
A: The big areas of device sales in 
the future are going to be in micro­
processors . The whole memory 
thing is going to be up for grabs 
again as you come up with things 
faster and cheaper. That's one that 
we believe is an opportunity for us. 
The calculator device market, par­
ticularly the hand-held device mar­
ket, is going to be characterized by 
substantially more devices. But the 
total revenue isn't going to be any 
higher . 
Q: Is Rockwell firmly convinced it 
wants to be in the microelectronics 
business? 
A: The answer to that is yes. Our 
chairman of the board has said, 
without equivocation, "I want to 
build this company for one third 
Government, one third commercial­
industrial, one third consumer." 
Both he and the president have en­
couraged me on a continuing basis 

to do the right thing, nor have they 
ever denied me any resource I asked 
for-even when I built two plants I 
didn' t need. 
Q: How do y ou see the watch busi­
ness? 
A: In the watch business the distri­
bution channels were set by the 
Swiss watchmakers. As a result I 
don't see a break in the distribution 
channels as there was in calculators. 
And I don't really believe liquid 
crystals or LED displays will be the 
final answer. 
Q: What type of displays do you fore­
cast? 
A: I think electrochrornics is coming 
along. We're working on it-it looks 
good. The rise and fall time isn't as 
good as we'd like it, and we don't 
know what kind of life it has. Other 
people are working on it, too. I 
think electrochromic technology 
offers the best chance for a good­
looking display that the public will 
accept almost as much as it will the 
analog type. 

· Q: How will you participate in the 
watch business? 
A: We believe that the jewelry end 
of it is not really our bag, although 
we are keeping our options open. 
We have designed a device. We'll 
sell it, or the module, and we'll do 
assembly work. We'll do develop­
ment work on the electrochromic 
displays and see where it goes. 
Q: What about sos? Do you see this 
as a viable technology? 
A: Yes. It's going to be here. It's go­
ing to be here for certain appli­
cations. 
Q: What about planning? Are you 
satisfied with the setup you now have 
in Collins, Autonetics, and Micro­
electronics? 
A: I said in 1970 my goal was a $1 
billion organization in electronics 
and we're essentially there. I said 
my goal was to build a broad-based, 
or reasonably broad-based, elec­
tronics concern. For the next few 
years we'll be digesting and codify­
ing what we've got. Whenever you 
bring a group of people together, 
adjustments have to be made. We're 
still working them out. 
Q: For the foreseeable future, is 
growth going to be from within? 
A: Near term, I think that's right, 
because the capital situation is not 
very good at the moment. O 
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Probing the news 

Commercial electronics 

Europe gets 'thinking' 
traffic lights 
Philips plans international sales blitz with its modular system, 

which uses microprocessors for individual signal controllers 

by John Gosch, Frankfurt bureau manager 

European cities are dotted with for studying the market our equip­
squares, circles, and other complex ment will enter," says Albert L. 
intersections. This often makes them Bloemendaal, assistant marketing 
a tourist's dream but a motorist's manager at the Philips traffic-con­
nightmare-and a bright hope for trol group in Hilversum. And as 
makers of "intelligent" traffic sig- might be expected, the Dutch elec­
nals individually controlled by mi- tronics giant is aiming its new 
croprocessors. equipment at the international mar-

The U.S. has more computer-con- ket. 
trolled intersections than Western That market promises to be an 
Europe, but most American city enormous one. Although Western 
streets are laid out in checkerboard Europe is already well advanced in 
fashion. This makes it easier for one traffic-control equipment-it's ahead 
computer to handle an entire grid. of the U.S. in handling complex in­
So while some American inter- tersections-Bloemendaal says the 
sections are managed by mini- old continent still offers a large sales 
computers, there is no pressing need potential. Of the vast number of 
for such on-site intelligence. But Eu- conventionally controlled inter­
ropean cities are another story. sections, "only" 20,000 of them are 

There, a new approach utilizing controlled by computer. Even in 
intelligent modules made by Philips West Germany, whose 9,000 com­
Telecommunications Industries in puter-controlled intersections are 
Hilversum, the Netherlands, allows 

The process of control 

In and out. This Dutch intersection is typical 
of the many in Europe that could be con­
trolled by new Philips concept. 

the most in Europe, sales prospects 
are good as cities automate lights. 

The Philips concept offers savings 
in cables, particularly in small net­
works where lines need be run only 
between the roadside cabinets and 
to individual traffic lights. There is 
also the advantage of easy program­
ing, especially in developing coun­
tries where there's a lack of trained 
personnel. "With programing 
simple enough for even traffic engi­
neers, there is no need to call on 
computer experts every time a new 

traffic authorities to buy only what 
they need or can afford, In that way, 
they can extend control piece by 
piece from isolated intersections to 
larger city districts. 

The Philips intelligent-module concept has been implemented in three con­
trollers with different microprocessor configurations . 

Local intelligence in traffic signals 
is provided by a rugged micro­
processor developed specifically for 
use outdoors. On printed-circuit 
boards installed in roadside cabi­
nets, the processor operates at 
-20°C to + 70°C. A prototype sys­
tem is already operating in the 
Hague, capital of the Netherlands, 
and another one will go to Pieter­
maritzburg, South Africa. 

Development. "We have poured 
millions of dollars into developing 
the new hardware, its software, and 
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The 86AD190 intersection controller has a processor in which are pro­
gramed the traffic-control strategies for complex intersections. It has as 
many as 32 instruction sequences in a vehicle-actuated or fixed-time mode. 
The second is the 86AD146 master controller for city districts. It coordi­
nates and supervises the operation of a number of intersection controllers 
and concentrates their data. The third, the 86AD14 7 area controller, super­
vises and coordinates a number of district controllers. 

The microprocessor, which has modular expandable memories for a 
maximum of 16,000 8-bit words, accepts the data from detectors, and pro­
cesses it past one- or two-word instructions for the traffic lights . 

In addition, Philips has developed a small electronic 86AD182 inter­
section controller that doesn't contain a microprocessor and is intended 
primarily for the market now dominated by the simple electromechanical 
controller. In all four systems, a new detection-system design makes it pos­
sible to bury in the roadbed the defector / evaluator device itself. 
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program must be entered," Bloe­
mendaal asserts. 

Philips estimates that Europe will 
spend some $300 million through 
1980 for traffic control. To be sure, 
most of that money will be for new 
or modified light posts and cables, 
or for traffic studies, software prepa­
ration, and labor. But producers of 
electronic hardware will get a hefty 
chunk of it-about one third, or 
$100 million. 

Philips, which has maintained a 
low profile on overseas markets thus 
far, is determined to grab at least 
20% to 30% of system sales in Eu­
rope and Latin America. However, 
the competition is unlikely to be 
caught napping. Some European 
companies active in traffic control 
are already taking a close look at 
microprocessors. West Germany's 
Siemens AG, which has thus far in­
stalled 125 traffic-control systems 
worldwide and is Europe's No. 1 
vendor of such systems, "is busying 
itself with microprocessors," says 
Walter Hieber, European sales 
manager for traffic-control systems. 

Competitors. In France, at least 
one manufacturer has developed a 
traffic-control system that uses a de­
centralized computer, but is based 
on cabled logic, rather than a micro­
processor. Electronique Marcel Das­
sault's controller also offers more 
flexible operating modes than con­
ventional traffic systems that de­
pend on single central computers. 
Like Philips, Marcel Dassault says 
that a single intersection controller 
should be intelligent enough to 
adapt to particular traffic character­
istics in its own zone. 

In Britain, central computers for 
running automated traffic-control 
systems are preferred-partly be­
cause of a preference for the tried 
and true. "We are looking at micro­
processors, but compared with what 
we've got, microprocessors are more 
costly," comments Albert Gregory, 
sales manager for GEC-Elliott Traf­
fic Automation Ltd. 

Also in Britain, Harry Phillips, 
sales manager for power and trans­
port systems at Ferranti Ltd., says 
microprocessors have a future either 
as sequence controllers at individual 
intersections or in small-area sys­
tems controlling 30 intersections for 
small towns. D 
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LOW COST? 
Beware· ··1ow cost•• may 

mean ··1ow valuer· 
9200 
Time Code 

~~~~~!!-ll!l!l!IJ!!!!~~o,:Reader 

9100 
Time Code 
Generator 

Compare the features of DATUM's Low Cost Timing 
Units with other so-called " Low Cost" units and see. 
Datum's Low Cost means High Value! 

• Large Solid-State LED Display 
• Forward and Reverse Reading 
• Tape Search Compatibility 
• Wide Dynamic Range 
• Day-Of-Year at No Additional Cost 

Plus! 
• A Long List of Customer Options 

DATUM's Timing Division is the undisputed leader in 
Timing Instrumentation. Our Range Instrumentation ex­
perience dates to 1958, with such programs and facil­
ities as: 

ATLAS, CENTAUR, PMR, WHITE SANDS, 
EDWARDS AFB, STADAN, APOLLO 

the list goes on and on ... 
Datum 's five-man senior staff offers 85 man-years of 
Timing experience, has produced tons of equipment 
operating all over the world. No other manufacturer 
can match this record and experience! 
As well as a complete product line of off-the-shelf 
Timing equipment, our specialties include • Complete 

range instrumentation • Airborne, High 
Environment equipment • Ultra Low 

Power Equipment • Computer­
Peripheral Timing 

Call or Write for detailed 
information. 

1363 S.State College Boulevard, Anaheim, California 92806 • 714/533-6333 
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Probing the news 

Companies 

How. lnselek was strangled 
Shrinking cash flow tightened noose around SOS maker, but decision 

by Rockwell to drop commercial sapphire work provided fatal yank 

by Ron Schneiderman, New York bureau manager 

Sometimes, when you're only four 
years old, you get the feeling that 
the bigger boys are picking on you. 
That was the way Inselek Co. has 
been feeling- with some justifica­
tion. Just as it was about to tum the 
profit comer for the first time last 
December, Inselek's hopes of be­
coming a factor in a new and still 
developing semiconductor tech­
nology-silicon-on-sapphire- began 
to waver seriously. What happened 
subsequently could serve as a classic 
case study of a small company wait­
ing for an idea to pay off. 

"We were going to coin money in 
January," said Inselek president Jo­
seph R. Burns, as he sat in the quiet 
of his nearly vacant offices in 
Princeton, N . J. But the company 
manufactured and shipped only un­
til the middle of January. Then, on 
Jan. 15, Inselek filed a Chapter 11 
petition under Federal bankruptcy 
laws. 

What happened? Bums says the 
company's troubles actually began 
some time ago when it got caught 
between its customers and suppliers. 
Burns says that his customers, 
mostly sizable electronic-equipment 
makers, delayed payments to Inse­
lek; meanwhile, his suppliers, also 
big companies, insisted on being 
paid on time. "The accounts-receiv­
ables situation just got out of sight," 
Bums complains. "We were running 
profitably, but couldn't generate 
cash." 

Disaster. Then disaster struck. In 
December, Rockwell International 
Corp. dropped its commercial sos 
operation, leaving its Anaheim, 
Calif. , neighbor, General Automa­
tion Inc., without a source for what 
was to serve as the single-chip cen-
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Pitch. lnselek's Joseph Burns might be 
thinking he should have stayed in baseball. 

tral processor in its LSI-12 mini­
computer [Electronics, Dec. 6, 1974, 
p. 39]. That decision not only gave 
sos a black eye, but it was a stun­
ning blow to Inselek, which had 
been working with Rockwell on 
soine second-source programs. 

"Without question, the publicity 
hurt us," says Bums. "It scared 
away the financial people. They 
took the view that if Rockwell can't 
do it, how can a little company like 
Inselek make this stuff?" Tragically 
for Bums, what the financiers and 
some industry people apparently 
didn't understand was that Rock­
well was trying to make a smaller, 
less expensive n-channel device for 
General Automation, instead of us­
ing the much more successful com­
plementary-MOS-on-sapphire pro­
cess. 

As early as last June, Burns circu­
lated a memo among his staff stress-

ing Rockwell's n-channel approach. 
He said Rockwell's sos-develop­
ment problems at that time were 
"very serious ." Burns ' s memo 
briefly described an n-channel 
switching device with p-type resis­
tors, noting that it "appears the re­
sistors are causing most of the prob­
lems." Ironically, Bums's memo 
ends with the comment that "Fortu­
nately, Inselek is not involved" in 
this program. 

Match-up. How does Bums rate 
sos against integrated injection 
logic? "It depends on the company," 
says Burns. "Those companies that 
are strong in bipolar will probably 
stay with 12L. sos is not for Texas In­
struments, but it's a golden opportu­
nity for RCA, which has gone com­
pletely C-MOS on sapphire." In fact, 
Bums says that sos will capture 15% 
of the total C-MOS market in two to 
three years. Pointing to a recent sur­
vey indicating that sos will be a 
$150 million business by 1980, he 
says, "I can believe that number." 

Meanwhile, Burns is talking with 
a number of semiconductor makers 
he says are interested in licenses on 
Inselek's proprietary pro<.\uction 
process and designs. "At a min­
imum, this will be a company that 
will collect royaltie~." Inselek's 
chances of ever manufacturing 
again are ''very slim, if not impos­
sible," admits Bums. 

Bums, a star basketball and base­
ball player at Princeton University, 
turned down a bonus to pitch for 
the Milwaukee Braves. Instead, he 
continued his electrical engineering 
studies at Rutgers University, and 
he muses with a hint of a smile, "I'm 
not sure now that I made the right 
decision." O 
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100 NANO second Trr D0-5 
FMC has developed a very fast 
switching, high power diode, having 
a low Vf of .90* volts at 60 amp peak. 
Designed specifically for UPS 
systems requiring reliability and 
high efficiency operation. 
For detailed information, contact: 
FMC Corporation 
Semiconductor Products Operation 
Homer City, Penna. 15748 
(412) 479-8011 

.6/!MC Special 
,- Products 
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If you're worrying 
about Gallium, 

you haven't heard 
the news. 

A large stable supply of gallium is now 
available. 

From Alcoa's new plant in Bauxite, 
Arkansas. 

It's already processing Alcoa's own gal­
lium-rich Arkansas bauxite in significant 
quantities. 

So don't worry. Long term availability is 
here. Enough for major applications . . . from 
stock ... as close as your nearest airport. 

Keep thinking about electrolumines­
cence, optocoupling, photovoltaic conversion, 
magnetic bubble memories and other uses of 
gallium. 

Because gallium from Alcoa will stay 
available. 

Gallium is found in bauxite. And Alcoa 
has extensive reserves of bauxite in Arkansas. 
So Alcoa will be extracting gallium from 
Arkansas bauxite for a long time to come. 

That's the news. 
And there's more. Just write Aluminum 

Company of America, 850-E Alcoa Building, 
Pittsburgh, PA 15219. 

Change for the better with 
Alcoa® Gallium mALCDA 
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Technical articles 

Engineering in the 
data domain calls 
for a new kind of 
digital instrument 
Equipment based on 
concepts of frequency 
and time domain is 
no longer adequate 
for analyzing today's 
complex digital systems 

by Charles H. House, 
Hewlett-Packard Co., Colorado Springs, Colo., 

Electronlcs/May 1, 1975 

D Debugging and troubleshooting a digital system can 
be an onerous task. Although many presently available 
test instruments are suitable for making gross checks or 
in-depth analyses, they aren't designed to handle most 
faults found in digital systems. 

These shortcomings are not the fault of the instru­
ments, which were designed to serve equipment oper­
ating either in the time domain, as defined by the math­
ematics of Heaviside and Laplace, or the frequency 
domain, as exemplified by the calculations of Maxwell 
and Fourier. Digital equipment operates in the entirely 
different data domain, according to rules laid down by 
Boole and von Neumann. 

The importance of the data domain lies in the differ­
ences between digital and analog circuits. By under­
standing the concept, an engineer can more easily take 
the step from design requirements to hardware. The 
data domain is characterized by state-space concepts, 
data formats , data flows, and equipment architecture. 
Electronic-circuit design to implement these ideas plays 
a large part in the shift from analog to digital emphasis. 

The data-domain problem 

A typical data stream to be analyzed is composed of 
many bits of information, and, not surprisingly, every 
bit looks just like every other bit. Digital pulses are dif­
ferentiated primarily by the choice of data format-how 
the bit pattern is organized into meaningful data words. 
For example, if one word is 8 bits long, it is possible to 
organize the word into 8 serial bits, 8 parallel bits, or 4 
parallel bits followed by 4 more parallel bits. These for­
mats, called bit-serial, word-serial, and byte-serial, re­
spectively, are common in digital systems (Fig. 1). 

Assume the message "data domain" is sent in ASCII 
code. Table 1 shows the ASCII code set, and Fig. 2 shows 
the data waveforms that would be sent over synchro­
nous systems for this message in each of the three for­
mat structures. If a fault occurs-say the letter "i" is re­
ceived as "y" -where can an oscilloscope be triggered, 
and how can the resulting display be analyzed? The an­
swer is uncertain, and sometimes a designer or service 
technician must keep searching for days with instru­
ments designed for analog analysis. 

The digital world 

Digital designs are based on words or data as a func­
tion of time or sequence more often than on voltage as a 
function of time or frequency. Only when the word flow 

This article defines what the data domain is and why it is 
important in digital design and troubleshooting. It is the 
first of a two-part series. In the second part, William Far­
nbach of Hewlett-Packard will describe how to use data­
domain instruments to solve problems in digital circuits. 
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TABLE 1: 
PROPOSED AMERICAN STANDARD CODE FOR 

INFORMATION INTERCHANGE (ASCII) 

BIT-+ 1 23~H1 

1000001 l 000011 0000110 
0100001 0100011 l 000110 
1100001 1100011 0100110 
0010001 0010011 ll 00110 
1010001 101001 l 0010110 
0110001 011001 l 1010110 
1110001 ll l 0011 0110110 
0001001 000101 l 1110110 
1001001 1001011 0001110 
0101001 010101 l 1001110 
1101001 1101011 
0011001 0011011 0111010 
1011001 m 1011011 0011010 
0111001 Olll 01 l 0101110 
ll 11001 1111011 1101110 
0000101 00001 ll l ll ll 10 
1000101 100011 l 1110010 
0100101 01001 ll 0001010 
1100101 l l 0011 l 1001010 
0010101 001 Olll 1011010 
1010101 101 Olll 1101010 
0110101 011011 l 1011110 
1110101 lll Olll 1111010 
0001101 x 0001 lll 0101010 
1001101 y l 001 lll 1100010 
0101101 z 0101 ll l 0100010 

Abbrevi ati ans: 

CR= Carriage return, LF = Line feed, BS= Back space 
HT= Horizontal tabulation , VT= Vertical tabulation 

$ 0010010 
% 1010010 
{ ll Oll ll 
} l Olll ll 
[ 1101101 
l 1011101 

BELL 1110000 
CR 1011000 
LF 0101000 
BS 0001000 
HT l 001000 
VT ll 01000 

SOH 1000000 
STX 0100000 
ETX 1100000 
EQT 0010000 
ACK 0110000 
oc , 1000100 
oc , 0100100 
oc, 1100100 
oc. 0010100 

SOH = Start of header, STX = Start of text, ETX = End of t e xt, 
£OT= fnd of transmission, ACK= Acknowledge, DC= Device control. 

is incorrect need a technician be concerned with the 
voltage conditions that created the words. Even when 
word-flow errors require analysis of electrical parame­
ters, the number of signal nodes in the vicinity of the er­
ror complicates the use of traditional oscilloscopes in 
the analysis. Thus, it is helpful to define scope func­
tions-probing, triggering, and display-in terms either 
of words versus event or sequence, or words versus time, 
rather than in volts versus time. 

The job of defining instrument capabilities desirable 
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TIME ,.. . 

1. Data formats. Three modes of operation for digital systems are bit , • 
serial , byte serial, and word serial. The mode used determines the 
meaning of a part icular bit by putting it in context. Otherwise, any bit 
would be indistinguishable from any other bit. 

for testing digital systems is aided by clues from the ma­
jor signal characteristics of data-domain systems: 

; 

• Digital signals are almost invariably multiline. As 
shown in Fig. 2, even the bit-serial format of data trans- .;., 
mission implies use of a clock and a word-frame­
counter line, yielding a minimum of three simultaneous • 
signal lines even before control signals are considered. 
• Many signals occur only once-single-shot-as the { 
program is executed, or else the concern is only about a 
single occurrence. In a page of transmitted text, for ex­
ample, the letter "a" may occur many times, but be in ,_ 
the wrong location only once. 
• Many more signals occur repetitively, but aperiod-

,. 

ically. There is no periodicity to the occurrence of the ,.. 
letter "a," for example. Even in architectures usually 
considered synchronous and periodic, such as central­
processing units, variable-rate cycle times for different t 
functions are becoming common. The present gener­
ation of microprocessors routinely operates in this way. 
• Because the stimulus is seldom controllable, it is im­
possible to answer the classical time-domain question, ~ 

"What happens after the switch is closed (or the pulse 
edge occurs) at time t0?" Also, since an error typically 
occurs in a vast flow of correct data, it becomes practical "­
to recognize the error only after it has occurred. This sit­
uation obviously requires capturing and storing the per- • 
tinent causes of error that occur prior to the error-neg­
ative-time signals-because they occur before the trigger 
at time to. 
• Registration within a digital data stream is accom­
plished by unique Boolean expressions or data words. 
Thus instrumentation could be designed to trigger on 4 

and index the display from the trigger event as a func­
tion of words. 
• The speed of digital signals varies dramatically. If 
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(b ) BYTE-SERIAL FORMAT 

2. Synchronous transmlHlon. The three format structures produce 
different data waveforms. The number of lines necessary to transmit 
the words " data domain" depends on the transmission mode se­

lected. But data transmission is still multiline in nature. 

one is concerned about potential overlap of two pulses 
in a high-speed central processor, time resolution of 50 
picoseconds is desirable. In contrast, the registration of 
the strobe pulse for a keystroke on an electronic type­
writer may be measured in milliseconds. If an instru­
ment is to deal with data words, the speed can be con­
siderably slower than if it is concerned with electrical 
portions or components of those words. For example, in 
monitoring the execution of an algorithm, all that is 
necessary is to watch the flow of data words. When an 
error is detected in the algorithm, one needs to analyze 
the cause of that error, which may require an instru­
ment that operates at a much higher speed. 

As an extension of this example, the types of prob­
lems that exist in a digital system should be considered 
in terms of equipment needed to show the parameters 
required for analysis. A designer would have to spend 
considerable time with a scope to trace the execution of 
an algorithm, even to discover that it has an error. 

The problem may be functional in that the correct 
function in terms of the data domain did not occur. If it 
did not occur as expected, the cause needs to be 
analyzed after the problem is located by a display of 
word parameters. Basically, four probable causes exist : 
an incorrect functional instruction may be present, a 
functional problem exists in hardware, an electrical 
problem exists in hardware, or an electrical problem 
from elsewhere is intermittently causing a malfunction. 
Obviously, one display format will be insufficient for 
appropriate analysis of all of these causes. 

Data handling 

Several instrument companies have introduced prod­
ucts designed to solve the problem of testing in the data 
domain. In such applications, this new class of instru-
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(c) WORD-SERIAL FORMAT 

------ SIGNAL ACQUISITION--.! 

QUALi Fl ERS 

CLOCK 

PROBING 
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DATA : 
REGISTRATION 

DATA 
COLLECTION 

(A/D) 

MEMORY DATA 
DISPLAY 

3. Logic analyzer. Data-domain test ing differs from time- and fre­

quency-domain test ing in the means used for probing , data collec­
ting , data registrat ion , memory, and data display . Shown here are 
the data and control -signal paths in a logic analyzer. 

ments, which may be called logic analyzers, offer sev­
eral advantages over time-domain test instruments be­
cause of innovative approaches to signal acquisition, 
processing, and display (Fig. 3). 

Signal acquisition may be divided into three stages : 
probing, data registration, and data collection. Probing, 
in both electrical and mechanical terms, requires atten­
tion to the multi-node, variable-level, physically re­
stricted areas of access to densely packaged digital 
hardware (Fig. 4). Data registration is essentially the 
triggering function, but it may include sampling strobes 
to indicate when data should be collected. Data is now 
collected for analysis by using either single- or dual­
level comparators that process at a clock edge. If the 
clock edge is generated by the system under test, the 
analyzer is said to operate synchronously. If the clock is 
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internal to the analyzer, it operates asynchronously to 
data. 

Because the acquired signal is available in the instru­
ment in digital form, it can easily be stored in memory. 
The data can then undergo further processing, if re­
quired. For example, the analyzer may generate dis­
plays other than the conventional curve of level versus 
time. And since events that occurred before the trigger 
can be stored in memory, the events leading up to a 
malfunction may be displayed and analyzed for prob­
able causes of error. 

Data registration-finding a unique point within a 
long data stream to establish the reference for a mean­
ingful measurement-is a complex problem. Several re­
quirements exist: a unique starting point must be recog­
nized; a scanning area, or search window, as well as a 
display window, must be defined; if the scanning area is 
not adjacent to the starting point, a means must be pro-

. vided for indexing the display with respect to the start­
ing point, and a stopping point must be established. 

In time-domain equipment, oscilloscope triggering 
and sweep circuits provide these functions. The starting 
point is determined by the slope, coupling, and thres­
hold controls. The scanning area or display window is 
set by the sweep-time control. Indexing is commonly 

provided by a delaying sweep, which sets a time-inter­
val holdoff between the starting pulse and the scanning 
area. The stopping point is provided by the sweep-hold­
off circuit, which allows all circuits to reset to their ini­
tial conditions after the sweep-time circuit has finished 
its traverse. 

The data domain offers an analogous situation. The 
starting point, which may be termed a Boolean or word­
pattern trigger, occurs at a certain time in the form of a 
unique word pattern. An indexing capability may be 
provided in whatever indexing parameter is convenient 
for the equipment under test-bits, words, time, frames, 
or blocks. A scanning area is defined by memory size or 
word-boundary conditions. And a stopping point may 
be determined, either by a filled memory or the recogni­
tion of another unique word pattern. 

Instrument solutions 

Data-domain test instruments that make use of these 
concepts are divided into three classes: logic-state 
analyzers, logic-timing analyzers, and logic triggers for 
oscilloscopes (Table 2). 

Logic-state analyzers display binary data in a word­
versus-event format. Because they concentrate on word 
sequences, they are useful in examining the functional 

4. High density. Because digital systems are so densely packaged, data-domain test instruments must use innovative approaches to probing 

points under test. Small probes make it easy to connect these instruments to closely spaced test points. 

// 
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behavior of digital systems. They may provide an out­
put suitable for triggering au oscilloscope for voltage­
versus-time displays when electrical analysis is required. 
The logic-state analyzer may also provide facilities for 
some correlation analyses, such as displaying a mathe­
matical combination of two different data fields . 

A logic-timing analyzer, on the other hand, displays 
binary data in a word-versus-time format, or it may re­
construct the original voltage waveform and display it 
in a pseudo-voltage-versus-time mode. Because these 
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5. Counter dlaplay. The output of a two­
decade counter can be displayed by either a 
logic-timing analyzer (top) or a logic-state 
analyzer (bottom) . The logic-timing analyzer 
display yields more information about the 
timing relationships between signals, but the 
logic-state analyzer display is more easily 
read, and so is more useful when informa­
tion about logic levels is all that is required . 

instruments display bit sequences, they are most useful 
in examining the functional behavior of subsystems and 
components. Some capability to analyze electrical pa­
rameters is usually included in a logic-timing analyzer 
so that glitches, rise times, or pulse-ringing can be de­
tected. 

Logic-trigger generators, designed for use with oscil­
loscopes, are simpler instruments. They may be as 
simple as four-input AND gates connected to scope trig­
ger inputs to synchronize the scope with the occurrence 
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TABLE 2: MEASUREMENT ABILITIES OF DIFFERENT INSTRUMENTS 

DATA ACQUISITION 

INSTRUMENT 
Probing Collection 

nodes repetition 
rate 

Single shot, 
Logic state analyzer Many aperiodic, 

periodic 

Single shot, 
Logic timing analyzer Many aperiodic, 

periodic 

Oscilloscope trigger 
Single shot, 

Many aperiodic, 
generator periodic 

Single shot -
Oscilloscope Few 1, 2 channels, 

periodic 

of a particular parallel word. They may also include 
digital counters to delay triggering by a set number of 
events, or shift-register comparators to allow bit-serial 
word recognition for triggering. 

Each type of data-domain instrument, of course, has 
both merits and limitations for different applications 
(Table 3). For example, a logic-state analyzer is the best 
choice for the purely functional tests of verifying a 
counter output sequence or checking a microprocessor 
program. A logic-timing analyzer is more suitable for 
such essentially electrical measurements as checking 
logic-threshold noise immunity and propagation-delay 
times. A logic-trigger generator may be adequate when 
cost is a consideration and an oscilloscope is readily 
available. 

A common application can illustrate how these con-
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MEMORY DISPLAY FORMAT 

Registration Negative-time 
trigger and information Parameters Speed 

index 

f(Word), Yes Word vs Event 
f(Event) N words A Ell B 

Word rate 

Word vs Time 
mWord rate f(Word) , Yes Pseudo V vs 

f (Event) mN words Time 
- Voltage rate 

f(Word), - - -
f (Event) 

!(Voltage) , Voltage Voltage rate 
f(Time) 

No vs Time 

siderations affect the choice of analysis tool. The count­
seq uence output of a two-decade decimal counter can 
be displayed by either a logic-state analyzer or a logic­
timing analyzer (Fig. 5). The timing analyzer display 
looks much like what might be expected from an oscil­
loscope-if that time-domain instrument could handle 
eight channels simultaneously. Although this timing 
diagram yields more information than does a truth­
table display, its greater complexity makes it less useful 
than a truth table when only functional representation 
of the circuit under test is required. 

For multilevel data, the relative ease of reading a 
word-encoded sequence by means of a logic-state analy­
zer is obvious. In contrast, reading several binary-level 
channels by means of a logic-timing analyzer is ex­
tremely difficult. For example, checking the execution 
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TABLE 3: TYPES OF LOGIC ANALYZERS 

TYPE 

Logic state ana lyzers 

Logic timing analyzers 

Logic trigger generators 

0000 0000 0000 
0000 0001 0000 
0000 0010 0000 
0000 00 I I 0000 

0000 0100 0000 
0000 0101 0000 
0000 0110 0000 
0000 0111 0000 

0000 1000 0000 
0000 1001 0000 
0000 0000 0000 
0000 0001 0000 

0000 0010 0000 
0000 00 I I 0000 
0000 0100 0000 
0000 0101 0000 

HEXADECIMAL 

ADVANTAGES 

Multichannel single-shot 

Multichannel negative-time 

Display of words 

Multichannel single-shot 

Multichannel negative-time 

Familiar timing diagram 

Everyone owns a scope 

Lower cost for voltage-vs-
time resolution 

000 000 000 OOG 
000 000 010 00':, 
000 000 100 000 
000 000 110 000 

000 001 000 000 
000 001 010 000 
000 001 100 000 
000 001 110 000 

000 010 000 000 
000 010 010 000 
000 000 000 000 
000 000 010 000 

000 000 100 000 
000 000 110 000 
000 001 000 000 
000 001 QIO 000 

OCTAL 

7. Legibility. Twelve-bit patterns can be broken up into groups of 3 

or 4 bits to make reading easier. 

of a branching algorithm is much easier with a logic­
state display than with a logic-timing display, especially 
if long wait loops or idling loops are involved. 

Clearer presentations 

Of course, it is possible to develop displays that are 
even more easily readable for functional checks. Two 
are shown in Fig. 6. The first is a graphic map of the 
binary words of a counter output. The intersection of a 
row, which denotes the least significant digit, and a col­
umn, which represents the most significant digit, is a 
unique dot position signifying a unique word. 

The dot at the upper left-hand corner represents the 
word 00000000, the dot in the upper right-hand comer 
the word 00001001, and the dot at the lower right-hand 
corner 10011001. The intensity of the display increases 
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LIMITATIONS CURRENT EQUIPMENT 

Lack of voltage-vs-time Hewlett-Packard 1601 L 
capability Hewlett-Packard 5000A 

Lack of word format 8iomation 810D, 8200 

Higher cost for voltage-vs- E·H Digiscope (AMC 1320) 
time resolution lwatsu LS-6211 

Lack of negative time Hewlett-Packard 10250A, 

Lack of multichannel 10251A, 10252A 

single-shot Hewlett-Packard 1620A 

Lack of word data Dumont 2100A 

Tektronix 821 A 

Tektronix DD501, 5831, 
7D11, 7015 

as the trace nears a new point, so the direction of flow 
between states can be determined. If an unauthorized 
state occurs, the access path to that state can readily be 
determined. If a necessary state does not occur, it is ob­
vious which did not and what occurred instead. 

Figure 6 also shows a decimal-code display of a 
counter output. This is easier to read than its binary­
coded-decimal equivalent, as the BCD equivalent is eas­
ier to read than a voltage-versus-time plot. The code 
conversions possible for the data domain are numerous 
and varied; instruments currently provide only the most 
elementary of them-binary equivalents that can be or­
ganized into 3- or 4-bit bytes for easier reading of octal, 
BCD, or hexadecimal data (Fig. 7). 

When analyzing why a data error occurs, as opposed 
to finding whether or where, it frequently becomes im­
portant to display the word events line by line, usually 
as a function of time. For this task, scopes and logic­
timing analyzers are better than logic-state analyzers. 
When an error has been found, the cause-a glitch, a 
noise spike, or a faulty instruction-must be found. A 
timing analyzer or a scope allows the user to magnify 
the area surrounding the fault and watch for unex­
pected level transitions. This analysis requires attention 
to occurrences of much shorter duration than a data 
word, which increases the required data-collection rate 
of the test equipment. Consequently, logic-timing 
analyzers should be n times faster than logic-state 
analyzers for the same data fields, where n subcycles of 
resolution are required to analyze a data error. 

No single product covers all requirements, and even 
if all the capabilities were incorporated in a single in­
strument, it would cost too much and be too complex 
for many jobs that one instrument-a logic-state analy­
zer, logic-timing analyzer, or logic-trigger generator­
could easily perform. The message is clear: digital­
equipment problems require data-domain instruments 
for solutions. Instrument manufacturers are beginning 
to recognize the need and build appropriate test equip­
ment. The digital designer can only benefit from this 
new approach to problem-solving. D 
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Designer's casebook _________ _ 

Buff er keeps noise f ram 
triggering thyristor 
by L. R. Rice 
Westinghouse Semiconductor Division , Youngwood, Pa.• 

Certain shortcomings in passive noise-rejection net­
works have led to development of an active circuit de­
signed to prevent false triggering of thyristors. Such un­
desired firing can occur when noise transients cross the 
thyristor gate conductors, and can produce fluctuations 
ofload power, oscillations in control circuits, and equip­
ment damage. The offending pulses usually arise from 
reactive-load energization or de-energization, such as 
the discharge of a capacitor or the switching of a relay. 

In the field, passive networks that discriminate 
against both signal and noise, such as those shown in 
Fig. 1, are often used, but they are impractical at times 
and some application problems simply cannot be solved 
with these techniques. Therefore an active circuit, con­
sisting of a buffer connected between the trigger source 
and the thyristor gate, is needed. 

As shown in Fig. 2, this buffer consists of an RC inte­
grating circuit, a comparator, and a pulse generator. An 
incoming voltage, either signal or noise, charges 0.02-
microfarad capacitor C through resistor R. The 2N697 
comparator amplifier turns on when the capacitor volt­
age reaches the threshold value equal to the sum of the 
* Now with White-Westinghouse Corp., Mansfield , Ohio. 

TR IGGER 
SO URCE 

RsoURCE 

INTEGRATOR 

o,· 
1N645 

R 

10 k!1 

c 
0.02 µ F 

COMPARATOR 

THYRISTOR THYRISTOR 

TRIGGER TR IG GER 
SOU RCE SOURCE 

(a I ( b ) 

THYRISTOR THYRISTOR 

TRIGGER TRIGGER 
SOUR CE SOURCE 

(c) (d ) 

1. Quick fixes. Noise in thyr istor gate lead is sometimes suppressed 
by one or another of these means: (a) diodes raise threshold volt­
age ; (b) capac itor shunts high frequencies; (c) saturated diode re­
verse-biases gate; (d) resistor decreases gate sensitivity . 

voltage drops in diode D 2, the base-to-emitter junction, 
and zener diode D3 . This threshold voltage is given by 

VTH = Vctiode + VBE + Vzener 

= (1 .0 + 0.45 + 6.0) volts 
= 7.45 volts 

When the capacitor voltage reaches this value and turns 
on the comparator, the 2N586 pulse generator starts to 
conduct and fires the thyristor. 

Variable resistor R is adjusted so that the time con­
stant RC is large enough to prevent noise pulses from 
charging C to threshold. For example, if the noise am­
bience can be represented by a 50-volt pulse of 1-micro-

PULSE GENE RATOR 

2.2 k!1 0.01 µF 

THYRISTOR 

1 N3827 A 

2 : 1 

• OPTIONAL FOR RAPID RESETTING 

2. Buffer. Integrator prevents false triggering of thyristor by discr iminating between genuine trigger signals and noise transients. Trigger sig­
nal must last long enough to charge capacitor C to the threshold voltage of the comparator, which then turns on the pulse generator. Vari­

able resistor R permits adjustment of the charging-time constant so that noise pulses cannot charge C to the comparator's threshold . 
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second duration, the value of R that would allow C to 
just reach threshold in 1 µs is found from the charging 

fli equation 

Ve = Vo - Voexp(-tl RC) 
7.45 = 50 - 50 exp(-l/0.02R) 
exp(-1 / 0.02R) = 0.85 
R = 300ohms 

Therefore, to prevent the 50-v I 1-µs noise pulse from fir-
,. ing the thyristor, R is made a bit larger than 300 ohms. 

After the noise pulse has ended, capacitor C dis­
t- charges back through R, or through diode D1 if quicker 
~ recovery is required. 

t 

A signal voltage from the trigger source charges up 

Two diodes protect 
logic-level translator 

t by P. R. K. Chetty 
Indian Scientific Satellite Project, Bangalore, India 

A level translator is used to interface between two cir­
cuits that operate at different logic levels. But the trans­
lating transistor (or level-up transistor) is often burned 
out when its load is accidentally short-circuited to 

._ ground. The addition of two diodes to the conventional 
level-up circuit can protect the transistor. Even a tran­
sistor that operates at 30 volts (as well as those meeting 
lower voltage requirements) can be safeguarded by the 
circuit modification described here. 

The conventional translation circuit (or logic level-up 

(a) 

.___ _ __..,__OUTPUT 
LOGIC 

the capacitor just as a noise pulse does, but the signal 
duration is made long enough for the capacitor to reach 
threshold. If the trigger signal is 12 volts, for example, 
and R has been set for 300 ohms, then the signal must 
be applied for at least a time duration t (in micro­
seconds) given by 

7.45 = 12 -12 exp[-t/(300 X 0.02)] 

or t = 6 µs. Thus the 12-v trigger signal must last for 6 
µs to fire the transistor. 

Because this circuit delays the normal firing point to 
achieve noise rejection, timing in the trigger source may 
require adjustment if not controlled by feedback from 
the load. D 

circuit) is shown in Fig. l(a), and a modified version 
with two protection diodes added is shown in Fig. l(b ). 
The component values shown are chosen to provide a 
normal load current of about 100 milliamperes. In nor­
mal operation, when the input logic is high (logic 1), 
diode D1 is forward-biased; Q1 is turned on, and there­
fore Q2 is turned on. Diode D2 is reverse-biased, so the 
output-logic voltage across the load is nearly V 00. 

When the input logic is low (logic 0), the transistors are 
turned off, and the output logic is zero. 

If the output load is shorted to ground when the input 
is a logic 1, the anode of D1 is above ground only by the 
amount of the forward-voltage drop through D2 • This 
voltage is not great enough to let Q1 conduct because a 
voltage of at least two diode drops, V01 and VBE, would 
be required to turn on Q1. Therefore Q1 is turned off, 
and, as a result, transistor Q2 is turned off too, which 
prevents it from conducting a destructive current 
straight to ground. The circuit remains shut down as 

Vee ----------
30 v 

10 kn 

s.a kn 

(b) 

u, 
2N2222 

02 
2N4236 

1N914 

1. Protection. Conventional logic-level translator shown in (a) is modified by addition of two diodes in (b). Diodes protect translation transis­

tor 0 2 from destructive current that would otherwise flow if load resistor were short-circuited . Diodes turn off both transistors, so no current is 
drawn from supply while load is shorted. In normal operation , load cu rrent of about 100 milliamperes is unaffected by diodes. 
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DOUBLE YOUR 
PDP 11/45 

PERFORMANCE! 
All it takes 

is a little Cache. 

THE ONE AND ONLY 
Introducing the Fabri -Tek Model 4511 Cache 
Buffer. Plug it into your PDP 11 / 45 ... and see 
what happens to your effective processing speed. 
The Model 4511 operates in conjunction with 
the entire PDP 11 / 45 main core memory. It gets 
more out of your computer than you ever got 
before-without the high cost of MOS memory 
and 32K word address limitation. Nobody else 
has anything like it-not 
even DEC. For a fraction of 
your overall computer system 
investment, the Model 4511 
isn't just a bargain - it's a 
necessity! 

PLUG-IN EASY 
The Model 4511 Cache Buf­
fer uses bipolar technology 
contained on just three print ­
ed circuit assemblies. The 
whole thing installs in min-

utes on the 11 / 45 Fast Bus. A +5.0 VDC Power 
Supply is also included to operate the system. 
Unlike semi-conductor memory, the Model 4511 
guarantees protection of data against unexpect­
ed AC power failure and power turn on / off. 
There's also a switch within the Cache Buffer for 
ease of on / off line operation. 

GIVE IT A TRY 
If hard facts are what you need, how about a 

demonstration? We'll plug 
~ our Model 4511 Cache Buffer 

into your PDP 11 / 45, then 
stand back while you run a 
few benchmarks. We' ll guar­
antee a dramatic improve.­
ment. And we'll guarantee 
off-the-shelf delivery for one 
of your own . If you want to 
make a little Cache go a long 
way, there's only one place 
to look. 
Call or write today. 

~ IF/A~~H ® 1r~1~ 1Nc. 
l..i.D COMPUTER SYSTEMS 

SALES 
OFFICES IN : 

. 5901 South County Road 18 • Minneapolis, MN 55436 • (612) 935-8811 
Leader in Memory Technology for Over a Decade 

Boston Dallas Detroit New Jersey Phoenix Hong Kong 
(617) 969 -5077 (21 4) 661 -3155 (313) 487 -5940 (201) 222-6250 (602) 266 -4448 K-331383 
Chicago Denver Long Beach Orlando San Jose Munich 
(31 2) 437-4116 (303) 753-0631 (213) 420-2493 (305) 857 -1050 (408) 246 -8391 089-755-8298 

United Kingdom 
Maidenhead 37321 -4 
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2. Waveforms. During normal operation of the logic-leve l translator , 
the output voltage and the current from the Vee supply go on and off 

1'1- as the input logic goes high and low. If output load is short-circuited , 
diodes turn off transistors so that no currents flow . 

long as the load is short-circuited, and it returns to nor­
mal operation when the short is removed. 

Levels of input-logic voltage, output-logic voltage, 
and current from the high-voltage supply are shown in 

~ Fig. 2 for both normal operation of the circuit and the 
short-circuited-output condition. No current is drawn 
from the V cc supply while the load is grounded. D 

Power-supply add-on 
yields variable-ratio output 
by Ying-Lau Lee 
Cambridge, Mass. 

A single-ended power supply can be converted into a 
double-ended supply with the addition of an oper­
ational amplifier, a transistor, and a few resistors. The 
two output voltages need not be equal and in fact can 
be made to have a ratio as big as 10: 1 with the proper 
choice of resistor values. 

~ The circuit is simple and works essentially as a paral-
lel regulator. Potentiometer R1 is set to the desired ratio 
of V1 / V2 ; the 741 operational amplifier then compares 
the potentiometer voltage with the voltage at the collec­
tor of transistor Q and tries to minimize the difference 
by biasing Q to produce that ratio. If V 2 is too large, for 
example, the op amp drives Q farther into conduction. 

- The drop across Q (i.e., V 2) then decreases. 
The values of resistors R2 and R3 depend upon the 

maximum load allowed, input voltage, output voltage 
ratio, and transistor current gain h FE· Approximate val-

FLOATING 
SUPPLY 

(4 - 36 V) 

+ 

R, 
250 k.Q >oil'--~ 

OUTPUT LOAD 
SHORT·CIRCUITED 

i 
INPUT·LOGIC 
VOLTAGE 5 ~ t-- j t--i...,J=i__J:---

30 vtl__Oo.·- i ____.8~ 
'"" ';t --~ bd_~____._ 

OUTPU T-LOGIC 
VOLTAGE 

SU PP LY 
CURRENT 

ues for these resistors are calculated as follows: 

R2 = 0.8 (Vi l Vi)RL2 
R3 = hFE VINRL1R2/ Vi( RL1 + R2) 

With R2 and R3 fixed , V1/ V2 can be varied ±10% by ad­
justment of R3 . 

If the outputs were balanced, no current would flow 
to ground. For unbalanced outputs, Q and R 2 carry the 
ground current. Transistor Q must be able to dissipate a 
power given by the following equation: 

PD = V1 Vi(RL1 + R2) / RL1R2 

The SK302 l transistor that is sugges ted in the 
schematic can dissipate 35 watts, but a lower-power de­
vice will be satisfactory in many cases. If Q drains too 
much current from the 741, a Darlington pair should be 
used to provide greater current gain. 

Regulation of the output voltages is approximately 
that of the floating supply that is their source. The min­
imum value of output voltage V2 is about 3 v (limited 
by the 741). The 741 is used for the operational ampli­
fier because it is internally compensated and has over­
load protection. D 

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 brief ly but thor­
oughly the circuit's operating pr inciple and purpose We' l I pay $50 for each item published. 

r 
L 

MAXIMUM 
LOAD 
RL1 

MAXIMUM 
LOAD 
RL2 

Two for one. Double-ended supply provides positive and negative voltages from a single source. Output voltages can be equal, or in ratio as 

great as 10:1. Potentiometer allows adjustment of V1 /V2 around a " ballpark " value determined by resistors in circuit . 
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Achieving a fast data-transfer rate 
by optimizing existing technology 

r 
By combining the synchronization characteristics of group-coded recording 
with a time-saving error-correction method, a magnetic-tape storage system 
attains a density of 6,250 bits/inch at a tape speed of 200 inches/second 

by Erik T. RingkjQ)b, Storage Technology Corp., Louisville, Colo. 

D Speeding up the tape and packing it more tightly 
with data are the two ways of improving the perform­
ance of magnetic-tape storage systems. But while elec­
tromechanical limitations make it hard to raise tape 
speeds much beyond 250 inches per second, it's still pos­
sible to increase bit density and transfer rates by careful 
selection of recording and error-detection and -correc­
tion methods. 

The latest tape units achieve 6,250 bits per inch, or 
about four times the densities obtained less than two 
years ago. A 6,400-b/in. density and a quadrupled data 
rate were therefore the main objectives for a new tape 
system. Other objectives required the system also to: 
• Use phase-encoding detection circuits to compensate 
for tape-speed variations and skew between read and 
write heads. 
• Be able to read and write on today's tapes. 
• Provide error-correction facilities that would correct 
errors in two tracks, rather than the usual one track. 
• Shorten the gaps between blocks of recorded data 
from the usual 0.6 to 0.3 in., thus increasing density. 

The magnetic tape that computers work with usually 
has a half-inch-wide Mylar base and is coated on one 
side with ferrite oxide. Each track on the tape has its 
own independent read and write head. Data is recorded 

DATA 
TRACKS MYLAR BASE 

1 BYTE OF DATA 

1. Tape formal A typical half-inch magnetic tape used for data 
recording has an oxide-coated Mylar base and records information 
in nine tracks. The bits are organized into 9-bit bytes, including a 
parity bit, across the tape and into data blocks along the tape . 
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longitudinally, the coating being magnetized in one di­
rection or the other in seven or nine parallel tracks (Fig. 
1). The presence or absence and direction of these flux 
changes defines the recorded bit as a 1, a blank, or a 0. 
Each bit resides in an area of tape called a bit cell, 
which varies in size from 1.25 x 10- 3 inch to 1.6 X 

10-4 in. Bit density-in bits per inch-is the reciprocal of ~ 
this number. Flux changes per inch (fc/in.} describe the 
actual magnetization pattern and, depending on record­
ing format, may or may not equal bit density. 

Figure 2 illustrates the three coding conventions in 
use today: non-return-to-zero (NRZI), phase encoding 
(PE), and the newest method, group-coded recording 
(GCR), which is used in the 6,250-b/in. systems. 

NRZI is the oldest format. Data is recorded in nine .. 
tracks at 800 b/in., and the coding convention is that a 
flux change in a bit cell represents a 1, while no change "' 
in flux represents a 0. 

Note that the flux change denoting a 1 can be in ei­
ther direction-from high to low or from low to high. 
The NRZI recording efficiency, defined as the highest ra­
tio of b/in. to fc/in. for a given format, is 1.0 (bit den- · 
sity equals flux-change density). 

However, the NRZI format has one major drawback: 
the code is not self-clocking and therefore limits density 
and hence data-transfer rate. The NRZI detection system 

r 

1-r 
uses a single independently running clock in the tape 
subsystem, which strobes the outputs of all nine read t 
heads once every bit cell. But because the clock is not 
synchronized with data on the tape, it cannot compen- '"r 
sate for variations of tape speed or for the skew between 
the writing transport and the reading transport. 

This deficiency led the designers of the 1,600-b/in. 
systems to adopt the self-clocking PE format. With PE, 
each bit cell has a flux change at its center, and the di- • 
rection of the flux change defines the bit as either 0 or 1 ~ 
(0 is a change from high to low, while 1 is a change from 
low to high). The advantage here is that each track can • 
have its own clocked detection circuit. Each circuit has a 
variable-frequency clock, which runs in a phase-locked 
loop with the signal from its track. Hence the clocks can • 
track variations in tape speed, since a flux change is 
guaranteed to occur either once or twice per bit cell. 

Also, having a separate detection circuit, each track 
can read independently of any other, and the bits can 
be grouped into bytes or characters at a later stage, 
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BIT STREAM IN A TRACK ---+ 0 

NRZI 
(800 B/IN ., 800 FC/ IN .) 

PE 
11,600 B/ IN ., 3,200 FC /IN .) 

GCR 
16,250 B/IN ., 9,042 FC/IN .) 

2. Three choices. Non-return-to-zero (NRZI) recording uses a flux change for a logic 1 and no flux change for a 0. Phase encoding (PE) 

uses the direction of flux change for 1 sand Os. Group-coded recording (GCR) is like NRZI, but data is coded before being recorded . 

compensating for any skew difference between the writ­
ing and reading transports. However, note that the PE 
format is less efficient than NRZI, having an efficiency of 
only 0.5 because a bit density of 1,600 b/in. requires a 
flux density of 3,200 fc/in. 

GCR format has high density 

The most desirable recording and reading method 
would have been today's PE format, since it would meet 
most of the basic requirements. However, with a 6,250-
b/in. density and a recording efficiency of 0.5, the re­
quired flux-change density would have been 12,500 
fc/in. But as Fig. 3 shows, when the flux density exceeds 

• about 9,500 fc/in. on today's tape, the signal-to-noise 
ratio at the read head falls so low that it can not be read 
reliably. 

The recording choice therefore was a method called 
run-length NRZI, which IBM has used as the basis for the 
format it calls group-coded recording. GCR permits the 
use of NRZI conventions for data recording along with 
the PE detection circuits and deskewing scheme. With a 
maximum flux-change density of 9,042 fc/in. and a bit 
density of 6,250 b/in., the recording efficiency is 0.69, 
which is 3 8% better than PE. 

Basically, GCR uses the NRZI convention for ls and Os, 
but a restriction is added: there can be no more than 
two Os in a row on tape. This guarantees that flux 
changes occur at least once in every three bit-cells, and 
the variable-frequency clock need only be able to lock 
onto three different frequencies- pulses corresponding 
to a succession of ls, alternate ls and Os, and a 1 fol­
lowed by two Os. 0 bviously such a restriction cannot be 
placed on the actual data transmitted from the com­
puter. Therefore, before data is written on tape, it is 
translated. 

Every 4 bits received from the input-output channel 
are translated into 5 bits (see Fig. 4), which are then 
written on tape. Conversely, every group of 5 bits read 
off the tape are translated into 4 bits before being trans­
mitted to the computer. Notice, in Fig. 4, that within the 
5-bit recording subgroup there are no more than two 
consecutive Os within the body of the group and no 
more than one 0 at either boundary of the group. 

The data portion of the format can now be defined. 
An eight-byte buffer in the control unit (Fig . . 5) holds 
seven data bytes (bytes 1- 7) and one error-checking and 
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-correction (ECC) byte which is generated in the subsys­
tem. This eight-byte set is called a data group, and each 
four-byte half is called a data subgroup. Grouping data 
into eight-byte groups is for error-correction purposes, 
while the subgroups are for purposes of translation. 

Data is written by translating corresponding bits (e.g. 
bit 1) of the four first bytes in the four-to-five code, and 
then recording them as 5 bits in the logical track corre­
sponding to the bits (e.g. track 1 ). This takes place for 
all rune tracks simultaneously. After the first four bytes 
in the data group have been written on tape, the second 
four bytes are translated and written in the same man­
ner. The resultant 10-byte group on tape is called a 
recording subgroup. Thus, a data subgroup translates 
into a recording subgroup and vice versa. 

Dea Ii ng with errors 

The most common error-detection method is based 
on parity checks, which can detect (but not correct) all 
single-bit errors. However, parity checking, which is the 
only error-detection facility used in phase encoding, is 
not used in group-coded recording. To permit error cor­
rection with parity bits, two indicators are required, sig­
nal amplitude and phase, which are called pointers 
since they point out suspect tracks. GCR uses cyclic 
codes to perform error correction. 

Read detection circuits perform best when the incom-

3. Read margin. Signal-to-noise ratio at the read head depends on 
how close together flux changes are on the tape. In GCR , flux­
change density is about 9 ,000 fc / in ,, which allows a signal-to-noise 

ratio above the minimum needed for reliable operation . 
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4-BIT 5-BIT 
DATA VALUE RECORDING VALUE 

0000 11001 

0001 1101 1 

0 0 1 0 100 1 0 

0 0 1 1 1001 1 

0100 1 1 101 

0 101 10101 

0 1 1 0 

~IMMH'fi1·~ 
101 1 0 

0 11 1 101 1 1 

100 0 1 101 0 

100 1 01001 

101 0 0 101 0 

101 1 0 101 1 

1 100 1 11 1 0 

1101 0 1 101 

1 1 1 0 0 1 1 1 0 

1111 0 1 1 1 1 

4. Translation. In GCR method, 4 bits are translated into 5 bits be­
fore recording. This a.ssures that, when data is applied to tape, there 
are no more than two successive zeros in any track, a feature that 
allows more reliable synchronization of the read head. 

ing signal amplitude falls between 300 and 700 milli­
volts, with an optimum at 500 mv. When the signal 
strength falls below a certain threshold (typically 95 
mv), a warning latch is set for that track, indicating a 
marginal signal. Setting this latch is called dead-track­
ing, and once set, the latch stays on for the remainder of 
the data block. 

In phase encoding, error correction occurs after the 
parity checker finds a parity error in a byte, and then 
the warning latches for all nine tracks are checked to see 
if a track is dead-tracked. If one is, the assumption is 
made that the bit in error is in the dead-tracked track, 
and that bit is reversed before the byte is transmitted to 
the input/output channel. 

For data to be detected properly in phase encoding 
requires that the flux reversals occur approximately in 
the middle of the bit cell. If the reversal takes place out­
side a window of about 12% on either side of the mid­
point, a warning indicator is set. The phase-error indica­
tor implies that the data detected for that track might be 
in error. Unlike dead-tracking, this indication lasts only 
for the time it takes the bit-cell to traverse the read head 
(from about 553 to 1,475 nanoseconds, depending on 
the speed of the transport). With phase error, the cor­
rection mechanism is the same as in dead-tracking-if a 
parity error is detected, the phase-error field is scanned 
to determine if a track is in error, and when found, the 
bit in that track is reversed. 

There are deficiencies in the error-correction methods 
used in phase encoding. If more than one track is dead­
tracked, or if a dead track and a phase error occur in the 
same byte, an ambiguous multitrack condition exists. 
Parity checking will not detect the error if both bits are 
wrong. Or, if only one bit is wrong, there is no way to 
determine which of the two tracks is in error. 
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However, note the phase-error correction ability sig­
nificantly differs from the dead-tracked error-correction 
ability. In the dead-track approach, the errors in only 
one track in a data block can be corrected. The phase­
error implementation permits any single-bit error in any 
byte in the data block to be corrected, regardless of the 
track in error. 

With phase-error correction, the data from the head 
comes over the read bus into nine independent detec­
tion circuits (one for each track). From there the data 
flows into skew buffers (Fig. 6) which compensate for 
the lack of perpendicularity between tape and 
read /write head. Each track is gated into the buffers in­
dependently. The buffer collects the bits for each byte, 
and, when it has received all the bits, it gates the byte 
out as one entity. 

However, the phase-error information on the output 
at the read detection circuit is available only as long as 
the data is. But adding a second skew buffer makes the 
phase-error information for each bit in a given byte 
available along with the complete byte. 

Detecting and correcting GCR errors 

The three most significant objectives in devising the 
GCR error-detection and correction scheme were: elimi­
nate the problem of associating the error condition with 
a given byte; provide single- and double-bit error cor­
rection; and enhance the integrity of the data by giving 
it a final check before transmission to the computer. 

Consequently, something more complex was required 
than simple parity checks. The choice fell on a system 
based on cyclic codes. Basically, this method takes a 

Genesis of 6,250-b/in. recording 
When the IBM System 370 computers were introduced 
in 1970, there was a clear need for a tape subsystem 
with higher performance than the ones then available . 
In the system 370, most performance parameters 
were two to three times better than in the 360 series . 
But the 3420 tape subsystem still had a maximum 
transfer rate of only 320 kilobits per second and a ca­
pacity of only 40 megabits per reel-the same as in the 
system 360. 

In 1972, Storage Technology Corp. introduced its 
3480 tape drive, a 250-inch-per-second tape unit , that 
is still the fastest available today. Its transfer rate of 
400 kb / s was a 25% increase over the 320 kb / s then 
available . But , recognizing that this improvement was 
still not up to long-term requirements , STC was simul­
taneously developing a 3,200 b / in . unit that would 
employ phase-encoded recording with a new format 
and improved error correction. 

Then, in the spring of 1973, IBM announced its 
6,250-b / in . subsystem, and STC had to change its 
goals, both for the sake of compatibility (since IBM for­
mats automatically become industry standards) and 
for a better competitive stance (since 6,250 b / in . was 
twice as dense and so performed twice as well as 
what STC was developing). In November, 1973, IBM 
delivered its first 6 ,250-b / in . subsystem, and five 
months later, STC delivered its first IBM-compatible 
6,250-b / in. subsystem. 
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block of data with N characters of n bits each and con­
verts it to a new block of data with N + l characters of n 
bits each. The first N characters of the new data block 
are. the same as in the original data block, and the 
(N + l )th character is the check character. 

The principle behind the conversion is to treat each 
bit in each character as a coefficient of a dummy vari­
able X and convert the data character to a message pol­
ynomial M(X). The message polynomial is then divided 
by a generator polynomial G(X), and the result is a 
quotient Q(X) and a non-zero remainder R(X). 

With the proper choice of generator polynomial, the 
message will appear, after the division, in its original 
form with the check bits (the remainder) appended to it. 
When this message (encoded data) is read back off the 
tape, error checking is performed by dividing the re­
ceived message by the same generator polynomial. The 
correct message should be divisible without a remain­
der. If a remainder does result, it can be used to deter­
mine which bit or track is in error, and the correction 
can then be performed. 

Three check characters are used in the GCR format: 
the error-checking and -correction character (ECC), the 
auxiliary cyclic redundancy check character (AuxCRC), 
and the cyclic redundancy check character (CRC). All 
are based on the principles of cyclic codes. 

An 8-bit ECC character is generated for each data 
group (see "A GCR data block," p. 90). It detects and 
corrects any single-bit error without independent point­
ers. It also detects all double-bit errors, but can only 
correct them with the aid of the pointers provided by 
amplitude threshold and phase errors. These pointers 
use the same methods to identify the suspect tracks as 
does phase encoding. 

The two CRC characters insure the integrity of the 
data after it has been read- a final check that experi­
ence with phase encoding has shown to be desirable. 
This check does not identify where an error exists, but 
only that one or more errors have occurred. A data­
check condition is then flagged, so that the computer 
can invoke its retry procedures. Two characters are used 
to reduce the probability of having invalid data go un­
detected, since each code covers most of the holes in the 
other. 

Resync bursts allow long data blocks 

To take full advantage of the GCR data density, the 
blocking factor (the number of bytes of data in each 
data bl9ck) should be high-about 8,000. Otherwise, too 
large a portion of the tape would be eaten up by inter­
block gaps. (Blocking factors in phase encoding are usu­
ally much lower, around 3,000.) 

However, the probability of an error occurring within 
a given data block is proportional to the length of that 
data block. As already mentioned, once a track is dead­
tracked or the read-detection circuits have fallen out of 
sync, they cannot be reset and resynchronized until the 
next data block. In phase-encoding this is because a 
prescribed bit pattern is written only before and after a 
data block, yet the detection circuits can be synchro­
nized properly with the data only by means of these 
patterns. In GCR, with the larger blocking factor, it is 
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BYTE 

1 

2 

4 

6 

DATA ... 
0 1 2 3 4 5 6 7 p l ''YTE SUBGROUP 

8·BYTE 
DATA BUFFER )'"'' SUBGROUP 

ECG 

4-T0 -5 TRANS LATION 

-- ] 
5-BYTE 

-- SUBGROUP 

l 5-BYTE 

-- SUBGROUP 

TAPE 

1 23456789 
LOGI CA L TRACKS 

S·BYTE 
DATA 
GROUP 

10-BYTE 
RECORDING 
GROUP 

5. Buffer. Before recording in GCR format, seven bytes of data are 
collected in an eight-byte buffer and an error checking and control 
character is added. The first 4 bits of each byte then are translated 
into 5 bits and then the second four bytes are translated . 

desirable to reset the dead-track register and resynchro­
nize the read-detection circuits oftener than at the be­
ginning of the block. 

Therefore, resync bursts are used. A resync burst con­
sists of 20 prespecified bits-a "Mark 2" group followed 
by two sync groups, followed by a "Mark l" group (see 
"A GCR data block," p. 90). Since this burst is unique 
and self-defining, it permits the read detection circuits 
to resynchronize as desired. The resync bursts are 
spaced once every 158 data groups, and this spacing 
translates into one resync burst for every l, 106 data 
bytes. The burst therefore reduces the probability of an 
uncorrectable error in an 8,000-byte data block by a 
factor of about seven. 

With these improvements in its error-detection and 
-correction facilities, GCR far exceeds PE in read-write 
performance (Fig. 7). The 5: l improvement factor for 
temporary read errors (which disappear when the oper­
ation is retried) is much higher than on permanent read 
errors (l.3: 1), which remain after repeat retries. In other 
words, the improvement primarily saves on system 
overhead, by permitting the time that would have been 
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A GCR data block 

In group-coded recording , the data block consists of : 
• A preamble, which allows the read detection circuits to 
synchronize with data on the tape. 
• Every 158 data groups, a resynchronization burst to 
maintain the read detection circuits in sync. Each data 
group comprises seven data bytes plus an error-checking 
and -control character (ECG). 
• A residual group, which contains the final few " resid­
ual " data bytes in the block (any excess over an even 
multiple of seven), plus padded bytes, consisting of Os , if 

t 
9 

BITS 

PREAMBLE 

TERM SECONO SYNC SYNC SYNC 

there are fewer than six residual data bytes , plus an aux­
iliary CRC and an ECG character. 
• A CRC group, which contains two counts of the total 
number of data bytes in the block-one count in modulo 7 
(since there are seven data bytes per group) and one in 
modulo 32 . The modulo 7 count defines the number of 
data bytes in the preceding residual group, while the 
modulo 32 count sets up pointers for internal data buffer­
ing in the subsystem . 
• A post-amble, to close out the data group. 

MARKI DATA G"IOUP DATA~) 

i 101 0 1 0 1 1 1 1 11111 11 h 1 11111 11111 0 0 1 1 1 D O DD DODE DODD 

---- 14 SUBGROUPS (ALL 1 s) ---• 

- ------PREAMBLE: 16 S UBGROUPS------~ 

CHARACTER S 

D - DATA 
H - PAD OR DATA 
X - RESI DUAL 
E - ECC 
C - CRC 
N - AU XC RC 

RESYNC 

DATA GROUP 

DODD DODE 

MARK 2 SYNC 

111 0.0 11111 

SYNC MARKI DATA GROUP J 

1 1 1 1 1 00111 DDDD DDDE j 

B - CRC OR PAD 
---- RESYNC BURST----• 

END OF DATA AND PDSTAMBLE 

END RESIDUAL CRC MARK 

H H H H HHNE BCCC CCXE 

spent in the error-recovery procedures to be spent on 
productive processing. 

The mechanics of acceleration 

In addition to considerations of the method of record­
ing and error correction, 6,250-b/in. density presented 
significant challenges in the electromechanical portion 
of the transport. The first major problem was created by 
the reduction of the .interblock gap from 0.6 inch to 0.3 
in. The read head is separated from the write head by 
about 0.15 in. , and, with worst-case stopping tolerances, 
the distance available for acceleration could dwindle to 
about 0.074 in. Thus the capstan system had to accele­
rate the tape to 90% velocity in this short distance. 

The acceleration of the tape can be expressed as 

a= KJRIJ 

where 
a ,;,, acceleration in in./s2 

·Kt = torque constant of the motor in in.-oz/ A 
R = radius of the capstan in inches 
I = current in the capstan motor in amperes 
J = inertia of the capstan system in in.-oz-s2 
The access time (the time it takes for the tape to pick 

up speed and reach the data block) on the 200-in./s 
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MARK 2 SYNC ( SYNC SE CO NO TE RM 
} 

111 00 1 1 1 1 l 11 11 1 1 1 1 1 1 1 1 1 0 10101 

-14 SU BGROUPS(ALL ls)~ 
----- 16 SUBGROUP Po sf AMBLE ----· 

drive was specified as 0.95 ms and therefore requires ac­
celerations of 220 x l ()3 in.I s2, as against 133 x J03 
in./s2 with a 0.6-in. gap. Thus, acceleration had to in­
crease 65%, although the inertia of today's capstan mo­
tors (the denominator of the equation) is still relatively 
high and system power considerations also limit the cur­
rent to the 20- 25-A range. However, by redesigning the 
capstan- increasing its radius but using a lighter-weight 
material with a mechanical design that provides low 
inertia- the ratio of radius to total inertia was reduced 
to a satisfactory level. 

A second problem with high acceleration was the 
slippage that could occur between tape and capstan 
during both starting and stopping. This potential slip­
page was eliminated by applying a vacuum to the tape 
as it passes over the capstan, the surface of which is per­
forated, so that air is drawn through the capstan and in­
creases the tape-to-capstan surface friction. 

The final problem can best be highlighted by the fol­
lowing formula 

L = 54.6 dl"A 

where 
L is the loss, in decibels, in the magnetic field strength 
sensed in the read head 
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PHASE-ERR OR 
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<Pc <Pc <Pc <Pa <Pa <Pa </JA </JA </J A 

<Pa <Pa <Pa </JA </JA </JA 

</JA </JA </JA 

<Po "'' <P2 </i3 </i4 </is </is <P1 "'· 
PHASE-ERR OR IN FOR MATION OUT 

1 6. Deskew. Because the tape may be skewed as it is read , data from one byte may be read at diffe rent times. So a deskewing buffer collects 
and resynchronizes the bits before sending them on to the computer as one byte. Here, the three groups of 3 bits each are shown as skewed 
and corrected in the buffer. Similarly, phase errors are noted for each byte and corrected before being sent to the computer. 

' 

t 

7. Improvement. Because of the error-detection and -correction fa­

cilities possible with group-coded record ing, temporary errors, 

which disappear when the operat ion is repeated , and permanent er­

rors, which remain, are much lower than with phase encoding. 
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d is the separation between the read head and the 
magnetic tape 
'A is the minimum wavelength of magnetization wave­
form (the minimum distance between two successive 
flux changes on tape). 
With PE's flux density of 3,200 fc/ in. and GCR's den­

sity of 9,042 fc / in., the wavelength in GCR is a third that 
of PE. Consequently, the head-to-tape separation is 
much more critical in GCR and must be kept to no more 
than 80 microinches (whereas with PE it could go up to 
220 µi n. without losing the signal). The tape path there­
fore had to be designed to prevent the tape from flutter­
ing as it passed over the head. Careful attention also 
had to be paid to the pneumatics of the transport, to 
permit it to accelerate fast while keeping the tape close 
to the head. 

Finally, cleaning becomes more important, since the 
tape can also be lifted off a head on which there are dirt 
particles or a buildup of contamination. Most systems 
clean only the magnetic surface of the tape before it ap­
proaches the read and write heads. But both sides 
should be cleaned, since the writing surface could pick 
up dirt particles from the underside when the tape is 
wound on the take-up reel. This system, therefore, 
cleans both sides of the tape. O 
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The 70-lb. Sabre VI : It's a giant leap 
beyond any other small , high 
performance IR IG analog tape 
recorder/reproducer. Records at 8 
electrically selectable speeds: 120 SANGAMO RECORDERS 
ips through 15/16 ips; reproduces at 
any 3 electrically selectable speeds; 
records from 15.3 minutes at the 
highest speed to 32.8 hours at the 
slowest on 14" reels. Remote speed 
selection and LED footage counter. 
LED bar data monitor. Let us give you 
full details. 

THE INNOVATORS IN TAPE INSTRUMENTATION 

Sangamo Electric Company 

Introducing the 
carry-in recorder 
reproducer 
that will carry-on 
for 32.8 hoursl 

Circle 92 on. reader service card 

Data Systems 
P.O. Box 3347 • Springfield, Illinois 62714 

(217) 544-6411 
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Circuit-analysis 
program can model 

many digital ICs 
automatically 

By describing logic devices 
functionally , Super-Sceptre can 

quickly simulate systems that 
contain digital integrated circuits 

as well as other components; users 
do not need differential equat ions 

by James Bowers and Gary Shaw, 
University of South Florida, Tampa, Fla ., 

and Meir Baran , 
U.S. Army, Picatinny Arsenal, Dover, N.J. 
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D Digital circuits or systems made up of integrated cir­
cuits are easily analyzed with Super-Sceptre, a software 
package built around the powerful circuit-analysis pro­
gram called Sceptre. 

Without the added software, Sceptre could still 
handle digital res, but only by modeling them at great 
length, as huge collections of many individual devices. 
What Super-Sceptre does is to model them fairly sim­
ply, as functional blocks described in terms of the be­
havior of their terminals. 

Known as terminal modeling, this technique saves 
both programing time and computer time. It works very 
well on digital res, since a logic gate can be character­
ized quite straightforwardly by its truth table, input 
switching threshold level, low and high voltage levels, 
and propagation delay. Altogether, 16 different logic 
functions can be generated automatically by Super­
Sceptre-nine different gates, four different flip-flops , a 
monostable multivibrator, a full adder, and a clock. 

Actually, Super-Sceptre is a preprocessor package 
used in conjunction with Sceptre (which stands for Sys­
tem for Circuit Evaluation and Prediction of Transient 
Radiation Effects). Being written entirely in Fortran, 
the new software interfaces easily with all current ver­
sions of Sceptre, regardless of whether it's on-line or 
time-shared and regardless of the type of computer 
being used. Two versions now exist for direct inter­
facing with either an IBM System/ 360 or System / 370 
machine or a Control Data Corp . series 6000 machine. 

The preprocessor needs no core storage over and 
above that required by Sceptre, and the extra time 
needed by the central processor unit is typically no 
more than 10 seconds. Super-Sceptre retains the older 
program as a subset and has the same features and no­
tations. Moreover, it adds 50 new diagnostic messages 
to those already in Sceptre, to aid the user in debugging 
his program listing. 

Capabilities are numerous 

Super-Sceptre not only generate~ terminal models for 
logic devices automatically, but also provides for the di­
rect input of transfer functions and one-dimensional 
mechanical systems. A transfer function is expressed as 

LOGIC MODEL PARAMETERS 

Parameter Keyword Specification Format Default Value 

Number of inputs IN = number device dependent 

Number of outputs OUT = number 1 

Input switching IN= (number) (.5) 
threshold voltage 

Low and high OUT = (number, number) (0, 1) 
output voltage 

Initial output state 0 =LOW or HIGH low 

Initial input trigger sta te T =L OW or HIGH high 

Pro pagation delay DELAY = number a 
Logic expression for FUNCTION = combinational 
SPECIAL FUN CTIO N logic none 
gate expression 

Monostable pul se width PW= number 1 

Durati on of high Tl = number 1 
clock output 

Duration of low T2 = number 1 
clock output 

Clock starting time START = number a 
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1. Logic example. Super-Sceptre program listing is simple , in rela­
tion to the complexity of the four-bit serial adder being simulated. 
The program offe rs built- in models for nine types of gates, four types 
of flip-flops, a monostable multivibrator , a clock, and a full adder. In 
this example, each logic device is represented by its appropriate 
built-in model. With the OUTPUTS statement, plots are being re­
quested of the three inputs, the outputs of all the D-type flip-flops, 
and the output of the full adder . 

a Laplace-transform equation, which can have an order 
as high as 36. In fact, Super-Sceptre is the only software 
package that permits a system to be represented by 
electrical elements, digital logic devices, transfer-func­
tion blocks, and mechanical elements in a single unified 
program, without the need to formulate any differential 
equations. 

The logic-description language of Super-Sceptre is 
analogous to the circuit-description language of Sceptre. 
It has a field-free format, allowing program entries to be 
placed anywhere on an input data card. Moreover, mul­
tiple entries can be put on a single line, and spaces 
(blanks) can be inserted wherever desired for clari­
fication. 

A logic-description specification is composed of two 
elements: the LOGIC DESCRIPTION heading itself, and 
one or more MODEL subheadings. Under LOGIC DE­
SCRIPTION, the program generates its 16 terminal mod­
els-gates, flip-flops, a monostable multivibrator, full 
adder, and clock. The nine gates are: an inverter, a buf­
fer, an AND, a NANO, an OR, a NOR, an exclusive-OR, an 
exclusive-NOR, as well as a special-function gate that 
can be any combinational logic network having a single 
output and up to nine inputs. The four flip-flops are: a 
J-K type, a reset-set (R-S) type, a toggle type with 
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FLIP·FLDP 
T A2 

C GND 

FLIP·FLOP 
T 82 

C GND 

OUTPUTS 

® @ 
D a D a A FULL S 
FLIP·FLOP FLIP·FLOP ADDER 

T Al T AO 

C GND C GND 

D 
FLIP·FLDP FLIP·FLOP 

T 81 T 

C GND 

LOGIC DESCRIPTION 
MODEL D FLIP FLOP (OFF) 

OE LAY = .1 
MOO EL CLOCK (CLOCK) 

Tl = .5, T2 = .5 
START = .5 

MOO EL OR (OR) 
MOO EL ANO (ANO) 

BO 

MOO EL NOT (INVERTER) 
MODEL FULAOR (FULL ADDER) 

Cl RCUIT DESC RIPTION 
FOUR BIT SERIAL AOOER 

ELEMENTS 
EAOO , 1·2=TABLE1 
EA, 1·3 = TABLE2 
EB, 1·4 = TABLE3 
Nl , 2·5·1 = MODEL NOT 
G4, 2·21 ·9·1 = MOO EL ANO 
G3, 4·5·7·1 =M OO EL ANO 
G2, 3·5·6·1 = MO DE L AND 
Gl, 2·17·8·1 = MODEL ANO 
ORl , 6·8·10·1 = MODEL OR 
OR2, 7·9·11-1 = MODEL OR 
CLK, 12·1 = MODEL CLOCK 

B 

AO, 12·15·1-1 ·16·1 = MODEL 0 FLIP FLOP 
Al , 12·14·1-1·15·1 = MODEL D FLIP FLOP 
A2, 12·13·1-1 ·14·1 = MODEL 0 FLIP FLOP 
A3, 12·10·1·1·13·1 = MODEL 0 FLIP FLOP 
BO, 12·20·1-1 ·21-1 = MODEL 0 FLIP FLOP 
Bl , 12·19·1·1-20·1 = MODEL D FLIP FLOP 
B2, 12·18·1·1·19·1 = MODEL D FLIP FLOP 
B3, 12·11 ·1·1·18·1 = MOO EL 0 FLIP FLOP 
CFF, 12·22·1·1·23·1 = MODEL D FLIP FLOP 
FA, 16·21 ·23·17·22-1 = MODEL FULADR 

FUNCTION S 
TABLEl = 0,0, 4,0, 4,1, 10,1 

FA 

TABLE2 = 0,1, 1,1, 1,0, 2,0, 2,1, 3,1, 3,0, 10,0 
TABLE3 = 0,1 , 4,1, 4,0, 10,0 

OUTPUTS 
EADD , EA, EB, EQAO, EQAl , EQA2, EQA3, 

ESFA, EQCFF, EOCLK, PLOT 
RUN CONTROLS 

STOP TIME = 10 
MAXIMUM PRINT POINTS = 50 

END 

@ 
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set/reset capability, and a data (D) type. 
The MODEL subheading contains the user-defined 

name for the model, as well as a keyword that indicates 
the type of device being modeled. Suppose the user 
wishes to model a two-input NAND gate. His entry 
would be: 
LOGIC DESCRIPTION 
MODEL TWO INPUT NAND GATE (NAND) 
where the user-defined name is TWO INPUT NAND GATE, 
and the parenthetical keyword NAND is the type of de­
vice . 

If no additional information is supplied by the user, 
all of the model parameters will be set to the default 
values shown in the table. For instance, the two-input 
NAND gate will have a high output voltage of l , a low 
output voltage of 0, an input switching threshold volt­
age of0.5 v, and a propagation delay ofO. 

Any of these present parameter values can be over­
ridden by using appropriate keyword specifications, 
which are also listed in the table. These keyword expres­
sions can be entered in any order following the proper 
MODEL statement. For example, to describe a NAND 
gate that has four inputs, complementary outputs, an 
input threshold voltage of 3.2 v , and a propagation de­
lay of 10 nanoseconds, an acceptable entry would be: 
LOGIC DESCRIPTION 
MODEL FOUR INPUT NAND GATE (NAND) 
IN= 4 (.8) , 
OUT= 2 (A, 3.2) 
DELAY = lOE-9 

The FUNCTION keyword is associated with the spe­
cial-function gate, whose single output is determined 
from a user-supplied combinational logic expression. 
The inputs of this gate are represented by letters, while 
the FUNCTION keyword is used to define the logic ex­
pression. If an exclusive-OR gate were modeled as a spe­
cial function, the program entry would be: 
LOGIC DESCRIPTION 
MODEL EXCLUSIVE OR (SPECIAL FUNCTION) 
FUNCTION = (A.AND.(.NOT.R)) 

.OR.((.NOT.A.).AND.B) 
Any of the models specified under LOGIC DESCRIP­

TION are connected to other models and elements under 
a CIRCUIT DESCRIPTION heading. To do this, all the 
nodes of the network must first be numbered, and then 
the nodes of each model must be called out in proper 
sequence-input nodes first, output nodes next, and the 
reference (ground) node last. 

For most applications, the input impedance of a logic 
device can be regarded as being very large, and the out­
put impedance as being very small. Because of this, Su­
per-Sceptre employs zero-valued current sources for in­
puts and variable voltage sources for outputs . 
Effectively, input impedance is taken to be infinite, and 
output impedance zero, thereby minimizing model 
complexity. A finite input impedance or a nonzero out­
put impedance can be obtained by means of a simple 
model modification. The voltage at any model input 
and any model output can be requested directly as a 
program output. 

Logic models can be stored in the program's model li­
brary for later use. A stored model is retrieved by just 
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inserting a CALL statement, which contains the appro­
priate model name, anywhere under the LOGIC DE­
SCRIPTION heading. 

Simulating a logic network 

A sample listing will help to illustrate how the pro­
gram language works and how simply even a relatively 
complex logic network can be simulated. Figure l 
shows a four-bit serial adder and its Super-Sceptre list­
ing. Briefly, a four-bit word can be entered into the up­
per and lower flip-flop string through inputs EA and 
EB, respectively. Input EADD serves as an enable line: 
when it is low, the flip-flop chains can be loaded; and 
when it is high, the numbers present in each chain are 
added together in the next four clock cycles. The upper 
flip-flop string acts as the accumulator register, while 
the lower flip-flop string is the input register. The two­
bit full adder (FA) and the carry flip-flop (CFF) circu­
late each new sum back to the accumulator register. 

In Super-Sceptre, the dimensional units of time are 
assigned by the user. Here, for example, the clock first 
goes high after 0.5 time units (START = .5). It remains 
high for 0.5 time units (Tl = .5), and then goes low for 
0.5 time units (TI = .5). 

The three inputs-EADD, EA, and EB-are described 
by TABLEl , TABLE2, and TABLE3, respectively, under the 
FUNCTIONS heading. Each pair of numbers in a TABLE 
listing indicates the logic level of the signal at a particu­
lar point in time. The left-hand number is the time-unit 
factor, while the right-hand number is the logic level. 
TABLEl , for instance, decribes input EADD as being 
low initially, going high after four time units, and re­
maining high up to and beyond 10 time units. 

With the OUTPUTS statement, plots are being re­
quested of the three input signals, the four output lines 
(EQAO, EQAl , EQA2, and EQA3) of the circuit, the 
output (ESFA) of the two-bit full adder, the output 
(EQCFF) of the carry flip-flop , and the output 
(EQCLK) of the clock. Under the RUN CONTROLS list­
ing, the simulation time is limited (STOP TIME = 10), as 
is the number of printed solution points (MAXIMUM 
PRINT POINTS = 50). 

Solving an electromechanical problem 

In addition to logic devices , Super-Sceptre can be 
used to simulate transfer functions and one-dimensional 
mechanical systems. Such inputs are entered under a 
TRANSFER FUNCTION DESCRIPTION heading or a ME­
CHANICAL DESCRIPTION heading, in the same manner 
that circuit-description information is listed. 

Figure 2 shows a tachometer system that involves all 
four of the simulations possible with Super-Sceptre. It 
contains electrical and mechanical elements, as well as a 
digital logic device and a transfer-function block Only 
the positive half-cycles of the sinusoidal input pass 
through the one-shot to the two-pole low-pass filter, 
which drives a d'Arsonval-movement de voltmeter. 

In the Super-Sceptre listing, which is also given in 
Fig. 2, the one-shot is modeled by means of the MONO 
STABLE keyword. The one-shot has an input threshold 
of 0.8 v, a low output voltage level of 0.2 v , a high out­
put voltage level of 3.4 v, and an output pulse width of 
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ONE·SHOT FILTER 
OS G 

GND 
+ 

EI N "v 

El N =sin (523.5Bt) 
G = 1I I13 x 10- 5 ) s2 + 17 .7 x 1 o- 3) s + 1 J 

J = 2.5 X 10 - s kg·m2 

K = 1 X 10 - 3 N·m/rad 
D = 8 X 10 - 6 N·m·s/rad 

LOGI C DESCR IPTION 
MODEL ONE SHOT (MONOSTABLE) 

IN = (.8) 
OUT = 1.2, 3.4) 
PW = 1E- 2 

TRANS FER FU NCTIO N DESCR IPTION 
MODEL FI LTER 

DENOMIN ATOR = 13E- 5, 7.7E- 3, 1) 

CI RCU IT DESCR IPTIO N 
INTER 0 ISC IPLI NA RY EXAM PL E·TACH OM ETE R 

ELEMENTS 
EI N, 1·2 = EXPRESS IO Nl IDSIN(523.58· TI ME)) 
OS, 2·1·3·1 = MODE L ONE SHOT 
G, 3·1·4·1 = MO DEL FI LTER 
RS, 4·5 = 20 
EB , 1·5 = EXPR ESSION 2 (5E-3• PWJ) 

OUTPUTS 
EIN, EQOS, EO G, EB, PLOT 

MECHAN ICAL DESCR IPTIO N 
ELEMENTS 

RA, 6·7 = EXPRESS IO N315E- 3• 1EB) 
J, 6·7 = 2.5E- 8 
K, 6·7 = 1E- 3 
0, 6·7 = BE- 6 

DEFINED PARAMET ERS 
PWJ = EXPRESS IO N N4 (WJ) 

OUTPU TS 
RA, AJ , WJ, SJ 

RUN CONTROLS 
INTEGfMTIO N ROU TINE = IMPLI CI T 
STOP TIME = .1 
MAXIMUM INTEGR ATIO N PASSES = 1E6 
MINIMUM STEP SIZE = 1 E- 30 
MAX IMUM PRINT PO INTS = 100 

EN D 

2. Electromechanical system. Analysis of an analog de vol tmeter 

measuring a sinusoidal input involves the simulation of a logic device 
(one-shot) , a transfer-function block (filter), electrical elements (me­
ter resistance and back emf), and mechanical elements (mete r­
movement propert ies). With Super-Sceptre, such a simulation is 
easy because mechanical and electrical elements can be handled 
similarly. Here, the program computes the meter's torque , accelera­
tion , velocity, and displacement. 
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REFE REN CE 
PLAN E 

l0-2 time units. The filter is modeled by describing its 
transfer function. Here, this is done by writing an ex­
pression in terms of the denominator coefficients. 

The constant-value mechanical elements that repre­
sent the meter movement- the mass moment of inertia 
(J), the torsional spring constant (K), and the damping 
coefficient (D)-are called out under the ELEMENTS sub­
heading of the MECHANICAL DESCRIPTION section. The 
electromechanical coupling constant (U = 5 x 10-3 v-s) 
acts as the link between the electrical and mechanical 
properties of the meter. For example, the torque (RA) 
applied to the meter movement is expressed as a, func­
tion of the current (IEB) through the meter winding : 

RA = U x !EB = (5 x J0-3)JEB 

This equation appears under the MECHANICAL DESCRIP­
TION statement, since torque is a mechanical property 
of the meter. In contrast, the back electromotive force 
generated in the meter winding is part of the CIRCUIT 
DESCRIPTION section. The back emf (EB) is a function 
of the angular velocity (PWJ) of the meter movement: 

EB = U x PWJ = (5 x J0-3)PWJ 

The input voltage being applied to the tachometer is 
a sine wave having a frequency of 523.58 radians per 
second. For this excitation, the OUTPUTS statement un­
der MECHANICAL DESCRIPTION requests the value of the 
torque (RA), the angular acceleraton (AJ), the angular 
velocity (WJ), and the angular displacement (SJ) of the 
meter movement. 

A free user's manual for Super-Sceptre can be ob­
tained by writing to : Hank Rand, Fuze Branch, Bldg. 
62, U.S. Army, Picatinny Arsenal, Dover, N.J. 07801. A 
tape of the program for direct implementation on one 
of the machines mentioned earlier is available for a 
nominal charge of $100. This fee includes an assistance 
manual, as well as installation documentation. D 
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FREE 
-Fiber 
Optics 
Catalog 

Features the complete AO line of fiber optics 
products-from Inspection Fiberscopes and 
Light Guides to llluminators. Image Conduits. 
Faceplates and Custom Components. Includes 
the four newest remote inspection fiberscopes 
now available. 

Describes the principle, technology and tech­
niques used to make flexible light and image 
transmissions a proven. practical fact. Write today 
for your FREE copy of the AO Fiber /JO 
Optics catalog to American Optical 
Corporation, Fiber Optics Division. 
Southbridge. Mass. 01550. Ame~ican 

Opt1Cal 

Ci rcle 171 on reader service card 

Standard & Custom 
Electronic Cabinetry 

•CONSOLES 
•VERTICAL 

CABINETS 
•SLOPED 

PANEL 
CABINETS 

•INSTRUMENT 
CASES 

•DESK 
CABINETS 

•CHASSIS 
•BOXES 

Full line of Accesso ry Fans, Blowers, Sl ides, 
Drawers, Writing Shelves, Hardware, etc., com­
plete fac ilities through f inish ing. 

over 1300 standard Items 
wri te for complete catalog and prices 

Interstate Pulse Generators 
have Constant Duty Cycle 

Engineers are always surprised when they select the Constant 
Duty Cycle mode and adjust the width control on an 
Interstate Series 20 Pulse Generator - they get an instant pulse. 
It's "countdown-free," too. 

For the whole story on lnterstate's Instant Pulsers, call John 
Norburg collect. He'll send you lnterstate's Series 20 Pulse 
Generator catalog - instantly. 

Phone (714) 772-2811 

e 
CEC INTERSTATE 

ELECTRONICS 
CORPORATION 

Subsidiary of A-T·O Inc. 

Dept. 7000. Box 3117 . A naheim . Cali forn ia 92803 
TWX U.S.A. 910-591 -1197 TELEX U.S.A. 6554.43 & 6554 19. 



Engineer's notebook _________ _ 

C-MOS phasemeter 
can be built in lab 
by M. G. Fishel 
Free University of Brussels, Belgium 

circuits, each of which is built around a single IC. 
The first of the two circuits is the actual phasemeter; 

it is in fact a simple EXCLUSIVE-OR gate. The phase 
comparator's output (at twice the input frequency) is fil­
tered through an RC network to remove the ac ripple. 

-'\ 
The output voltage is proportional to the phase differ-
ence between the input signals. If they are in phase, the 
meter reading will be zero. A phase difference of 90° 

... 

,.. 

Since most electronic laboratories need a phasemeter 
only once in a while, here is a cheap alternative to buy­
ing one. All it needs is three identical C-MOS 4011 inte­
grated circuits, some discrete components, and a good 
voltmeter to measure the output, and all of this should 
cost less than $10. 

yields an output of (V DD - V ss)/2, and the full supply " 

The phasemeter accepts both analog and digital sig­
nals as inputs. Its usable frequency range starts at less 
than 5 hertz and goes up to several megahertz, depend­
ing on power-supply voltage. 

The input signals are amplified by self-biased invert­
ing ac amplifiers and then are shaped to obtain square 
waves. The square waves are then fed to two separate 

Voo 
1 Mr! 

IN PUT --f 1--1---+---+-+-4 
l 1 µF 

INPUT --f l--<.__-+--+--1--4 
2 

1 µ F 

1N914 
(4) 

Vss 

1Mr! 

voltage will appear at the output when the phase differ­
ence is 180°. The output can be adjusted to any full­
scale value that is convenient by means of the calibra- ~ 

tion potentiometer. 
The second circuit, which is an edge-triggered 

memory cell, indicates which input signal leads the 
other. This information is displayed by light-emitting 
diodes. If the phase at input 1 leads the phase at input 
2, D 1 lights, and if the phase at input 2 leads, D 2 lights. 

The impedance seen at the inputs is on the order of " 
JOG ohms. Both inputs are protected against overvoltage 
by 1N914 diodes. Power-supply voltage is not critical; 
VDD can be anywhere between 3 and 15 volts. D 

Voo 

33 krl 

5 krl 
CALIB. 

+ 

LEADING-PHASE I NDICATD A 

Phasemeter. Incoming digital or analog signals are shaped into square waves in first IC . Then phase difference is measured and displayed 

as an output voltage that is directly proportional to ll<f>. Light-emitting diodes indicate which signal has leading phase. Supply voltage can be r 
anywhere in 3-to-15-volt range. Meter can be built for less than $10 and operates at frequencies up to 5 MHz with Voo of 12 volts. 

Back-bias continuity 
checks TIL wire bonds 
by Shlomo Waser 
Monolithic Memories Inc., Sunnyvale, Calif. 

All the connections between a TIL chip and its package 
pins can be checked quickly and simultaneously by an 
easily made tester. The packaged integrated circuit is 
simply slipped into a socket; if an indicator light goes 
on, one or more of the wire bonds is open. If the light 
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stays off, all of the pin-to-circuit connections are good. 
This test can be used for incoming inspection, and 

samples can be checked during each production period 
to spot faulty wire-bonding operations in time to avoid ~ 
expensive assembly failures. However, the test is not ef­
fective unless the device has clamping diodes on the in- ~ 
put pins. The TIL units of a few years ago did not have 
these diodes. Now, although 14-pin and 16-pin units 
may or may not have them, most 24-pin devices are new < 
enough to have the diodes. 

Operation of the tester relies on the fact that most -' 
TIL devices have a reverse diode between each pin and 
the substrate. All the pins exhibit this diode effect, but 
for various reasons. Input pins have clamping diodes to 
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SUBSTRATE-

PIN 3 PIN 9 

V3= 4.3 V SUBSTRATE V9 = 0 
PIN 

1kl1 5V 1 kn 

1. Basic prlnclple. Equivalent circuit of TIL integrated circuit 
shows diodes between substrate and circuit contact points. When 
substrate is at positive voltage, diodes conduct current if chip-to-pin 
connections have continuity. Voltage drops across 1-ki lohm pull-up 
resistors provide logic levels for simultaneous test of all bonding con­
nections, as shown in Fig . 2. 

reduce transmission reflections. Output pins show diode 
action between collector and substrate if the substrate is 
made positive. Similarly, there is a diode action be­
tween the V cc pin and the substrate. 

Under these conditions, the continuity of the connec­
tions from the chip (or die) to the pins can be tested by 
connecting the substrate to the positive side of a 5-v 
supply and providing pull-up resistors from each pin to 
the negative side of the supply. Figure 1 shows two typi­
cal pins in this test arrangement. 

Pin 3 has a good bond to the die; therefore the volt­
age at pin 3 is the substrate voltage minus the voltage 
drop across the diode (i.e., 5.0 - 0. 7 = 4.3 v), which is a 
definite logic 1. However, since the bond between pin 9 
and the chip is broken, the voltage at pin 9 is zero, 
which is a definite logic 0. 

Low-drift ICs form 
instrumentation am pl if ier 
by K. C . Seino 
Fermi National Accelerator Laboratory, Batavia, Ill. 

Accurate measurements sometimes require use of high­
quality differential amplifiers that have high input im­
pedances at both the inverting and noninverting input 
terminals, as well as high common-mode rejection ratio 
at all values of voltage gain. These instrumentation am­
plifiers are available commercially in both modular and 
integrated-circuit versions, each of which has its own 
advantages and disadvantages. 

This instrumentation amplifier was built from three 
low-drift op amps. The circuit, designed for a gain of 10, 
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PIN 1 PIN 9 

DEVICE 
UNDER 
TEST 

DROPS 
INTO 
THIS 

SOCK ET 

+5 v 

7402 

240 l1 MV50 

2. Gate loglc. If all wire bonds are good, all pins are at high voltage, 
output of NOR gate is high, and LED remains dark. If any bonds are 
defective, LED glows red . This test, by monitoring performance of 
bonding operation, can prevent expensive assembly failures. 

With the two distinct logic states, it is a simple matter 
to connect an OR gate to all pins so that a light-emitting 
diode will turn on if one or more pins has a defective 
bond. Figure 2 shows such a circuit for a 16-pin device. 
The terminals of the zero-force-insertion socket are con­
nected to 74L30 NAND gates. The NAND-gate outputs go 
into a 7402 NOR gate. If the NOR output is low, the LED · 
lights. Obviously this technique can be extended to de­
vices with more than 16 pins. 

The circuit of Fig. 2 uses the 74L30 low-power NAND 
gates because I kilohm is too much resistance to use 
with standard NAND gates (where the input current at 
low level is sometimes as much as 1.6 milliamperes). An 
apparent alternative is to use smaller resistors, but then 
the current through the substrate would be too large, es­
pecially for devices with 24 pins or more. D 

optimizes performance, cost, and size. Its performance 
matches that of the best modular instrumentation am­
plifiers. What's more, the low cost and convenient size 
are as advantageous as those of integrated instrumenta­
tion amplifiers for the desired performance. The entire 
circuit fits easily on a printed-circuit board in a limited 
area where it would be difficult to fit a modular ampli­
fier. The cost of the ICs, which are the major compo­
nents in the circuit, is less than $30. 

The characteristics of three modular instrumentation 
amplifiers are shown in the table. The Burr-Brown 3620 
is estimated, by means of a formula in its data sheet, to 
have a maximum input offset voltage drift of about ±3 
microvolts /°C at gain of 10. Over a temperature change 
of 25°C, the total drift of ±75 µV represents an error of 
only 0.4% on a 20-mv signal. Balanced against this good 
performance, however, are a size of 2 by 2 by 0.4 inches 
and a price of$90. 

Integrated-circuit instrumentation amplifiers, which 
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The standard J!OWer supply is 
a 01inor cons1ileration . . . until it fails. 

One little power supply can put a big piece of equipment out of com­
mission. And, that's when "bargain-level power" can get very expensive. 

NORTH~~~ 
ELECTRIC COM PANY ••• 

Besides downtime and repairs, the cost of 'unreliability' may 
also include some loss of reputation. 

That's why it will pay you to take a good look at North. 
We've been the leading producer of custom power units 

for over 40 years. And our standard modules get 
the same reliability treatment-including rugged 
life tests, EMI analysis plus shock, vibration and 
humidity tests. 

If reliability is worth more to you, send for a 
bulletin, or call your North Standard Power 
Manager at 419/468-8874. 

Listed here are the more popular models­
many other voltages are available . 

MODEL 11000 12000 13000 14000 15000 16000 17000 18000 

voe AMPERES 

so 39 S3 11 3 13 0 20 0 32 5 49 0 82 0 
12 0 ZS 42 80 10.S 15 0 23 0 36 0 580 
lS 0 2' 3' 7 s 95 14 0 20 s 27 0 47 0 
18 0 2 1 33 60 80 13 0 180 26 0 40 0 
24 0 IS 28 4 2 70 "0 IS 0 no 330 
28 0 I 4 24 40 63 90 14 0 20 0 29 0 
36 0 I 2 22 3 1 56 80 II 0 14 0 23 0 

MODEL 10000 

voe AMP S 

0 7 s 210 
0 16 1 2S 
0 2S 0 8S 
0 33 068 

DUAL OUTPUT 
SUPPLIES 

MODEL N03052 
voe AMPS 

!: 15· 12 400MA 
MODEL N6005 2 

voe AMPS 

North Electr ic Company / Gal ion , Ohio 44833 / A United Telecom Co. •8 0 9S 1 8 26 42 60 80 100 18 0 !: 15·12 1 OA 

Circle 100 on reader service card 

Our 28-pin, high-density 
cable plug assembly and 
socket offer twice the I/O 
density of conventional 
assemblies . Features include 
Auga t's exclusive two-
piece machined contact 
assemblyl plus compati­
bility witn other Augat 
boards, P.C. boards, 
or chassis m ounts. 
Available now from 
your Auga t distributor. 

AU6AT® .... . . 
I Augat, Inc., 33 Perry Avenue, Attleboro, Massachusetts 027Cl3 

Name 

100 Circ le 1 64 on reader service card 

PDP·ll OMA Interface 

0 Single Module. Requires Only One Quad Slot 
0 Space for 12 Positions of User Logic 
0 Expandable to 82 Positions of User Logic with One 

Additional Quad Slot 
0 Maximum Unibus Load is l 
0 Selectable Command and Status Bit Assignments 
0 Hos 16 Bit Input Register 

S P-20 

0 Price is $850 versus $1,490 from DEC, Delivery from Stock 

M(Jfi MOB Systems, Inc., 981 N. Main St., 
I 1 I [] Orange, CA 92667 (714) 639-7238 

See us in booth 2553 at the NCC 

Circle 165 on rnader service card 
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are considerably less expensive than the modular units, 
are available in metal cases or in 14-pin dual in-line 
packages. Their input impedances and common-mode 
rejection are good, as shown in the table. However, at 
low gain, their offset-voltage drift becomes significant 
and affects the accuracy when measuring millivolt sig-

HIGH 

IN PUT 

I 

+15 v 

IGAiNl 
~ 

Input-offse t voltage: 
Value at 25° C 

OUTPUT 

20 k.I! 20 k.I! 

ALL RESISTORS ARE RN 65 C 
METAL·FILM, 1%, 50 ppm/ °C 

ALL POTENTIOMETERS ARE 
RJ·24 CERMET, 100 ppm/°C 

Max. change with temp. (G ~ 10)* 
Adjusted to zero 
± 2.6 µV/° C 

Inpu t impedance : 
Different ial 
Common-mode 

Common-mode reject ion : 
at ± 10 Vdc, 25° C 
at .t 10 Vdc , 50° C 

Cost of I Cs 
· ~ vo tage ga in 

;;. 94 dB 
;;. 70 dB 

$28.40 

Instrumentation amplifler. Circuit with three I Cs has high input im­
pedances at both inverting and noninve rting terminals, good com­

mon-mode rejection , and low offset-voltage dri ft. Gain is 10 and 

is adjustable . Four potentiometers are set for best performance. 

nals. At a gain of 10, the drift in input-offset voltage of 
the Burr-Brown 3660K is estimated, by means of the 
equation in the data sheet, to be ±52 µv /°C. Therefore, 
a 25°C temperature change causes a voltage change of 
± 1.3 mv, or a 6.5% error on a 20-mv signal. 

To avoid tradeoffs between performance, size, and 
cost, the possibility of building an instrumentation am­
plifier from low-drift operational amplifiers was exam­
ined. The input voltage was 20 mv, and a 200-mv out­
put was required ; therefore, the amplifier was designed 
for a voltage gain of 10. The circuit was designed 
around the Burr-Brown 3500MP matched pair and the 
Fairchild µA741E. As the diagram shows, four poten­
tiometers can be adjusted to achieve optimum perform­
ance from this circuit. 

The first potentiometer balances voltage offsets at the 
outputs of the 3500MP units. It is important to adjust 
the offset at one output to equal the offset at the other, 
rather than zeroing each one. The second pot is the 
over-all gain adjustment ; it is set to give a voltage gain 
of 10. The third pot is the common-mode-rejection ad­
justment. The gain difference between the upper and 
lower paths for common-mode signals is set so that a 
maximum rejection can be obtained at the 74 lE stage. 

The last potentiometer zeros the voltage offset at the 
final output. The gain of 10 was obtained in the 
matched-pair low-drift stage so that drift in the last 
stage would have a minimum effect in the over-all ther­
mal behavior of the circuit. 

Over a temperature change of 25°C, the input-offset 
voltage drifts only ±75 µv, which is less than 0.4% error 
on a 20-µv signal. Common-mode rejection is greater 
than 94 decibels at room temperature and greater than 
70 dB at 50°C. D 

Engineer 's Notebook is a reg ular 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'l l pay $50 for each item pubhshed . 

Analog Devices Burr-Brown Teledyne· Analog Devices Burr-Brown 
Ph ilbrick 

605K 3620J 
4253·01 

520K 3660K 

Input-offset vol tage : 
Max. val ue at 25° C ± (0.2 + 0.5/ G) mV ± 0.5 mV ± (1 + 300/ G) mV 
Max. change wi th temp. (G ; 1 ) * ± 75µV / ° C ± 12µV/ ° C ± 1 µV/ ° C ± 0.5 mV/° C ± 0.5mV/ ° C 
Max. change with temp . (G ; 1,000) ± 1 µV /° C ± 2µV/° C ± 2µV / ° C ± 5 µV / ° C ± 2.5 µV/° C 

Input-bias current : 
Max . value at 25 ° C 100 nA ± 25 nA - 10 pA ± 40 nA 200 nA 
Max. change with temp . - 1 nA/° C ± 0.5 nA/° C 1 pA/° C ± 0.2 nA/° C - 2 nA/° C 

Input-offset current : 
Max. va lue at 25 ° C ± 100 nA ± 20 nA ± 20 nA 
Max. change with temp. ± 1 nA/° C ± 0.2 nA/° C 

Input impedance: 
Di f ferential 10 9 n 3 x 108 n 101 3 ,n 2 x 109 n (2 x 1010/ G) n 
Common-mode 109 n 109 n 1013 n 2 x 10 9 n 2 x 1010 n 

Common-mode rejection : 
at G ; 1 70 dB 80 dB 65 dB 70 dB 
at G ; 10 74 dB 80 dB 
at G ; 1,000 94 dB 100 dB 120 dB 95 dB 11 0 dB 

Package size (inches) 1.5 x 1.5 x 0.4 2 x 2 x 0.4 2 x 2 x 0.4 14-pin DI L T0 -100 
package package 

•G = voltage ga in 
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Cutting costs 

with quads 

Indicating polarity 

with a pair of LEDs 

Bar-graph displays 

come In kit form 

What you may need 

to know about IC 

sockets and glass 

Engineer's newsletter ___ _ 

Many engineers using discrete transistors are missing out on the advan­
tages of DIP-packaged quad transistors, according to John Von Dohlen 
and Christopher Field of Motorola. Low-priced discrete transistors are 
fine for short, low-volume production runs, but multiple transistors in a 
DIP are ideal for automatic insertion equipment used with high-volume, 
densely packed cards. In addition to assembly-cost savings, quad­
packaged devices tend to have better beta and VBE matching and better 
thermal tracking than discrete equivalents. Also, they are now avail­
able over broad parameter ranges. 

Besides being useful as a tuning aid or null indicator, a pair of light­
emitting diodes can also make a handy polarity indicator. According to 
engineer P. Vleck of Cheltenham, England, you simply connect them 
in parallel, but with opposite polarities, between ground a~d the output 
of a comparator-say, a 741-type operational amplifier. The input sig­
nal is applied to the inverting input of the comparator through a re­
sistor, while the noninverting comparator input goes to ground through 
another resistor. Some hysteresis can be added if you run a feedback 
resistor from the comparator output to its noninverting input. 

When one LED conducts, indicating a particular polarity at the com­
parator input, it draws the output short-circuit current of the op amp­
typically 20 to 24 milliamperes, which is enough to turn on the LED. It 
also clamps the output of the op amp at about l .6 volts, which is less 
than the reverse voltage allowed across the other diode. 

Not all displays have to be numerical-often bar graphs get a quicker 
response from an operator. If you'd like to try out some ideas in this 
area, Burroughs has put together a set of design kits for its Self-Scan 
flat-panel analog displays, which are based on neon-orange gas-dis­
charge phenomena. The kit contains all the electronic components 
needed, already mounted on a printed-circuit board, in any of three 
bar-graph configurations: 100-element dual linear bar, 200-element dual­
linear, and 120-element circular. Respective kit prices are $79.95, 
$99.95, and $109.95. With a kit, you can design such displays as pro­
cess-control monitors, automobile displays, panel meters, and level in­
dicators. The kits are available from Burroughs distributors: Ham­
ilton/ Avnet Electronics, Cramer Electronics , Arnold Barnes 
Associates, and Jack Weiss Company Ltd. 

< 
IC-socket manufacturers have a language all their own, which can con- • 
fuse a socket user. A concise booklet called "What to Look for in IC In-
terconnects" defines their terminology and is free from Robinson-Nu- ~ 
gent Inc., Dept. B, 800 East Eighth St. , New Albany, Ind. 47150. 

"Glasses for the Electrical/Electronic Industries," from Corning, de­
scribes the properties and uses of many kinds of glass that can contain, 
control, transmit, or insulate electromagnetic energy in many parts of __, 
the spectrum when used in substrates, photomasks, sealing glasses, and 
passive-component applications. Write: Public Relations Dept. , Corn-
ing Glass Works, Corning, N.Y. 14830. -Stephen E. Scrupski 
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That " button" is as flat as this paper and 
has the same number of moving parts: none. Touch 
the photo and you'll know how easy it is to control 
things with Touch-MOS™ technology. 

We engineered Touch-MOS controls for the 
solid-state kitchen range that does almost everything 
but choose your wine for dinner. The technology is 
such a logical alternative to dials, buttons, levers and 
switches that we predict a very smooth future for it. 

A Touch-MOS panel is waterproof. It can be 
cleaned easily because the whole control panel is a 
single, flat piece. It's the "fashion breakthrough" that 
many consumer products need. It will last virtually 
forever. And, with fewer parts involved, it cuts your 
costs of assembly, inventory and repair. 

Its uses are endless, from calculators, car 
instrument panels and airplane controls to 
telephones, appliances and vending 
machines. And Touch-MOS switching 

is absolutely safe because no electrical current is 
involved. (Underwriters Laboratories will vouch for 
that.) By touching the glass panel, you interrupt an 
electronic field temporarily. Our custom MOS/ LSI 
circuit responds to this and does the rest. 

You should see what Touch-MOS controls can do 
for the system you're working on. And we'd be very 
glad to show you. Our long experience in custom 
LSI design and this new touch control will really get 
people turned onto your product - before the 
competition makes the switch. 

Just get in touch with your nearest AMI sales office. 

Manhattan Beach CA, (2 13) 379-24 52 • Mountain View CA, 
(4 15 ) 969-06 10 •Altamonte Springs FL, (305 ) 830-8889 • 
Elk Grove Village IL, ( 3 12 ) 43 7-6496 • Norwood MA, 
( 617) 762-0726 •Li vonia Ml, ( 313) 478-9339 • Minneapoli s 

M , (6 12) 546-33 54 • Monsey NY, (914 ) 352-533 3 
• Ambler PA, (2 15 ) 643-0217 • Richardson TX, 

(2 14) 23 1-572 1 •Head Office : 3800 Homestead 
Road. Santa Clara CA 95051 

Phone ( 408 ) 246-03 30. 

AMERICAN MICROSYSTEMS. INC. 
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Crrst in custom LSI 1 o uc h-1\lOS ™ is a trade ma rk o f 
American i'\1icrosystems, Inc. 
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Fast-moving 
technology 

draws many 
to 1975 
National 

c·omputer 
Conference 

Changing architectures, mass 
storage, digital networks, and 

microprocessors will be topics 
of key technical sessions 

by Stephen E. Scrupski , Computers Editor 

D What with the cross-country expansion of computer 
networks and the spread of microprocessors into nu­
merous new applications, more people are working 
with computers than ever before. So, despite slack 
business conditions , over 25 ,000 attendees will pour 
through the Anaheim, Calif ., Convention Center during ,. 
the National Computer Conference's four-day (May 
19-22) run there. 

The dominant trend is toward the decentralized com­
puting system, in which intelligent terminals may even­
.tually do all the computing that 's necessary ori data 
drawn from a central memory. Many new terminals and 
storage devices will therefore be on display in the ex­
hibits area. 

But for the engineer, the highlights will be those 
parts of the 89-session technical program that deal 
with the causes of all the change-the growing avail­
ability of digital commun ications, the spread of small , 
low-cost LSI microprocessors and memories, and the 
advent of integrated data bases that can be shared by 
several users. Moreover, the running of any large com- • 
puter system, centralized or not , will be simplified by 
the use of mass-storage systems like the four-terabit 
IBM 3850 [Electronics, Oct. 31, 1974, p. 28]. 

Technical program chairman Stephen W. Miller, 
Stanford Research Institute, Menlo Park, Calif., sums 
up the situation thus : '' In the past, system designs were 
a compromise between what was needed and what -
could be done. Today, you can do virtually anything , 
and the problem now is to fit the system to a cus­
tomer's operations, rather than distorting his operating 
procedures to fit some centralized system." 

Changing shapes in architecture 

Because of all the new technology , " we may be em-
~ 

barking on an era of significant improvements and in- "+ 
novations," predicts Ugo Gagliardi , Harvard University 
Research Center on Computing , who is technical coor­
dinator for the five sessions on architecture. (Chairman 
Miller appointed 24 specialists to oversee the program 
for each techn ical area.) Software and hardware each ~ 
get a tutorial and a technical session , and a panel dis- • 
cussion comes last . 

As Gagliardi points out , in conventional computing ~ 
systems today, the central processing unit plays the 
key role and forces a serial execution of software. But 
in the next five to 10 years, he says, there will be a 
move away from that approach , with distributed pro-
cessors and parallel execution of software. "' 

Backing up this view, Richard Case of IBM Corp. 's 
Systems Development division in Poughkeepsie , N.Y., 
points out that LSI is forcing two opposing trends: it is 
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drastically reducing the cost of large central process­
ing units, but it 's also making it possible to equip every 
typewriter or display tube with a CPU that is as fast as 
an IBM 7090 and has even more memory. So, he says, 
" The question is which of those trends will predomi­
nate-and you have to believe that both will happen­
and how do they lead to new optimizations? I don 't 
think anyone knows the answers or has definite proofs 
about the answers , we just have speculations." 

Another indication of the design requirements of fu­
ture computers can be gleaned from predictions on 
how they will be used. Frederic G. Withington of Arthur 
D. Little Inc., Cambridge, Mass., for example, will 
present a paper in which he traces the shift in com­
puter operations from an easily controlled batch oper- · 
ation in a single computation center to systems with 
multiprograming , remote data entry , remote batch pro­
cessing , and conversational programs. 

His point is that such new developments are reduc­
ing , if not sometimes el iminating , the need for oper­
ators in the computer room. Instead, small systems 
with intell igent terminals are converting users into oper­
ators. What this means , he says, is that no individual or 
group will know at any one time what the system is 
doing or for whom it is doing it. 

There are several implications for hardware produc­
ers here, says Withington. First, the equipment has to 
be much more reliable than ever before. "We are talk­
ing here about unattended operation ," he notes, " like 
a telephone switch . When something went wrong in a 
batch-mode processing machine, the operator knew 
what it was . But with unattended operation , an error 
will be much harder to diagnose, and thus we just can­
not afford to have as many errors. " The answer, he 
says, may be in remote diagnosis techniques. 

Another item ripe for redesign , he adds, is the con­
sole , which will have to display the state of the ma­
ch ine, and all the jobs in it , in ways that are " more 
imaginative and more meaningful than has been cus­
tomary before. This demands a careful look and per­
haps more subtlety than ever before in console dis­
plays, advisories, and printouts," he concludes. 

Mass storage: bigger and better 

" Mass-storage systems [such as the IBM 3850] are 
probably the most significant new peripheral products 
since the disk-they help get information on-line from 
off-li ne with very close to off-line time," says John R. 
Morrison, Computer Peripherals Inc ., Norristown , Pa. 
As chairman of the session on the impact of mass stor­
age, Morrison ranks the introduction of such new sys­
tems with the first tape drives and the first disk systems. 
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" It's certainly going to have a major impact on the way 
the users get in and out of their computers in the fu­
ture," he adds. · 

There are two areas-two " access gaps"-at which 
people are now working very hard , says Morrison . The 
first gap is the large difference in access times between 
the core or semiconductor main memory and disk-and­
tape mass storage. The second gap concerns the cost 
per byte of rapidly connecting off-line material to the 
computer. The user must have his permanent file avail­
able to him immediately, and the cost of doing that on a 
disk is about $9 per megabyte per month rental, as 
against less than 25 cents for a tape, and about 50 
cents for the vaster resources of mass storage. 

At his May 21 session , Morrison points out that pa­
pers on both the IBM 3850 systems and Control Data 
Corp.'s new mass-storage system (which will be an­
nounced at the conference) will be presented by engi­
neers from each company-C. T. Johnson from IBM, 
Boulder, Colo :, and Gary E. Puffett from CDC, Min­
neapolis. " I personally feel this session could be the hit 
of the whole show," he says. 

Dennis E. Speliotis of Micro-Bit Corp ., Lexington , 
Mass., will expand on the access-t ime problem. He 
notes that there has been a persistent gap between 
electronically accessed memories with access times in 
the nanosecond range and electromechanically ac-

Trend-setter. New at NCC will be Interdata 's 8 / 32 Megamin i, a 32-
bit machine with a 1-megabyte core memory in a single cabinet. 
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cessed memories with access times 10,000 to 100,000 
times slower. This gap, he notes, has lasted for over 20 
years . One possible solut ion , he says, is to return to the 
electron beam as a data access tool (so-called "Wil­
liams" storage tubes were used during the 1950s). 

Speliotis suggests a metal-oxide-semiconductor 
structure used as a target in a CRT-l ike setup. A 1-cen­
timeter-square target, accessed by a 30-nanoampere 
electron beam focused on a 2.5-micrometer spot, can 
give a memory capacity in the range of 4 megabits. A 
system consisting of 18 such channels , Speliotis says, 
will have storage of 75 megabits , an access time to any 
block of under 10 microseconds, and read / write 
throughput rates of 38 and 5 megabits per second, re­
spectively . An early model , delivered to Control Data 
Corp., stored 128,000 bits in each of nine tubes, but a 
new model , now under development, will store 4 mega­
bits in each of 16 tubes. The aim is a cost per bit of 
0.04 cent in 1976, according to Speliotis . 

In the following session on novel methods of mass 
storage, a similar device will be described by engineers 
from General Electric Research and Development Cen­
ter, Schenectady , N.Y. Called the " Beamos" by GE, 
the device is still in the research stage. It also uses an 
MOS target, but stores about 30 megabits with an ac­
cess time to any bit of about 32 microseconds. The 
transfer rate is about 10 megabits per second. 

" Holographic memories-fantasy or reality?" · is a 
question asked in another paper at this session. The 
answer? Probably a blend of both , says co-author 
Knox Gillis of Harris Inc., Melbourne, Fla. Wh ile the 
erasability of read / write holographic memories still 
needs much work, as does their laser modulator, Gillis 
believes that read-only memories are much closer to 
practical use. He cites a read-only memory that Harris 
built two years ago under contract for Rome Air Devel­
opment Center. Harris is now building a second system 
for RADC, which will be similar but more of an engi­
neering prototype and will store 30 megabits on each 
of 6,750 4-by-6-inch microfiche cards. Gillis adds, 
" There 's a tremendous gleam of hope in here." 

One advantage of the holographic memory, Gil lis 
says, is the stability that makes it suitable for arch ival 
storage over long periods of time. Even magnetic tapes 
must be re-recorded once a year or so to refresh them. 

At this session, too , recent improvements in charge­
coupled-device memories will be the subject of a report 
by G. F. Amelio , Fairchild Research & Development, 
Palo Alto , Calif . In January, Fairchild introduced a 9.2-
kilobit CCD memory, promised a 1'6-kilobit version by 
June, and predicted that pricing for volume orders 
would hit 0.1 cent per bit by the end of the year. The 
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promises still hold , according to Amelio . 
As .for magnetic bubbles , John Ypma, Rockwell In­

ternational Corp ., Anaheim, Cal if., says that present 
bubble memories cost in the range of 0.03 to 0.05 cent 
per bit and have capacities of 500,000 to 200 million 
bits . Ypma will discuss several applications under de­
velopment at Rockwel l, including an endless-loop 
recorder and a block-organized sfore memory. 

The endless-loop recorder, with its capacity of about 
1 million bits , would be a nonmechanical alternative to 
a cassette or floppy disk and suitable for use in, say, 
point-of-sale terminals, where low power and physical 
ruggedness are required . The memory uses eight 
chips, each with 100,000 bits, to form a 1 DO-kilobyte 
memory. Data rate is 400 ,000 bits per second, and av­
erage search time is 1 second , he says. 

The large block-organized store has a 0.015- to 
1-millisecond access time which, Ypma notes, fills the 
gap between the 1-microsecond access of core 
memory and the 8-millisecond head-per-track disk 
memories. The memory has between 1 million and 16 
million bits, being built with 1-megabit chips. Data rate 
is about 2.4 megabits per second . 

A panel session on the implications of these memory 
developments closes out the sessions on storage. 
Chaired by Jerome H. Saltzer, MIT, Cambridge, Mass ., 
it will cover such points as the implications of new tera­
bit storage (for instance, in reducing access time to 
large data bases) and the effects of megabyte CCD or 
bubble memories on centralized systems (which could ' 
end up only as a library and a data-sharing medium, 
while intelligent terminals did most of the computing) . 

Making computers communicate 

All the experimentation with computer networks at 
last is paying off. At any rate , communications between 
computers comes in for major treatment on Thursday, 
beg inning with an overview paper by Ivan T. Frisch and 
Howard Frank of Network Analysis Corp. , Glen Cove, 
N.Y. Frisch says he will trace the development of net­
works used in such applications as the early air de­
fense SAGE system , education, and banking . 

A position paper on how to build a computer network 
comes from Bolt , Beranek, and Newman Inc., Cam­
bridge, Mass., which was active in developing the Ar­
panet packet-switching network. In " Issues in Packet­
Switching Network Design, " co-author John McOuillan 
says, " We looked at the design issues and came up 
with what we think are the right answers." 

For example, the authors stress the distinction be­
tween delay and throughput. Delay, the time between 
transmission and delivery of the first bit of a message, 
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requires a small packet size that can cut transmission 
time and makes short queues desirable. Throughput, 
on the other hand , is concerned with the time between 
delivery of the first and last bits of a message and 
therefore demands a large packet size, while long 
queues may be necessary to provide sufficient buffer­
ing for full circuit utilization , they say. Thus, the net­
work may have to employ separate mechanisms if it is 
to provide low delay for some users and high through­
put for others. 

The authors also point out the importance to a net­
work of having node computers whose input-output, 
processor, and memory capacities can be easily in­
creased with a modular approach , avoiding large step 
functions in component cost. This suggests distributed 
computing , and BB&N has developed a node com­
puter called Pluribus which allows easy expansion . It 
also is very " robust," since if one computer fails or is 
taken out of service, the others hardly notice its depar­
ture and continue to process the data. The Pluribus 
processor is also covered in more detail in the session 
on architecture. 

Special attention will be given to packet rad io com­
munication , a technique that not only gives many users 
access to a central computer but allows mobi le data 
processing and even low-power transmission for per-

Figures, fees, and phones 

The 269 exhibits and 89 techn ical sessions at this 
year's National Computer Conference in Anaheim , 
Calif ., reflect a welcome increase and a deliberate de­
crease over the corresponding figures of the 1974 
conference in Chicago. The number of exhibits is up 
23 from last year 's 246. But last year's 122 sessions 
were " too much," believes conference chairman 
Donal Meier, a consultant in Escondido , Calif .; so this 
year, he says, he aimed for 84 sessions, but ended up 
with 89 . " What we have tried to do is to show how the 
computer is changing the professions ," he says. " We 
couldn 't hit them all , but we do hit many." 

Conference preregistration fees range from $60 for 
the full conference to $10 for a one-day visit to the ex­
hibits. Full registration at the conference itself will be 
$75. Afips this year is offering a "travel package" that 
it says will save out-of-state visitors up to 30%. In­
cluded are round-trip air fare , ground transportation , 
and a cred it toward the hotel bill. Call (617) 232-6726 
for more information on this . 

For general information on the conference, Afips 
has a toll-free number: (800) 631 -7070 . In New Jer­
sey, call (201) 391-9810 . 
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sonal computing-radio spectrum space permitting . 
The first successful packet radio network was the 
Alohanet system, installed at the University of Hawaii in 
1970 with ARPA support. 

In a paper titled " Aloha Packet Broadcasting-A 
Retrospect, " Franklin Kuo describes the continual evo­
lution of the network and then points out that micro­
processors have made many new system options fea­
sible , such as character-by-character transmission. 
Early designs of computers for Aloha .used an Intel 
8008 microprocessor. But newer devices , such as the 
Intel 8080 and the National IMP-16, Kuo says, have re­
duced the amount of hardware needed and added new 
flexibility , for instance, by allowing parity generation 
and checking to be done with software. 

Understanding microprocessors better 

The importance of microprocessors is underlined by 
the fact that many major semiconductor manufac­
turers , including National Semiconductor, Intel , Fair­
child , Signetics, and Motorola Semiconductor, will 
present papers about them . 

The critical difference between MOS and bipolar mi­
croprocessor appl ications will be analyzed by David 
Wyland , Monol ith ic Memories Inc., Sunnyvale, Calif. In 
the MOS case, Wyland says, designers are typically 
concerned less with speed or compatibility than with 
cost. This dictates a single-chip microprocessor that 
for the most part is used as the heart of an intelligent­
terminal or other microcomputer-based system. But in 
the case of the bipolar microprocessor, he says, "You 
are not quite so much concerned about cost as about 
being able to make the circuit work , which means there 
is a speed target and you have to interface easily with­
out much propagation delay or unusual voltage lev­
els." Consequently the bipolar devices are being tar­
geted at such high-speed hardware-oriented 
microprogramed systems as disk controllers. 

Microprocessors may still be in their infancy, but al­
ready designers are adopting a mature outlook as they 
anticipate the second- and third-generation devices, 
maintains Gary Sawyer, Motorola Semiconductor, 
Phoenix. His paper discusses the problem of transfer­
ring data into and out of the microprocessor. The num­
ber of instructions, he points out , is less important than 
the nature of the instruction and the usable addressing 
modes. " Users generally understand the instruction set 
and how to manipulate data once it is in the machine, 
and they understand . data at an immediate interface, 
but they are not sure how to make the man-machine in­
terface." This will be a key factor in microprocessor 
evaluation in the future , he concludes. 
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PRODUCT 
PREVIEW 
H-P to show the 15-megabyte 

cartridge-disk drive and 

128,000-word minicomputer 

microprogramable by user 

A 15-megabyte cartridge-disk drive 
that fills a capacity gap in the indus­
try and a user-microprogramable 
minicomputer that can accom­
modate 128,000 words of main­
frame semiconductor memory will 
be the features of Hewlett-Pack­
ard 's exhibit at the NCC. The disk 
drive has both a removable disk 
that holds 1 0 megabytes and a 
fixed disk with 5 Mbytes capacity. 
The minicomputer, the new top of 
the line in H-P's 21 MX series , uses 
dynamic mapping techniques to al­
low the processor to access 
256,000 words of memory at the 
650-nanosecond cycle time of the 
main memory. 

The disk unit , model 7905A, fills 
the gap between lower-capacity 
cartridge drives, with a capacity of 
5 Mbytes per spindle, and the high­
capacity drives with about 23 to 
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100 Mbytes per spindle , Vijay Ka­
poor, H-P disk-products manager 
points out. "It's also the fastest on 
the market," he says, " with a data­
transfer rate of 7 .5 megabits per 
second." (In fact, Kapoor notes, it 
may be wise for the industry to re­
vise its methods of making bench­
mark comparisons to include the 
speed of the disk drives.) 

The drive uses a track-follower 
design , in which one surface of the 
fixed disk stores servo information 
to control the head positioning , 
thus assuring cartridge inter­
changeability and high bit and track 
densities. A separate H-P-designed 
multichip microprocessor control­
ler, model 13037, minimizes the 
number of interrupts sent back to 
the central-processing unit. Kapoor 
says, "Things like error correction , 
error-recovery procedures, alter­
nate-track procedures , and other 
disk-related overhead procedures 
can be handled directly from the 
controller, allowing an OEM user to 
provide a simple interface with a 
processor." 

The minicomputer, model 30 , 
packs into a cabinet 12% inches 
high twice the memory and 50% 
more input/output capability than 
the previous top unit in the 21 MX 
series , the model 20 . Wayne Gartin, 
H-P 's 21 MX product manager, says 
the memory capacity is good for an 
OEM who 's putting together a non­
disk-based system. "It puts the 
memory all in one place," he says, 
" not spread over 30 inches of rack 
space." What's more, the user can 
microprogram the minicomputer. 

Price for the disk, including the 
controller, is less than $8,400 in 
OEM quantities, and additional disk 
drives are less than $5 ,900. 

In OEM quantities, the model 
30's price with 32,000 words of 
4,096-bit semiconductor memory is 
as low as $8 ,382 , while a 65 ,000-
word model with dynamic mapping 

is $13 ,629 . First deliveries are 
scheduled for August. 
Hewlett-Packard Co ., 1501 Page Mill Rd ., 

Palo Alto, Calif. 94304 [391] 

Pertee fixed-disk drives 

aimed at data-entry gear 

The first members of a new family of 
fixed (nonreplaceable) disk drives 
from Pertee Corp. have 5 mega­
bytes and 1 0 megabytes of storage. 
The drives are aimed at the fast­
growing low end of the data-entry­
equipment market-particularly for 
use in small-business systems simi­
lar to IBM's new System/ 32, says 
Jerry E. Gaynor, senior disk-prod­
uct specialist. " The market should 
grow substantially , now that IBM 
has blessed the fixed , nonremov­
able disk. " He also foresees their 
use in intelligent terminals that re­
quire capability beyond that of the 
less expensive, but limited, floppy­
disk memories. 

Both drives operate at either 
1,500 or 2,400 revolutions per min­
ute. They have 812 tracks per unit 
and 200 tracks per inch. The 
01400, with its 50.75-megabit ca­
pacity, transfers data at 2.5 Mb per 

T second at 2,400 rpm, whereas the 
01600, with 101 .5 Mb of storage, 
transfers at twice that rate. 

The 01400 is priced at $1,625 in 
OEM quantities of 100, and initial 
production is scheduled for August. 
Pertee Corp., Peripheral Equipment Division, < 
9600 Irondale Ave., Chatsworth, Calif. 

91311 [392) 

Miniature tape cartridge said 

to outperform cassettes 

One company is taking dead aim at 
the digital tape-cassette business 
with a miniature tape cartridge that 
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it says is easier to use, gives better 
performance, and is less expensive 

,.. than cassettes. American Video­
netics Corp.'s new Reelette %-inch­
tape cartridge; storing 1.5 million 
bits in 80 feet, is packaged in a 
container measuring 1 % inches in 
diameter. ' 'Cassettes were origi­
nally an aud io product," says 
AVC 's marketing manager, Rhine 

,. Meyering, " and were never really 
designed for digital use. By brute 
force, people made them work. " 

The company is supplying a 
read-write drive unit that automati­
cally threads the tape onto a take­
up reel when it's loaded. The tape, 

- which records four tracks, operates 
at 10 i nches per second for 
read / write and 30 in .ls for gap 
search. 

Price, in 100 quantities, is $152 
with a drive and $356 for the drive 

r with read-write and motion-control 
circuits . 

fi" American Videonetics Corp., 795 Kifer Rd ., 

Sunnyvale, Calif. 94086 [393] 

> 

' 

,. Chip adds 'intelligence' 

to communications terminals 

r A microprocessor-based controller 
uses an Intel 8080 to provide both 
programabil ity and "i ntelligence" 

;. for communications terminals. With 
a programable read-only memory, 

) · the unit can perform many func­
tions, such as formatted data entry, 
message verification, protocol con­
version , and error control for such 

Electronlcs/May 1, 1975 

peri pheral devices as t e l e­
typewri ters, printers , cathode-ray­
tube displays, tape cassettes, card 
readers, and floppy-disk memories. 

The unit handles as many as 
eight input/ output ports and has a 
2-microsecond instruction cycle. 
Data-buffer storage is available by 
using semiconductor random-ac­
cess memory modules holding a 
maximum of 16,000 words. Typical 
data rates range up to 4,800 baud. 
The unit also contains communi­
cations interfaces for dial-up lines 
or private-line polling systems. 

Price of the basic unit, which in­
cludes 256 words each of random­
access and programable read-only 
memory, is $1 ,000. 
Applied Systems Corp., 26401 Harper Ave ., 
St. Clair Shores, Mich. 48081 (394] 

Microprocessor gives 

floppy disk flexibility 

Microprocessors have been pro­
moted as offering great flexibility to 
designers in changing equipment 
features for particular customers. 
One company that says it is using 
an Intel 8080 microprocessor to 
capital ize in th is way is TEC Inc. Its 
new floppy-disk drive, called the 
Disco-TEC, is plug-compatible with 
serial asynchronous RS-232-C 
equipment , says Hugh B. Reed , as­
sistant to the vice president. 

The unit has two input/output 
ports , each with an independently 

selected data-transfer rate from 11 O 
to 9,600 baud and stores 308,600 
characters. One 1/ 0 port connects 
to an operator's terminal , such as a 
teleprinter or cathode-ray tube, and 
the second connects to a com­
puter, either remotely via a modem 
or directly. The unit also can stand 
a lone as a communications 
memory stat ion and can be oper­
ated remotely from either 1/ 0 port 
or by panel controls . Price is about 
$3,000 in small quantities. 
TEC , Inc., 9800 North Oracle Rd ., Tucson, 
Ariz. 85704 (395] 

Green gas-discharge display 

uses helium at 300 v 

In addition to the famil iar orange­
. red gas-discharge panel displays, 
green displays noyv are available 

· from Okidata Corp. The company 
.says the green is ach ieved by 
repl acing the primarily neon-gas 
mixture of the red tube, operating at 
about 235 vol t s , w i t h he l i um 
operating at 300 V. Each character 
measures 5 / 32 inch wide by 7 132 
inch high and the qharacters are 
formed by a 5 by 7 matrix. Panels 
come in th ree sizes : 16 characters 
across by 4 down , 32 across by 4 
down, and 32 across by 8 down . 

Okidata planning manager Wil­
liam Muldowney says the units are 
aimed at such applications as point­
of-sale terminals that would display 
product descri pt ions in addition to 
prices, and automatic cash dis­
pensers , where the display would 
present several options and direct 
the customer to a particular button 
for the desired transact ion . 

Typical price for the 16-by-4 unit, 
including electronics, is $167 in 
quantities of 100. 
Okidata Corp., 111 Gaither Dr., Moores­
town , N.J. 08057 (396] 
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Microprocessing. 

you'll need 
some support 
hardware, too 

software and firmware aids 

National 

Only National has it all. 
r----------------------------~ 

Gentlemen, E 51 
I understand that there's a lot more to microprocessing 

than microprocessors, and that only you can give 
me everything I need, from chips through interfaces. 
Tell me more. 

Name---------------~-
Company _______________ _ 
Address _______________ _ 

City State ___ Zip ____ _ 

Mail to: National Semiconductor, 2900 Semiconductor Dr. 
Santa Clara, California 95051 

There's more to microprocessing 
than microprocessors. 
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New products ___________ _ 

Cutting relays down to size 
To satisfy today's needs for closely stacked printed-circuit boards, 
manufacturers are marketing low-profile units 0.45 inch high or less 

by Larry Armstrong, Midwest bureau manager, and Lucinda Mattera, Components Editor 

Until recently, low-profile relays 
were available from only a few 
sources, despite the increasing de­
mand for greater board density, i.e., 
closer vertical spacing between com­
ponent-loaded circuit boards. 

Since last fall, however, relay 
manufacturers have been marketing 
the fiatpack devices in earnest. And 
this month, two major suppliers­
Sigma and C.P. Clare- are introduc­
ing new series of low-profile relays. 

Standard spacing between 
stacked printed-circuit boards has 
been between 0.5 and 0.6 inch. But 
the designer who had to switch cur­
rents of more than 1 ampere had to 
cope with reiays housed in the tal~ 
ice-cube-type of packaging that re­
quired larger spacing. 

The concept of a low-profile gen­
eral-purpose relay originated in 
Germany, and U.S. suppliers have 
begun matching the German foot­
prints. Potter & Brumfield confi­
gured its R50 series around the Zet­
tler package, and, within the last 
two months, both Guardian and 
Sigma have joined that camp. 
Meanwhile, Siemens hammered out 
a licensing deal with Magnecraft. 
Earlier this year, the Chicago firm 
started marketing the broad Sie­
mens low-profile family. 

What's at stake, the makers agree, 
is a sizable new relay market- esti­
mated by some to be as high as $25 
million in 1975, with the promise ·of 
a 25% growth in 1976. Besides sales 
to the computer and communi­
cations industries, some manufac­
turers see prospects in machine-tool 
and process-control systems, office 
equipment, elevators, and vending 
machines, as well as consumer and 
automotive applications. Quantity 
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prices range from about $1.25 per 
pole for single-pole models to 50 
cents per pole for the few six-pole 
versions available. 

The growth, of course, is coming 
at the expense of other relay types, 
predominantly the cradle-type gen­
eral-purpose device that was devel­
oped at Western Electric Co. "As 

the next generation of equipment 
begins to come down the pike, you'll 
find the cradle relay designed out,'' 
predicts Richard A. Didriksen, 
Magnecraft's sales vice president. 

And for some applications, the 
fiatpack can replace reed relays-ex­
pensive devices that can't handle as 
much current as the electromechani-

. :..:..' , .. · .. ~lERELAYS 

Package Contact data Reader Series 
Company number height Arrangement Rat ing Coil voltage service 

(inches) (Form C) (resistive) (nominal) number 

AZ·630 0.415 spdt, 2A@ 26 V de, 6 · 60 V de 401 American latching 1A@115Vac 
Zettler Inc., 

2A@ 26 V de, 697 Randolph Ave., AZ·531 0.415 dpdt 6 · 110 V de 402 
Costa Mesa, Calif. 1A @115Vde 

92626 AZ·521 0.435 4pdt 3A@26 V de, 6 · 110 V de 403 
2A@ 115 V de 

Arrow·M Corp., 
250 Sheffield St., 

NF 0.425 dpdt , 2A @ 30 V de 6 · 48 V de 404 Mountainside, N.J . 4pdt 
07092 

C.P.Clore & Co., 
3101 W. Pratt Ave., 

511 0.350 dpdt, 2A@ 28 V de 6 · 48 V de 405 Chicago, Ill. 4pdt 
60645 

Guardian Electric 
Mic. Co., 

1475 0.437 spdt, 3A @ 28 V de 5 · 48Vd e 406 1550 W. Carroll Ave., dpdt and 120 V ae 
Chicago, Ill. 60607 

Magnecraft Elec. Co., 63, dpdt, 1A@ 24 V de, 0.402 4pdt, 6 · 48 V de 407 
5575 N. Lynch Ave., 64 

6pdt 
0.3A @ 115 V ae 

Chicago, Ill. 
60630 65 0.402 spdt 8A@24 V de 

6 · 48 V de 408 and 120 V ae 
Midtex/ Aemco Div. , 
1650 Tower Blvd., 180, 0.340 dpdt 2A @ 24 V de 5 · 48 V de 409 No . Mankato, Minn. 181 4pdt and 120 V ac 
56001 

R40 0.430 dpdt, IOA @ 28 V de 3 · 115 v de 410 
Potter & 4pdt and 115 V ae 

Brumfield Div. R50 0.425 spdt, 2A@28 V de, 5 · 48 V de 371 of AMF Inc., dpdt 1A @l20Vde 
1200 Broadway, SA@ 28 V de, 
Princeton, Ind. R50 0.445 spdt, 

2Y.A@ 120 V de 
5 · 48 V de 372 

47670 
TlO 0.375 dpdt, 3A@30 V de 6 · 48 V de 373 4pdt 

Siemens Corp., V23027 0.402 spdt SA @ 30 V de 2 · 60 V de 374 
Components Div., 
186 Wood Ave. So., V2301 2 0.402 dpdt IA @30Vde 2 · 60 V de 375 

lselin, N.J. 
08830 V23030 0.402 4pdt, 1A@30 V de 4 · 11 5 V de 376 6pdt 

Sigma Inst. Inc., 
170 Pearl St., 60 0.415 spdt, 2A@28 V de, 5·110Vde 377 Braintree, Mass. dpdt 1A @120Vae 
02185 
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NEW DPVM's 
FROM 
NEWPORT 

BRIGHT 13MM 
LED DISPLAY, 
BCD OUTPUT, 
RATIO AND 2-YR 
WARRANTY 

$3100· 
FOR 3\/2 DIGIT MODEL 203 

• Four fu ll scale ranges 

• Auto-Polarity ± 1999 counts 

• Voltage, Current and Ratio 
measurements 

• Automat ic Zero-Front panel 
F.S. adjust 

(Model 2003, 4V2 digit $139':') 

Whether you need 3 1/2 or 4 1/2 digits, 
Newport will deliver the most rel i­
able and versatile Digital Panel Volt 
Meter ( DPVM ) availab le. With a 
great reduction in parts and the 
addition of the new 1/2-inch LED 
display, we can now increase ou r 
warranty to a full 2 years. The life 
expectancy of the display is greater 
than 11 yea rs. Full scale ra nges are 
200 mill ivolts, 2, 20, and 200 vo lts . .. 
and BCD outpu t comes free. 
Newport now has worldwide stock­
ing represen tatives providing off­
the-shelf deliveries and loca l support 
For complete data, ca II or wri te: 
Newport Laboratories, Inc., 630 East 
Young Street, Sa nta Ana, CA 92705. 

For immediate response, CALL COLLECT 
(714) 540-4686 

(In Europe-Tele. Amsterdam [20) 45-20-52) 

* Quantities of 100 

I NEWPORT 

New products 

cal versions. And while the electrical 
life of the flatpacks- 50,000 to a few 
million operations at rated loads 
from 1 to 10 amperes-doesn't ap­
proach that of reeds, some low-pro­
file versions achieve up to JOO mil­
lion operations when switching 
lower currents, comments Jerry 
Tuite, relay-marketing manager at 
Siemens. 

Critical. Height of the device is 
critical; all available units (see table 
on p. 113) will fit pc cards with a 
center-to-center spacing of 0.6 or 
0.625 inch, but only certain de­
vices-from C.P. Clare, Midtex, and 
P&B-will unquestionably fit boards 
on half-inch centers, and none of 
thos.e devices has alternate sources. 
For, besides the seated height of the 
relay, users must take into account 
the thickness of the pc card, usually 
0.0625 inch, as well as room for sol­
der lands and component tails on 
the back of the board. These can be 
shaved or milled easily down to 0.06 
or 0.08 inch, a P&B official says, 
avoiding further risks of gouging the 
board. 

Electrical specifications on the de­
vices are surprisingly similar; differ­
ences crop up in claims of imper­
viousness to flux and solvents used 
in pc-board soldering and cleaning 
operations. Clare and Guardian 
mold the package bottom around 
the pins to avoid ' 'wicking" of fluids 
into the relay by capillary action 
[Electronics, March 6, p. 38]. Others 
force pins through a premolded 
housing. Most, however, recom­
mend spraying solvents instead of 
dipping during cleaning. The excep­
tion is the Matsushita relay, mar­
keted here by Arrow-M Corp., 
which claims a hermetic epoxy seal 
[Electronics, Feb. 6, p. 127]. 

Other innovations, which more 
manufacturers plan to adopt as the 
products mature, include latching 
versions, available from American 
Zettler now and C.P. Clare in the 
near future, and more sensitive coil 
voltages. If a relay can fit on a board 
with logic, why not make it logic­
compatible? P&B and Sigma, for ex­
ample, have sensitive versions of 
their 5-v de relays that require 50 
milliamperes to energize, instead of 

114 Circle 114 on reader service card 

the 90 IDA required for standard 
models. While that's not compatible 
with ITL shift registers, counters, or 
gates, it can be switched by ITL 
drivers. 

There's also a move toward more 
contact configurations and mate­
rials. All the devices come with con­
tacts of silver-cadmium-oxide or 
gold-fl.ashed-silver, appropriate for 
their rated currents; some feature 
optional contacts of gold, palla­
dium, and platinum alloys for 
switching down to dry-circuit levels. 

C.P. Clare has dropped its series 
311 general-purpose flatpack [Elec­
tronics, June 7, 1973, p. 145] in favor 
of its new 511 telephone-type relay, 
being introduced this month, which 
comes only with the permissive­
make, precious-metal, bifurcated 
contacts used in the telephone in­
dustry. These series 511 units can be 
supplied in either two-pole or four­
pole versions, with either Form C or 
Form D contact arrangements. The 
two-pole devices measure 0.35 by 
1.32 by 1.22 inches, while the four­
pole devices are 0.35 by 1.32 by 1.52 
in. Life expectancy is 100,000 oper­
ations at rated load, increasing to 50 
million operations for 0.1 A at 48 
volts de. Price ranges from $3.30 to 
$7.15, depending on the model and 
quantity. Delivery is from stock. 

Two versions. Sigma is also intro­
ducing a series of low-profile relays. 
Both general-purpose and high-sen­
sitivity versions are available. Con­
tact rating for the sensitive series 60 
devices is l A at 28 v de or 0.5 A at 
120 v ac. At full rated load, electrical 
life is 500,000 operations for the gen­
eral-purpose models and 1 million 
operations for the sensitive models. 
In quantities of 1,000, price ranges 
from $1.50 to $2.20. All are availa­
ble from stock. 

At least two manufacturers are 
planning to announce additional 
new low-profile relays. Electrical 
specifications for the upcoming 
series 512 units from C.P. Clare are 
expected to be the same as those for 
the company's new 511 series. By 
July or August, Guardian will be re­
leasing a four-pole double-throw 
device with a package height be­
tween 0.38 and 0.4 in. D 
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When spraJ or dip coatings fall ... 

Par1lene works. 

You are looking at magnified cross-sectional views of copper 
conductors on a circuit board ... and why parylene protection 
brings the highest reliability to electronic circuitry. 

The spray-applied urethane coating (top photo) bridges the channel 
between conductors, and offers scant protection at the edges. 
Urethane, silicone, epoxy ... liquid coatings are uneven, and can 
produce potential failure points. 

Parylene forms a thin and even coating, whatever the configuration, 
however complicated or delicate or densely populated . Without 
bridging. Without pinholes, voids, bubbles. We call it a conformal 
coating . From conformality comes reliability. 

Parylene conformal coatings can be applied in precisely controlled 
thicknesses from 0.002 to 3 mils. In one step. 

Parylene is applied at room temperature. No heat, no melting, no 
cure. No coating shrinkage. In other words, no discomfort for deli­
cate components. 

Parylene provides better barrier protection than urethanes, sili­
cones or epoxies. It is extremely resistant to chemical attack, 

exceptionally low in trace metal contamination, and compatible 
with all electronic solvents. Dielectrics are excellent. 

Parylene has qualified under the stringent requirements of MIL­
l-46058C; it does so with a 0.6 mil coating-parylene excels in the 
micro-electronic virtue of thinness . 

Parylene conformal coatings have shown excellent cost effective­
ness in many applications. On delicate, sophisticated and complex 
circuitry, in hybrid circuits and components. they may be the most 
cost effective answer for long term reliability. 

Union Carbide invented the parylene system. The method is gas 
phase deposition, which is the only route to the reliability of con­
formal protection. Various patents apply; commercial use of the 
patented technology is licensed. 

You can get complete information on parylene by writing for our 
16-page brochure: Union Carbide Corp., 270 Park Ave., Dept. 
RB36, New York, N.Y. 10017. Further investigation will no doubt 
indicate a trial run , which we can perform at reasonable cost. If 
you would like to discuss that or any other related matters, please 
call Bill Loeb at (212) 551-6071 • 

.PARYLENE 
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New products 

Software aids microcomputer design 
Floppy-disk-based operating system controls microcomputer, peripherals 
to generate application programs for 8008 and 8080 microprocessors 

by Stephen E. Scrupski, Computers Editor 

The problem in development of soft­
ware programs for microcomputer­
based systems is one of cost-effec­
tiveness, balancing the availability 
and costs of time-shared programs, 
on the one hand, against in-house 
computers and prototyping systems 
supplied by semiconductor manu­
facturers on the other hand. In gen­
eral, time-sharing offers the best de­
sign software, but 
it is also the most 
costly approach. 

' .. 

ables the Intellec 8 to be used for 
such applications as control of 
stored experimental data, as well as 
for program development: 

The text editor and macro assem­
bler incorporated in the operating 
system are the . latest versions of 
standard Intel-supported programs. 
Both can be rapidly loaded into the 
lntellec 8: the text editor in less than 

ator first enters his program, which 
the system then assembles, after­
wards printing out a list of assembly 
errors. An edit program modifies the 
source program, and the whole pro­
gram is then reassembled. Finally, 
the high-speed printer makes sev­
eral printouts in order to maintain 
current error-free listings. The sys­
tem also performs error checks and 

checks for "ille-
gal" commands, 
such as to write in 
a nonexistent 
track. 

Now, a com­
pany called Mil­
lenium Informa­
tion Systems Inc. 
has a software-de­
v el op men t sys­
tem, the MPD-
1000, aimed at 
the Intel 8008 and 
8080 micropro­
cessors , that it 
says can match a 
disk-based mini­
computer system 
in its capability 
for developing 
programs. "It has 

Call to assembly. Floppy disk with intelligent controller uses a new operating system 

built by Millenium to help develop applications programs for microcomputers. 

Each disk can 
hold more than 
300,000 bytes of 
data, recorded in 
77 tracks. Trans­
fer rate is 250,000 
bits per second. 
The disk system 
includes an in­
telligent control-
1 er that can 
handle most Cen­
tronics printers. 
The hardware in­
terface between 

the programing efficiency of a time­
sharing system, but not the recur­
ring costs,'' says the company's pres­
ident, Gerald S. Casilli. 

The system hardware consists of 
an Intellec 8 microcomputer from 
Inte~ a dual-drive floppy-disk sub­
system (two Calcomp floppy-disk 
units), a high-speed printer, and a 
teletypewriter. The intelligent 
floppy-disk controller contains all 
the circuitry needed to handle up to 
eight floppy-disk drives. But the key 
development, says Casilli, is the disk 
operating system, which has a flex­
ible management capability that en-
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2 seconds, and the macro assembler 
in less than 4 seconds. All design 
passes of the macro assembler are 
performed automatically, and only 
statements with assembly errors are 
printed out. 

With the system, a user can assign 
names to disk files of varying 
lengths quickly and easily. Any in­
put or output device can be assigned 
to any one of the named disk files 
on any one of a maximum of eight 
floppy-disk drives. Named files can 
also be merged and otherwise ma­
nipulated as the user desires. 

In typical use, the system aper-

controller and printer is a simple 
cable attached to an edge-board 
connector, while the operating sys­
tem contains all the software needed 
to support the printer. 

Cost of the basic system, which 
includes the dual-drive floppy disk, 
the software, a programable read­
only memory, and the cabling that 
goes to the other peripherals, is 
$5 ,250. The required peripherals are 
also available through Millenium, 
but Casilli points out that many cus­
tomers may already have them. 
Millenium Information Systems Inc., 420 

Mathew St., Santa Clara , Calif. 95050 (339] 
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HD/CMOS achieves LSI 
circuit densities unmatched 
by any other CMOS process. 

HD/CMOS II is even better. 
Our High-Density CMOS process for custom Large-Scale 
Integration was an innovative development that made CMOS ideal 
for use in dedicated LSI subsystems. Since its introduction over 
two years ago, HD/CMOS has been used in volume production for a 
wide variety of applications in the fields of electronic timekeeping, 
portable instrumentation, medical and consumer electronics. 

Continuing refinement of this unique processing technology has 
resulted in a major new breakthrough. We call it HD/ CMOS II. It 
gives you even greater circuit densities, lower power operation, and 
faster switching speeds. In fact, it's presently providing the highest 
density of circuit integration yet attained for random logic designs. 

HD/ CMOS may be ideal for improving your product. If so, it can 
produce exciting and profitable rewards in the marketplace. 

Applying the advanced technologies of LSI to customer products is 
our sole business. We can help you answer questions about 
cost/ quantity tradeoffs, long-term profitability of t he host product, 
and choosing the right processes to optimize performance and 
reliability. 

If you're considering LSI, consider Micro Power. We sell more than 
circuits. We sell solutions. 

Contact us for complete details: 

MICRO POWER SYSTEMS 
3100 Alfred Street 
Santa Clara, CA 95050 
Telephone (408) 247-5350 
lWX 910-338-0154 

MPS/ Japan 
21 Mori Bldg., 2-2-5 Roppongi 

Minato·ku, Tokyo, Japan 
Telephone 586-0471 
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New products 

Data handling 

Computers for 
first-time users 
Line of small systems 

is designed for scientific, 

educational, industrial jobs 

Someone who has never before used 
a computer system usually wants a 
small, relatively low-cost machine, 
one that's simple to operate, and de­
signed for use with off-the-shelf 
software packages. 

These requirements are met by a 
line of small systems developed by 
Wang Laboratories and aimed at 
the first-time user in business, sci­
ence, education, and a variety of in­
dustrial applications. 

The Wang Computer Systems all 
use a binary parallel byte-oriented 
central processor with an 8-bit byte 
and a cycle time of 1.6 micro­
seconds. The main memory uses 
2,048-byte metal-oxide-semicon­
ductor random-access memories 
and the system is driven by read­
only memories of 512 10-bit bytes 
that contain the interpretive Basic 
language and input/ output se­
quences. The ROMS increase pro­
cessing throughput by allowing ma­
jor segments of software to remain 
in the main memory, Wang says. 
The company also simplified the 

basic verb structure so that up to 32 
special functions can be keyed in 
one stroke each. 

At the low end of the new family 
is the WCS/10 (at left, below), 
which costs $5,700 and is intended 
primarily for education markets. 
The CPU has 4,096 bytes of RAM, ex­
pandable to 32 kilobytes in 4-
kilobyte increments, and 24 kilo­
bytes of ROM. The system also in­
cludes a console with keyboard and 
l, 024-character cathode-ray-tu be 
display and a single tape cassette for 
auxiliary data storage with a capac­
ity of78 kilobytes. 

In the mid-range is the $10,000 
WCS/20, which has a larger, more 
powerful CPU with 8,192 bytes of 
RAM, expandable to 32-k, plus 42.5 
bytes of ROM, and includes the key­
board and a larger CRT. It also has a 
single flexible disk drive, expan­
dable to three drives, with a capac­
ity of 262,144 bytes per disk, an 
access time averaging 40 l millisec­
onds, and a transfer rate of 31,000 
bytes per second. With an optional 
binary synchronous communica­
tions capability, it can be used as a 
remote batch-processing system in 
networks of Wang and other proces­
sors. 

The WCS-30 is the largest of the 
new systems. To the CPU, console, 
and flexible disk drive it adds a disk 
drive with two disks, one fixed and 
one removable. Capacity is 2.50 
megabytes per disk (single density) 
with an access time of 21 millisec­
onds and a transfer rate of 195 
kilobytes per second. A double den­
sity disk holds 5.01 megabytes, has 
an access time of 38 .milliseconds, 
and a transfer rate of3 l 2.5 kilobytes 
per second. In the larger configura­
tion 10 million bytes of storage are 
available, or more than in IBM's sys­
tem/32, the company says. 

A basic WCS/30 at $29, 100 in­
cludes 16,384 bytes of RAM, expan­
dable to 32 kilobytes, 42.5 kilobytes 
of ROM, and Wang's new model 
21 W line printer. (The 21 W is an 
impact typing, serial matrix printer, 
with a speed of 200 characters per 
second, or 65 lines of 132 columns 
per minute; unbundled, it costs 
$5,600.) Aimed at the commercial 

market, the WCS/30 can operate in 
interactive and on-line modes for 
teleprocessing applications, and can 
support data entry stations and 
Wang's 1200 family of word proces­
sors. 

All the processors can support a 
number of peripheral devices, in­
cluding the 21 W line printer, and 
Wang can provide software. 
Wang Laboratories Inc ., 836 North Street, 
Tewksbury, Mass. 01876 [361] 

New model quadruples 

PDP-1 5 memory capacity 

With the price of memory going 
down, the Digital Equipment Corp. 
has introduced a new version of its 
18-bit PDP-15 computer called the 
XVM that, for the first time, can use 
all 18 bits under program control for 
indirect address. This allows a single 
program to address 131,068 words 
of memory rather than the previous 
limit of32,786 words. 

The basic unit is the XVM-100, 
which includes a slightly modified 
PDP-15 model 5 central processing 
unit with a 750-nanosecond cycle 
time, 32,768 words of core memory 
expandable to 96-k words, or 128-k 
words with an expander cabinet, a 
high-speed paper tape reader and 
punch, hardware multiply/divide, a 
real-time clock, an LA36 DECWriter 
II keyboard printer, and a memory 
processor. 

Using Schottky TTL and multi­
layer circuit boards, the memory 
processor combines a number of 
functions previously handled by 
separate devices. It has an auto­
matic priority-interrupt unit, a 
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The new Keithley 
Model 168 autoranging DMM ... 

.. Yive la difference! 
There really is a difference in Digital Multimeters, 
and once you 've experienced Keithley 's 168 you 'll 
know .why we say vive ! If you 're tired of "general­
purpose " promises that turn into run -of-the-mill 

performances; if you wan t that bit extra that'll make 
your job easier, then vive la difference . .. here 's the 

· DMM for you' Send for our DMM Selector Guide or 
call us for demo now. Phone (216) 248-0400.· 

5functlons 
100 µV to 1000 V de 
100 µV to 500 V ac 
0.1µAto1 Ade 
0. f.µA to 1 A ac 
'J()p111nto 20-Mn 
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1nput ~- ":' two-ter'!"inal ---~D-
Simple to 1

:--- ..=... 
connect. You -===--. ..:.-===........ -

can 't get it wrong. El iminates the word 
"whoops" from your vocabulary. Saves 

temper, too . 

options & accessories 
Rechargeable batteries ·----~· that you can install 

anytime. An RF probe for high frequencies. Test leads. 
A 50-amp current shunt too . 

ll!KE IT::E-1 LEY 
IN STR.U l'v1 E NTS 
U.S.A., 28775 AURORAROAO. CLEVELAND. OHI044 139 
EUROPE, 14. AVENUE VILLAROI N, 1009 PULLY, SUISSE 
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THE 
PATTERN GENERATOR·, 

Now that the pattern generator is definitely "in"­
here are 5 good reasons why the swing is to Electromask! 

1. The complex circuits of today and tomorrow cannot 
be handled by rubylith cutters or the old mechanical 
P.G.'s like the simple circuits of yesterday. 

2. Now with circuits requiring 25,000 to 50,000 flashes 
per layer, you need the speed and accuracy - the 
throughput - that only Electromask's Pattern Gener­
ator's unique design and more powerful servo motors 
can provide. 

3. The Electromask P.G.'s independent scale factor for 
X-Y position and for aperture flash size and its mini-

mum programmable increment of 10 microinches 
dramatically increase circuit design flexibility. 

4. LasometricMposition control and frictionless vacuum 
air bearings permit stage speeds of 2.5 inches per 
second - making it the fastest system on the market -
and ensure precision and non-degradable accuracy 
over the long wear-free lifetime of the system. 

5. When you swing to an Electromask P.G. today, you 
know that the new technologies won 't make it obsolete 
tomorrow. 

For more information, use the reader service card, or 
contact us directly at the number below. 
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memory protection unit, a unichan­
nel multiplexer for dual-processor 
arrangements, a memory bus inter­
face, and a multiport adapter. 

The XVM-200 includes an XVM-
100 and a PDP-11 with 8-k-word 
memory and a 1.28-million-word 
cartridge disk. Control is in a dual­
processor arrangement. 

The bulk of PDP-15s are used in 
laboratory applications, and DEC 
thinks the XVM will make it even 
stronger in this area. In addition, 
the XVM-200 is aimed at the inter­
active graphics market. Three new 
software systems for the XVM are 
available. Prices for the XVM-100 
start at $37,500; and for the XVM-
200 at $57,500. Delivery will start in 
the fall. 
Digital Equipment Corp., Maynard, Mass. 
01754 (362] 

Semiconductor-memory card 

stores 294,912 bits 

A standard semiconductor-memory 
card that is believed to be the high­
est-density memory on the market 
contains 294,912 bits, organized as 
either 16,384 18-bit words or 32,768 

9-bit words. The model in-40 card, 
which measures only 8.175 by 10.5 
inches, is available in word lengths 
of 8, 10, and 12 bits. The system, 
which is also offered on two 160 mil­
limeter by 233.4 mm Euroboards 
each containing half the memory, is 
built around Intel 4,096-bit random­
access memories. OEM prices are 
about 0.5 cent per bit for the stan-
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dard card and 0.7 cent per bit for 
the Eurocard version. 
Intel Memory Systems Div. , 1302 North 
Mathilda Ave., Sunnyvale, Calif. 94086 (363] 

Floppy-disk subsystem can 

work with IBM 37 40 diskettes 

Designed to be fully compatible 
with diskettes generated by the IBM 
3740, the AED floppy disk subsystem 
has a programable formatter and 
automatic IPL. The unit provides 
from one to four disk drives and all 
necessary electronics in a single 
rack-mountable cabinet that mea­
sures 10.5 inches high. Each disk in 

the system can store 128,128 16-bit 
words in IBM format. Access time is 
10 milliseconds per track, and data 
is transferred at a rate of 66. 7 micro­
seconds per word. The price of a 
single-drive AED 3100-P system with 
a minicomputer interface is $2,040 
in OEM quantities. 
Advanced Electronics Design Inc. , 754 Pas­
toria St., Sunnyvale, Calif. 94086 (364] 

Dot-matrix impact printers 

run at 165 characters / s 

Two serial dot-matrix impact print­
ers operate a speeds to 165 charac­
ters per second. The model 301 
prints an 80-column line at a rate of 
70 lines per minute, and the model 
501 prints a 132-column line at 50 
lines per minute. Both printers ex­
tensively use large-scale integration 
to keep their small-quantity prices 
down to $2,27 5 and $3,315 for the 
301 and 501 respectively. Both 5-by-
7 and 7-by-9 dot-matrix character 

Time-proven reliability and ease of appli­
cation in a wide range of products have 
made Phoenix Data 's encased digital to 
analog converters a first choice with 
commercial and industrial equipment 
designers everywhere. Here are some of 
the reasons why: 

• 20 different models. 
• 12 to 16 bit resolution. 
• Straight binary, offset binary, or 2's 

complemenl input. 
• Programmable output range selection. 
• Bipolar or unipolar output. 
• Precision internal voltage reference. 
• Pre·calibrated for specified tempera­

ture range. 
• RFI and EMI shielded. 
• Conversion times to 1 µsec. for 13 

bits, 3 µs ec. for 16 bits. 
• Accuracy to 0.003 % of FSR. 
• Optional temperature ranges from 

-ss·c to 90°C. 
• TTL compatible input holding register. 

• Convenient printed circuit board 
mounting. 

All of the EDAC modules are available to 
meet military specifications. 

-~ · · 
f~~ 

PHOENIX DATA.INC. 
3384 W. Osborn Rd . Phoenix. AZ 85017 
Ph. (602) 278-8528. TWX 910-951 -1364 
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YOU CAN DO IT 
YOURSELF ... 

WITH UNIVERSAL'S 
MECHANIZED ELECTRONIC 
ASSEMBLY MACHINES 

For over 15 years Universal has been supply­
ing Mechanized Electronic Assembly Equip­
ment to nearly all the leading computer, 
communications, aerospace, automotive and 
consumer electronics companies in the world, 
regardless of their size. We feel we have 
given them the "in-house" capability to 
build their products profitably. We can do 
the same for you with: 
• Axial Lead Component Processing 

Equipment. 
• Transistor, DIP and Axial Lead Prepping 

Equipment. 
• Transistor, Disc Capacitor and Axial Lead 

Taping Equipment. 
• Disc Capacitor, DIP, Transistor, SIP and 

Axial Lead Insertion Equipment. 
• As well as Pin Insertion and Wire 

Termination Equipment. 
Universal's Semi-Automatic and Computer 
Controlled Systems reduce cost, improve 
quality and give your company the " in-house" 
production capability to assemble all your 
electronics .. . you can do it yourself. For 
details on how to purchase or lease a Uni­
versal Electronic Assembly Machine, call or 
write today. 

New products 

patterns produces five clear copies. 
A parallel computer interface is 
standard with the printers, although 
a serial communications interface is 
available as an option. 
Centronics Data Computer Corp., Hudson , 
N. H. 03051 (365] 

Single-card reader 

is rugged, reliable 

A low-cost, rugged, reliable single­
card reader intended for data cap­
ture in commercial, retail, and man­
ufacturing applications has a nor­
mal operating life of five years or 
15 ,000 operating hours. The single­
card reader is particularly good at 
reading with few errors damaged 
and dirty cards, such as the coffee­
stained tabs that are encountered in 
fast-food stores. The unit, which 
sells in small quantities for $1 ,000, 
can read pen- or pencil-marked 
cards, punched cards, or both. De­
li very time is 30 days. 
True Data Corp., 2701 South Halladay St .. 
Santa Ana Calif. 92705 [366) 

122 Circle 122 on reader service card 

.. . OR WE CAN 
DO IT FOR YOU 
WITH UNIVERSAL'S 
MECHANIZED ELECTRONIC 
ASSEMBLY SERVICES 

When you don't have the capacity to do all 
your own component preparation, assembly 
or wire wrapping-or when it doesn't pay you 
to do it yourself-let us do it for you, with no 
capital investment on your part. Working for 
you are the industry's most automated facil­
ities including: 
• Axial Lead Component Taping, Sequencing 

and Insertion. 
• Transistor Prepping, Taping and Insertion. 
• DIP Insertion. 
• Pin Insertion. 
• SIP Insertion. 
• Computer-Aided Design Accessibilities. 
• Wire Termination. 
• Complete Systems Assembly. 
• And, of course, complete testing for 

all services. 
Universal's Mechanized Electronic Assembly 
(MEA) Division services provide close-toler­
ance production, on-time delivery and sub­
stantial savings in direct labor cost from two 
locations: Binghamton, New York, and Pala­
tine, Illinois. Write or phone today for full 
details on what Universal 's MEA can do 
for you. 
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NOONE 
Customizes Switches Like CD I 
Nor Has a More Complete Line 

THUMBWHEEL ROTARY 
SWITCHES SWITCHES 

Completely sealed against 
hostile environments. 

Mounts on 
Y2" centers, 
retrofits 
most pane l 
openings 
for miniature 
thumbwheel 
switches. 

Tabet Pat. 
2841660, 
2971 066, 
301 5000, 
2956131, 
2988607 .. 

Miniature 
add/subtract units 
retrofit most minithumb­
wheel switch panel openings. 

CDI earns its reputation every day for Consistently 
High Quality, Consistently Good Delivery. 

$ CHICAGO DYNAMIC INDUSTRIES, INC. 
PRECISION PRODUCTS DIVISION 

1725 D1versey Blvd .. Chicago, Illinois 60614 
Phone. 312. 935-4600 
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Dia light 
sees a need: 

(Need: The widest choice for your every application.) 

ON 

H 
LED, INCANDESCENT OR NEON 

ULTRA-MINIATURE DATALITES®-Meet or exceed MIL-L-
3661. Replaceable plug-in cartridges for l.35-125V oper­
ation. Indicators mount as close as l / 2" centers; avai lable 
with red, green, amber, blue, wh ite translucent , light 
yellow or colorless lenses in wide range of lens shapes, 
legends and finishes. Stocked by local distributors. 

INCANDESCENT OR NEON SUB­
MINIATURE INDICATORS-Meet or exceed MIL-L-3661. 
Mounts in 15/32", 1/2" or 17/32" clea rance holes. In­
candescent for l.35-28V; neon has patented built-in cur­
rent limiting resistor. Choice of cylindrical, faceted , 
convex, flat, square and round lens shapes, finishes, 
legends. Stocked by local distributors. 

Dialight, the company with the widest 

I . ' 

~·· 
,, 

choice in switches, LEDs, indicator lights 
and readouts, looks for needs . . . your 
needs .. . and then they develop solutions 
for your every appl ication. No other com­
pany offers you one-stop shopping in all 
these product areas. And no other com­
pany has more experience in the visual 
display field. Dialight helps you do more 

wi th these products than any other company in the 
busi ness, because we are specialists that have done 
more with them. Talk to the specia lists at Dial ight first. 
You won't have to tal k to GJ 
anyone else. Send for your 0 /A L/ ~ T 
free new copy of Dia light's Dialight, A North American Philips company 

CUrrent Catalog. 203 Harrison \'~~~~· 4il~~~· N. Y. ll237 

See Dialight. 
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New products 

Semiconductors 

Watch chip 
does whole job 

C-MOS circuit powers 

decoders as well as driving 

7- or 9-digit LED display 

By using a variation of the standard 
interdigitated-finger technique de­
veloped for metal-oxide-semicon­
ductor and bipolar power transis­
tors, engineers at lntersil Inc. have 
built a one-chip complementary­
MOS watch circuit that will also 
drive a light-emitting-diode display. 
Previously, manufacturers believed 
that because of high-current re­
quirements, MOS digit and segment 
drivers powering the LEDS had to be 
separated from the C-MOS circuit 
chips. This separation is a distinct 
disadvantage to electronic watch 
makers seeking to reduce the size of 
their modules. For this reason, 
many of the designers have looked 
with interest to the development by 
Texas Instruments of one-chip 
watch circuits using integrated injec­
tion logic. 

Now, however, the new 7200 fam­
ily of C-MOS watch circuits intro­
duced by Intersil has all the elec­
tronics-segment and digit drivers, 
oscillator, dividers and decoders­
integrated onto the 125-by-125-mil 
chip. And the series of circuits also 
has the ability to drive either a 
seven-digit numeric or a nine-digit 
alphanumeric LED display. 

Packaged in a 24-pin leadless her­
metic package, the 7200 chip has a 
standby/off power dissipation of 
less than 4 microamperes at 3 volts. 
Output-current driver requirements 
are only 7 milliamperes per segment 
at a 25% duty cycle. The only exter­
nal components the 3-v device re­
quires are two silver-oxide batteries, 
a 32-kilohertz oscillator crystal, a 
trimming capacitor, and two 
switches. 

Intersil's C-MOS watch chip not 
only has the segment and digit driv-
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ers on the same chip as the rest of 
the electronics, but the drivers take 
up minimal space-only 15% to 18% 
of the 15,725 square mils of the 
chip. David Bingham, lntersil's 
manager of micropower products, 
says this is a direct result of the in­
terdigitated-finger technique used in 
fabricating the power transistors for 
the digit and segment drivers. 

"In terms of process technology, 
our approach is not much different 
from that used by other C-MOS 
watch-circuit makers," he says. "The 
differences are mainly a matter of 
degree." For example, Bingham 
says, in most other segment and 
digit drivers, interdigitation is also 
used, and each finger must be met­
alized. "That means adding as much 
as 30% to 50% to the area required 
for the drivers." 

If this approach had been used in 
the 7200, Bingham says, the total 
area of the chip devoted to digit and 
segment drivers would have 
amounted to 4,700 to 5,700 square 
mils and necessitated the use of sep­
arate chips. 

Intersil, however, does not metal­
ize all of the fingers. As a result, the 
saturation resistance is made up of 
equal parts of dynamic and static 
components, instead of all dynamic 
units as on the conventional devices. 
What is lost in terms of dynamic re­
sponse is, however, more than made 
up for in reduced chip size that has 
to be devoted to the drivers, Bing­
ham points out. 

Intersil has begun voluine pro­
duction of its seven-digit numeric 
watch circuit, the IM7202, and is 
sampling its nine-digit alphanu­
meric design, the ICM7200, which 
will be in volume production in 
July. 
lntersil Inc., 10900 No. Tantau Ave., Cuper­

tino , Calif. 95014 [411] 

Schottky mixer diodes 

span 1 to 18 GHz 

Housed in a package 0.05 inch 
square to reduce parasitics, the 
5082-2207 through 5082-2210 fam­
ily of beam-lead Schottky-barrier 

I 

• 
mixer diodes spans the frequency 
range from 1 to 18 gigahertz. In­
tended for microstrip and stripline 
microwave integrated circuits, the 
diodes come in two grades. The 
5082-2207 has a maximum noise 
figure of 6 decibels at 9 GHz and has 
a maximum VSWR of 1.5, and the 
model 5082-2209 has a correspond­
ing noise figure of 6.5 dB and a 
VSWR of 2.0. The diodes are also 
available as matched pairs. The 
low-noise version is designated 
5082-2208, and the other is known 
as the 5082-2210. The single low­
noise diode sells for $19.50 in quan­
tities of one to nine, and the 6.5-dB 
unit is priced at $1 ?.50 in similar 
quantities. Delivery is from stock. 
Inquiries Manager, Hewlett-Packard Co., 
1501 Page Mill Rd ., Palo Alto, Calif. 94304 
[413] 

Bipolar LSI family 

is fast and flexible 

A family of high-speed LSI ele­
ments, built by Fairchild with ad­
vanced Schottky transistor-transis­
tor logic, is designed both to work 
with present and future MOS LSI mi­
croprocessors and to help solve sys­
tems problems that are too fast for 
microprocessors to even be consid­
ered. Fairchild's Macrologic family, 
which carries 9400-series part num­
bers , consists of 12 logic and 
memory devices, including the 9401 
cyclic redundancy check gener­
a tor/ checker , the 9403 se­
rial/ parallel first-in-first-out buffer 
memory, the 9404 data-path switch, 
the 9405 arithmetic logic register, 
the 9406 last-in-first-out register, the 
9407 data-access register, and the 
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Now! Test memory chips, boards, or systems and pinpoint the bad circuits! 

For functional testing of memory chips, 
boards, or systems, Macrodata offers the MD-107 
Memory System Analyzer. Employing Macro­
data's field-proven cascaded-computer design, 
this new memory tester is ideally suited for LSI 
memory device manufacturers or users who 
want the flexibility of testing any kind of memory 
from chip to system without the expense of a 
large general-purpose test system. 

The MD-107 is a low-cost dedicated system 
designed for zero overhead test pattern genera­
tion at up to 10-MHz rates. It is especially 
economical for testing memories requiring long 
test times. It is excellent for device evaluation of 
4K RAMS' s, or for parallel testing of 
up to 160 devices on a board or system 
for incoming inspection. 

Every single significant main­
frame computer manufacturer is now 
using MD-JOJ's for just these reasons. 
Many are testing devices such as the 

Mostek Mk 4096,lntel 2107 Series, Motorola MC 
6605, and the TI 4030 and 40505 on the MD 107. 

At a fraction of the cost of a general­
purpose system, or a custom in-house set-up, 
the MD-107 dedicated tester not only thoroughly 
exercises the memory under test but also offers 
many special Macrodata features. Ask about our 

"diagnostic emulation'.' Check our powerful, 
English- language, easy- to-use 
software, including such features 

as real-time error logging and 
CRT display of failed chips on a 

board. Find out for yourself why 
the MD-107 is the most useful 

and cost-effective memory 
tester you can buy for 

less than $50K. 
Send for a free bro­

chure, or call or write for 
information about a 
demonstration. 

MACRODATA 
Macrodata Corporation, 6203 Variel Avenue, Woodland Hills, California 91364, Phone: (213) 887-5550, Telex: 65-1345 

Circle 125 on reader service card 



The EPC 2200. 
A hard copy recorder 
£or spectrum analysis. 

The new EPC Model 2200 is the first truly 
fine quali ty, low cost, hard copy recorder. 

When matched with a spectrum analyzer or 
processer, the Model 2200 prints spectral 
data on a continuous dry paper display 19.2'; 
wide. This hard copy history-plot presents 
2,048 clearly defined data points per scan, 
revealing spectrum lines buried as much as 

6db below the noise level. 

Circle 126 on reader service card 

The Model 2200 interfaces with digital and 
analog equipment, accepts a variable dump 
rate and permits flexible expansion or con­
tractions of scale. It sweeps at speeds be­
tween 1 /10 second and 8 seconds, and is 
mechanically virtually jitter-free. 

The EPC Model 2200 is currently built in four 
modified formats. Further customization is 
possible. Write for information and a quote. 

~~ .. -.c: 
EPC LABS, INC. 
123 Brimbal Avenue 
Beverly, Mass. 01915 USA 

f (617) 927-2523 

There's no RF energy crisis 
with RCA power tubes. 

RCA's combined families of regu­
lar and large power tubes not only 
comprise the broadest line of such 
tubes in the industry, but they range in 
power all the way up to 250 kW ... and 
in frequency to 1450 MHz. 

Covering almost every major pow­
er tube application area , the RCA line 
also includes a comprehensive array 
of cavities and circuits. These cavities 
and circuits are specifically designed 
to enhance the advantages of RCA's 
power tubes. Together they achieve a 
total power package unmatched 
for reliable high 
performance. 
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For more information on the entire 
RCA power tube line, call your RCA 
Representative or RCA Industrial 
Tube Distributor, or complete and 
return the coupon. 

RCA Lancaster - where 
people and technology 
make the difference. 
r--------------, 
I Manager, Power Tube Marketing I 

RCA, New Holland Avenue, Bldg . 100 
I Lancaster, Pa. 17604 I 
I __ Please send me the RCA Power, I 
I 

Frequency and Application Chart. I 
__ Please have an RCA Representative 

I call me. Telephone I 
I- - This is your mailing label. Please print. _ -I 

Name I 
Company 

Street 

Cit 

I 
I 
I 
I 
I 

State Zip 
~~--'---=-~~~~~-'----~~ I 

L--------------J 

Ron Power 
Tubes 

New products 

9410 16-word-by-4-bit clocked 
read/write memory. In addition, the 
family contains five memories: two 
1,024-bit RAMS, a 2,048-bit PROM, a 
4,096-bit PROM, and an 8,192-bit 
ROM. The logic devices have a typi­
cal complexity of 150 to 250 gates 
per device. Propagation delays run 
about 3.5 nanoseconds per on-chip 
gate and about 5 ns per output buf­
fer. Some of the devices are avail­
able immediately in sample quan­
tities. 
Fairchild Camera and Instrument Corp., In­

tegrated Circuits Group, 464 Ellis St. , Moun­
tain View, Calif. 94042 (415) 

25-ampere transistors 

turn on in 300 nanoseconds 

A family of high-current npn 
switching transistors has a power 
rating of 200 watts, a rise time of 
less than 300 nanoseconds, and a 
turn-off time of less than 1.25 micro-

seconds. Packaged in T0-3 cans, the 
transistors have maximum collector 
ratings of 25 amperes. Voltage rat­
ings range from 100 v to 150 v. 
Prices, for 100-piece quantities, go 
from $7.50 each for the 100-v 
2N6338 to $11.10 each for the 150-v 
2N 6341. Delivery is from stock. 
General Semiconductor Industries Inc., 
P. 0. Box 3078, Tempe, Ariz. 85281 [ 414) 

Four-channel C-MOS driver 

stands by on only 2.5 µ,W 

Designed primarily to drive n-chan­
nel and p-channel multiple-FET 
analog switches, the model MEM 
4900 four-channel driver uses C-MOS 
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TIS new 3rd generation 4K RAMs. 
200ns speeds in 18-pin packages. 

And availability is now-! 
Texas Instruments brings you 
third generation 4K MOS RAMs: 
TMS4050-2 (200ns), TMS4050-1 
(250ns) and TMS4050 (300ns). These 
compact 18-pin 4K RAMs offer even 
better board packing density than 
their 22-pin counterparts, as much 
as 70 to 100%. 

Volume availability is now. The 
TMS4050s are in full production. 
They utilize the same single-transis­
tor cell design and reliable N-chan­
nel silicon gate process as Tl's 
popular TMS4030 4K RAM. This 
helps insure on-time delivery. 

The TMS4050s have been made 
easy to use. All inputs, except clock, 
are compatible with Series 74 TTL, 

ACCESS TIME 100-999 
MAX PRICE 

TMS4050NL 300ns $19 .64 
TMS4050-1 NL 250ns $21 .64 
TMS4050-2NL 200ns $24 .62 

TMS4050JL 300ns $22.78 
TMS4050-1 JL 250ns $25 .07 
TMS4050-2JL 200ns $28 .56 

while power dissipation is kept low 
(420mW operating, 0.1 mW standby, 
typically). A full 12-line address and 
single hi-level clock minimize sys­
tem timing headaches. Plus, data 
input and output are multiplexed 
to provide a simple memory bus 
interface. 

Compare prices (see insert). You can 
see that Tl's TMS4050s offer the 
best performance at the lowest 
price. And why shouldn't they? TI 
has more experience in building 4K 
RAMs. Plus, volume production 
experience means lower cost-to-you 
-and higher PC board density. 

The TMS4050-2, TMS4050-1, and 
TMS4050 are available through 
Tl's authorized distributors in 
18-pin plastic (NL) or ceramic (JL) 
packages. For data sheet, write 
Texas Instruments at ~0 
P.O. Box 5012, M/S 
308, Dallas, Texas 
75222. 

TEXAS INSTRUMENTS 
© 1975 Texas Instruments Incorporated INCORPORATED 83070 
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Lets face it. 
People do judge by the cover. 

Even the most sop histicated customers can 't help being 
influenced by the way a product looks. That's why we 're 
so careful about the design of our Optima enclosures. 
Because first impressions count. 

Of course , we think about more than styl ing when we 
build our enclosures . We also design them with enoug h 
strength to last indefinitely. And we provide fer just about 
any optional feature you might want . Detac hab le panels , 
chassis slides, hinged doors and the like . 

The point of it all is real , honest quality. Optima 
enclos ures are probably the very best you can buy. And 
they look it. And most importan t, that 's how they can make 
your product look. 

For a better idea of the· broad range of Optima 
enclosures, ask for our color catalog . CPTIU 

Write Optima Enc losures , a divis ion o f Scientific-Atlanta, Inc . 
2166 Mountain Industria l Blvd ., Tucker , Georgia 30084 or call (404) 939-6340 

Circle 128 on reader service card 

Cost Cutter 
NEW Electronics Buyers' Guide ... 

Easy-to-use, single volume 
source for: 
• Data on over 4,000 products 
• Over 6,000 company listings and phone 

numbers. 
• EBG EXCLUSIVE: quick access to over 1000 

catalogs through a Direct Inquiry Service. 
The international world of electronics at your 
fingertips . Find suppliers ... fast ... accurately 
.. . and locally! For your copy send $20.00 
(USA and Canada only; elsewhere send 
$30.00l to address shown below. 

128 

Electronics 
Buyers' Guide 

A McGraw-Hill Publication 
1221 Ave. of the Americas, New York, N.Y. 10020 

New products 

technology to achieve a typical 
quiescent power dissipation of 2.5 
microwatts. With TIL-compatible 
inputs, the quad driver can generate 
output swings to a peak of 15 volts. 
The MEM 4900 can therefore oper­
ate as a general-purpose voltage­
level converter, as well as a switch 
driver. The device has an output ca­
pacitance of 8 picofarads, a propa­
gation delay of 180 nanoseconds, 
and a frequency response to 5 
megahertz. A chip-enable control 
allows the unit to perform logic op­
erations on its inputs. The MEM 
4900 is offered in 14-lead flatpack, 
14-lead ceramic dual in-line pack­
age, and low-cost plastic packaging. 
The plastic units are priced at $1.90 
each in lots of 1,000. Delivery is 
from stock. 
General Instrument Corp., MOSFET Market­
ing Group, 600 West John St., Hicksville , 

N. Y. 11802 [416) 

Electrically alterable ROM 

has access time of 2 µ,s 

Designed for applications that re­
quire frequent or periodic program 
changes, an electrically alterable 
read-only memory designated the 
PM-1000 provides storage capacity 
in increments of 256 words by 4 bits 
up to 1,024 words by 16 bits on a 
single 8-by-10-inch card. Appli­
cations include data security and 
scrambling, automatic telephone 
dialing systems, program storage for 
machine-tool control, table lookup, 
and transducer linearization and 
calibration. The PM-1000 uses 
MNOS storage devices and offers a 
write time of 11 milliseconds, a read 
time of 3.5 microseconds, and an ac­
cess time of 2.0 µs. Memory data is 
erasable in I 00 ms and can be re­
written without removing the 
memory card from the user's sys­
tem. The PM-1000 is sold in two 
basic configurations: the prototype 
version equipped with programing 
aids, and the bare version at OEM 
prices. Both are available with cus­
tom interfaces. 
Plessey Microsystems Inc., 1674 McGaw 

Ave., Santa Ana, Calif. 92705 [417) 
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Light-Reflecting Electromagnetic 
Display Components 

SERIES 32 
0.3 inch (7 .62 mm) 
dual 

SERIES 30 
0 .3 inch (7.62 mm) 
single 

STATUS INDICATORS 

SERIES 50 
0.5 inch (12.7 mm) 
single 

MEMORY - inherent remanent magnetism maintains the 
display state. 

LOW POWER - one mil Ii-watt second set/reset energy. Zero 
power to retain state . Drive voltag~s from 3-48 volts. 

VISIBILITY - rotating fluorescent discs and flags provide 
excellent visibility over a wide range of ambient light conditions 
and wide viewing angles. 

RELIABILITY - only one moving part rated for over 20 million 
operations . No lights or mechanical linkages to wear out. 
Virtually maintenance free. 

1> FERRANTI-PACKARD STATUS INDICATORS 

J 

Ideal for 
• Transient Recorders THIN, flAT , SMALL HOLE 

• Industrial Process Displays PERMANENTLY cFRICTION FIT 
MAGNETIZED DI SC . OVER POLE PIECEl 
FREE TO ROT~TE • Contact Status Indicators 

- INDICATOR • High Density Matrix Displays LARGE HOLE ~ ELEMENT 

• Portable Field Equipment . 

Fluorescent discs and flags 
available in a range of colors . 
The electromagnetic operation 
requires zero energy to maintain 
status . 

Unique memory retention eliminates 
the need for memory circuits and 
reduces power supply and 

RESET 

ELECTROMAGNETIC 
POLE PIECES 

ENCAPSULATED 
COIL ASSEMBLY 

ANO DIODES 

POLARITY 
IN DENTATION 

SERIES 30 

circuitry costs. Indicators are fully operational over a 
wide range of environmental conditions . 

Ferranti-Packard's status indicators are light weight 
(Seri es 30, 0 .17 oz (5 grams)) and are ideal for mounting 
on printed circuit boards and high density matrices. 

For full information and specifications, contact the 
Display Components Department. 

FERRANTI-PACKARD 
LIMITED 
ELECTRONI CS DIVI SION 
121 Industry Street, 
Toronto. Ontario , M6M 4M 3. Canada. 
Telephone: (416 ) 762-3661. 
Telex: 06 -22007. 7304 

Circle 1 70 on reader service card 

t:1; () *+ ~ /01.224!56789 
: , (:)~'@RBrDEFGH I JV 
LMNOPQRSTIJIJWX'/Z[ \, ) 
u;~&' ( )*'c, -. 12?456 
7S9·; (=) ?@A8CDEFGH 
l JK~M~OP9~~TUVW>::? 
-. /~.!!i4:?.4 .:·t>JS9., <-> 
?@RBCDEFGH I Jf(MNOPQ 
RSTUVWXYZC\H' "#$/. 
C'()*+,/0122456789 
: ;(= 



New products 

Instruments 

Generators lock 
to crystals 

Function generators offer 

synthesizer precision 

at the major dial points 

A crystal-controlled clock built into 
two models of its 180 series function 
generators allows Wavetek to add 
synthesizer-like precision to the ver­
satility of a function generator. The 
clock circuitry causes the generators 

·-· ·--- v • 

~ ' ... ' r'.. ' '., ·- , \,, 
:9 . - • • . : • 

... --.t:l.,!!J- !Ci ~ 

to lock on frequency at the 20 or 25 
major dial divisions on each of their 
higher-frequency ranges (those that 
span from 1 or 2 hertz on up). In ad­
dition to crystal stability, the models 
181 and 183 offer full function-gen­
erator capability, including sinu­
soidal, triangular, square, TIL-pulse, 
ramp, and de outputs ; de offset; 
voltage-controlled frequency; inter­
nal sweep; and IO-volt output into 
50 ohms. 

At each crystal-controlled fre­
quency setting (XCG position), the 
generators have a maximum fre­
quency error of 0.01%; the non­
XCG specification for the 181 is 3% 
of full scale, while the 183 has a 2% 
spec. A panel indicator lights up to 
tell when the master oscillator is 
locked to the crystal. Lock time for 
the X 1,000 frequency range and 
higher is less than 500 milliseconds. 
For the X 100 range it's below 5 sec­
onds, and for the x I 0 range it is 
under 50 s. 

The model 181 is priced at $495. 
It covers 0.1 hertz to 2 megahertz in 
seven overlapping ranges. High (20 

130 

volts peak to peak unloaded) and 
low outputs (I v pk-pk into 50 
ohms), and a 30-decibel variable at­
tenuator are included. Sweep time is 
continuously adjustable from 30 ms 
to 20 s. The unit is 11 1/.i inches wide, 
3'h inches high and 1 O'h inches 
deep. 

The model 183 covers 0.000 I Hz 
(2. 7 hours per cycle) to 5 MHz. And 
in addition to the features of the 
181, the 183 includes negative and 
positive pulse output, triggered and 
gated operating modes, frequency 
vernier, and an output attenuator 
that covers an 80-dB range (20 dB 
variable). This model is priced at 
$695, and is similar in dimensions to 
the 181 except for its greater height 
of 5 3/.i inches. 

Both generators have sine-wave 
distortion of less than 0.5% for the 
majority of their ranges. Square­
wave rise and fall times are under 
30 nanoseconds. Both instruments 
operate from all common inter­
national ac supplies. 
Wavetek Corp., 9045 Balboa Ave., San 
Diego, Calif. 92123 . [351] 

Analog Devices is 

'second source' for meter 

For the first time in its history, 
Analog Devices Inc. is producing a 
digital panel meter that is equiva­
lent in form, fit, and function to an­
other manufacturer's instrument­
Weston's ac-line-powered, 3'h-digit 
model 1230. Although generally 
known as an innovator, not a fol­
lower, Analog decided to effectively 
"second source" another company's 
product because, "we don't want to 
fight out in left field," explains Jim 
Hayes, marketing manager for dig­
ital panel meters. 

Produced by Analog's Modular 
Instrumentation division, the new 
meter, called the AD2009, is quite 
similar to Weston's. It measures 
bipolar input voltages for full-scale 
ranges of either ± 1.999 volts or 
± 199.9 millivolts, with a maximum 
error of ±{0.1 % of reading + 1 
count). The display is a 0.55-inch­
high Beckman planar gas-discharge 

unit with keep-alive cathodes that 
prolong tube life and maintain dis­
play brightness at low line voltages. 

Where the Weston unit requires 
the use of an external resistor to set 
the decimal point, the AD2009 uses 
an internal resistor and an external 
jumper. Other than that, as far as 
the user is concerned, the instru­
ments are essentially identical. They 
both use the industry-standard 
panel cutout of 3.924 by 1.682 
inches, and the same pi.nouts for 
analog-high, analog-low, and 
power-supply connections. Hayes 
feels that eventually all DPM makers 
will have to go to a standard pinout, 
and he chose to model his meter on 
the 1230 "because it is a good unit 
and has the right form factor." 

The AD2009 has DTL!TIL-com­
patible parallel BCD outputs and full 
conversion control including exter­
nal trigger and hold as standard fea­
tures. Another special feature of the 
AD2009 is its power transformer, 
which is mounted in a frame with 
two tabs that are crimped and sol­
dered to the meter's printed-circuit 
board, thus helping it to better with­
stand shock and vibration. 

The unit has an input impedance 
of 100 megohms, a bias current of 3 
nanoamperes, and overvoltage pro­
tection to-200 v . It sells for $140 in 
quantities of one to nine. Delivery is 
from stock. 
Analog Devices Inc., Route 1 Industrial Park, 
Norwood, Mass. 02062 [352] 

Unit evaluates semiconductor 

power-handling capability 

The heat-dissipation characteristics 
of power transistors and similar de­
vices are hard to measure. So semi­
conductor manufacturers who have 
long been looking for a fast, conve­
nient method for developing safe­
operating-area curves for their de­
vices, will welcome a system intro­
duced by Zi-Tech last month at In­
tercon/75 in New York. Its PDA-1 
power dissipation analyzer allows 
the user to investigate the thermal 
behavior of power devices by sub­
jecting them to a programed 
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rogrammable Counte 
ne of ·Fluke's 'New Breed' 

of powerful LSI/ MOS counters 
$849 

More circuitry for your money 

• Up to 4 pole, 2 throw 
capacity 

• Single or split display 

• 100,000 cycle mini­
mum life 

• Front relampable ; 
T-13/4 lamp 

Contact your Oak 
Distributor for additional 
information on the Series 
300 SL or write for 
Engineering Bulletin SP-730. 
For price and delivery 
quotations, call toll-free 
800-435-6106 

0 Single Module, Requires Only One Quad Slot 
0 Space for 12 Positions of User Logic 
0 Expandable to 82 Positions of User Logic with One 

Additional Quad Slot 
0 Maximum Unibus Load is l 
0 Selectable Command and Status Bit Assignments 
0 Has 16 Bit Input Register 
0 Price is $850 versus $1.490 from DEC, Delivery from Stock 

llAI~ lmln~tri~~ l11c:. 
SWITCH DIVISION / cRYSTAL LAKE, 1LuN01s soo14 

Circle 173 on reader service card 

MlJB MOB Systems, Inc., 981 N. Main St., 
I 1 I Orange, CA 92667 (714) 639-7238 

See us in booth 2553 at the NCC 

Circle 17 4 on reader service card 131 
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New products 

amount of dissipation, and then 
measuring the rise in junction tern­

~- perature. The temperature rise is 
determined by monitoring the de­
vice's base-emitter resistance. 

According to Zi-Tech president 
G. C. Ziman, the PDA-1 is aimed at 
production test and quality assur­
ance applications as well as at de­
vice engineering and evaluation. 
The instrument can be used to in­
vestigate secondary breakdown re­
gions and is provided with circuitry 
for the detection of avalanche con­
ditions. 

The PDA-1 measures the resist­
ance of a base-emitter junction by 
forward-biasing it with a constant 
current and measuring the resultant 
voltage drop. This drop is measured 
both before and after a programed 
power dissipation. The dissipation 
can be programed with respect to its 

,, . voltage, current, and duration. 
A complete PDA-1 thermal dissi­

.. pation analyzer, including a 500-
watt power supply and a display, 

•~ sells for $9,625. Delivery time is six 
to eight weeks. 

• 

Zi-Tech Div., Aikenwood Co., 223 Forest 
~ Ave., Palo Alto, Calif. 94302 (353) 

Dual variable filter 

offers choice of responses 

A dual variable filter consists of 
two identical filters in a common 
cabinet. Each filter can act as either 
a Butterworth (fl.at amplitude) or 
linear-phase (fl.at delay) device, and 
each can be either a low-pass or 
high-pass unit. The two response se-

Electronlcs/May 1, 1975 Circle 133 on reader service card 133 



And here's what we built into it: It has six different plug-in heads 

• solid state circuitry 
• short and open circuit protection 
• frequency stability ± 0.1 db 

Model 
6047 
6048 

• external pulse or AM modulation 6049 
• internal square wave modulation 6050 
• low tube cost/operating hour 
• qualified to MIL-STD-461 and 810 

6051 
6052 

You have now 
ended your search 
for a stable, reliable 
65 watt oscillator. 
Just call or write for 
detailed engineering data. 
Or ask for a demonstration 

MCL, INC., 

Freq. 
(MHz) 
10-50 
50-200 

200-500 
500-1000 

1000-2000 
2000-2500 

10 North Beach Aveny e, 
LaGrange, Il linois, 60525. 
(312) 354-4350 

M-6~ 
" INC _, 

/ 

Pwr. 
(MIN) 

65 
65 
65 
65 
40 
25 

Now on GSA contract GSOOS-27086 See us in EEM-Vol. 1 pp. 284-291 

Circle 1 34 on reader service card 

DESIGN ENGINEERING 
TECHNOLOGY AND CUSTOM 

MANUFACTURING 
FOR THE 

ELECTRONICS INDUSTRY 

PRECISION MACHINED 
FINISHED PARTS AND CLOSE 
TOLERANCE SHEET METAL 

ASSEMBLIES 
PROTOTYPES • .. \ 

HARMONY ENGtN EE'Ja lN~ 
l t ~ NOc;H T~RD ~RE!; Ml~EA!L: l~NE~~ 

CALL (612) 336-5784 " ... 
r:irrlP 1 7P, rm rP::irlAr sArvir.A r.::irrl 

New products 
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lections are made by means of 
front-panel push-button switches. 
The filters each span the frequency 
range from 0.1 hertz to 111 kilohertz 
and are adjustable with three-digit 
resolution. The filters may, of 
course, be connected in series or 
parallel for bandpass or band-reject 
operation. The dual filter comes in 
two models, identical except that 
the model 452 has a, rolloff of 24 
dB/octave while the model 852 has 
a rolloff of 48 dB/octave. Prices start 
at $1,175. An option that extends 
the frequency range down to 0.0 l Hz 
is available at extra cost. 
Rockland Systems Corp ., 230 West Nyack 
Rd ., West Nyack, N. Y. 10994 (354] 

Unit aids in testing and 

designing with op amps 

Desinged to aid both in the test­
ing of op amps and in the develop­
ment of circuits using them, the 
model 1011102 is a self-powered in­
strument that requires no soldering 
for the interconnection of compo­
nents. It contains two IC sockets for 
op amps, has a 10-kilohm poten­
tiometer, includes two pairs of bind­
ing posts for input/output connec­
tions, and has 68 solderless tie 
points that work with ordinary 22-
gauge solid wire. The $19.75 model 
101 comes with two 9-volt batteries, 
while the $39 model 102 has a ±15-

OP - AMP 
DESIGNER t TESTER 

• 1i 
INPU T 

SlGNAL. -G NO 
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v, 100-mA regulated supply. Deliv­
ery is from stock. 
Polytron Devices Inc., P. 0. Box 398, River 
Street Station, Paterson, N. J. 07524 [355] 

Dual-delayed-sweep scope 

resolves time to 1 00 ps 

Capable of resolving time inter­
vals to within 100 picoseconds, the 
model l 7 l2A is essentially a lower-
cost, stripped-down version of Hew­
lett-Packard's microprocessor­
equipped 1722A oscilloscope. In­
stead of containing a microprocessor 

..,. and a digital display, the 200-mega­
hertz l 7 l2A puts out an analog volt­
age proportional to the time interval 
indicated on the screen by a pair of 
markers. The analog voltage is suf­
ficiently precise that its measure­
ment with a 41/2-digit voltmeter is 
justified. The l 712A has two switch-

. ,.., selecta ble input impedances: 50 
ohms, and l megohm shunted by 
only 11 picofarads. It sells for $3, 100 
(compared with $4,500 for the 
l 722A). Delivery time is six to 10 
weeks. 

.,, 

Inquiries Manager, Hewlett-Packard Co., 
1501 Page Mill Rd ., Palo Alto, Calif. 94304 

[356] 

11-MHz generator has pulse, 

sweep, and function modes 

A combination pulse, sweep, and 
function generator, the model 7059, 
has a frequency range of 0.0001 
hertz to 11 megahertz. The instru­
ment provides all conventional 

,,.. function-generator waveforms-sine, 
square, triangle, and ramp signals­
in addition to positive and negative 
pulses. Both the conventional func­
tion-generator waveforms and the 
pulses can be triggered or gated ex­
ternally or from an internal trigger 

)- source. An internal sweep generator 
t. allows the 7059 to be swept over fre­

quency ranges from 0 to 1,000: 1. 
/-41 Carrying a price tag of $895, the in­

strument is available from stock. 
t Dana Exact Electronics Inc ., 455 S.E. Sec­

ond Ave ., Hillsboro Ore. 97123 [357] 
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INTERNATIONAL'S 

moe 
CRYSTAL OSCILLATOR 

ELEMENTS 
A Complete Controlled Signal Source from 6000 KHz to 60 MHz 

The MOE series is designed for direct plug-in to a standard 
dip socket. The miniature oscillator element is a complete 
source, crystal controlled, in an integrated circuit 14 pin 
dual-in-line package with a height of V2 inch. 

Oscillators are grouped by frequency and temperature 
stability thus giving the user a selection of the overall 
accuracy desired. Operating voltage 6 vdc. Output wave 
shape - non sine. 

TYPE CRYSTAL OVERALL 25°C PRICE 
RANGE ACCURACY TOLERANCE 

6000KHz + .002% Zero 
MOE-5 to 60MHz -10°to + 60°C Trimmer $35.00 

6000KHz + .0005% Zero 
MOE-10 to 60MHz - 10° to + 60°C Trimmer $50 .00 

Circle 135 on reader service card 135 



New products 

Subassemblies 

Amplifier has 
low input drift 
The latest addition to Analog De­
vices' 606 family of high-quality in­
strumentation amplifiers-the model 
606M- has a maximum total input 
drift of 0.25 microvolt per degree 
celsius at a gain of 1,000. This, to-

gether with the family's maximum 
nonlinearity of 0.002% [Electronics, 
Feb. 20, p. 147), makes the 606M 
the most nearly accurate commer­
cially available instrumentation am­
plifier on the market today. Other 
key specifications include a max­
im um input-bias current of 60 
nanoamperes, a maximum bias-cur­
rent drift of - 0.2 nA/ °C, a max­
imum difference current of 1 nA, a 
maximum difference current drift of 
20 picoamperes/ °C, and an input 
impedance (differential and com­
mon-mode) of 1,000 me gohms 
shunted by 3 picofarads. The 606M 
is housed in a package 2 by 2 by 0.4 
inch and consumes 75 milliwatts. Its 
small-quantity price is $150. 
Analog Devices Inc., P. 0 . Box 280, Nor­
wood, Mass. 02062 (383) 

$1 3 hybrid active-filter 

spans 0.001 Hz to 25 kHz 

Requiring at most four external re­
sistors to make a complete low-pass, 
band-pass, high-pass, or band-reject 
filter, the UAF31 universal active 
filter is a hybrid integrated circuit 
that sells for only $13 in hundreds. 
Covering the frequency range from 
1 millihertz to 25 kilohertz, the two­
pole unit allows the user to control 
resonant frequency, Q factor, and 
gain. The UAF3 l uses the state-

136 

.ov the UAF31 is priced at $19 and is 
A: 60 available from stock. 
'~ 30 Burr-Brown , International Airport Industrial .,, 
c; Park, Tucson , Ariz. 85734 (385) 0 ,.. ,..,.. 

! 
~ 3 Hybrid reference source w 

is accurate to within 0.02% 

variable principle in which low-pass, 
band-pass, and high-pass outputs 
are available simultaneously. The 
band-reject function is obtained by 
summing the low-pass and high­
pass outputs, using an uncommitted 
op amp that is included in the unit 
for this purpose. In unit quantities, 

Packaged in a 14-pin hermetic dual 
in-line package, the MN2000 series 
of 10-volt precision referen ce 
sources offers a maximum initial er­
ror of less than 0.02% at 25°C, and 
the error is no more than 0.05% over 
the full operating-temperature 
range. For the commercial (0 to 
70°C) units the small-quantity sell­
ing price is $75 each, while the mili-

Prices of data modules cut 60% 

Bucki ng the pri ce trend in subassemblies, Hybrid Systems Corp . has 
slashed by more than 60% the prices for a pair of data modules introduced 
a few years ago. One, originally called the 750 and n·ow the 755, is a no­
droop peak detector that can also operate as a sample-and-hold circuit. Its 
price drops from $235 to $99 each in purchases of one to nine . The sec­
ond, originally the 850 and now the 855 , is a peak-detecting 12-bit analog­
to-digital converter. Its price plummets from $235 to $89. 

Hybrid cites th ree factors in the cuts : components costs are lower today; 
the company is larger and can buy parts in higher volumes at lower unit 
prices ; and it is hoped that the new prices will no longer confine the module 
to the laboratory but will open up commercial applications-in oil research , 
nuclear-power generation, and oceanography, for example. 

Both modules moni tor long-term or nonrepetitive signal variations . They 
use a digital storage technique that enables them to hold a sampled or peak 
analog voltage indefinitely. Basically, the externa l analog input and the out­
put of an internal digital-to analog converter are compared . When the two 
coincide, an internal clock is stopped and the information is held, virtually 
forever . 

The analog output of the internal d-a converter is essentially the output of 
the 755's peak detector, and the digital inputs serve as the outputs for the 
855's a-d converter . When operated in its sample-and-hold mode, the 755 
has an acquisition time of 40 microseconds . As a peak detector, the device 
tracks at an average rate of 0.25 VI µs , according to the company. 

The 855 offers a linearity 
within 0.2%. It is available 
with a 12-bit binary-coded 
output or a t h ree-dig i t 
binary-coded-decimal out­
put. Acquisition ti me is 1 
ms and 250 µs, respec­
tively . Both modules are 
avai lable fro m stock to 
wi thin four weeks. 
Hybrid Systems Corp ., 22 
Th ird Ave . , No rthwest 
Pa rk , Burlington, Mass . 
01 803 [382) 
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tary versions (-55 to 125°C) go for 
$1 lO in similar quantities. Less-ex­
pensive units are also offered. 
Micro Networks Corp., 324 Clark St., Wor­

cester, Mass. 01606 (384] 

Eight-bit a-d converter 

has 1.25-MHz throughput 

The model A-857 is an 8-bit analog­
to-digital converter with a conver­
sion time of less than 800 nanosec­
onds, corresponding to a data­
throughput rate in excess of 1.25 
million conversions per second. 

~ · Packaged in a standard module of 2 
by 2 by 0.4 inch, the unit contains its 

.. 

own precision voltage reference and 
clock. Maximum nonlinearity of the 
A-857 is half a least-significant bit, 
and maximum temperature drift is 
100 ppm/ 0 C. Price of the converter 
is $199 in small quantities. Small­
quantity delivery time is from stock 
to two weeks . 
lntech Inc., 1220 Coleman Ave., Santa 
Clara, Calif. 95050 (386] 

250-watt power supply 

weighs only seven pounds 

A series of 250-watt switching regu­
lated power supplies operate with 
efficiencies of about 80% and weigh 
only seven pounds. The units, which 
measure 3.65 by 5.05 by 12.25 

Electronics/May 1, 1975 

Heat any I. C. or semiconductor compo­
nent to its rated temperature with a heat 
probe. Accuracy ± Y2 °C. Or check the 
component's temperature with a thermo­
couple probe. Accuracy ± 1°C. Model 
810 Thermo-Probe does both. Reads out 
directly in °C and °F on a large 4112 -inch 
meter. 

PRICE $272.50 F.0.B. South Laguna 
Models with other temperature ranges available. 
For details write to: 

MTI MICRO-TECHNICAL 
INDUSTRIES 

P.O. Box 287 South Laguna, CA 92677 
714 545.3734 •TWX 910·587·3425 MICRO OHM ELM 

Circle 177 on reader service card 

Anew 
high performance 

low frequency 
generator 

• 111 Hz-4000 Hz 
• crystal controlled frequency 
• phase locked loop system 
• selector switch for 22 frequen­
cies programmable in steps of 
0.1 Hz by customer 
• noise suppression for minimal 
phase locked loop phase jitter 
• output: squarewave 10 Vpp 
max into 50 Q ; attenuator0-60 dB 
in 10 dB-steps. accuracy ±0.1 dB 
• option: number of output-cycles 
presettable from 1 to 999 cycles 

Please ask for further details 

Zellweger Uster Ltd. 
CH-8610 Uster/Switzerland 

Phone 01 /87 67 11 Telex 53 587 

Circle 137 on reader service card 

Could vou build a $200 Rolls? 

Send 
for this free 
brochure 
and find out. 
The classic Rolls Royce Phantom II Sedanca 
Coupe. 26-1/2" long. Reproduced in exact 
1/ 8 scale in Pocher d ' Ita li a's incredibly 
authentic car model kit. You build it with 
nuts and bolts and screws. No painting, no 
special tools needed. Doors, hood and trunk 
open. Steering, crankshaft, connecting rods, 
gears, fan, genera tor operate. Windows open. 
Headlights turn on. 2,199 separa te parts of 
brass, stainless steel, copper, rubber, high­
impac t plastic. Complete details on this and 
three other classic car kits from $100 in our 
free full-color brochure. 

,--------------1 
I De luxe Classics. De pt. WE9 I 
I 

5900 Wil shire Bo ulevard , Suite 2760 I 
Los Angeles, California 90036 

I I I Please send me your free full -colo r brochure . I 

I Name: I 
I I I Address: I 
I City : I 
I State/ Zip: I L ______________ J 

Circle 225 on reader service card 137 



Top Quality 

MAGNETIC HEADS 

model 
SM-SIS 

differential 
transformer type 

ultra high sensitivity magnetic 
head for paper money exchanger, etc . 

model 
MSP-6 

• 6 in 1 
cassette stereo head for 
auto reverse 
play I record I erase 

Ii SAN-E DENKI CO.,LTD. 
110-1, M inami Kaw ahori , T ennoji -ku , 

OSA KA , JA PA N 
PHON ES: OSAKA (06) 779-1591 
CAB LE : SANMAGNETICS OSAKA 

Circle 138 on reader service card 

ls there a 
Teleprinter 
Serviceman 
in the 
House? 
You can get one- quick . Just dial 
(609) 779-4129. You'll bet the facts 
about RCA service : contractual , per 
call, or emergency. Coast-to -coast 
service is offered by RCA for the 
account of the manufacturer and 
large user . Check on it. Phone today, 
or if you prefer, write RCA Servic.e 
Company, A Division of RCA, Bldg . 
204-2, Camden, N .J . 08101. 

RCll 

138 Ci rcle 178 on reader service card 

· New products 

inches, come with five output volt­
ages: 5, 12, 15, 18, and 24 v de. 
Standard features include over­
voltage protection, and selectable 
input voltages of 115 or 230 v ac 
from 47 to 440 Hz. Options include 
remote on-off control, paralleling, 
and master-slave paralleling of as 
many as 10 units. Price is $360. 
LH Research Inc., 2052 South Grand Ave ., 

Santa Ana, Calif. 92705 [388] 

Thick-film circuit 

controls up to 240 volts 

A thick-film hybrid circuit, desig­
nated Solid-Stat, controls ac volt­
ages as high as 240 volts and is 
available in 5-, 10-, and IS-ampere 
ratings at 120 or 240 v ac. It is 
housed in a high-density molded 
package and offers void-free passi­
vation and high thermal conductiv­
ity. The unit requires no additional 
components for operation and has 
an isolation of 1,600 v ac. It may be 
operated at full rated current up to 
70°C. Price of the 15-A, 240-v unit is 
$10 each in OEM quantities, and de­
livery time is stock to four weeks af­
ter receipt of order. 
Elec tramation , 666 17th St ., Santa Ana , 

Calif. 92701 [389] 

Large and~-, 
medium scale 
integration: 
Keep up with this 
fast changing technology 
Now, in one comprehensive volume, a 
complete ·working grasp at large and 
medium scale integration for electron­
ics engineers engaged in the design of 
electronic systems, equipment and 
products. 
A wealth of practical working data on 
large and medium scale integration has 
been culled from the most important 
articles in Electronics magazine by 
Samuel Weber, Executive Editor. Em­
phasis is on design problems at the 
system or subsystem level, as well as 
on the economics of today's design. 
Whatever the design problem - from 
partitioning a digital system to working 
with a semiconductor company in pro­
ducing the best LSI design, this book 
covers the full range of today's impor­
tant technologies on a practical, rather 
than a theoretical, level. 
It's yours for $15.00. Keep up. 

·-•FREE 10-DAY EXAMINATION• - I 

... 
... 

r 

.. 

I McGraw-Hill Book Company • , '1 r. I 
1221 Ave. of the Americas, ~-Jn• .. I New York, N.Y.10020 I . • I "'" 

I Send me a copy of Large and Medium I 
Scale Integration (06881 5-X) for 10 days 

I on approval. At the end of that time, I will I 
either remit $15.00, plus tax, postage, and 

I handling, or return book without further I 
obligation. (Remit in full with this coupon, 

I plus any tax, and McGraw-Hill pays al l I 
postage and handling costs.) 

I Name I 
I Address I 
I City I 
I State Zip I 
I Offer good only in the U.S. and subject to I 

acceptance by McGraw-Hill. For prices out-1 side U.S., contact" McGraw-Hil l Book Co. I 
I 23 K138-4018-3 • ---------­Electronics/May 1, 1975 
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New literature 

Wirewound resistors. A 36-page en­
gineering handbook on precision 

~ and power wirewound resistors, in­
cluding a military-style cross-refer­

~ ence chart, is being offered by RCL 
Electronics Division, AMF Inc., 700 

~ South 21 St., Irvington, N. J. 07111. 
The handbook covers low-cost com­
mercial resistors, DIP networks, 

... 2-watt molded units, high-reliability 
devices, beryllia-core resistors, her­

,.,. metically sealed precision units, and 
;. others. Circle 421 on reader service 

card. 

• • 

Handling magnet wire. "Production 
Processing Tips for Magnet Wire 
Users" is a 12-page compilation of 
14 articles on such topics as reduc-
ing winding tensions and breakage 
problems in the dereeling and wind­
ing of magnet wire. The booklet can 
be obtained from The Anaconda 
Co., Wire and Cable Division, Mag­
net Wire, Glen Hill Office Park 8, 

, _ Glen Ellyn, Ill. 60137 [422] 

;. Wrought nickel silvers. A technical 
bulletin on the physical, mechani­
cal, and chemical properties of vari­
ous nickel silvers (alloys of copper, 
nickel, and zinc), including a com­
parison with copper alloy No. 725, 
which is widely used in electronics 

1 applications, has been issued by The 
International Nickel Co., Inc., One 
New York Plaza, New York, N. Y. 

.J 10004. The bulletin is No. A-421 , 
and is entitled "Engineering Proper­

.. .. ~, ties of Wrought Nickel Silvers." 
., [423] 

Disk care. An eight-page brochure 
that describes recommended meth­
ods for cleaning, inspecting, han-

• dling, and storing disk packs and 
cartridges is available from Com­
puter-Link Corp., 14 Cambridge St., 
Burlington, Mass. 01803 [424] 

') 

Chip capacitors. "Understanding 
Chip Capacitors" is the title of a ref-
erence handbook published by 
Johanson/Monolithic Dielectrics 
Division, Box 6456, Burbank, Calif. 
91505. The 32-page handbook, 
which gives details on all phases of 
chip-capacitor technology, includes 
22 graphs and seven tables. [426] 
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Precision Resistor Networks. 
we Make Them All. 

In Quantity. 
Need tight temperature performance ... close ratios ... 

tolerances better than 0.006% ••• HyComp's unique thin-film 
resistor capability is ready. 

Whether in chip form, flat pack, or DIP, HyComp can guarantee 
<1ppml°C ratio tracking, TC's < 25ppm/°C, laser trimmed 

accuracy to better than 0.006%, and full 

• I 

processing to Mil-Std 883. 

Who knows •.. our library of standard 
networks may have your network ... 

with 46 off-the-shelf standards to 
· pick from. Call (617) 897-4578 
for applications assistance .•. 

they'll know. 

- HyComp 

HyComp, Inc. 
146 Main Street 
Box250 
Maynard, MA 01754 
(617) 897-4578 

Circle 139 on reader service card 

CUSTOM DESIGNED 
power supplies to your specs 
• Small size • Lightweight • High efficiency • Low output 
noise • High reliability • Short and overload protection 
• Plug-in modular construction 

TerraCom has developed high performance power supplies for use in criti­
cal applications. If your requirement is for a high frequency, low noise, 
lightweight and small power source, a TerraCom supply is the solution . 
TerraCom specializes in supplies for use in extreme environments where 
high reliability and excellent perforRJance are important. Contact TerraCom 
for successful custom designs of the right supply for your requirement. 

WRITE OR PHONE: 
for data sheets on 
typical power supplies 
TerraCom 
9020 Balboa Ave. 
San Diego, CA 92123 
(714) 278-4100 

Circle 179 on reader service card 139 



"Business is lousy­
letS cut the advertising 
Seven things 
to consider 

about 
adv~rtising 

1na 
market 

downturn. 
The boom didn't last 
forever-and neither 
will the bust. 

In mid-1973, we published the 
first editorial in this series. The 
headline was "Advertise? I can't 
even deliver the orders I've 
booked." In that editorial, we 
pointed out that part of the boom 
wasn't real (multiple orders and 
inventory build), that the 
backlog crunch would be 
substantially over by mid-1974, 
and that short-term business 
conditions were no reason to 
change the long-range marketing 
strategy of which advertising 
is an important part. 

The same kinds of comments 
are pertinent today. Many 
sectors of the electronics 
industries appear to have 
bottomed already. The others will 
start back up during the 2nd half 
of 1975, depending on how long 
it takes in each case to clean out 

140 

the excess inventory that was 
produced in 18 months of boom. 
We have to be thinking now 
about the kind of business we 
want to develop for the latter 
part of 1975 and beyond. 

There are still lots of 
markets t~at are solid, 
even growing. 

Government-funded electronics 
markets are strong, and promise 
to remain so at least through 
1976. Consumer electronics is 
soft, but really can't go much 
lower. TV and audio can show 
some growth this year, and 
specialized products like 
intrusion alarms, microwave 
ovens, and digital clocks and 
watches should show growth 
rates of at least 25 % in 1975. In 
the industrial/commercial sector, 
lower interest rates should hypo 
the capital-goods markets in the 
latter part of the year, with 
microcomputers, minis, data 
communications hardware, and 
process control instrumentation 
achieving excellent gains. Your 
advertising can pinpoint your 
product offerings to these growth 
sectors to achieve near-term 
sales payoff. 

ITT Orders may drop, but LJ they don't disappear. 

In the last three recessions, the 
average drop in orders was 21 % , 
compared to the previous boom 
cycle. That means 79 % of the 
orders were still there. But 
getting orders in a shrinking 
market means taking them away 
from competition . In the last 
boom, many of your Charley­
Low-Ball competitors-who 
normally only get business on 
price-got business away from 

., -
.. 

1' 

you on delivery. Business you 
deserved, based on the values you -~ 
bring to the marketplace. 

But in a buyers' market, 
buyers buy what they prefer. 
Advertising is the cheapest, most 
efficient way to build preference 
-to remind customers hy they 
really want to buy from you, and 
to get that lost business back. 

A downturn is a time 
of great marketing 
opportunity. 

The opportunity is twofold. 
First, to improve share-of­
market. Your competitors are 
retrenching, pulling in their 
horns, cutting back on 
advertising, marketing, and 
new-product investment. The 
"noise level" is dropping. If you 
even maintain your marketing 
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budget:' 
~resence, your messages will be 
heard-and acted upon-much 

lm6're clearly than before. If you 
ijcrease your marketing 
investments, you will come out of 
' he slump much stronger than 
you went into it. 
~ Second, you have the 
owortunity to be creative. Gone . 
are the days when you and your 
sales staffs were spending all 
your time expediting the factory. 
1t is a pause during which you 
c;.an seek new applications, plan 
new directions, and develop new 
business potentials for the 
future. Advertising can help. It 
is"the lowest-cost market 
dtvelopment tool ·available to 
you. Because it will help the new 
customer to find you. 

To take advantage of 
these oppo_rtunities, 
you must increase 
total selling effort. 

rfhe problem, of course, is how? 
You are trying to hold down 
c;iosts, to spend money prudently 
in the face of backlog and 
hipment declines. At the same 

time, the cost of everything is 
going up. The average cost of an 
j p.dustrial salesman's call is now 
over $70. But advertising is 
~heap. It remains the least 
expensive way to make a major 
infpression in your markets. If 
ever there was a time to re-think 
tte allocation of your marketing 
~xpenditures between direct 
selling and advertising, the time 
~snow. 

Dollar for dollar, good 
advertising is the most 
efficient sales tool in 
a market downturn. 

Every study ever made of 
industrial advertising in a 
recession period comes to this 
inescapable conclusion : 
Companies which do not cut 
advertising investment in a 
recession achieve higher sales 
and earnings during the 
recession, and come out of the 
recession with dramatically 
increased sales, earnings, and 
share of market-compared to 
companies which do cut 
advertising. The latest study, 
covering the 1970-71 downturn, 
has just been published. It is 
available from the American 
Business Press, Inc., 205 E. 42nd 
St., New York, N.Y.10017. It 
costs $1.08. Write for it. 

What kind of 
advertising works best 
in a downturn? 

Good advertising. Consistent 
advertising. Advertising that is 
honest, straightforward, well 
thought out, and based on the 
right kinds of objectives. The 
same kind of advertising that 
works in boom times and 
"normal" times. If you want to 
know more about our views on 

what makes good advertising, 
write for the pamphlet 
mentioned below. 

Do important customers 
read advertising? 

Yes. If you've gotten this far, 
you've helped prove our point. 
People don 't stop reading ads in 
a recession. If it works for us, it 
will work for you. 

fl (//ftltlkr--
Dan iel A. McMillan II I 
P ubl isher ' 

FUNDAMENTALS 
OF 

ADVERTISING 
INTHE 

ELECTRONICS 
PRESS 

This is a reprint of a speech presented 
at 1974 WESCON on Fundamentals 
of A vertising in the Electronics Press. 
If you would like a copy, send me the 
coupon below. 

r-----------------------------1 
To: Dan McMillan, Publisher 

Electronics 
1221 Avenue of the Americas 
New York, N.Y. 10020 

Please send me a reprin t of " Fundamentals of Advertising in the Elec­
tronics Press." 

Name _________________ _ 

Company ________________ _ 

Street _________________ _ 

Ci ty/ State/ZIP----------------

L-----------------------------J 

Electronics~,~~ 
THE SOURCE. 1tnr11 

This is the Sixth of a series of editorials on advertising, marketing, and planning in the Electronics Technology Marketplace. Your comments are welcome. 
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• ACDC Electronlce, Inc. 62 
Rose Associates Advertising & Public Relations 

• Acme Electrlc 
Rumrill-Hoyt , Inc . 

3rd Cover 

• Adelay 
StudioCPM 

Advanced Micro Devices 
Keye Donna Pearlstein 

* Alleao~f:::~~~y~~~C:i:'lr & Johnson, Inc . 

Aluminum Company of America 
Ketchum, Macleod & Grove , Inc . 

American Mlcroayetema, Inc. 
Wilton Coombs & Col nett Inc ., Acvertising 

24 

11 

24 

74 

103 

American Optlcal Corp., Fiber Optics & lnduatrlal 
Prod. Dlvlalon 97 
Wilson, Haight & Welch , Inc., Advertising 

American Uaed Computer Corporation 
McDavrtt Advertising 

• Augat 
Creamer, Trowbridge, Case & Basford, Inc. 

• Ballantine Laboratories, Inc. 
MLF Graphics 

• Beckman Instruments Limited 

*•Beckman lnatrumente Inc., Hellpot Dlvlllon 
N.W. Ayer/ Jorgensen / MacDonald, Inc. 

*" MGR/ Buumann Manutacturlng Division 
Media/ Marketing Service Center, Inc. 

• Chicago Dynamic Industries 
Burton Browne Advertising 

144 

48,100 

61 

57 

52 

57 

123 

• Cramer Dlvlalon of Conrac 8 
McCarthy, Scelba, DeBiasi Advertising Agency 

• Dale Electronlc1., A Sub. of the Lionel Corporation 
4th Cover 

Swanson , Sinkey, Ellis, Inc., Advertising 

Datum, Inc. 
Data Acvertising 

* Delco Electronlc1 Division, General Motors 
Corporation 
Campbell-Ewald Company 

• Delevan Division, American Precision 
Industries, Inc. 
Comstock Advertising , Inc. 

• D1a1~~~e~~~[~~~~~c . 
Doric Scientific Corporation 

Noonan Public Relations and Acvertising 

• Ducatl Elelrolechlca Microfarad 
Studio Busoli Gastone 

Electromaak, Inc. 
JMR Acvertising 

Electronlc1 Component• Conference 

Electronlc1/ Deluxe Cla11lcs 
Gumpertz/ Bentley/ Fried / Scott 

• Eleclronlc Meaaurementa, Inc. 
Hill Acvertising Agency 

Electronic Navigation Industries 
Hart / Conway Advertising - Public Relations 

• EPC Labs, Inc. 
Superfine Productions 

• Erle Technological Products, Co., Inc. 
Altman Hall Associates Advertising 

71 

44-45 

18 

123 

112 

22E 

120 

144 

137 

42 

16 

126 

17 

Fabrl-Tek, Inc. 84 
Midland Associates Inc., Marketing and Advertising 
Services 

Fairchild Semiconductor, Inc. 19-22 
Carson / Roberts , Inc. Advertising Division of Ogilvy 
& Mather, Inc. 

Ferrantl-packard 
Huxley-Irwin-Price, Limited 

John Fluke Mfg. Co. , Lid. 
Lennox Marketing Limited 

FMC Corporation - Semiconductor 
Product• Operation 
DeSales Advertising, Inc. 

• Ganz Meaourtng lnatrumenta 
Hungexpo Varosliget 

• Gould lnc./ lnatrument System• Dlvlllon 
Carr Liggett Advertising , Inc. 

142 

129 

131 

73 

12E 

123 

• Gra~r,1~ ·l:J~ertisi ng Company, Inc . 
38 

Harmony Engineering Corporation 134 

• Hewlett Packard 46-47 
Tallant / Yates Acvertising, Inc 

• Hewlett Packard 
Richardson. Seigle, Rolfs & McCoy, Inc . 

• Hewlett Packard 
Phill ips Ramsey Advertising & Public Relat ions 

• Honeywell Test Instrument Dlvlllon 
Campbell-Mithun, Inc. 

• Hughea Aircraft Company 
Foote, Cone & Belding 

HyCF~:::f'~~~ari Assoc iates 

28 

35 

139 

lnlernallonal Crystal Manufacturing Company 
RobertV. Freeland & Associates 

135 

• Interstate Eleclronlco Corporation 
Chris Art Studio, Inc. 

• Invest Export Import 
lnterwerbung 

• ITT Cannon 

Jenaer Gleewerk 
Dipl. -Kfm 

Keithley Instruments 
Chagrin Valley Market ing Associates 

• Kennedy Company 
R.L. l hompson Advertising 

Krohn-Hite Corporation 
Impact Acvertising , Inc . 

Lllronl x, Inc. 
Bonfield Associates 

• Logabax 

Macrodata Company 
JMR Acvertising 

• Magnall Marelll 

Martin Research Company 
Studio 23 

• MCL, Inc. 
Huwen & Daview, Inc . 

MOB Sy1tem1, Inc. 
The Sunshine Group 

Micro Power Sy1tem1 
Associated Ad Ventures , Inc. 

• Micro Technlcal lndu atr la1 
R.E. Sylvester Advert ising Agency 

Motorola Semiconductor Products, Inc. 
E.B. Lane & Associates, Inc. 

Natlonal Eleclroni~• 
Lea Advertising 

• National Semiconductor Corporation 
Chiat/Day, Inc . Advertising 

97 

15E 

5E 

133 

119 

25E 

5 

12-13 

26E 

125 

2E 

144 

134 

100,131 

117 

137 

37, 41 

64 

110-111 

• Neleon Ro11 Electronlc1, Division Polorad 
Electronlc1 2nd Cover 
McCarthy, Scelba, DeBiasi Advertising Agency, Inc . 

• Newport Labs 
Manning/ Bowen and Associates 

Nlppom Electronic Memory Ind. Co., Lid. 
Nihon Keizaisha Advert ising Ltd. 

• North Electric Co. - Eleclronetlc1 Dlvlllon 
Marc Associates 

Oak lnduatrle1, Inc. Switch Division 
Stral Acvertising Company, Inc . 

• Otcllloquartz SA, Neuchatel 
Publicrtas Service International 

• Phlll pa N.V. Pll / T& M Dlvlllon 
Brockies Communications Systems SA 

Phll~.1•11 & Mcuurlng Instruments, Inc. 

Phoenix Data, Inc. 
Craig Miller Acvertising 

• Plher lnlernallonal Lid. 
Scott Mac Taggart Advertising Limited 

, • Power1ec, Inc. 
Warren C. Wilson & Associates 

11 4 

40 

100 

131 

28E 

10E-11 E 

23 

121 

9E 

51 

Practlcal Automation, Inc. 129 
Carol Marketing Assoc iates 

• Premier Metal Product• Corporation 97 
Commercial Press , Inc . 

• RC~F~~cl~;gnm~~iany , Inc . 
126,138 

RCA - Solld State Dlvlalon 66-67 
Marstell er, Inc . 

"* Rental Electronlca, Inc. 
Humphrey Browning MacDougall , Inc . 

54 

Retlcon Corporation 65 
The House Agency 

• Rhone Progll 19E 

• Rohde & Schwarz 1E 

San-e Denki Company Umlted 138 

Sa,amo Electric Company 92 
atz-Hodgson-Neuwoehner, Inc . 

Scientific Atlanta/ Dlvtalon 128 
Raniere, Saslaw, Mohr and Associ ates , Inc . 

• Salman 13E 
CPM Studio 

• Seeco•m 23E 
Bazalne Publ icrte 

SGS-ATES lntematlonal 9 
Mccann-Erickson 

• Slemena Karlaruhe 52 
Linder Presse Union 

Slmr eon Electric Company 39 
merad Advert ising Services, Inc. 

• Sodeco SAIA 54 
Stocker 

• Sorenaen 14-15 
Grover & Erickson, Inc. 

• Spectrol Reliance Umlted 20E-21E 
JMR Acvertising 

Sprague Electrl c Company 
Harry P. Bridge Company 

43 

• STSSpA 
Studio Dr. giuliano Bl ei 

7E 

Tali Corporation 6 
onfield Associates 

• Tanaltor Electronlca 6 
Devey, Thompson & Vignola Advertising, Inc . 

• Tekelec: Alr1ronlc 27E 
S.P.F.D. 

•Tektronix, Inc. 33 
Tektronix Advertis ing 

Teledyne Ssmlconduclor 
. Regis McKenna, Inc. 

Teradyne, Inc. 
Quinn & Johnson, Inc. 

58 

TerraCom 139 
Manning / Bowen andAssociates 

Texaa Instrument• - Scientific Calculators 127 
Tracy-Locke 

• Union Carbide Corporation 115 
J.J . Lane, Inc. 

• Unll rode Corporation 27 
Schneide r Parker, Inc. 

Unlvarsal Instrument Corporation 
Commercial Art Servi ce Graphics 

122 

•• u.s.c.c. 16E-17E 
S. Michelson Adver1ising 

•• Wavetek lndlana Inc. 45 
Chapman Michetti Acvertising 

ZellwegerAG 
George & Thomas Vetter 

137 

• For more information on comple1e product line see ad­
vert isement in the la test Elec1ronics Buyers' Guide 

• Advertisers in Electronics International 
; Advertisers in Electronics domestic edit ion 
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FEATURE ARTICLES FROM 
ELECTRONICS MAGAZINE ARE NOW 
AVAILABLE IN REPRINT FORM ! 

Valuable additions to your electronics library are now available thru this exclusive reprint 
service. Just check the articles you wish to order and enclose check or money order for 
prompt service. 

No. of 
Copies 

Wanted 

R- 11 Computer-Aided Design 

R- 15 Special Report on LSI Packaging 

R-01 6 Special Report on The Transistor: 
Two Decades of Progress 

R- 18 Reshaping the EE for the Seventies 

...... $4.00 

... . . . $3 .00 

..... $3.00 

. . ...... $1.00 

R-023 Special Report : Tomorrow's Communications .... $3.50 

R-027 Consumer Hazards : Why They Happen , 
How They Can Be Fixed . . .. . ... . ... $2.00 

R-031 Circuit Designer's Casebook (U.S. Only) ... 

R-032 Active Filters 

Infra-Red Detector Chari 

R-10 1 Special Report : The Righi Numeric Readout , 
a Critical Choice for De signers .... 

R-104 The New Concept for Memory and 
Imaging : Cha rge Coupl ing 

R-107 Wanted for the ' 70s: Easier-lo-Program 

. .$5.50 

.. . $4 .00 

. ... $2.00 

. . $2 .00 

Computers .......... . . .......... . 

R-1 10 Automation fo r Survival and Profit 

. .$4.00 

....... $2.00 

R-113 Optoelectronics Makes It Al Last 13 part series I. . $4 .00 

R-203 East Europe Markel Report .......... . . . . ..... . $2.00 

R-205 Bridging the Analog & Digital 
Worlds w ith li near ICs . . . ..... .. .. . . . . $4 .00 

R-207 Technology Gap Starts lo Close for 
Computer Peripherals .... . .... . 

R-209 Semiconductor RAMs Land Computer 
Mainframe Jobs . . . . . .... . . . . . 

R-211 Electromagnetic Spectrum Report 
and Foldout Chari 

R-213 Electromagnetic Spectrum Chari 

. . $3.00 

. .. $2 .00 

... $4.00 

(rolled in mailing tube ) . . . . . . . . . . . .. . . $2 .00 

R-306 Charge Coupling Improves Its Image, 
Challenging Video Camera . . ............ . .. .. $2.00 

R-308 Program for Transition from Nonlinear 
lo Linear Transistor Model .. .. ... $2.00 

No. of 
Copies 

Wanted 

R-310 Penetration Color Tubes are Enhancing 
Information Displays .. . . . ... . . . ............. . $2.00 

R-312 Leadless, Pluggable IC Packages Reduce Costs . . $2.00 

R-316 Hybrid Circuit Technology Solves 
Tough Design Problems .. . ... .... . . $3.00 

R-318 Buckling Up for the Bumpy Road lo Detroit . . $3 .00 

R-320 Planar Interconnection Techniques !Designer 
Musi Plan Early for Flat Cable) . . . . . . .. ... $3.00 

R-322 Special Report : The New Displays 
Complement the Old ..... . . . . . . . . . . . $2 .00 

R-324 Semiconductor Memories Are Taking Over 
Data-Storage Applications .. . . $3.00 

R-326 Optical Spectrum Report and 
Optical Spectrum Chari .. .. . . ... .... . . . $4.00 

R-328 Pervasiveness of Electronics 
Entire Issue of Electronics ...... . . . . .. . .... $2 .00 

R-500 Japanese Forecast 1975 . 
3FOR 

R-502 European Forecast 1975 ............ $300 
. $3.00 } 

R-504 U.S . Forecast 1975 . . . . . .. . , . .. . 

R-406 Logics New Design Tools 

R-408 Bringing Sight lo the Blind 

$750 
. . $3.00 

......... . $3 .00 

.. . .... $2 .00 

R-410 Passive Components . ................. . .. . .. . . $3.00 

R-412 Liquid Cooling Semiconductors . ... . $3 .00 

R-414 Simplified n-Channel Process . . . . ... $3 .00 

R-416 Optical Waveguides Look Brighter . $3 .00 

R-4 18 Computer Analyses of RF Circuits . . . $3 .00 

R-420 Computerized Text-Editing and Typesetti ng .$3.00 

R-422 A Microprogramable Minicomputer .. .. . $3 .00 

R-424 Microprocessor Applications . ..... . .. .. .. . . .. . . $3.00 

R-426 'special Issue - Technology Update-1974 .... $4.00 

Payment must accompany your order ... USE THIS PAGE AS YOUR ORDER FORM 
Make check or money or­
der payable to Electron­
ics Reprints . All orders 
shipped prepa id via parcel 
post. Allow two to three 
weeks for delivery. 

Back Issues Now Avail­
able. 1960 to 1969 $5.00 
each. 1970 to 1973 $3.00 
each. 

Mail Your Order To 
Janice Austin 

ELECTRONICS REPRINTS 
P.O. Box 669 
Hightstown, N.J. 08520 

Amount of Order $ ___ _ 

Plus 10% Handling Charge $ ___ _ 

TOT AL AMOUNT ENCLOSED $ ___ _ 

SEND REPRINTS TO 

Company _________ _ ___ _ _ _ _ ____ Dept. _____ _____ _ 

Street _____ _ _______________ ___________ _ 

City ___ ______________ State ___________ Zip __ _ 



Designing a microcomputer around 
the 8008? You need Microcomputer 
Design. Over 300 pages of hardware 
design ideas simplify the tangled TTL 
in the published circuits. Helps build 
increased performance and lower 
cost into your system. Great for 
OEMs evaluating the 8008. Ideal for 
college-level study. 

D Book with 8008 for $100. 
D With 8008-1 (60% faster) $110. 
D Book with 8080 for $200. 
D Book alone, $75. Quantity 

discounts are available . (U .S . 
prices ; Ill. , + 5%) WE HONOR 

• MARTIN RESEARCH 
Suite 330 /1825 South Halsted St. 
Chicago, Ill. 60608/312 . 829 . 6932 

Circle 144 on reader service card 

RENT A MINI 
1 DAY DELIVERY 
DEC PDP 81(4K) 
DEC PDP 8L(8K) 

ASR 33 
FOR SALE 

MINIS DEC • DG • CAI • GTE 
HP • HIS • IBM • INT 
LOCK • MICRO • SEL 
VARIAN• XLO 

PRINTERS MOS 4330-$2950 
CDC 9322 - $2500 
DP 2440 - $7500 

CARD 
READERS GDI 100 

$950 
$450 

PAPER DIGITRONICS 2500 $350 
TAPE CHALCO • BRPE 21 $250 

MAG PERTEC • WANGCO 
TAPE POTTER • AMPEX 

617-261-1100 
AMERICAN USED COMPUTER CORP. 
P.O. Box 68. Kenmore Sta .. Boston, MA 022 15 
member COMPUTER DEALERS ASSOC IATION 

Advertising Sales Staff 
Pierre J. Braude New York [2 12) 997-3468 
Paris Tel. 720-73-01 
Director of Marketing 
Atlanta, Ga. 30309: Warren H. Gardner 
100 Colony Square, 1175 Peachtree St., N.E. 
(2121997-3617 

Boston, Mass. 02116: James R. Pierce 
607 Boylston St. [617] 262-1160 

Chicago, Ill. 60611 : 
645 North Michigan Avenue 
Robe rt W. Bartlett (312) 751-3739 
Paul L. Reiss (312) 751-3738 

Cleveland, Ohio 44113: William J. Boyle 
[7 16] 586-5040 

Dallas, Texas 75201 : Charles G. Hubbard 
2001 Bryant Tower, Suite 1070 
[214] 742-1747 

Denver, Colo. 80202: Harry B. Doyle, Jr. 
Tower Bldg ., 1700 Broadway 
[303] 266-3863 

Detroit, Michigan 48202: Robert W. Bartlett 
1400 Fisher Bldg . 
(313] 873-7410 

Houston, Texas 77002: Charles G. Hubbard 
375 Dresser Tower, 601 Jefferson St . (713] CA 4-8381 

Los Angeles, Calif. 90010: Robert J. Rielly 
Bradley K. Jones, 3200 Wilshire Blvd ., South Tower 
(213)487-1160 

New York, N.Y. 10020 
1221 Avenue of the Americas 
Warren H. Gardner (212] 997-3617 
Michael J. Stoller [212] 997-3616 

Philadelphia, Pa. 19102: Warren H. Gardner 
Three Parkway. 
[212] 997-3617 

Pittsburgh, Pa. 15222: Warren H. Gardner 
4 Gateway Center, [212] 997-3617 

Rochester, N.Y. 14534: William J. Boyle 
9 Greylock Ridge, Pittsford, N.Y. 
[716] 586-5040 

San Francisco, Calif. 94111: Don Farris 
Robert J. Rie lly, 425 Battery Street, 
(415] 362-4600 

Paris: Alain Offergeld 
17 Rue-Georges Bizet, 75 Paris 16, France 
Tel : 720-73-01 

Geneva: Alain Offergeld 
1 rue du Temple, Geneva, Switzerlane 
Tel : 32-35-63 

United Kingdom & Scandinavia: Keith Mantle 
Tel : 01-493-1451 , 34 Dover Street. London Wl 

Miian: Luigi Rancati 
Robert Saidel (Middle East) 
1 '"a Baracchini, Italy Phone 86-90-656 

Brussels: Alain Offergeld 
23 Chaussee de Wavre 
Brussels 1040, Belgium 
Tel : 13-73-95 

Frankfurt / Main: Fritz Krusebecker 
Dieter Rothenbach (East European Countries) 
Liebigstrasse 27c, Germany 
Phone 72 01 81 

Tokyo: Tatsumi Kat.:~iri, McGraw-Hill 
Publications Overseas Corporation, 
Kasumigaseki Building 2-5, 3-chome, 
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan 
[581] 9811 

Australasia: Warren E. Ball , IPO Box 5106, 
Tokyo, Japan 100-31 
Tel ; (03) 667-7397 

Business Department 
Stephen R. Weiss, Manager 
[212] 997-2044 

Thomas M. Egan, 
Assistant Business Manager [212] 997-3140 

Carol Gallagher 
Production Manager International [212] 997-2045 

Dorothy Carter, Production Manager Domestic 
[212] 997-2908 

Frances Vallone, Reader Service Manager 
(212] 997-6057 

Lisa Hoenig, Secretary 
(212] 997-6481 

Electronics Buyers' Guide 
George F. Werner, Associate Publisher 
[212] 997-3139 

Regina Hera, Directory Manager 
[212] 997-2544 

144 Circle 180 on reader service card 

25th 
ELECTRONIC 
COMPONENTS • 
CONFERENCE ~ 

,. ' 

STATLER HILTON HOTEL, 
WASHINGTON, D.C. 

MAY 12-14, 1975 

JOINT SESSIONS: 

ISHM Standards Committee 

IEEE Manufacturing Technology Group 

IN CONJUNCTION WITH: 

Design Engineers' Electronic 
Components Show (DEEC), sponsored by 
EI A Parts D ivision 

PROGRAM 

•Hybrid Applications 
•Automatic Bonding 
•Electrolytic Capacitors 
•Hybrid Technology 
•Connectors 
•Computerized Testing 
•Fiber Optical 

Communications­
Components and 
Applications 

SPONSORED BY: 

•Reliability 
•ISHM Standards 
•Discrete Components 
•University 

Microelectronics 
•Materials 
•Film Capacitors 
•Manufacturing 

Technology for the 
Late Seventies 

EIA IEEE Parts, Hybrids and 

Packaging Group 

............................. ~· 
Tyler Nourse 
Electronic Industries Association " 
2001 Eye Street, NW 
Washington, DC 20006 
I' m inte rested in pre regis trat ion fo r ECC. Pl ease 

r 

send mP informat ion on hotel reservations and • 
conference technical program. 

Name 

Title 

Com~'"''' 

Address 

C ity State Z ip 
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