
... 

February 7, 1974 

95 Raster-scan techniques for low-cost graphic displays 
107 Auto radar senses crash , triggers restraints 
119 IC power transistor has built-in protection 

$1 .00 A McGraw-Hill Publicat ion 

• 
I 



FEATURES: 

High luminous 
intensity 

Low cost 

Low power con­
sumption 

IC compatible 

Vibration I shock 
resistant 

So I id state re-
1 iabi I ity 

Life measured in 
years 

Wide viewing 
angle 

Dialight's high brightness 521-
9200 LED is an intense large 
area light source that has this 
typical luminous intensity: 
@ IF=20 mA 10 = 2.0 med. 

APPLICATIONS: 

Panel lighting· Circuit-status in­
dicators · Back lighting of an­
nunciators · Alpha -numeric 
displays • Au tomobile dash­
boards · Appliances · Desk-top 
calculators · Housewares 

/l 
Quality LEDs are 9 ¢ each 
when purchased in million 
piece quantities 

LEDs from 100 
to 999 are only 
21 ¢ each. 

If you need LEDs 
from 1000 to 9999 , 
Dial ight has them 
for 17¢ each. 

Quantities from 
10,000 are a low 16¢ 
each and Dialight can 
fill your order today 

Even if you only need LEDs 
from 1 to 99, Dialight has 
them for 28¢ each. 

/l 

With this coupon you can get 
a free LED sample. Send this 
coupon to your nearest 
Dialight distributor or give 
him a call. 

All prices are domestic and subject to change without notice. 

IJIALIGl-IT 
Dialight Corporation, A North American Philips Company 
60 Stewart Avenue, Brooklyn, N.Y. 11237 (212) 497·7600 

AVAILABLE NOW FROM 
THESE STOCKING DISTRIBUTORS 

ARIZONA NEW YORK 
Moltronics of Arizona, METROPOLITAN AREA 

Inc. Arrow Electron ics, 
602-272-795 1 Inc . 

CALIFORNIA 5 l 6·694·6800 
Western Harrison Radio Corp. 

Electromotive 516·293-7990 
Harvey Radio Co., 

213-870-7621 Inc. Bell Electronics Corp. 516·921·8700 415·323-9431 Melvi lle Radio Corp. Fisher/ Brownell 914-592-7100 
408·244·6182 Peerless Radio Corp. Richey Electronics, Inc . 516·593-2121 213·875-2862 
We states 

NEW YORK STATE Electronics Corp. 
213-341-4411 Summit Distributors, 

Inc. 
COLORADO 716·884-3450 
Meter Master 

Instrument Corp. NORTH CAROLINA 
303-722-5766 Hammond 
FLORIDA Electronics of 
Hammond Carolina 1 Inc. 

Electronics, Inc. 919-275-6391 
305-241-6601 

OHIO 
ILLINOIS Hughes-Peters, Inc. 
Newark Electronics 614-294-5351 
312·638·4411 Pioneer-Cleveland 

IN DIANA 
Div. 

Pioneer-Standard 
Graham Electronic Electronics 

Su pp ly, Inc. 216·58 7-3600 
317-634·8202 Sto tt s-Friedman Co. Radio Distributing Co. 513·224·1111 219-287·2911 Sun Radio Co., Inc. 
MARYLAND 216·434·2171 
Pioneer Washington 

Elect. Co. OKLAHOMA 
301-424-3300 Radio, Inc. 
Radio Electric 918-587-9124 

Service Co. 
301-823-0070 PENNSYLVANIA 

MASSACHUSETTS 
Alme Electronics 

Corp. 
Cramer Electronics, 215·676·6000 Inc. George D. Barbey Co. 
617-969-7700 215-376-7451 DeMambro Supply Cameradio Co. Co., Inc. 412·288-2600 617-787-1200 
Gerber Electronics, Inc. 

TEXAS 61 7-329-2400 
Sager Electrical Harrison Equipment 

Supply Co. Co., Inc. 
617·542·2281 713-224-9131 

MICHIGAN UTAH 
RS Electronics Standard Supply Co. 
313·491-1000 801-355-2971 
MINNESOTA 
Gopher Electronics Co. WASHINGTON 
612-645-0241 Almac/ Stroum 

Electronics 
MISSOURI 
Lcomp-St. Louis, Inc. 

206-763-2300 

314·647-5505 WISCONSIN 
NEBRASKA Parts Mart Corp. 
Scott Electronic Supply 414-276-4160 
402-434-8308 

CANADA 
NEW JERSEY Saynor Electro nics ltd . 
Federated Electronics 416-44 5-234 7 
201-376-8900 L. A. Varah ltd. 
Resco Electronics 604-736-9252 
609·662-4000 Wackid Radio TV 
State Electronics Labs, Ltd. 
201-887-2550 613·726-1821 
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'rHE NE\\' \\'Ul~H IN HA'rA t:tt.\l.\\llNH:A'rHt~S , 
• • 

II A I~/ 'I~ a BANT"device.!part#AY-5-1013 & #AY-5-1013AJ 

1. the first one-package MOS Universal Asynchronous Receiver/Transmitter. 
2. a General Instrument :J:.,SI subsystem which accepts binary characters from either 

a terminal device or a computer and receives/ transmits this character with appended control 
and error detecting bits. All characters contain a start bit, 5 to 8 data bits, one or two stop bits, 
and either odd/ even parity or no parity. In order to make UAR/Tm ].lniversal, the baud rate, 
bits per word, parity mode, and the number of stop bits are externally selectable. The device 
is constructed on a single monolithic chip utilizing MTNS P-channel enhancement mode tran­
sistors. All inputs and outputs are directly compatible with TTL/DTL/MOS logic without the 
need for interfacing components and with all strobed outputs having tri-state logic. 

3. the UAR/Tis now available in 30k baud (AY-5-1013) and 40k baud (AY-5-1013A) 
versions. 

4. newest member of General Instrument's family of MOS LSI data communication 
wbiMill"'lf~'Trl'~~M~~~-1008 terminal receiver and the AY-5-1010 and 

ly available. 

/ T - BLOCK DIAGRAM 

TRANSMITTER 
DATA BITS 

TRANSMITTER SHIFT REGl~TER 

DATA STROBE 

SERIAL 
OUTP UT 

'-----1---->0 ~~~R~~TE R 

RECEIVER 
DATA BITS 

EXTERNAL 
RESET 

RECEt'VEO 
DATA ENABLE 

For further information call 800-645 -9247 toll free (In New York State call 516-733 -3107) or write, 
Gen~ral Instrument Corporation, Microelectronics , 600 West John Street, Hicksville, N.Y. 11802. 
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• conditions of Sale 

191\' = 'HNt\' 
In = 1.ttA @ 7S0 t~ 

11~ = S.tt ~1A @ 2S
0

t~ 
\'F = 1.1\' @ 1.ttA @ 2S0 t~ 

ON sEPi. ' 

\S Si\LL 5¢ -
oUR pR\CE 

Minimum Order Quantity : 25,000 units schedu led within 90 days 
Minimum Delivery : Minimum Shipment 10,000 pcs. 

For complete information write: General Instrument Corporation , 
Dept. F, 600 West John Street, Hicksville, N.Y. 11802, or call, in 
New York: 516-733-3333; in Chicago: 312-338-9200; in Los 
Angeles: 213-781-0489. In Canada, call or write: General Instru­
ment Canada, Ltd., 61 Industry Street, Toronto 337 , Ontario, 
Canada, Tel: 416-763-4133 . In Europe, write: General Instrument 
Europe S.P.A., Piazza Amendola 9, 20149 Milano, Italy. In Ger­
many, General Instrument Deutschland, Neumarkter Strasse 61, 
8-Munich 80, West Germany. In France, 11 / 13 Rue Gandon, 75 
Paris 13e France. In the U.K., write General Instrument (U.K.) 
Ltd. , Cock Lane, High Wycombe, Buckinghamshire, England. In 
the Far East , write General Instrument of Taiwan Ltd., P.O. Box 
22226, Taipei , Taiwan. In Japan, General Instrument Interna­
tional Co. Ltd., Fukide Bu ilding No. 17 Shiba Fukide-Cho, Minato­
Ku , Tokyo 106, Japan . 

Packing : Bulk Packing, 2000 unit/box 
Marking: Cathode Band, 1N4004, GI, Date Code 

AQL: 1% 
Specifications : per EIA 

GENERAL INSTRUMENT CORPORATION r:::1 
SEMICONDUCTOR COMPONENTS L!!.I 
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The cover: Designing a fast counter, 114 
A direct-reading 500-MHz counter when no 
500-MHz logic is available? How H-P engi­
neers overcame this and other problems on 
their way to an instrument with 2 pico­
second resolution is the subject of the latest 
article in Electronics ' series of product de­
velopment profiles. 

ESP-a new medium for messages? 82 
At a one-bit-per-minute rate, communi­
cations received by extrasensory perception 
are unlikely to put the telephone company 
out of business just yet . But the potential of 
this novel form of energy is attr.acting in­
creasing attention from scientists and from 
engineers. 

Raster-scan tube cuts graphic terminal cost, 95 
Computer data can be reformatted in real 
time by a new scan-conversion algorithm 
for display on an inexpensive raster-scan 
monitor. Interaction with the computer is 
also easy. 

Auto radar tightens seat belts In colllslon, 107 
Two Japanese companies have developed a 
pwlsed-doppler radar for automobiles. 
Mounted on the car front , it senses when a 
crash is inevitable and activates restraint de­
vices-air bags or seat belts-that ensure 
the passengers ' safety. 

And Ip the next Issue . . . 
Special report: the renaissance in logic 
technology .. . a round-up of the Inter­
national Sol id State Circuits Conference 
. . . liquid cooling for high-power semicon­
ductors. 
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Q ur series of Product Develop-
ment Profiles continues in this is­

sue with the story behind the design 
of Hewlett-Packard 's new HP-
5345A, successor to one of the most 
successful counting instruments ever 
built. 

When we started the series, just a 
year ago, we covered products that 
had already achieved market suc­
cess. Now, we have broadened our 
definition to include current devel­
opment efforts, efforts where ulti­
mate success can not yet be a crite­
rion. 

Instead, we are focusing on the 
design effort itself, stressing projects 
that show the unusual combination 
of market-need awareness, technical 
innovation to meet that need, and 
an effective organization both 
within the company and with other 
companies to produce the product. 

We started the series because we 
feel that there are still a lot of les­
sons to be learned about applying 
state-of-the-art technology to build 
a successful product. And over the 
years, we will be picking more prod­
uct-development efforts to highlight. 

We already have a number in 
mind, but maybe you have a par­
ticular interest in reading about how 
a certain product came into being. If 
so, let us know, and we'll home in 
on those that are voted the most in­
teresting by readers. 

Electronics industries represent-
atives showed up last month for 

an FAA briefing on the expanding 
market for avionics and related elec­
tronic gear in the two thirds of the 
world that includes Asia, Africa, 
and the Pacific. Perhaps the Peo­
ples' Republic of China stands out 
as the brightest potential market. 

In the article on page 89, Bill Ar-
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Publisher's letter 
nold of our Washington bureau, one 
of the few newsmen at the briefing, 
rounds up the joint Government ef­
forts to promote these international 
sales-and the factors that make it 
so tough for U.S. companies to com­
pete. 

The FAA's presentation, which in­
cluded talks by officials from the 
Commerce Department, the State 
Department, and the Export-Import 
Bank, served to spotlight the contin­
uing barriers to the penetration of 
U.S. products-soft loans from other 
countries, strong backing of foreign 
companies by their governments, 
and even the tendency for newer na­
tions to buy from the former colo­
nial powers. 

Will ESP ever be a practica l 
means of communication? 

There is enough serious research go­
ing on now in extrasensory percep­
tion to raise that question-not the 
older "Is there such a thing as ESP? 
As you' ll find in the thought-pro­
voking Probing the News article on 
page 82, NASA has conducted ESP 
experiments with astronauts, and a 
scheduled session at the IEEE Inter­
con next month will detail some of 
the current work in parapsychology, 
which is quite wide-ranging. After 
reading our article, perhaps you'll 
agree that there's more to ESP than 
meets the eye. 

T he index of articles published in 
Electronics in 1973 will be avail­

able shortly. For a copy, circle num­
ber 460 on the reader service card 
inside the back cover. 

Officers ot the McGraw-Hill Publications Company John A Emery, 
President , J Elton Tuoh1g, Executive Vice Pres1dent-A&n1mstrat1on; 
Gene W Simpson , Group Pubhsher-Vice President, Senior Vice PreSJ­
dents Ralph BlacKburn. Circulation; Waller A Stanbury. Editonal : John 
D Hoglund, Controller, Davrd G. Jensen. Manufacturing; Gordon L 
Jone!'> Market ing. Jerome D Luntz, Planning & Developmenl 

Officers of the Corporation; Shelton Fisher, President , Wallace F . 
Traendly, Group Pres1den1. McGraw-Hill Pub11ca11ons Company and 
McGraw-Hill lnlormat 1ons Systems Company, Robert N Landes. Senior 
Vice President and Secretary, Ralph J Webb. Treasurer 

Tille registered 1n US Patent Off1ee, Copyright 0974 by McGraw­
H1ll, Inc All nghts reserved . The contents ol th1s publicat ion may not be 
reproduced either 1n whole or 1n pa.rt without the consent of ccipyngh t 
owne' 

Subscribers The publisher , upon written requesl 10 our New York of­
fice lrorn any subscriber, agrees to refund !hat par1 of the subscnp l ton 
price applying to copies not yet mailed Please send change of address 
notices or compla1n1s to Fult1llmen1 Manager. subscription orders to 
Orculation Manager. Elec1ron1cs, at address betow Change or address 
notices should provide old as well as new address . 1nclud1ng postal zip 
code number If possible, attach address label lrom recent issue Allow 
one month tor change to oecome eflec!lve 

Pos1master Please send form 35 79 to Fu!ftl!ment Manager. Electron­
ics, P 0 Box 430, H1ghts1own, N J 08520 

Electronics/February 7, 1974 

.. 

I· 



, 

Sine, square and triangle waveforms from 
0.002Hz to 2MHz ·at a price you can handle. 

If you 're in the market for a low-cost, versatile 
function generator, we've got the unit for you. 

Model 5700 is the little big man of our 5000 series, 
with multifunctions, balanced output and a general 

versatility unmatched at the price. It features a 
1000:1 tuning dial, covering the whole audio 

spectrum on one frequency range. The 50 ohm 
single ended output and 600 ohm balanced output 

are controlled by a common attenuator. An auxil iary 

square wave output enables synchronization, gating 
and blanking. Model 5700 is the ideal choice for a 
broad range of electronic applications from research 
to calibration. With this performance at a bargain 
price why shop around? 

For fast action, call (617) 491 -3211 , TWX 71 O 
320 6583, or contact your local KH representative 
listed below. 

1.11....JKRDHN-HITE nfl CC>APC>AA. TIC>N 
580 Massachusetts Avenue, Cambridge, Massachusetts 02139 

SALES OFFICES: ALA. , Huntsville (205) 534-9771; AR IZ., Scottsdale (602) 947-7841; CAL, Santa Clara (408) 243-2891, Inglewood (213) 674-6850: COLO., Denver (303) 934-5505; 
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lntronics' SM2000/ 5 modular power supply 
offers you more power for your money ... up 
to 10 watts of output power. Plus, a compact 
size that makes this unit the natural choice to 
power your IC logic circuitry. 
All lntronics' modular power supplies are 
designed for easy use and trouble free 
operation. Outstanding characteristics include: 
preset voltages to ± 0.5% , output short 
circuit protection, low ripple, wide operating 
temperature range with no derating, 50 to 
440 Hz operation and 50 meg ohm 
transformer isolation. 
Exercise your buying power. Specify lntronics' 
Model SM2000/ 5 modular power supply for 
your IC logic circuit applications. 

. t ® · m romes 
57 Chapel Street. Newton. Massachusetts 02158 U S.A 

617-332-7350, TWX 71 0-335-6835 

Overseas ca ll : 
Brussels. Belgium 13-73-84 
Maidstone. England 54224 
Helsinki, Finland 11 -123 
Pans. France 9077844 

Munich. Germany 5241 81 
The Hague. Holland 678380 
Milan. Italy 9043983 
Zurich, Switzerland 93-31 -61 
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Readers comment 

Arguing the energy crisis 

To the Editor: Your editorial, 
"Apollo and the Arabs," [Electron­
ics, Dec. 6, 1973, p.11] still avoids 
the central issue of the energy prob­
lem. Cosmetic measures, such as re­
ducing speed limits, will actually use 
more fuel-not less. Over 60% of the 
driving is in urban areas at speeds 
already below 50 miles an hour. Re­
ducing to 50 the 12% that travel 70 
mph or more will save less than 1 % 
of the annual national consumption, 
but at an annual cost of over $6 bil­
lion in lost time and efficiency. This 
fuel saving will be more than offset 
by the stop-and-go freeway situ­
ations that develop from the "back­
ward-wave-oscillator" effect at or 
below critical speeds, which are 
right around the new speed limits. 

Our problem is not energy short­
age; it is inept Government and too 
much of it. Remove all taxes of all 
kinds and all Government controls 
from new wells and refineries, from 
the profits there derived, from the 
products there produced, and from 
the employees producing them, and 
watch how fast we will get an over­
abundant supply of fuel at prices far 
below what we currently experience. 

Apply that same philosophy to 
high-energy, low-weight, low-cost 
storage batteries and nuclear-power 
sources, and by the time our world 
supply of fossil fuels is indeed ex­
hausted, we will be moving with all­
electric propulsion and electronic 
control systems far beyond anything 
we know today. It is time we recog­
nize the fact that more Government 
is the last thing we need. 

R. W. Johnson 
Ben Lomond, Calif. 

To the Editor: Your editorial on the 
energy crisis (Dec. 6, 197 3, p. 11] 
and the delinquent manner in which 
the Administration is handling the 
situation certainly calls for a loud 
hurrah. Someone with a loud voice 
is saying what we all think. 

This crisis presents a problem to 
the Government. Investments in 
money and materials in the fuel in­
dustry are of gargantuan propor­
tions, so we are not talking about a 
throwaway item in proposing an al­
ternative to the hydrocarbon-fuel 
economy, even if it is stretched over 

a period of a few years. 
The alternative to the hydro­

carbon solid- and liquid-fuel econ­
omy is, of course, hydrogen. To con­
vert to this, some very important 
problems need solving. The most 
important are storage and portabil­
ity. Availability of hydrogen is, of 
course, no problem. If the portabil­
ity problem, in particular, is solved, 
everything else falls into place. 

The electronics industry can help 
by being scientific enough to realize 
that, in the long run, there is no 
other alternative and that immedi­
ate action is required. Put pressure 
where it is necessary because, in 
solving this problem, the electronics 
industry solves its own. 

Frank Watlington 
Palisades Sofar Station 

St. Davids, Bermuda 
To the Editor: My suggestion is to 
gradually deregulate the economy 
and then separate completely the 
Government from the economy in 
order to prevent intervention, and 
hence, interference; that is, com­
plete laissez faire capitalism. 

Phases I through IV, the beef 
crisis, and now, the energy crisis, 
should have taught us that the best 
the boys in Washing ton can plan is 
chaos. A free market, with no con­
trols and no favors , is self-regu­
lating. There are no abrupt changes, 
and hence, no crises. 

Edward W. Rummel 
Scott Graphics Inc. 

Holyoke, Mass. 

Rerouting amplifier input 

To the Editor: There was an error in 
the wiring diagram for my De­
signer's casebook, "Transistor array 
cuts cost of algebraic inversion" 
(Jan. 10 p. 132]. The noninverting 
input of amplifier A1 should go to a 
40-kilohm resistor and then to the 
negative supply voltage (not to 
ground). 

Pavel Ghelfan 
M.G . Electronics Ltd . 

Rehovot, Israel 

1973 index is available 

The index of articles published in 
Electronics in 1973 is now available. 
For a copy, circle 475 on the reader 
service card inside the back cover. 
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Achickenin 
every pot. 
AJFETin 
every 
T0-92. 

Things were tough when Hoover made 
his chicken speech But now this country has 
more chickens in its pots than any other 
country in the world. And Teledyne has so 
many J FETs in its T0-92's, they're not only 

"' off-the-shelf, they're falling off the shelf 

" 

You're in luck with Teledyne-because 
we're the ones with the tinned leads for easy 
soldering. But if you're more interested in delivery than tinned leads, how about 10 or 20K 2N5638 s 
2N5639's or 2N5640's right now? Or 50K in four weeks? 

Maybe you'd prefer some 2N5555's right now. Or any one of our 25 kinds of JFETs in T0-92 s 
Like the 2N5457, 2N5484, 2N5653 and 2N5668 families. Or the MPF100 series 

And, if you 're in the market for T0-106s, we've got 117 kinds. And thats not chicken feed 
So 1f you're talking RF amplifiers. D/ A converters. digital voltmeters. h1gh-s,.:ieed choppers 

variable attenuators or any one of a hundred other applications. you 're talking JFETs in T0-92 s Ard 
when you're talking JFETs in T0-92 's, you 're talking very little scratch . Fro"'l reps and d stribut61s 0 
from Teledyne. Right now. 

~~TELEDYNE 
SEMICONDUCTOR 
1300 Terra Bella Avenue Mountain View, California 94040 
(415) 968-9241 TWX: 910-379-6494 Telex: 34-8416 
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Higher component density ••. 

Lower insertion costs •.• with 
'l 

, I 
\ \ ' 

MULTI-COM MONOL YTHIC® 
CERAMIC 
CAPACITORS 

I I I , I 

STANDARDIZED DESIGN* FOR 
BETTER AVAILABILITY, BETTER PRICES 

TYPE 939C TYPE 934C TYPE 936C 
(4 capa citor sections) (7 capacitor sections) (8 capacitor sections) 

Compatible with ICs and other standard DIP devices. especially 
useful for noise bypassing and signal coupling in high-frequency 
signal or data processing systems. Molded package provides 
mechanical protection and reliability under seyere environmental 
conditions. Monolythic® construction ... alternate layers of ce­
ramic dielectric material and metallic electrodes are fired into 
an almost indestructible homogeneous block. Standard ratings, 
18pF to 0.1 µ,F@ lOOWVDC. Temperature range, -55C to +70C. 

*Other circuit configurations (including internally-paralleled capacitor sections, commoned 
capacitor leads, and various ratings within single package) are available on special order. 

Sprague puts more passive component families into 
dual in-line packages than any other manufacturer: 

e TANTALUM CAPACITORS 
e CERAMIC CAPACITORS 
e TANT ALUM-CERAMIC NETWORKS 
e RESISTOR-CAPACITOR NETWORKS 
e PULSE TRANSFORMERS 
e TOROIDAL INDUCTORS 

·For more information on Sprague DIP components, 
write or call Ed Geissler, Manager, 
Spe~ialty Components Marketing, 
Sprague Electric Co., 509 Marshall St ., 
North Adams, Mass. 01247. Tel. 413/664-4411 . 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

8 Circle 8 on reader service card 

e HYBRID CIRCUITS 
e TAPPED DELAY LINES 
e SPECIAL COMPONENT COMBINATIONS 
e THICK-FILM RESISTOR NETWORKS 
e THIN-FILM RESISTOR NETWORKS 
e ION-IMPLANTED RESISTOR NETWORKS 

SPRAGUE" 
THE MARK OF RELIABILITY 

40 years ago 
From the pages of Electronlcs, February, 1934 

Amplifier units find new uses 

In the loudspeaker, the amplifier, 
the microphone and the phono­
graph pickup, arranged in their sev­
eral combinations, a variety of use­
ful new tools are made available for 
the general public and for industry, 
although so far these have been 
used on a relatively limited scale. 
Plant superintendents, business 
men, engineers and others have not 
yet realized the possible uses of 
these amplifier circuits, and so have 
not yet found uses for them in the 
many ways in which they can save 
time, money, labor, and material. 

With this versatile electronic tool, 
the boss can speak at a distance to 
his whole factory crew, or he can lis­
ten in on any department. Faint 
sounds can be amplified to override 
room noises , while unwanted 
sounds are filtered out. New sani­
tary possibilities are brought into 
food handling and food selling. Op­
erating rooms are made germ-proof 
while student groups follow every 
movement of the surgeon's knife 
and lips. 

In fact, into almost every field of 
activity, where the human voice, the 
human hearing, or the human sense 
of feeling needs amplification, these 
new amplifier combinations are now 
penetrating, and giving a good ac­
count of themselves. 

For example, in an Ohio town, 
water supply records showed that a 
million gallons of water were leak­
ing away daily at some point in the 
underground system. A micro­
phone-amplifier survey of the sur­
face wa s begun and carried 
throughout the town, listening for 
any trace of this leak. Finally, in the 
middle of Main Street, evidences of 
a leak were found. The water could 
be plainly heard gurgling there un­
derground. But the water-supply 
maps showed no mains whatever at 
this point. 

Excavations were begun, and as 
the digging proceeded, the sound of 
the leak became more distinct. At a 
depth of fifteen feet, the workmen 
came upon an old forgotten spur of 
the water-main system, through 
which the leak was taking place. 
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CTC has less than 
13 return rate. 
Which leaves the 

, competition with many 
unhappy returns. 

When you consider the average return rate for the 
industry, you suddenly realize CTC has something special 
going for us. And you, too. The most complete die attach, 
the most reliable wire bonding and cap sealing techniques, 
100% RF, D.C., load pull tested-to boot. 

When you consider further that no one else around 
is qualified to make this claim, you can believe what our 
customers tell us is true. 

We've got the lowest field failure record in the 
industry. And that's a powerful help when you need it. 

Communications Transistor Corporation 
301 Industrial Way, San Carlos, California 94070 
Phone (415) 591-8921 TWX 910-376-4893 

CTC: The power in RF power. 
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You can buy a 
54/74123 from AMO. 

The Arn54/74123 is a more-than-faithful reproduction 
of the dual one shot made popular by TI. . 

Not only is it guaranteed to meet all the original 
specs, but it's built to MIL-STD-883; and it's available 
for immediate delivery in both military and 
commercial temp versions. Just contact your nearest 
AMD sales rep or distributor. .t-f' l 

Or you can buy +i \ 

,. 

t 

mance replacement for the 54/ 7 4123 dual one shot. "L , ,~----: 
First of all, the Arn26123 has a guaranteed typical f ~ 

pulse width stability of +13 over the 0-75°C \ \ 
temperature range. (Without external compensation, 0 \ 
the best the 74123 can offer is +63.) · 

Second, the Arn26123 has been designed to -2--
eliminate any possibility of false triggering caused by A ~ ,,_ · 

noise on the timing nodes. (A built-in output ''if" ~ ·. 
latch does the trick.) ~ · 

Best of all, you can buy our new Am26123 for the ,_, (, ~ ·. 
same price as our Arn7 4123, which is exactly the same 
price as the original 74123. 

The only thing you need to do now is decide which 
AMD dual one shot will best suit your needs, 
then contact your nearest AMD sales rep or distrib­
utor. He'll send you all the parts or all the information 
you need. 

Being big shots in one shots is going to help us 
become the sixth largest maker of integrated circuits 
in the U.S. by 1975. 

~ 
Advanced Micro Devices, Inc. 

(#15, going on #6.) 



Advanced Micro Devi ces, Inc., 901 Thompson Place, Sunnyvale , California 94086 I TWX 910-339-9280 I TLX 346306 

For Product or sales information , call the AMO sales representative nearest you . In the San Francisco Bay Area, Bill Siefert at (800) 
538-7904 (toll-free from outside California) or (408) 732-2400, or Dave Haun (415) 967-7031 . In the eastern United States , Steve Marks 

or Jack Maynard at (516) 484-4990 ; in Washin gton/ Baltimore, Ken Smyth at (301) 744-8233 ; in Boston, Paul Macdonald at (617) 
861-0606. In Mid -America, Chuck Keough at (312) 297-4115. In the Los Angeles area, Steve Zelencik or Russ Almand at (213) 278-9700. 

In the Northwest, Shel Schumaker at (408) 732-2400. In the United Kingdom, Des Candy at Herne Bay (Kent) 61611 ; and in Germany, 
Herman Lichotka at (0811) 594-680. 

Advanced Micro Devices is distributed nationally by Cramer and Hami lton I Avn et Electronics. 
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ItS hard to love the hardware 
when the software is keeping you 
up all night. 



There's a lot of great hardware around. But not much great 
systems software. 

Which explains why a lot of programmers don't get 
much sleep. And why software development usually ends up 
costing more than the hardware. 

When we make a computer, we put as much work into 
the software as the hardware. 

So there's less work for you to do. And the work you have 
to do goes a lot faster. 

Our Real-Time Disc Operating System (ROOS) lets you 
work the way you want. Interactively. Or Batch. It has a file 
management system that doesn't need any work at all. (It'll fit 
any application as is.) ROOS supports higher level languages. 
And utilities like MACRO Assembler, Text Editor and 
Symbolic Debugger make it easy to pull everything together. 

And once you've finished your applications software, 
your job is done. Because ROOS helps run your programs as 
much as it helps write them. 

It even lets you do two things at the same time. Like 
write new programs while you're running old ones. 
Or run Timesharing and Batch. Or Remote Job Entry and 
Timesharing. 

Buy a Nova 840 from us and we'll give you ROOS.Free. 
Then maybe you and your programmers can go home 

and get a good night's sleep. 

Data General 
The computer company you can understand. 

4r Data General Corporation, Southboro, Massachusetts 017 7 2, ( 617) 485-9100. 
Datagen of Canada Ltd., Hull, Quebec (8 19) 770-2030/ Data General Europe, Paris, France 504-23-44. 
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Tubes? 
Forget them. 

HERE'S 100 
WATTS OF 
SOLID-STATE 
Rf POWER! 

A state-of-the-art amplifier. 
EN l's new Model 3100L all-solid­
state power amplifier provides 
more than 100 watts of linear 
power and up to 180 watts of 
pulse power from 250 kHz to 
105 MHz. This state-of-the-art 
class A unit supplies over 50 watts 
at frequencies up to 120 MHz and 
down to 120 kHz. All this capa­
bility is packaged in a case as 
small as an oscilloscope, and it's 
just as portable. 

Extraordinary performance. 
Featuring a Hat 50 qB gain, the 
Model 3100L is driven to full 
power by any signal generator, 
synthesizer or sweeper. AM, 
FM, SSS, TV and pulse modulations 
are faithfully reproduced by the 
highly linear output circuitry. 
Immune to damage due to load 
mismatch or overcfrive, the 
3100L delivers constant forward 
power to loads ranging from an 
open to a short circuit. 

Solid-state rel iability is here. 

The price? $5,690. 

Write for complete information: ENI, 3000 
Winton Road South, Rochester, N. Y. 14623 
Call (716)-473-6900 or TELEX 97-8283 
Dept. E 524 

ELECTRONIC 
NAVIGATION 
INDUSTRIES 

ENI ... The world's leader 
in solid-state power amplifiers. 

14 Circle 14 on reader service card 

People 

MIT's Davenport 

heads EE dept. 

"As educators, we must ask our­
selves 'Can we give our students a 
good start?'" This is now a major 
concern of Wilbur Davenport Jr., 
recently named head of the electri­
cal engineering department of the 

\ ' I 
Emphasis. Wilbur Davenport sees more ac­
tivity in energy and computers . 

Massachusetts Institute of Tech­
nology. 

But, speaking of an engineer's 
prepartion for industry, Davenport 
says, "It is not really reasonable, 
however, to expect the university to 
bring the student up to the current 
state of the art." And he adds, 
"Schools should be sure that stu­
dents are firmly grounded in the 
fundamentals of the sciences, but 
the industry should provide the de­
vice work." 

Davenport is planning some 
changes for the electrical engineer­
ing department. "Electrical-energy 
work in the department has been 
quiescent for a long period," he 
says. "I expect it to be more active 
as time goes on, given today's prob­
lems." Davenport also intends to 
strengthen the interaction between 
electrical engineering and computer 
science. 

A specialist in telecom­
munications, Davenport says that 
"the advancement of computer sci­
e!lce has had a profound effect on 
communications and information 
processing. That interaction has be­
come an important technology." 

Davenport's last post was director 
of the MIT Center for Advanced En­
gineering Study, a group concerned 
with the post-collegiate education of 
working engineers, scientists and 
technologists. 

But shifting his attention to study 
at the undergraduate and graduate 
level will not be difficult for the 53-
year-old professor of education and 
engineering. Davenport believes 
"education is an ongoing process 
that does not stop with any formal 
degree and must extend one's own 
field of specialization." 

He explains that working engi­
neers and even graduate students 
are conscious of the social context in 
which they are using their technical 
skills-more so than under­
graduates. 

The electrical engineering depart­
ment is the largest in MIT's School of 
Engineering. Enrollment was not af­
fected by the recent recession, ac­
cording to Davenport, who attrib­
utes the department's popularity to 
the positive attitude of the staff 
towards the students. "We've been 
told by outside observers that the 
department is a place to get a good 
education-and be treated as a hu­
man being." 

Norling manages 

quartz movement 

The increasingly fuzzy line between 
semiconductor firms and their 
equipment-maker customers is no­
where more blurred than in the fast­
growing watch business. And Moto­
rola's announcement that it will be­
gin making digital watch modules 
this year only highlights this sensi-

Watch modules. Motorola's Norling now 
heads timepiece electronics group. 

.. 



MOSTEK's 1024-bit 
static RAM, the 
MK 4io2P, gives 
you 450 ns access 
t ime. Another big 

" move forward 
in MOS RAMs! 
MOSTEK's MK4102P-1 features 

, two industry firsts : it's the fastest 
1024-bit static RAM (450 ns 
access time) and the first to 
combine N-channel sil icon-gate 
and ion- implantation 
technologies, industry's most 
advanced processing 
technique. Plus, it's a pin-for-pin 
replacement for the 2102-1. 

All inputs are directly 
compatible with TTL c ircuitry . 
The high impedence "off state" 
coupled with "ch ip select" input 

permits large memory array 
construction with a minimum of 
additional circuitry. 

Volume production capacity 
backs-up the 4102. MOS RAM 
production at MOSTEK, 
bolstered through increasing 
use of 3-inch wafers , is currently 
exceeding 250 mil lion bits per 
month with total deliveries to 
date of more than two billion 
bits. With this record , MOSTEK 
is now one of the world's largest 
producers of MOS RAMs. So 
you can be assured that your 
biggest orders will be handled 
promptly. 

MOSTEK's memory heritage 
includes other popular RAM 

•• ., 
., 
•• 
•• 
D~ 

RI W 

1024 BIT 

ARRAY 
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ci rcu its. The MK4006P dynamic 
RAM was the first TTL 
compatible 1024-bit RAM. The 
MK4007P 256-bit dynamic RAM 
was first to combine low power, 
high performance and wide 
voltage range. MOSTEK RAMs 
are available in volume now from 
distributor stocks. 

Performance and volume 
production capac ity - good 
reasons to call MOSTEK for 
random access memories. And 
watch for the next big 
development in RAMs - coming 
soon from MOSTEK. 

For a data sheet on the 
MK4102P-1 contact: MOSTEK, 
1215 West Crosby Road, 
Carrollton , Texas 75006, (214) 
242-0444. Or call the MOSTEK 
representative nearest you . 

MOSTEK moves forward ... in memories. 



SR-300 ... the only complete unit for measuring shaft angle and 
displaying your actual engineering units. The economical SR-300 
synchro converter from DOC. With output already scaled to display 
the engineering units you need to measure-so you don't have to 
take the time to read angle, then scale. The SR-300 does it for you 
with custom scale factors-in psi, miles, degrees, temperature, 
pounds, velocity . .. any engineering unit you require. 

Features include: bright .6-inch display in compact (2x4.5x7.5-
inch) panel meter configuration ; 3 or 4 decade resolution; all solid 
state reliability; accepts 11 .BV or 90V L-L, 50-440Hz and synchro 
or resolver format ; BCD output for computer interface and/or 
remote readout, and self-contained power supply. Input is trans­
former isolated and transient protected. Accuracy is ±30' or ± 6' 
and is specified worse case over fu ll environmental range. 

So, whether your application is in industrial machine controls, 
batch weighing, processing systems, or data logging, such as util­
ized in maritime and industrial data recorders, why not select the 
indicator that speaks your language! 

It's from DOC. The people who are shaping the future of data 
conversion and high speed signal conditioning equipment. Send 
for free brochure. 

m m m A aubaldlaryol ILC lnd,stnoa, l: c. 

ILC DATA DEVICE CORPORATION 
100 TEC STREET, HICKSVILLE, N. Y. 11801 • PHONE : (516) 433-5330 

Shaping the future of data conversion. 
APPLICATION CENTERS 

Long Beach, Cal if. Washington , D. C. Bruxelles, Belg ium 
(213)597-5744 (703)536-2212 Tel . 62.01 .59 

At last! A low-cost 
synchro angle.indicator · 

that speaks your language. 
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tive situation. The man recently ap­
pointed to take over day-to-day 
management of the watch group 
from Dan Noble, who originated 
and spearheaded the watch effort, is 
James A. Norling. Sensitized to the 
delicate balance between supplier 
and customer, Nor ling carefully 
points out that Motorola is making 
only watch movements and is not 
going into the watch business-at 
least not this year. 

Although the group manufac­
turing the quartz timepiece electron­
ics is located in Phoenix, it is not 
part of the Motorola Semiconductor 
division. But the watch group is crit­
ically dependent on the semicon­
ductor products made by its big sis­
ter. Norling, in fact, had been group 
operations manager for digital 1cs at 
the Semiconductor division before 
joining the watch group. 

Motorola started up its watch 
business with a commitment to 
analog-display quartz watches, tak­
ing sophisticated ion-implanted 
C-MOS from its Semiconductor divi­
sion and quartz crystals · from its 
Communications division. 

The new modules Motorola is 
preparing to market to watch­
makers, however, will haye digital 
displays, not analog. The non-mov­
ing Motorola watch "movement" 
will use field-effect liquiq-crystal 
displays. "Liquid-crystal displays 
will be bigger than LEDs this year 
and will be overwhelmingly bigger 
by 1980." He expects 25 % of 
watches sold five years from now to 
have quartz electronics. 

For 1973, he says that 750,000 
quartz watches were sold. About 
450,000 of them were analog, and 
fewer than 90,000 of the digital ones 
had LED displays. He predicts that 
sales for 197 4 will balloon to almost 
5 million quartz watches- about half 
analog and ha,lf digital. 

Norling, a 1965 University of Il­
linois MS~E graduate, also thinks 
"the failure rate in the little com­
panies that are springing up will be 
very high." Bl\t he adds : "I don't see 
the established watch companies 
disappearing from the scene, and I 
think that there will be moderate 
success · for semiconductor houses 
getting into the business." 
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New solution to 
component test problems 

Two new oscilloscopes 

New, large computer concept 
at a small system price 

The HP 3000 multiprogramming, multilingual 
computer system gives you flexible, advanced 
computing capability at a price no other system 
can match . 

Bu ilt around a unique operating sys­
tem, the new HP 3000 multiprogram­
ming system provides powerful compu­
tational capabi I ities to multiple users 
concu rrently, whether they use inter­
active terminals or traditional batch de­
vices for access. (Th is makes it easier 
for people and computers to work to­
gether.) You can program in high-level 
COBOL, FORTRAN, BASIC and SPL 
(System Programming Language) in any 
access mode. The HP 3000 combina­
tion of immediate access and powerful 
multiple capabi lity is available at a 
cost no other computer system can 
match. 

Convenient terminal access enables 
full-range program development, pro­

(contmued on page 3) 



Solid-state sweepers offer 
BWO-type power output 

. •o; ·~ .. -.... -' -· "-- ... ,..., . 
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New solid-state RF power module for HP 8620 
series sweepers delivers BWO-equivalent 
power, 1.8 to 4.2 GHz. 

Swept frequency testing of high-loss 
S-band devices is now simpler and more 
practical. HP offers the first solid-state 
sweep oscillators whose power output 
above 2 GHz is comparable to that 
delivered by BWO-type sweepers. 

The HP 863308 RF module for the 
HP 8620 series sweepers produces a 
guaranteed minimum of40 mW leveled 
power from 1.8 to 4 .2 GHz. Typically, 
power levels of 100 mW and above can 
be obtained. A wider band version, 
model 86331 B, covers 1.7 to 4.3 GHz 
with some reduction in power at the 
band edges. 

Altogether, sol id-state RF units for 
the 8620 series sweepers span 3 MHz 
to 18 GHz to provide maximum flexi ­
bility for your swept measurement 
needs. 

For full details, check Non the HP 
Reply Card. 

Low profile recorder with options 
for varied applications 

HP's 7123A strip-chart recorder is 
an ideal choice for applications where 
space is limited. Fast response time, 
high reliability and wide range flexi­
bility are combined in a package only 
3.5 in . (8.9 cm) high. The recorder fits 
easily into OEM equipment and saves 
valuable rack space, yet still provides 
an easy-to-read 10 in . (25 cm) chart. 

Over 50 options for span sensitivity, 
chart speed and other performance 
features guarantee flexibility to meet 
any need at minimum cost. Three spe­
cial options satisfy analytical needs, 
such as gas chromatography appli­
cations. 

Reliability-the keynote of analyti­
ca l recording-is achieved by a unique 
linear servo motor system with only 
one moving part: the slider/pen as­
sembly. There are no ink spills or prim­
ing problems; you use convenient 
quick-change disposable pens, avai l­
ab le in several colors. The chart drive 
is slanted so that you can make notes 
during operation. The entire magazine 
swings out for easy paper loading. 

For more information, che·ck K on 
the HP Reply Card. 

Solid performance and low-silhouette design- the 7123A recorder is an ideal running mate for 
the HP 5700A gas chromatograph. 

A new way to teach or learfl 
digital logic 

The logic lab's solderless, plug-in connection 
technique lets you breadboard circuits quickly 
and easily. 

For a complete, concise course in 
practical digital electronics, try HP's 
new educational package. The 5035T 
logic lab contains all equipment and in· 
structional material necessary to learn 
digital logic. 

Designed for use in industrial training 
programs, high schools, technical insti· 
tutes and universities, the 5035T is also 
handy for breadboarding logic circuits 
in engineering labs. This practical aid 
teaches digital logic in a reali stic way 
that prepares the student to work in m · 
dern electronics. With the logic lab, you 
receive: 
• 5035T mainframe--a complete, 
portable lab station with built-in SV 
power supply, 2 clock sources, 4 LEDs, 
and removable breadboard assembly. 
• 10525T logic probe, 10528A logtc 
clip, and 10526T logic pulser-qualit) 
troubleshooting instruments for circuit 
stimu lus-response testing. 
• Textbook and lab workbook-bot~ 
in modular format so the student can 
start at any level of difficulty. ~ 
• All components and wires neces­
sary for the experiments including 30 
integrated circuits. 

Since learning is largely self-directed 
the logic lab requires minimal prepara· 
ti on by the instructor. 

To learn more, check C on the HP 
Reply Card. 
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New low-cost pulse generator 
for MOS circuits 

' HP's new 8011 A pul se generator is 
an econom ical instrument ideal for test­
ing newer MOS circuitry as well as lin­
_ar circuits. It can drive all saturated lo­
gic fam ii ies, low threshold MOS, CMOS 
and analog devices. 

Amplitude ranges from 2SO mV to 
16V; rep rate, from 0.1 Hz to 20 MHz; 
and pulse w idth, from 2S ns to 100 ms 
with square wave selectable. Transit ion 
1mes are fixed at < 10 ns. Source im­
pedance on the lower ranges if son 
while in the 4V-16V range, impedance 
can be son or hi gher. 

Choose positive, negati ve or sym­
metrical pulse polarity to change rapid­
ly from positive to negative logic, or to 
enable duty cyc les up to 100%. 

To help overcome the problems of lo­
gic circuit design and troubleshooting, 
a counted pulse burst option is avai l­
able. With this option, you simply pre­
select the number of pulses you need, 
from 1 to9999. You can clockcircuitsat 

(continued from page 1) 

vides dedicated terminals fo r specific 
applications, and eliminates keypunch­
ing. Batch access to advanced comput­
'ng power or batch execution gets batch 
production jobs done, while terminal 
users are also accessing the system. 
Full system capability is available to 
every user independent of access meth­
od , so people can use the method best 
suited for their problems. 
;. A state-of-the-art multiprogrammed 
operating system (MPE/3000) assures 
maximum use of central processing re-
1sources through overlapping 1/0 and 
computation . MPE automatically 
schedules users for maximum operating 
f ffi ci ency. 

The basi s of the HP 3000 contribution 
Is a unique architecture that provides 
advanced computer system concepts, 
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their operational clock rate, then ana­
lyze them under static conditions. 

The 8011 A is probably the lowest 
priced pulse generator of its kind ... only 
$43S. Add $300 for the pulse burst 
option. 

For more information, check M on 
the HP Reply Card. 

The 8011 A with HP's unique counted burst op­
tion offers a new concept in logic test and 
troubleshooting . 

including separation of code and data, 
data stack, virtual memory through 
code separation, and a microprogram­
med instruction set. Core memory op­
tions of 64, 96, and 128 kilobytes are 
available, along with a wide range of 
peripherals and terminals. 

HP 3000 users are supported by com­
prehensive system trai ning, documenta­
tion, regional and local service offices, 
and a flexible financial program ranging 
from lease arrangements to direct pur­
chase. 

The HP 3000 is currently in use in the 
U.S., Canada and Europe. For avail ­
abi lity in other countries, contact your 
HP sales office. System prices start at 
$17S,000. 
For more information, check D on the 
HP Reply Card. 

New mainframe and plug-ins 
for HP 183 scopes 

Two new plug-in modules and a new 
high speed scope mainframe enhance 
HP's proven 183 series oscilloscopes. 

The new plug-ins add 200 MHz two­
channel (model · 83SA) or four-channe l 
(1834A) general purpose measurements 
for both digital and analog applications. 
You can also couple these wide band­
widths with an HP ti me base module for 
accurate timing measurements in ECL 
and TTL logic circuits. Additional capa­
bility for high frequency timing applica­
tions is provided with the 4-channel 
chop rate of SOO kHz and the 2-channel 
chop rate of 1 MHz. 

Both plug-ins have 10 mV/div deflec­
tion factors to 200 MHz. Selectable 
trigger source lets you reference any one, 
channel while retaining time relation­
ships with other channels. Composite 
triggering allows each channel to trig­
ger independently with an alternate or 
added display. 

Model 183B, option OOS, is a new 
mainframe with high writing speed. The 
option OOS provides up to 24 cm/ns 
transient recording capability for the 
most demanding high-energy physics 
or laser detection applications. A direct­
access plug-in allows real time, large 
signal transient analysis to greater than 
600 MHz, as well as 10 mV/div capa­
bility to 2SO MHz. 

The 183B opt OOS costs $297S. The 
183SA dual channel amplifier, $1400; 
the 1834A four-channel plug-in , $1900. 

For specifications, check C on the HP 
Reply Card. 

Four-trace capability simplifies digital circuit 
testing . 



Digitizer inputs graphic data 
for HP calculators 

Here, the lab technician is digitizing a blood­
analyzer strip-chart for medical data analysis 
and quality control. 

The HP 9864A digitizer lets you enter 
analog data directly into an HP 9800 
series programmable calculator for 
analysis without tedious manual mea­
surements, convers ion, and entry of 

data. Simply move the cursor over the 
map, chart, or source material. The HP 
calculator then analyzes the digitized 
data according to your program. Reso-
1 ution is .01 in . (.25 mm) and accuracy, 
0.15 in. (.38 mm). 

Applications for the digitizer are al­
most infinite. Use it to analyze contour 
maps, profile plots of terrain, mathema­
tical curve fitting, nuclea r data, cardiac 
plots, photographs, etc. Analog data 
can be in virtually any graph ic fo rm . 

The standard platen wi ll handle ma­
terial up to 17 in. by 17 in . (43 cm by 
43 cm). Options extend the platen maxi­
mum up to 42 in. by 60 in . (105 cm by 
152 cm). 

For more information, check P on the 
HP Reply Card. 

Universal card reader inputs 
300 cards per minute 

HP's 300 cards-per-minute optical 
mark reader is flexible as wel I as fast: 
model 7260A accepts all types of 
punched or marked cards, even 
specially-designed forms. With appro­
priate clock marks, single cards may 
be both punched and marked-
in any number of columns from 1 to 80. 
This desktop reader is quiet enough for 
your office; fast enough to keep up with 
your computer. 

The 7260A can be used with termi­
nals, computers or remote data systems 
via a modem or direct connection . Data 
rates are switchable from 110 baud to 
2400 baud. Data is stored in buffers so 
that you can optimize the card feed rate 
for high transmission efficiency. The 
7260A transmits data in 7-level ASCII 
code; other decoding options are 
available. 

OEM and quantity discounts are also 
available. 

For more in formation, check L on 
the HP Reply Card. 

Students can mark cards at their desks or at 
home, then handle other tasks while their pro­
grams are read and processed. 

New application notes 
on spectrum analysis 

Three new spectrum analysis appli 
cation notes are now available from HF 
One is a general di scussion of noise 
measurements; another treats CRT 
photogra phy and x-y recording techfl 
9ues; and the third is a " how-to-use'' 
-text about a versati le new HP analyze 

AN 150A, Using the 85588 Spec­
trum Analyzer, introduces you to the 
operation, use and measurement cap< 
bility of this 100 kHz to 1500 MHz 
instrument. A plug-in module that f i ~ 
into any HP 180 series oscilloscope, 
the 85588 combines high performanc 
w ith simple operation . 

AN 150-4 shows how useful the spec 
trum analyzer can be for noise measure 
ments. After distinguishing between • 
random noise and impulse noise, the 
note deals with carrier-to-noise ratio, 
wh ite noise loading, amplifier noise 
figure, and spectral purity characteriza 
tion of severa l oscillator types. 

Many spectrum analysis applicatior 
require photographs and plots for ~'r 
manent records. AN 1 50-5 gives practi 
ca l tips for making cathode ray tube 
photographs and x-y recordings of spe( 
trum displays. Two types of CRTs anc 
four types of recorders are covered. 

Let us know which application note(s 
you want; check T, U, or V on the H 
Reply Card . 
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\!ew ND converter for HP 
~omputer systems 

Now there's a new low-cost analog 
neasurement capability for research 
::ibs or production test stations that 
neasure a few analog channels along 
vith their digital work. The 91 OOOA is 
16-channel, 12-bit analog-to-digital 

nterface subsystem for HP 9600 series 
1easurement and control systems or HP 
100 series computers. It's easy to in­
~ II-simply slip the ND card into an 
'O channel in the computer. 

The 91000A card includes all neces­
ary interface and (control logic, 250-ns 
ample-and-hold amplifier, ND con­
erter, and an input multiplexer with 
apacity for 16 single-ended or 8 dif­
~:ential inputs. You can input, sample 
nd digitize analog data at rates up to 
0 kHz. The card accepts TTL-level ex­
ernal pacing signals. 

Multiple ND interface cards can be 
·sed together in a single 2100 series 
omputer. And if your needs grow, your 
ystem can grow with them, to over 
000 analog channels, without chang-
1g your existing programs. Simply 
tep up to the larger HP 23138 ND 
1terface system. 

here's more. just check 0 on the 
1P Reply Card. 

he 91 OOOA is a complete package with BCS or 
\TE driver software (interfaced to FORTRAN, 
LGOL or real-time BASIC programs) and an 
peration and service manual. 
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New data link communications tester 
pinpoints system problems 

With a new combination of measuring func­
tions never before available, the 1645A lets you 
quickly troubleshoot modems, channels, or 
terminals . 

HP's new 1645A data error analyzer 
quickly isolates data communications 
link problems with six simultaneous 
measurements. You can use it to test 
modems, data channels, whole data 
communications systems, or low-speed 
memories. Yet it's easy enough to oper­
ate with little or no technical know­
ledge. 

The 1645A measures bit error and 
block error rates directly-requiring no 
recalculation or interpretation-and 
maintains synchronization throughout 
a test, even in the presence of dropouts. 
Information appears on a digital LED 
display. 

The analyzer also measures data error 
skew; counts the number of times car­
rier loss occurs; measures jitter or total 
peak distortion (the sum effect of jitter 
and bias) ; and counts the number of 
clock slips. With all these measure­
ments taken simultaneously, you can 
locate the faulty system components in 
your communications link. And the 
storage feature leaves you free to work 
on other projects while the 1645A 
makes long unattended transmission 
analyses. 

To learn about easier troubleshooting, 
check 8 on the HP Reply Card. 



Great way to make waves 
and save money 

Sine waves, square waves, triangular 
waves~our low-cost function genera­
tor can produce them all, on 7 decades 
of range from 0.1 Hz to 1 MHz. The 
3311 A signal source also has 
de offset and external sweep 
capabi I ities. 

For convenience, there's pushbutton 
range and function selection. For versa­
tility, you can put two function genera­
tors together and sweep the output. For 

DC offset lets you position sine, square and 
triangle functions to the most desired level. 

New guide to HP electronic 
counters 

Ever had to wade through mountains 
of specs to select a counter? Now, the HP 
counter brochure is here, making it easy 
to select from the most complete coun­
ter line available today. You'll find all 
types of counters here: simple low-cost 
units, battery-operated portables, uni­
versal counters/timers/DVMs, and 
models with versa ti le front-panel plug-
i ns. With HP counters, you buy just 
what you need, without paying for fea­
tures you won't use. 

Check Ron the HP Reply Card and 
you can count on us to send your free 
copy . 

added value, the 3311 A contains sever­
al features usually not found in this 
price range, such as 10: 1 voltage con­
trol and separate pulse output for driv­
ing up to 20 TTL logic circuits. It also 
has a 15% duty cycle and 25 ns rise 
time. 

All for an amazingly low price: just 
$249. 
To learn more, check Eon the HP Reply 
Card. 

•• 

Design tips on microwave 
transistor bias 

To help the microwave circuit de­
signer, HP offers a new application 
note, Microwave Transistor Bias Con­
siderations (AN 944-1 ). 

In microwave· transistor circuit de­
sign, the de bias network significantly 
influences such RF parameters as gain 
and noise figure. Inattention to bias 
conditions can sacrifice RF perfor­
mance. AN 944-1 is a practical guide 
that relates de stability factors to RF 
performance. 

For your free copy, check S on the HP 
Reply Card. 

New power supplies have 
dual output 

I' 

Now, dual output capability has 
been added to HP's growing line of 
modular powG supplies. Four models 
are offered: ± 12V at 1 .40A and 3.30A 
and± 1 SV at 1.25A and 3.00A. A singlE 
front panel control provides ±5% ad­
justment of both outputs. These serie: 
regu lated supplies deliver full-rated out­
put from 0 to 40°C with derated opera­
tion up to 71°C. A l I models are specified 
at 0.01 % line or load regu lation, 1 mV 
rms and 5 mV p-p ripple and noise, anc 
± 1 % tracking accuracy. 

Standard features include cut-back 
current limiting, overtemperature and, 
reverse voltage protection, and remotE 
sensing. Overvoltage protection is 
available as an option. These dua l out­
put power supplies are packaged in Yi 
and 1/4-rack width cases. 

For all the specifications, check I on th1 
HP Reply Card. 

~ 
These new power supplies are designed for 
powering operational amplifiers, core drivers 
D/A and ND converters, MOS devices, and vol­
tage comparators. 
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New two and three digit 
·low-power displays 

Low power and MOS compatibility 
characterize HP's new ser ies of sol id­
state numeric d isplays. They require 
only 300 µ,A per segment, thereby elim­
inating the need for segment drivers 
when you interface them with MOS 
circuits. 

These monol ith ic displays have a 
character height of 0. l1 in. (.28 cm) and 
a standard lower r ig ht-h a nc~ decimal 
point. They are end stackable; digits 

~ Send for a new diode and 
transistor catalog 

Hewlett-Packard offers a w ide range 
of diodes and transistors to meet your 
power, frequency, des ign and relia-

' bility requirements. The latest HP Diode 
and Transisto r Cata log conta ins key 
specifications for the following 
products: 

·' 

• Small signal microwave 
transistors. 

• Schottky diodes-for mix ing and 
detecting, microwave Schottky 
diode quads for double balanced 
mixers, beam lead and other 
Schottky and PI N diodes for 
hybrid ICs. 

• RF, general purpose and switch­
ing Schottky d iodes for high 
volume appli cations. 

• PIN diodes fo r VH F, UH F and 
microwave applications. 

• IMPATT diodes. ' 
• Step recovery diodes. 
• High re l iability products. 
The catalog includes packaging specs 

and drawings to aid the circuit designer. 

For your copy, check Q on the HP Reply 
Card. 
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are on 200 mil centers. Bui lt-in magni­
ficat ion increases I um inous intensity. 

The new ind icators are available in 
two-digit cl usters (5082-7432) and 
three-d igit clusters (5082-7433). 

For specifications, check H on the HP 
Reply Card. 

Test components fast 
with new LCR meter 

Typical uses for the 4271A LCR meter are: 
testing discrete components and varicap diodes, 
checking semiconductors, and L or C examina­
tions of delay lines. 

If you're testing diodes and capacitors 
or trimming IC capacitors and resistors, 
you need fast precise inductance, capa­
citance, resistance and loss measure­
ments. Plug the new HP 4271 A digital 
LCR meter into your system and you get 
10,000 measurements or more per 
hour. 

Usi ng a four-pair measurement tech­
nique that reduces stray capacitance 
and residual inductance, this 1 MHz 
digital meter measures capacitance 
from 0.001 pF to 19.000 nF with an ac­
curacy of 0.1 %, and inductance from 
0.1 nH to 1900.0 µ.H. Capacitance loss 
components are measured as para I lei 
conductance or as dissipation factor (as 
low as 0.0001 ). Inductance loss com­
ponents are measured as series resis­
tance (1 Ofl to 10 Kfl) or dissipation fac­
tor (as low as 0.0001 ). And you can vary 
de bias from 0 V to 39.9V in 0.1 V 
increments. 

The LCR meter has a four-digit LED 
display with 90% overrange, and it in­
terfaces easily with HP computers, ca l­
culators, and digital recorders. 

To learn how to improve component 
testing, check F on the HP Reply 
Card. 

The new 5082-7430 series are ideally suited for 
use in handheld calculators and portable 
instruments. 

New efficient de supplies 
save watts and dollars 

Low cost, high efficiency, compact 
size, outstanding reliability-you get 
them all with HP's 6427B-6483C family 
of high-power de supplies. Using an ad­
vanced SCR-regulator design with up to 
75% efficiency, these constant-voltage/ 
current supplies are well suited to appli­
cations requiring high power with mod­
erate regulation and ripple. You can use 
them for testing component aging, bat­
tery charging and discharging, station 
batteries, precision welding, and de 
motor control. 

Standard features include remote sen­
sing, remote Vand R programming, and 
auto-series, auto-parallel and auto­
tracki ng operation . Nineteen different 
models provide outputs from 0-8 V to 
0-600 Vat currents up to 1 OOOA. 

To learn more, check Jon the HP 
Reply Card. 

High-efficiency de supplies come in 300W, 
1 OOOW, 3500W and 11 ,000W power ratings. 



New high value oscilloscopes for manufacturing, 
service and education 

High reliability and low cost make the 1220A 
scope an ideal test tool. 

Two new 15 MHz oscilloscopes offer 
quality performance at minimum 
prices. Choose either the new 1220A 
dual channel scope, or the 1221 A single 
channel model. Both have deflection 
factors from 2 mV/cm to 10 mV/cm for 
basic analysis of audio, video, logic 
c ircuits, FM, or direct output of mag 
pickups and heads. Built-in TV sync 
separation circuits make television 
servicing easy. And rugged construc­
tion makes these scopes useful in ap­
plications such as production and ser­
vice of numerically-controlled machine­
ry, process contro l equipment, automo­
tive, aircraft, and marine electronics. 

The large 8 by 10 cm graticule is inter­
nal , which eliminates parallax error. 

l" 

Vertical accuracy of 3% and time base 
accuracy of 4% increase the va lidity of 
your measurements. De coupling is 
available for directly measuring abso­
lute voltage levels, even on mixed ac 
and de signals . A times-ten sweep ex­
pander makes it easy to examine signal 
details . The front panel controls are 
grouped functionally for easy under­
standing, and the pushbuttons are color­
coded for easy use. 

There's more: the automatic trigger 
sweep (just one contro l knob) assures 
stable displays. A bright base line is 
provided for fast setup in the absence of 
an input signal. . 

Built-in TV sync separation offers 
stable, automatic triggering on frame or 

line for convenient TV troubleshooting. 
And, with the instrument's times-ten 
magnifier, vertical interval test signals 
can be " pulled out" for examination . 
The calibrated sweep helps identify tim­
ing problems in vertical or horizontal 
TV ci rcuits. 

An x-y mode makes reliable phase 
measurements with a phase shift of less 
than 3°at 100 kHz . The horizontal inpu 
also accepts horizontal drive signals 
from swept frequency oscillators for 
checking out tuners. 

The 1220A displays two signals 
either in alternate for high sweep rates 
or, for lower rates, by chopping each 
sweep into short segments with blank­
ing. The scope automatically selects the 
mode that will give you the best dis­
play. With dual channels, you can also 
compare input vs. output directly. 

Sol id-state design with its low power 
consumption and conservative com­
ponent ratings makes for long, trouble,, 
free life. 

Check A on the HP Reply Card for more 
informatio . ..1 
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Tolerance 

SCHAUER 
1-Watt 

ZENERS 

Kit contains a 51-piece assortment 
of SCHAUER 1 % tolerance 1-watt 
zeners covering the voltage range 
of 2.7 to 16.0. Three diodes of each 
voltage packaged in reusable poly 
bags. Stored in a handy file box. 
Contact you r distributor or order 
direct. 

A $54.57 value for 

ONLY S24fil! 
Semiconductor Division 

SCHAUER 
Manufacturing Corp. 

4514 Alpine Ave. Cincinnati, Ohio 45242 
Telephone: 513/791-3030 
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Meetings 

International Solid State Circuits 
Conference: IEEE, University of 
Pennsylvania, Marriott Hotel, Phila­
delphia , Feb. 13- 15. 

Computer Conference (Compcon): 
IEEE, Jack Tarr Hotel, San Fran­
cisco, Feb. 26-28. 

Nepcon '74 West: Electronic Pack­
aging and Production magazine, 
Anaheim Convention Center, Ana­
heim, Calif. Feb. 26- 28. 

Aerospace and Electronics Systems 
Winter Convention (Wincon): IEEE, 

Marriott Hotel, Los Angeles, March 
12- 14. 

Zurich Digital Communications In­
ternational Seminar: IEEE, Swiss 
Federal Institute of Technology, 
Zurich, Switzerland, March 12- 15. 

International Convention (Intercon): 
IEEE, Coliseum and Statler Hilton 
Hotel , New York, N. Y. March 
26- 29. 

Salon des Composants Electron­
iques: SOSA, Porte de Versailles, 
Paris, France, April 1- 6. 

International Reliability Physics 
Symposium: IEEE, MGM Grand Ho­
tel, Las Vegas, Nev., April 2-4. 

International Optical Computing 
Conference. IEEE Computer Society, 
Zurich, Switzerland, April 9- 11. 

Optical and Acoustical Micro-Elec­
tronics: IEEE, Commodore Hotel, 
New York, NY. , April 16- 18. 

Carnahan Conference on Electronic 
Crime Countermeasures: IEEE, Univ. 
of Kentucky, Lexington, April 
17- 19. 

International Circuits and Systems 
Symposium: IEEE, Sir Francis Drake 
Hotel, San Francisco, April 21 - 24. 

Communications Satellite Systems 
Conference: IEEE, International Ho­
tel, Los Angeles, Calif., April 22- 24. 

Pittsburgh Conference on Modeling 
and Simulation: ISA, University of 
Pittsburgh, Pa. , April 24- 26. 

Your closest SIGNETICS 
distributor is ... 

ARIZONA 
Phoenix: Hamilton/ Avnet Electronics (602) 275-7851 
Phoenix: Kierulff Electronics (602) 273-7331 
CALIFORNIA 
Culver City : Hamilton Electro Sales (213) 870-7171 
El Monte : G. S. Marshall (213) 686-1500 
Los Angeles: KT / Wesco Electronics (213) 685-9525 
Mountain View: Hamilton/ Avnet Electronics (415) 961 -7000 
Palo Alto: Wesco Electronics (415) 968·3475 
San Diego : Hamilton/ Avnet Electronics (714) 279-2421 
San Diego: Kierulff Electronics (714) 278-2112 
Sunnyvale: Cramer Electronics (408) 739-3011 
CANADA 
Downsview: Cesco Electronics, Ltd. ( 416) 661-0220 
Downsview: Cramer Electronics (416) 66 t -9222 
Montreal : Cesco Electronics, Ltd. (514) 735-5511 
Montreal : Hamilton/ Avnet (514) 735-6393 
Ottawa : Hamilton/ Avnet Electronics (613) 725-3071 
Ottawa : Cesco Electronics, Ltd. (613) 729-5118 
Quebec: Cesco Electronics, Ltd. (4 t 8) 524-3518 
COLORADO 
Denver: Hamilton/ Avnet Electronics (303) 534-1212 
Denver: Cramer Electronics (303) 758-2100 
CONNECTICUT 
Hamden: Arrow Electronics (203) 248-3801 
Georgetown: Hamilton/ Avnet Electronics (203) 762-0361 
North Haven : Cramer Electronics (203) 239-5641 
FLORIDA 
Hollywood: Hamilton/ Avnet Electronics (305) 925-5401 
Hollywood: Schweber Electronics (305) 927-051 1 
Orlando: Hammond Electronics (305) 241-6601 
GEORGIA 
Atlanta: Schweber Electronics ( 404) 449-9170 
Norcross: Hamilton/ Avnet Electronics ( 404) 448-0800 
ILLINOIS 
Elk Grove: Schweber Electronics (312) 593-2740 
Elmhurst: Semiconductor Specialists, Inc. (312) 279-1000 
Schiller Park: Hamilton/ Avnet Electronics (312) 678-6310 
INDIANA 
Indianapolis: Semiconductor Specialists (317) 243-8271 
KANSAS 
Lenexa : Hamilton/ Avnet Electronics (913) 888-8900 
MARYLAND 
Hanover: Hamilton/ Avnet Electronics (301) 796-5000 
Rockville: Pioneer Washington Electronics, Inc. (301) 424-3300 
Rockville : Schweber Electronics (301) 881-2970 
MASSACHUSETIS 
Burlington: Hamilton/ Avnet Electronics (617) 273-2120 
Needham Heights: Kierulff/ Schley (617) 449-3600 
Newton : Cramer Electronics (617) 969-7700 
Waltham : Schweber Electronics (617) 890-8484 
MICHIGAN 
Livonia : Hamilton / Avnet Electronics (313) 522-4700 
Detroit: Semiconductor Specialists, Inc. (313) 255-0300 
MINNESOTA 
Minneapolis: Semiconductor Specialists, Inc. (612) 854-8844 
Edina: Hamilton/ Avnet Electronics (612) 941-3801 
MISSOURI 
Hazelwood : Hamilton/Avnet Electronics (314) 731-1144 
NEW YORK 
Buffalo: Summit Distributors, Inc. (716) 884-3450 
Farmingdale. L.1. : Arrow Electronics (516) 694-6800 
Rochester: Schweber Electronics (716) 328-4180 
Syracuse: Hamilton/ Avnet Electronics (315) 437-2642 
Westbury: Schweber Electronics (516) 334-7474 
Westbury : Hamilton/ Avnet Electronics (516) 333-5800 
NEW MEXICO 
Albuquerque: Cramer Electronics (505) 265-5767 
NORTH CAROLINA 
Greensboro : Hammond Electronics (919) 275-6391 
NORTHERN NEW JERSEY 
Cedar Grove: Hamilton/ Avnet Electronics (201) 239-0800 
Saddlebrook: Arrow Electronics (201) 797 -5800 
Moorestown: Arrow I Angus Electronics (609) 235-1900 
SOUTHERN NEW JERSEY AND PENNSYLVANIA 
Mt. Laurel, N. J.: Hamilton /Avnet Electronics (609) 234-2133 
Cherry Hill, N. J.: Milgray-Delaware Valley 
New Jersey (609) 424-1300 Philadelphia: (215) 228-2000 
Somerset, N. J.: Schweber Electronics (201) 469-6008 
OHIO 
Beechwood : Schweber Electronics (216) 464-2970 
Cleveland : Arrow Electronics (216) 464-2000 
Cleveland: Pioneer Standard Electronics (216) 587-3600 
Kettering: Arrow Electronics (513) 253-9176 
TEXAS 
Dallas: Hamilton/ Avnet Electronics (214) 661-8661 
Dallas: Cramer Electronics (214) 350-1355 
Houston : Component Specialties (713) 771 -7237 
Houston: Hamilton / Avnet Electronics (713) 526-4661 
UTAH 
Salt Lake City: Alta Electronics (801) 486· 7227 
Salt Lake City: Hamilton/ Avnet Electronics (801 ) 262-8451 
WASH INGTON 
Bellevue: Hamilton/ Avnet Electronics (206) 746-8750 
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· BCD arithmetic, all in a single IC. 
,. 

Figure on whopping savings in parts, design time, systems costs. 

Look ahead 
propagale 

Look ahead 
generate 

(A-8) 
Compare 

output 

NEW MATH 
Addend/ Augend/ 

subtrahend minuend 
,....---A----.. ,....---A----.. 
Ba B. 8 2 8 , Ae A, A2 Ai 

82582 
BCD ARITHMETIC UNIT 

~ 
Sum/ditterence 

Carry/borrow 
input 

Add/subtract 
control 

We've cut BCD arithmetic down to size. By applying 
Schottky MSI to those functions where it counts, 
we're delivering revolutionary tools in superfast 
processing - that are real power misers at a fraction 
(about half) of conventional circuitry costs. A lot 
more of exactly what you need. For less cost going 
in and coming out. 

Available from Signetics, the under ten buck 
(100 up) 82S82 Adder-Subtractor slashes inventory 
requirements. Replaces four MSls, and a rat's nest 
of gates and connections, now wasting valuable 
board space. With a staggering improvement in 

• performance. Quadruples speed (22ns typical 
propagation delay). Cuts power 50%-67%. Wipes 
out a huge chunk of design, checkout and 
assembly time. 

Versatile? Stand back. This unique Arithmetic 
" Unit adds and subtracts in BCD directly, compares 

two BCD words, and can even be used for binary­
to-BCD conversion. Cascades to operate on 
multiple decades. If you need ultra-high speed , get 
complete look-ahead carry with our 74182 fast-carry 
extender. What does the 82S82 do? Everything. 

For a straight BCD add without all the bells 
and whistles, our companion 82S83 Adder gives 
you the same bonuses as the 82S82 Arithmetic 
Unit. Eliminates two MSI packages and a fist-
fu l of logic elements. Saves time, saves dollars ­
works better, faster, cheaper. Has to, for the same 
reasons as with the 82S82. It's less than seven 

.., bucks per 16-pin device, in 100-up quantity. 
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OLD MATH 
Addend/subtrahend 

~ 

Carry/ borrow 
input 

~7404 

The way to get big , rich and famous: deliver 
faster, smaller, more powerful processors. Now you 
can . Get the facts quick. (And for immediate evalu­
ation quantities, see your local Signetics Franchised 
Distributor. His name and telephone number are in 
the adjoining column.) 

FOR SPEED ATIACH COUPON TO LETIERHEAD AND MAIL FAST 

Signetics-BCD AU/ Adder 
811 East Arques Avenue 
Sunnyvale , California 94086 

You have what counts, can 't miss it . Send me your new. 
comprehensive MSI 82S Data Booklet with lull specs of the 
BCD AU / Adder. (containing also your complete family of 
100MHz counters, 60MHz universal shift registers . parity 
checkers. decoders. multiplexers. and exclusive OR/ NOR 
functions .) 

Name Title 

Signet 1cs Corporation - A su bsidiary of Corning Glass Works 

!ii!IDDliC!i 
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Growing with the 
Amphenol connectors help 
assure correct weight 
• • 1n new automatic 
weighing system. 

Meat merchandising has taken a big step 
forward with advanced solid state circuitry. 
The system includes a scale, mini-computer, 
and a printer in an integrated modular pack­
age that can weigh and price meat in seconds. 

Amphenol 221 Series micro-miniature con­
nectors share the responsibility for transmit­
ting weight and price data to the mini-comput­
er. Their low cost, sturdy design , and high­
reliability contact configuration make them 
ideal for this application. 

The 221 Series does the same kind of reliable 
work in a variety of equipment in the elec­
tronic data processing, telecommunications 
and home entertainment industries . 



new electronics 
Amphenol connectors 
help transmit computer 
data in new high 
speed printer. 

A unique 
modular ma­
trix printer 
was recently 
developed to 
interface with 
mini-comput­
ers, medium­
s peed batch 
terminals , and other installations requmng 
high speed data output. Data is received at up 
to 75,000 characters per second. The data is 
then carried through PC cards to a printing 
head with an output of up to 165 characters 
per second. 

Precise signal input and data output depend 
on consistent and accurate information flow . 
That's why this peripheral systems manufac­
turer specifies Amphenol 225 Series PC con­
nectors and 6034 Series trimmers. They a lso 
rely on Amphenol connectors as an important 
link to the power supply portion of the printer. 

Amphenol assembly 
services help produce 
new credit card 
verifier. 

A major 
computer cor­
poration re­
cently devel­
oped a new 
computerized 
credit system. 
To eliminate a 
costly invest­

ment in production equipment and inventories , 
they turned to the Amphenol Cadre Division. 

All assembly and material supply is now 
handled by Amphenol people including compo­
nent preparation, stuffing and wave soldering 
of printed circuit boards , hand wiring, and 
mechanical assembly. In addition, unique 
quality control tests are carried out. 

Over 500 units have already been produced 
with excellent turnaround time and high prod­
uct quality. They are now in use by a nation­
wide resort and restaurant chain for added 
customer convenience and man-hour savi ngs. 

For n1ore inforn1ation, contact these manufacturing/sa les facilities. United States: Amphenol Components Group, 
1830 S. 54th Av., Cicero, IL 60650 Canada: Amphenol Canada Ltd ., 44 Metropolitan Rd. , Scarborough, Ont. Great Britain: 

:o"2~hD~~~~1~~f~;;g~t1~u~~fi~n:w::~tG~~"~~~~F~~e~~~~l];i~~1t\8~~~1~;~~~ee0';:1~~.: ~~§shA~~;Ji~~~0h~~~c.13i1~0~0~~: 
France Australia: Amphenol Tyree Pty. Ltd ., 10-16 Charles St., Red fern, N.S.W. 2016. Australia lndia: Amphetronix Ltd ., 
105 Bhosari Industrial Arca, Box 1, Poona 26, India Japan: D aiichi De nshi Kogyo K .K .. 20, 3-Chome, Yoyogi, Shibuya-ku, 
Tokyo, Japan 151 



Type FD trimmer. Type GD pot. Ideal 
variable resistors for CATV attenu­
ators. Or any Bridged-T or L pad 
application requiring minimum size, 
stability and long life in severe en­
vironments. Exclusive hot-molded 
composition resistance elements 
permit peak set-ability. Diameter 1/ 2 

Actual Size 

inch (12,70 mm). Immersion-sealed 
(can be potted) . Standard resistance 
values from 100 ohms to 5 megs and 
many popular impedance values. 
Single turn. For complete technical 
details request Publication 5231 (FD 
trimmer), Publication 5213 (GD po­
tentiometer) , Publication 5221 (FD/ 

GD attenuators). Allen-Bradley Elec­
tronics Division, 1201 South Second 
Street, Milwaukee, Wisconsin 53204. 
Export: Bloomfield , New Jersey 
07003 . Canada: Allen-Bradley Cana­
da Limited, Cambridge , Ontario. 
United Kingdom : Jarrow, County 
Durham NE32 3EN. 
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1,024-bit RAM gets 

30 ns with regular 

bipolar processing 

ITT maps U.S. 

semiconductor 

drive 

Tl using MiniMod 

for logic lines 

Signetics to offer 

no-coil i-f strip 
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Electronics newsletter 
~~~~~~~~ 

Signetics is about to introduce a 1,024-bit bipolar RAM that is super­
fas_t-its typical access time is 30 nanoseconds. The combination of high 
bipolar packing density and speed is attained through conventional 
Schottky -processing. The TTL part is even faster than ECL or TTL ox­
ide-isolation products that already have been announced. In compari­
son, Fairchild's lsoplanar devict; has an access time of 60 ns. 

The development is part of a growing capability toward high-speed 
bipolar memories that can be built without highly sophisticated isola­
tion techniques. Another example is one developed by Intel (seep. 46). 
Two versions of Signetics' new RAM will be available-one with open 
collectors and the other a three-state memory. Pin configuration is the 
same as the standard 1,024-bit bipolar RAM, and the price is now 
$63.20 each in quantities of 100. 

ITT Semiconductors, coming out of 1973 with a 90% increase in sales, is 
making a major effort to increase its share of the U.S. market. Anxious 
to dispel its image as primarily a second source for bipolar products, 
the firm plans to introduce several proprietary and custom-designed ICs 
in 1974, in addition to expanding its commodity line. 

One new product will be an i-f and audio-output combination, the 
3701, in a 14-pin dual in-line package with integral heat sink. Designed 
to reduce the size and labor content of TV sound modules, the chip can 
deliver 2 watts of audio power directly to a loudspeaker, eliminates 
many discrete components, and features built-in remote volume con­
trol. The device also can be used for fm radio receivers. 

The West Palm Beach, Fla., group is currently sampling a bipolar 
oxide-isolated 1,024-bit RAM chip, modeled after Fairchild's 93415, 
which it hopes to introduce in the second quarter. And to increase its 
total thrust, the company plans to expand domestically into MOS, most 
likely by acquisition. Gerard L. Seelig, vice president and group execu­
tive for semiconductors, predicts that there's a "90% chance we'll be in 
the MOS business by the end of 1974." 

The MiniMod process, submerged at Texas Instruments since TI ac­
quired it from General Electric, has surfaced in bipolar logic products. 
TI acknowledges that it's using "modified outgrowths of the MiniMod 
concept and technology" among its automated assembly techniques for 
standard DTL and TTL products in plastic dual in-line packages. 
Sources outside the company say that a large portion of n's 7400 TTL is 
involved, and it's being built on n's hush-hush automated Houston pro­
duction line. With MiniMod, chips are mounted on reels of plastic film 
in order to automate handling [Electronics, Feb. 1, 1971 , p. 44]. 

Signetics is preparing to market for car and home radios a monolithic 
fm i-f strip that requires no coils or variable tuning. The NE 563 is a 
dual conversion circuit using a low-cost crystal filter and crystal local 
oscillator with phase-locked detection. Input is 10.7 megahertz from 
the tuner; output is a low-frequency stereo-composite signal and audio. 
The part is designed to compete with the RCA 3089, an i-f strip on a 
chip that requires a tuning coil. 
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EIA wants Nixon 

as its speaker 

Boeing to install 

tracking system 

for St. Louis cops 

ARTS rebidding 

causes concern 

1.ntel enters 

C-MOS watch picture 

Will zip code 

get new zip? 

Electronics newsletter 
~~~~~~~~-

The Electronic Industries Association, marking its 50th anniversary, is 
pushing to get President Nixon to address its annual banquet in Wash­
ington on March 13. EIA president V. J. Adduci says he is authorized to 
handle meeting arrangements and did not clear the invitation with the 
EIA Board of Governors. Have Nixon's political difficulties altered 
EIA's view since the first invitation? Adduci says, "No. Admittedly, he 
has some problems, but these are his own- not those of the office. We ' 
are inviting the President of the United States." 

Boeing will begin equipping 25 St. Louis, Mo. , police cars this summer 
with a computer-based, digital Fleet-Location And Information-Re­
porting (Flair) system using technology derived from the Minuteman 
program. Almost a land-mobile version of an air-traffic control system, 
the sophisticated prototype automatically updates each vehicle's loca­
tion within 50 ft and the driver's status every two minutes. These 
changes are posted to a dispatcher's video map. Two-way coded re­
sponses also will be tested during the $850,000 demonstration project. 

Competitiors for the FAA's rebidding of the ARTS-2 (Automated Radar 
Terminal System) progr.am are nervous about the two-stage, low-bidder­
take-all procurement. They fear that· selection from sealed bids might 
obscure technical fine points among the comiJetitors. First, the FAA has 
asked the eight it deems qualified to submit technical proposals by Feb. 
27. Those surviving the technical evaluation will be asked to submit 
their prices by the end of March for a minimum of 53 systems, and an 
award is scheduled in late April. Qualifiers are: AIL division of Cutler 
Hammer; Burroughs ; Lockheed Electronics . teamed with ITT; Ray­
theon; Sperry-Univac; Tasker Systems division of Whittaker Corp. ; 
Texas Instruments; Metis Corp. teamed with GTE; Sanders; Collins Ra­
dio; and Cardion Electronics. Lockheed had the ARTS-2 development 
contract but the FAA decided to rebid the production purchase. 

The Intel Corp., a maker of p- and n-MOS memories, is suddeniy be­
coming a major factor in the C-MOS watch business. Using its silicon­
gate process, Intel is producing " tens of thousands" of circuits a month 
and expects to hit the 50,000 level by June. The parts, 5801 , a low-volt­
age divider / timer, and 5202, a decoder I driver, are going to Intel's digital 
watch-making subsidiary, Microma Inc., and to Optel. 

A new zip code that's alphanumeric instead of numeric, an automated 
telephone zip-code directory, and an automated change-of-address 
roster are being considered by the U.S. Postal Service (see p. 75). The 
alphanumeric zip code is only being discussed, but the service plans to 
have a test model of a zip-code directory, created by a Data General 
Corp. Nova, ready by June. A computer-generated voice would tell 
callers the zip codes for house addresses. The change-of-address direc­
tory would keep track of the 8 million pieces of mail daily that need 
new addresses. Because of sheer volume, both concepts, if proven, prob­
ably would be deployed on a regional basis. 
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Unitrode's UPT Power Switching Transistor series offers 
the optimum combinations of price and performance from 
0.5A to 20A, and up to 400V in 3 package types. Choose 
from 100 different transistor types for more efficient and 
simplified circuit design in power supplies, switching 
regulators, inverters, converters, solenoids, stepper motors 
and other inductive load driving applications. They're 
available off-the-shelf from your local Unitrode distributor 
or representative. 

For the name of your nearest Unitrode representative 
dial (800) 645-9200 toll free, or in New York State 
(516) 294-0990 collect. For specific data sheets, containing 
full characteristics of devices, check the appropriate 
reader service numbers listed in this ad. Unitrode 
Corporation , Dept. 26Y, 580 Pleasant Street, Watertown, 
Mass. 02172. (617) 926-0404. 

Reader 
Service 

No. 

18 

19 

20 

21 

•c VcER 

O.SADC up to 400V 

1ADC up to 150V 

up to 150V 
2ADC 

up to 400V 

3ADC up to 400V 

up to 150V 
SADC 

up to 400V 

up to 150V 
10ADC 

up to 400V 

15ADO up to 150V 

20ADC up to 150V 

SERIES/ 100 Qty. 
PACKAGE t,, •otl prices each 

UPT011 ·TOS sons 400ns $1.07 to 
UPT021 -T066 2.42 

UPT111 ·TOS 100ns 250ns 0.87 to 
UPT1 21 -T066 1.95 

UPT211 ·TOS 130ns 300ns 1.13 to 
UPT221 -T066 2.54 

·TOS 1.31 to UPT311 200ns 800ns 
UPT321 -T066 2.87 

UPT521 ·T066 200ns 900ns 2.42 to 
UPT531 -T03 3.99 

UPT611 ·TOS 
UPT621 -T066 

250ns 550ns 1.31 to 
2.86 

UPT721 "T066 
250ns 800ns 3.73 to 

UPT731 -T03 ~ ZQ 
U PT821 -T066 

250ns 550ns 3.30 to 
UPT831 ·T03 5.30 

UPT931 -T03 SOOns 1200ns 8.05 to 
14.62 

UPT1021 -T066 450ns 350ns 3.87 to 
UPT1031 -T03 6.23 

UPT1131 -T03 300ns 600ns 4.75 to 
7.26 

See EEM Section 4800 and EBG Semiconductors Section for more complete product listing. 

[ill] 
U N IT R 0 D E quality takes the worry out of paying less. 

Unitrode Franchised Distributors: ARIZ., Phoenix, KIERULFF (602) 273-7331; CAL, Los Angeles , KIERULFF (213) 685-5511, Palo Alto, KIERULFF (415) 968-6292, San Diego, KIERULFF 
(714) 278-2112; CANADA, Toronto, SCHWEBER (416) 925-2471; COLO., Denver, KIERULFF (303) 343-7090; FLA .. Hollywood, SCHWEBER (305) 927-0511; GA. , Atlanta, SCHWEBER (404) 
449-9170; ILL, Elk Grove, SCHWEBER (312) 593-2740; MD., Rockvi lle, SCHWEBER (301) 881-2970, Baltimore, TECHNICO (301) 828-6416; MASS .. Waltham, SCHWEBER (617) 890-8484; 
MICH., Troy, SCHWEBER (313) 583-9242; N.J., Somerset, SCHWEBER (201) 469-6008; N.M .. Albuquerque, KIERULFF (505) 272-1055; N.Y .. Rochester, SCHWEBER (716) 328-4180, West­
bury, SCHWEBER (516) 334-7474; N.C .. Raleigh, SCHWEBER (919) 832-8881; OHIO, Beachwood, SCHWEBER (216) 464:2790; TEX., Garland, KIERULFF (214) 271-2471, Dallas, 
HAMILTON-AVNET (214) 638-2850, Houston, HAMILTON-AVNET (713) 526-4661, Houston, LENERT (713) 225-1465; UTAH, Salt Lake City, ALTA ELECTRONICS (801) 486-7227; WASH., 
Seattle, KIERULFF (206) 763-1550. 
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3,500 VOLT ISOLATION 
1000/o CURREil TRANSFER 

OPTO COUPLER 
HOW GENERAL ELECTRIC DOES IT 
General Electric's unique glass isolation produ­
ces precise alignment and controlled spacing 
between the LED and the silicon detector thus 
optimizing photon coupling ... minimizing the 
effect of the inverse relationship of isolation 
voltage and current transfer ratio ... and yield­
ing optoelectronic couplers with BOTH high 
isolation voltage and high current transfer 
ratios. 

Covered under Underwriters· 
Laboratories. Inc . 
Component Recogn1t1on 
Program "File E51 868" 

38 Circle 38 on reader service card 

3 new models 4N35. 36, 37 are characterized 
for high isolation voltage and high current 
transfer ratios. 4N35 offers 3,500 volts (peak) 
and 100% transfer ratio for $1 .85 each in 1,000 
lot quantities. 

Available now from any authorized GE Semi­
conductor distributor or GE Electronic Comp­
onents Sales Office. 

Semiconductor Products Department, Syracuse, New York. 

GENERAL fj ELECTRIC 
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Electronics review __________ _ 
S1gn1 11cant developments 1n technology and business 

Digital transmission 
over radio links 
helps hail taxis 
About 250 cabs equipped 

now with two-way radios 

will add a display 

termin al under the meter 

Probably the largest digital commu­
nications system yet to be installed 
for commercial mobile radio use is 
slated to hit the New York City 
streets by June. Developed by Sun­
rise Electro-Service Corp., Farm­
ingdale, N.Y., the new system [Elec­
tronics , Jan. 24, p. 25], has been 
ordered at a cost of more than 
$350,000 by New York-based Spe­
cial Security Computerized Com­
munications Inc., which was orga­
nized especially to provide a 
message-t ransmission service to 
users equipped with two-way mobile 
radio. 

Initially, some 250 fleet-operated 
taxicabs will be outfitted with por­
table display terminals that mount 
under the taximeter, says Special 
Security president, Robert Chapey. 
The terminals will display messages 
to the drivers, telling them where to 
pick up fares who have telephoned 
to the central dispatch office for 
taxis. In addition, Chapey expects 
other types of users, such as truck­
ing and armored-car firms , to rent 
the service and its terminals. 

A digital means for transmitting 
messages is desirable because fre­
quencies for mobile voice communi­
cations are now filled , and inter­
ference , static and signal fading are 

• particularly troublesome. Because it 
is transmitted in a fraction of a sec­
ond, a digital message lessens the 
likelihood of such problems. Also, 
digital coding and error-checking 

Electronics/February 7, 197 4 

techniques, calling for retransmis­
sion of fau lty messages, will assure 
accura te reception. 

The new system can be used with 
"any two-way radio of reasonable 
quality," says William Smith, presi­
dent of Sunrise. For the taxi system, 
it will operate on a 420-megahertz 
uhf-band carrier by means of an en­
coding and modem scheme Smith 
considers highly proprietary. The 
system transmits at a 3, 125-baud 
rate, almost three times faster than 
other available systems [Electronics, 
Dec. 6, 1971, p. 39]. The result is 
that a 50-word message can be 
transmitted in about half a second: 

The mobile terminal , dubbed 
Moscan, weighs six pounds and dis­
plays messages on a 32-character 
Self-Scan neon-tube panel made by 
Burroughs Corp.'s Electronic Com­
ponents division, Plainfield, N.J. A 
message of up to eight lines long can 
be displayed, one line at a time, 
from a 256-character metal-oxide­
semicond ucto r random-access­
memory buffer in the terminal. 

Two types of base stations have 
also been designed by Sunrise. The 
simpler of the two ipcludes an al­
phanumeric keyboard, a 32-charac­
ter Self-Scan display, buffer and 
modem. Messages are typed in, for­
matted and sent on command. The 
station Special Security is buying is 
built around a CIP2200 mini­
computer with 32,768 words of core 
memory from Cincinnati Milacron, 
and H-2000 Cl:T terminals from Ha­
zeltine Corp. In addition , there is a 
high-speed line printer and a 
5-megabyte disk memory for storing 
information on the operation of the 
taxi fleet. 

The taxi-dispatching system di­
vides New York City into 12 zones 

Got the message? Digital transmission ex­
pedites taxi service in New York City. 

and gives identification numbers to 
each cab. As a taxi enters an area, 
the driver uses a two-digit thumb­
wheel switch on his portable termi­
nal to identify the area. The base 
station continually polls its taxis and 
maintains queues of each one in 
each area ; a call for a pickup goes to 
whichever empty cab was first to en­
ter. In the cab, the driver can signal 
whether he accepts the pickup or 
not. He also signals for each of the 
eight possible message lines to be 
displayed. 

The remote terminal also gathers 
other information , including 
whether the cab is occupied by a 
passenger (sensed automatically by 
seat sensors), and whether the meter 
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has been turned on. Also, if the cab 
has been stolen, the system can be 
used to turn off the engine entirely. 

The more complex base station is 
priced in the $100,000 range, while 
the simple unit costs about $2,850, 
says Smith. In quantities greater 
than 100, the portable terminals are 
priced at $975. 

In addition to the cab system, 
Sunrise is also developing a por­
table terminal for police vehicles. D 

Digitizing TV audio 
for improved sound 

Stereophonic or quadraphonic 
sound on TV may be possible with a 
new system that combines the video 
and audio TV signals after digitizing 
the audio portion. The Public 
Broadcast Service (PBS) and Digital 
Communications Corp. (DCC) have 
developed a system, Digital Audio 
for Television, that not only trans­
mits better sound but costs less as 
well. 

In digitizing the audio, the TV sys­
tem can combine up to four high­
quality network audio channels with 
the video baseband signal for con­
current transmission, explains An­
drew M. Werth, DCC vice president. 
Since the system can send four 
channels with the video signal, he 
estimates that stations would save 
enough in telephone costs the first 
year to pay for the $5,000 unit. 

DCC will begin producing the 
units this spring to sell to the ap­
proximately 100 PBS-affiliated sta­
tions. If an evaluation by Bell Labo­
ratories , Murray Hill , N.J., is 
favorable, a market of "literally 
hundreds of receivers" could open 
up with the other networks, he says. 

The system can be used with ei­
ther terrestrial or satellite trans­
mission, which isn't surprising be­
cause "we used satellite modem 
technology to build it," Werth com­
ments. In addition to stereophonic 
or quadraphonic sound , appli­
cations include multilingual pro­
gram channels, piggyback fm radio 
transmission for simulcasting, and 
data or facsimile transmission. Tests 

40 

conducted over the PBS network 
show excellent sound with imper­
ceptible interference with the TV sig­
nal. That performance is partially 
credited to the system's 15-kilohertz 
high-fidelity channels, compared to 
8-kHz channels for most TV audio 
systems, he points out. 

In transmitting, the system does 
two things. It converts the audio sig­
nals into a digital format and four­
phase-modulates the 5.5-megahertz 
carrier by the multiplexed digital bit 
stream. Also, it limits the video 
band signal by a 4.5-MHz low-pass 
filter and combines it with the audio 
subcarrier. The composite baseband 
signal is then amplified and passed 
on for long-haul transmission. 

At the receiver, the signal is 
passed through two filters : a 4.5-
MHz low-pass fi lter, which isolates 
the video content, while a 4.5-MHz 
high-pass filter delivers the audio 

Government 

subcarrier to the pulse-shift-keyed 
demodulator to recover the bit 
stream. The demodulated data is 
demultiplexed and converted to 
audio by an a-d converter. 

To digitize the audio, each chan­
nel is filtered and then sampled at a 
nominal 35-kHz rate. Each sample is 
then converted to a 13-bit pulse­
code-modulated word, which repre­
sents the numerical value of the 
sample. Each channel's bits are mul­
tiplexed to form a continuous l.8-
megabit-per-second stream . At the 
receiver, the data stream is sepa­
rated into the four channels and re­
converted to audio by a 13-bit d-a 
converter. The audio signals are 
then filtered and buffered for final 
output. 

Werth says that the $80,000 de­
velopment began when AT&T's Long 
Lines department req.uested propos­
als 18 months ago. D 

Semiconductors win exemption 
from U. S. price controls 

With hot compel!t1on and rapid 
technological change driving U.S. 
semiconductor price averages down 
every year, the industry shouldn't 
require exemption from Federal 
price a nd wage controls. Such 
exemption came, though, "to permit 
price flexibility on older product 
lines," says James J. Conway, Elec­
tronic Industries Association vice 
president for solid-state products. 
With those products, he says, pro­
duction costs have stabilized, but 
materials prices contin ue to in­
crease. 

With that argument- plus "indi­
vidual assurances" from leading 
semiconductor manufacturers that 
average prices in the first half of 
1974 "will not increase and may de­
cline, ba.tring unforeseen major eco­
nomic events"-the EIA and its 
member companies convinced the 
Cost of Living Council in late Janu­
ary to exempt semiconductors from 
Phase 4 price and wage controls. 

Typical of the technologically ma-

ture devices where production costs 
have stabilized but materials costs 
have not are those using diode-tran­
sistor logic, resistor-transistor logic, 
and germanium transistors. These 
account for no more than 5% of the 
industry's estimated $2 billion an­
nual factory sa les. As the council 
put it : "Any price increases which 
occur in these lines in the first half 
of 1974 will be offset by price reduc­
tions in the industry's remaining 
volume." 

Growth. Capital spending plans 
of the expanding semiconductor in­
dustry also appeared to have their 
impact on the council . At a time • 
when the national economy is dis­
tinctly wobbly, the council was im­
pressed by the estimated $245 miJ-
1 ion in capital outlays by 
semiconductor makers last year­
much of which is still being spent. • 
The figure comes close to doubling 
the $130 million es ti mated for 1972. 
And of the 1973 level , nearly $235 
million is being spent by 23 com-
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1966 1967 1968 1969 1970 1971 1972 1973E 1973E ld l 1974E i•I 

U.S. factory sales (change) I b I 28% (5%) 6% 19% (9%) (5%) 26% 26% 13% 7% 

Manufacturers' wor ld shipments < c I 51,180 51 ,230 $1 ,270 $1,670 $1,510 $1,465 $ 1,850 $2,300 $2,640 $2,460 

Net operating profits I' I $65 $26 525 $58 $(15) b/ e $77 $161 $ 185 $ 123- 135 

Pro fits change n/a -60% -4% 132% 109% 15% - 15%- - 25% 

Net profit margin 5.5% 2. 1% 2.0% 3.5% 4.2% 7.0% 7.0% 5%-5.5% 

Source TrarJe sou rces, William D. Witter Inc. es 11ma 1es 
Note: (a) Data represents approx1mauon s, rather than precise estimates, since the 1arges1 companies do not break out sales and earnings in semiconduc tors. (b) In the past. U.S. factory sales 

represen1cd 80% to 90% o f world sales of U.S. based companres and are more md1cauve of p rofit trends, since data have higher reliabd11y than our estimates of world billings of American 
manufacwrers. Percentage ch anges from 1966 through 197 2 were obtained from data publlshed by the Electronics Industry Association. (cl World sales of U.S. based companies. 
(d) Assu m ing favorable economic cl imate . (e) Assu min g m1111recess1on. ( f ) Losses are net of taxes. Prof•ts are at fully taxed rates. (b/ e) Breakeven. 

panies. The EIA says, "it is expected 
that capital spending will rise again 
in 1974 as the companies make ev­
ery effort to increase productive ca­
pacity. " 

The council also took note of a 
lower profit outlook in semiconduct­
ors for 1974 that was cited by the 
EIA in its argument. In keeping with 
its highly volatile nature, the semi­
conductor sector went frorri loss po­
sitions of 9% and 5% in 1970 and 
i971 , respectively, to estimated 
record profit margins of 26% in 1972 
and 1973 . According to the figures 
presented to the council by EIA, a fa­
vorable economic climate in 1974 
should produce a 13% profit for the 
industry on a $2.64 billion volume. 
In the event of a mild recession, the 
margin of profit is forecast at only 
7% on a smaller volume of $2.46 bil­
lioo. D 

Government electronics 

Inflation fears offset 

Federal budget rises 

Few surprises are contained in the 
fiscal 1975 Federal budget sent to 
Capitol Hill by President Nixon on 
Feb. 4. Budget director Roy Ash 
saw to that- preparing the 93rd 
Congress and other interested citi­
zens for the record-setting request of 
nearly $305 billion in budget au­
thority- through a series of well-or-
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chestrated background press brief­
ings throughout January. 

Any surprises yet to come will 
originate within Congress, should it 
elect to respond to the President's 
many domestic political problems 
and take a stronger hand in redi­
recting Federal expenditures 
through the appropriations process. 
At the moment, it is too soon to tell. 
Congressional leaders as well as the 
President and his advisers, are still 
trying to gauge the length and depth 
of the downturn beginning in the 
national economy. 

Hedges. Beyond anticipated 
heavy increases in defense outlays 
[Electronics, Jan . I 0, p.115], the 
electronics industries have limited 
opportunities, and even at the Pen­
tagon- with its proposed increase of 
more than 8% in total obligational 
authority of a record $92.5 billion­
the Administration is hedging its 
bets by citing the drain of increased 
costs of oil, salary hikes, and other 
personnel costs already programed, 
as well as the uncertainities of infla­
tion. Although the Defense Depart­
ment proposes spending $85.8 bil­
lion in the new fiscal year, some $6.8 
billion of that will come in a special 
package that contains -some $2.4 bil­
lion for resupply of Israeli and 
Cambodian forces. 

Like every other agency, the Pen­
tagon is chiefly disturbed by the un­
certainties of inflation. Thus, the 
DOD leadership is complaining that 
its proposed increase in R&D funds 
to about $9 billion still won't buy 

them much more despite the fact 
that the rise is more than the 10% 
annual increment of recent years. 

Unknowns. The fear of the un­
known quantity of inflation is a ma­
jor element in everyone's thinking 
in the Government, beginning with 
the Council of Economic Advisers, 
which estimates that seven of the 
eight percentage points of growth in 
the gross national product this year 
will be attributable to inflation. 

Although Defense Department 
officials confirm that some of its new 
money- notably in R&D- can be 
used to quickly prime the national 
economic pump should a foll­
ftedged recession develop, they 
point out that much of the procure­
ment funds for aerospace and elec­
tronics are already committed to 
ongoing major programs such as the 
Air Force's B-1 bomber, the Navy's 
Trident missile-launching subma­
rine , and the Army's modernization 
efforts in helicopters and tactical 
weapons. 

Adding to the uncertainty of the 
military is the fact that Defense Sec­
retary James Schlesinger is counting 
on a budget confrontation with 
Congress this year to gain its sup­
port in increasing peacetime budg­
ets that stress hardware and, if pos­
sible, cutting DOD's manpower costs. 

But at least the Pentagon is ask­
ing for signiiicant dollar increases in 
areas affecting the electronics indus­
tries. · That statement is more than 
ca n be said for most other agencies. 
A first look at budget documents 
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shows that the National Aeronautics 
and Space Administration does not 
fare as well. However, new-if lim­
ited-opportunities do appear for 
electroni.cs in the Department of 
Transportation, with its mass transit 
and civil aviation programs, and to 
a lesser extent in the social pro­
grams of other agencies. D 

Circuit design 

UG LI may scare off 

large custom ICs 

A universal logic gate, now in pro­
totype as a small-scale integrated 
circuit, is expected to be less expen­
sive than custom-designed LSI cir­
cuits, more powerful as a design tool 
than read-only memories and pro­
gramed logic arrays, and as fast as 
Motorola's MECL 10,000. 

In a project called UGLI, which 
stands for Universal Gate for Logic 
Implementation , the Air Force 
Avionics Laboratory, Wright-Pat­
terson Air Force Base, Ohio, in con­
junction with Hughes Aircraft Co., 
Culver City, Calif., has made a cir­
cuit containing two independent 
cells, each with four inputs and one 
output , plus their complements. 
These four inputs can produce 222 
equivalent classes of logic functions . 

Two of these 222 are trivial, being 
merely a short circuit and an open 
circuit. Any one of the remaining 

220 functions can be implemented 
by appropriately interconnecting 
portions of the universal gate- 21 
with a single cell, and 182 with two 
cells within one of the elementary 
two-cell gates. The remaining 17 
functions require either three or 
four cells. 

The two-cell gate is mounted in a 
44-pin fiatpack. The various logic 
functions are realized by externally 
connecting the parts of the cell; con­
nections can be experimentally rear­
ranged to change the functions. In a 
practical version, the cell functions 
would be established by a metal­
ization pattern on the IC itself, much 
as the contents of a read-only 
memory or a programed logic array 
are established during fabrication. 

The cells are built with circuits 
equivalent to modern emitter­
coupled logic, with a delay of no 
more than 3.5 nanoseconds per cell, 
including loading effects. The cells 
pay a penalty in power dissipation,­
but the logic capability and speed 
more than compensate for the loss. 

Fewer and faster. For example, a 
conventional logic circuit for mul­
tiplying 4-bit complex numbers can 
be implemented with four 4-bit 
multipliers and two 8-bit adders, re­
quiring 11 logic stages that operate 
at a maximum of 14 megahertz and 
dissipate 4.3 watts. But when built 
with universal gates, the multiplier 
requires fewer than half the logic 
stages and can go three to four times 
as fast. 

Although the universal-gate de-

sign dissipates twice as much power, 
its power-delay product is only 
about half that of conventional 
logic, and further substantial reduc­
tions are expected. Furthermore, a 
complete arithmetic unit can be de­
signed with the new gates, requiring 
only about one quarter as many 
components as would be necessary 
with conventional logic, and thus 
only about half the power. Likewise, 
the number of wire bonds in the 
arithmetic unit is reduced by a fac­
tor of nearly seven. 

The Air Force lab's next step is to 
develop larger-scale universal gates. 
For example, a chip with four cells 
could implement any of the 220 
classes of logic functions . But more 
useful would be a large chip with 
many cells- 16, 20, or more-de­
fined and interconnected by metal­
ization to implement a major subdi­
vision of a computer or other digital 
system. D 

Avionics 

Grumman tidies up 

aircraft wiring 

The complex tangle of electrical 
wiring on board most aircraft often 
presents a serious problem when it 
comes to troubleshooting electrical 
defects. To streamline the wiring, 
Grumman Aerospace Corp. is de­
veloping a system in which avionics 

Simplification. New universal logic gate (right) is faster than conventional logic ; it also permits system power to be sharply reduced . 

(A + jB)(C + j D) = (AC - BD) + j(BC - A D) = X + jY 

A c B D B c A 

8-BI T ADDER 8-BIT ADDER 

AC - BD = X AD + BC = Y 
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interconnections are centralized in a 
single box, and round wire har­
nesses a re replaced by fl at cable. 

A sys t e m mockup fo r int er­
connecting the avionics on an Army 
OH-6A helicopter is being readied 
now, and fli ght tests are expected to 
begin in M arch, says Richard A. 
Bradshaw, Grumm an proj ect engi­
neer in the Advanced Developm ent 
department, Bethpage, N.Y. The 
program is being funded for some­
what over $150,000 by the U .S. 
Army Electronics Command, Fort 
Monmouth, N .J. 

Aboard th e OH-6A, Grumman is 
interconnecting the power-distribu­
tion and signal lines of the Army's 
Sta ndard Li ghtweigh t Avio nics 
Equipment package. This includes 
three radios in the vhf and uh f 
bands, direction-finder and tra ns­
ponder systems, a gyromagnetic­
compass set, and controls. 

The key elem ent in Grumman's 
new interconnection is a central in­
terconnect box- called a Matrix In­
terconnect Device . All wiring fro m 
the black boxes goes to the MID, and 
all wiring between black boxes is 
elimina ted. Interconnec tions be­
tween av ioni cs boxes a re m ade 
within the MID through holes drilled 
from one side of a printed-circuit 
board (incoming lines) to th e other 
(outgoing lines). The pc-board setup 
resembles a matrix because the lines 
on one side of the board are vertical, 
and the lines on the other side are 
horizonta l. 

"Because everything comes back 
to a central point, you can readily 
troubleshoot and run prefli ght tests 
on the system," says E lm er Godwin, 
the project engineer a t the Army's 
Electronic T echnology and Devices 
La boratory in Fort Monmouth. 

F o r th e h elico pter pro gra m, 
Grumman's MID contains eight con­
nectors, each with three rows of con­
tacts and accommodating 8 16 in­
put/ output circuits in all. Within 
are the 12 pc boards that inter­
connect the black boxes. Each board 
is 8.6 inches long by 4.7 in. high and 
plugs into NAFI (Nava l Aviation F a­
cility, Indianapolis) connectors hav­
ing a total of 98 pins in two rows on 
150-mil centers. Connections be­
tween the boards and the connectors 
on the MID are made over fl exible 
printed-circuit cables. 

Flat replaces round. The other im­
portant feature of the system is the 
use of fl at cable [Electronics , July 5, 
1973 , p. 84)- 1-in.-wide Kapton-in-

vention ally wired harnesses. 
Another advantage would be the 

ability to use smaller, lighter-weight 
wire within the fl at cabl e. This is 
poss ible because the ca ble is made 
stronger by the presence of many in­
dividua l wires, while the current­
carrying capacity for a given cross­
sectional area is grea ter than round 
wire provides. D 

Medical electronics 

Hearing-aid battery 
recharged by sun 

sula ted strips with 17 conductors on Few people regard hearing a ids as a 
50-mil centers. In addition to weight drain on precious natu ral resources 
and space sav ings over comparable or as a polluter of th e environmen t. 
round-wire interconnections, the fiat But th a t is what dependence on 
cabling offers standard wiring mod- short-lived mercury and silver-oxide 
ules tha t can quickly be replaced. batteries makes them, maintains 
And the relative inflexibility of fl at Endel Are , president of Ultima 
ca ble because of its multiwire for- Audio Inc., of K ey West, Fla. 
mat ca n also be turned to advan- , An average hearing-aid ba ttery 
tage. las ts from five to seven days. Thus 

"With fla t ca ble, the wiring of the the approxi mately 2.5 million hear­
av ioni cs will have to be considered ing-aid users in the U nited Sta tes 
at the same time the system is being con sum e about 160 million primary 
developed," explains Godwin. "This batteries and hundreds of thousands 
way, we'll be able to get an opti- of pounds of silver and mercury per 
mum packaging design." year a t a cost of about $100 million. 

Preliminary measurements indi- In addition, batte ry disposal adds 
ca te other advantages for fl a t cable. greatly to th e problem of mercury 
Inherent shielding in the cables re- pollution, Are says. 
duces cross ta lk , says Bra dshaw, Pollution solution. To a ll of these 
yi elding sup eri o r immunity to problems, Ultima Audio has a par­
electrom agnetic radiation . In addi- tial solution : a tiny a ll-in-the-ear 
tio11, the electromagnetic compa ti- hea ring aid with a built-in, re­
pility of interconnected systems will chargeable, nickel -cadmium bat­
be repea ta ble from aircra ft to air- tery. Selling for $395 complete with 
craft, he says, because th e rela tive its recharging unit, the · Ultima V 
position of each wire is fi xed and can run for from 24 to 36 hours on 
doesn't vary as it would with con- an overnight charge. 

Focal point. Connections among avionics boxes are made in a central interconnection box. 
In addition, flat cable is used for wi ring, instead of round-wi re harnesses. 

Earlier hearing aids incorporating 
rechargea bl e batteries h a ve n o t 
been successful because they usually 
could not work a full day without 
recharging. Are's device, however, 
draws a tota l current of only 0.7 mil­
li ampere, which gives it the required 
operating interval, even with the 
tiny 20-mA-hour battery that must 
be used with in-the-ear a ids. 

T he low current dra in is m ade 
possible by a low-power IC ampli­
fier, m ade for U ltima by Philips of 
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Price 

Rating EM SCR 

40V-125A $1,300 $1,600 

40V-250A 1,975 2,500 

50V-200A 1,975 2,500 

80V-30A 950 1,110 

80V-60A 1,200 1,500 

lOOV-lOOA 1,975 2,500 
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the Nether lands, and by the low 
source impedance of the Ni-Cad 
cell. According to Are, mercury and 
silver-oxide batteries are high-im­
pedance devices that not only waste 
power internally, but also make it 
necessary to use power-wasting de­
coupling filters to prevent internal 
feedback. The Ni-Cad unit over­
comes these problems and makes 
possible greater amplifier gain be­
cause it does not cause amplifier 
nonlinearities at high output levels. 

In the portable charging unit for 
the new hearing aid is a high-capac­
ity rechargeable alkaline battery 
with a 1.55-v output voltage that's 
enough to recharge the 1.25-v Ni­
Cad cell in the Ultima V. 

A line-powered charger is avail­
able, but, for users in sunny cli­
mates, Are also makes a solar-pow­
ered charging unit containing six 
silicon cells. Left in the sun for 10 
hours, it will provide the aid with 
about a month's worth of energy. In 
normal use, the charger would be 
left on a window sill during the day 
and have the hearing aid plugged 
into it at night. D 

Braille can be sent 

via telephone lines 

The everyday act of using the tele­
phone may become possible for the 
nation's 10,000 deaf-blind by means 
of an electronic aid being developed 
at the National Center for Deaf 
Blind Youths and Adults , New 
Hyde Park, N.Y . 

Built by the center's director of 
research, Frederick Kruger, the pro­
totype unit- called Telebraille- is 
compact enough to fit into a brief­
case. If produced commercially, a 
single unit might cost as much as 
several thousand dollars, but Kru­
ger hopes an electronics firm will 
offer to make the devices as a tax­
deductible contribution. 

To send a message, the user 
presses any of six keys on a simple 
braille keyboard. Each key repre­
sents one dot in the six-dot matrix 
that is used to form braille charac­
ters. The keying is converted into 
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Communications for deaf-blind. Using the deaf hand language, Fred Kruger (right) teaches 
a deaf-blind man how to com municate by telephone through a Telebraille un it. 

corresponding audio-frequency 
binary sequences, which are acoust­
ically coupled to a telephone hand­
set. 

On the receiving end, the tele­
phone handset is acoustica lly 
coupled to an identical unit, which 
converts the sequences to signals 
that push up pins forming a braille 
"cell." There pins, which form 
braille characters, are sensed by 
touch. The main component in the 
unit is a General Instrument MOS 
LSI universal asynchronous receiver­
transmitter chip, which contains a 
converter, memory, and TIL signal­
ing logic. 

Future plans for the Telebraille, 
says Kruger, include the addition of 
more than one braille cell, so that 
the receiver can reread parts of the 
message. "Paper tape output would 
allow rereading," says Kruger, " but 
tape is awkward and expensive." 

Kruger also plans the addition of 
a standard typewriter keyboard so 
that Telebraille could be hooked up 
to a computer. "This would allow 
computer-aided instruction for the 
deaf-blind. The computer output 
would be in braille. " 

Future developments. Such a key­
board would also allow Telebraille 
to be hooked into the deaf tele­
typewriter network- there are about 
5,000 such units- through a conver­
sion circuit, so that braille input 
could be sent as Baudot code. "The 

problem here, though ," Kruger 
points out, " is that the deaf acoustic 
coupl er is not compatible with the 
standard acoustic coupler." D 

Solid state 

ISSCC spotlights 

bipolar LSI logic 

Semiconductor laboratories are 
shifting their primary efforts from 
memory to logic. T his shift will be 
clearly discernible at the annual In­
ternational Solid State Circuits Con­
ference coming up Feb. 13- 15 in 
Philadelphia. With its spotlight on 
bipolar LSI logic, the ISSCC has 
changed the direction of the last few 
years, when new MOS memories 1 

have been featured. 
These rejuvenated bipolar activi­

ties- including integrated injection 
or merged-transistor logic- together 
with a continued drive for practical 
charge-coupled imagers, memories, 
and signal processors, dominate this 
year' s rsscc and could foretell 
trends of the semiconductor indus­
try in the near future. 

Integrated injection logic (I2L), in­
troduced at ISSCC two years ago, is 
going at a feverish pitch at major 1 

semiconductor laboratories [Elec­
tronics, Sept. 13, 1973, p. 35]. N.C. 
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The best pictures ever t aken of Jupiter were made by the imaging photopolarimeter 
(IPP) aboard Pioneer 10 and sent a half-billion miles by radio to NASA's Ames Re­
search Center at Mountain View, CA. They clearly show the Great Red Spot and -­
because the immense gravity caused Pioneer lO's trajectory to curve around Jupiter 
as it sped to escape the solar system -- include views from angles that cannot be 
seen from earth. Pioneer lO's infrared radiometer returned data on Jupiter's net 
energy flux and the thermal structure and chemical composition of its atmosphere. 
Both instrlllilents were built by Santa Barbara Research Center, a Hughes subsidiary. 

A computerized pattern grading and marker making system for apparel manufacturing, 
developed by Autographics, Inc. of Baltimore, will be marketed by Hughes. The sys­
tem is available in both semiautomatic and full automatic configurations; the latter 
can lay out a men's or ladies' suit marker in three minutes. It can also be used to 
provide computer tapes for the Hughes Lasercutter, an automated cloth-cutting system. 
While Autographics will continue to market its system directly, the arrangement with 
Hughes will provide additional system and service capability in the U.S. and abroad. 

A new liquid crystal pictorial display system, developed by Hughes for the U.S. Air 
Force Avionics Laboratory, promises performance superior to that of the cathode-ray 
tube for displaying symbolic, graphic, and pictorial television images in real time. 
The liquid crystal display produces no light of its own, but is viewed by natural or 
artificial light. The brighter the ambient light the more brilliant the display -­
a distinct advantage for airborne systems. It consists of 10,000 elemental liquid 
crystal cells per square inch of display. A cell appears black when no voltage is 
applied; increasing voltage produces tones ranging from black to white. The liquid 
crystal display offers high resolution, is compact and lightweight, requires little 
power, and needs only a simple electrical interface with sensors or video signals. 

Circuit Design Engineers with project engineering experience are needed for our 
commercial and government programs. Responsibilities: design and development of 
complex high- and low-voltage power conditioners, including connnand signal condi­
tioning, logic sequencing, and analog telemetry instrlllilentation. U.S. citizenship 
required. Please send your reslll!le to : B.E. Shryack, Hughes Electron Dynamics Divi­
sion, 3100 W. Lomita Blvd., Torrance, CA 90509. An equal opportunity M/F employer. 

Two - way cable television has been tested for the past year in El Segundo, Calif., by 
Theta-Com of California, a Hughes subsidiary. The Theta-Com Subscriber Response Sys­
tem (SRS) includes a central computer and 30 prototype terminals in subscribers' 
homes. Among the various types of services available: purchase of first-run movies 
and blacked-out sporting events, theater and airline reservations, and merchandise. 
Computer confirms order on the terminal's paper-tape readout and automatically bills 
subscriber. Subscriber s can also request information, participate in games and edu­
cational programs, respond to opinion polls, and be provided with emergency intrusion, 
fire, or medical alarm service. The El Segundo tests will be expanded in mid-1974 to 
i nclude 1,000 terminals in a comprehensive market test. 

Energy conservation is a po t ential future benefit of the SRS system, which could 
monitor and manage power loads from a central control and substitute two-way com­
munication from home or office for physical transportation. 

t I Creating a new world with electronics 
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I I 

i HUGHES i 
I I 

L---- -------------- ~ 
HU GHES AIRCRAFT CO MPAN Y 

... 
Circle 4 7 on reader service card 



Electronics review 

de Troye, technical m anager of Phil ­
ips Research Laboratories, Eindho­
ven, the Netherlands, tell s why in an 
invited review paper at the first 
technical sess ion. Philips, which 
with IBM, Boeblingen, West Ger­
many, is credited with inventing the 
new integra ted logic, has built J2L 
logic, memory, and analog circuits 
capable of p acking densities of 400 
gates p er square millimeter, speed­
power products of 0.13 picojoule, 
and logic speeds selectively adjust-

able by circuit geometries for max­
imum design flexibility. I2L tech­
nology achieves densities that are 
orders of magnitude better than 
other bipolar techniques, and, as de 
Troye will point out, better even 
than today's MOS logic circuits. Also, 
the speed-power product is almost 
1,000 times higher than that of to­
day's ITL circuits. 

Horst Berger, device specia list a t 
IBM, fo llows with an FL-d evice 
model showing that, because the de-
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News briefs 
Boeing, Tl receive digital avionics contracts 
Competing teams headed by Boeing Co., Seattle, and Texas Instruments, 
Dallas, have each received $420,000 Air Force contracts for six-month de­
sign studies of the Digital Avionics Information System. The Boeing team in­
cludes Honeywel l Inc., Minneapolis, for the processor complex and digital 
fl ight controls , and Softech Inc ., Waltham , Mass ., for mission software ar­
chitecture standards and DAIS software-requirements plans. On the Tl team 
are Intermetri cs Inc ., Cambridge , Mass ., and Harris Radiation . 

Melpar receives intelligence-collection award 
E-Systems ln c. 's Melpar di vision, Falls Church Va., will develop micro­
miniaturized airborne receivers, direction-finding equipment, and tech­
niques for remote control of the receivers under a $3 .5 million contract from 
the Air Force Aeronautical Systems division , Wright-Patterson AFB, Ohio . 
Melpar will perform research , development , test , and evaluation of the sys­
tem proposed for use in remotely piloted vehicles. Also participating in the 
program as subcontractors to Melpar are the company 's Garland division , 
Dal las ; ESL Inc . Sunnyvale , Calif.; and Teledyne-Ryan, San Diego. 

NASA plans earth-observatory satellite 
For a proposed Earth Observatory Satellite to fly later in the decade, the Na­
tional Aeronautics and Space Administration has issued requests for pro­
posals covering design studies [Electronics , Dec. 18, 1972 , p. 34]. Two or 
more contractors will receive awards of $600 ,000 each to define the space­
craft, intended to be a modular 4,000-to-5 ,000-pound " bus" for earth ob­
servations or combinations of missions. If NASA later approves construc­
tion , the program could reach $70 million . 

USSR to exhibit at IEEE lntercon 
The USSR will exhibit for the first time at this year 's IEEE lntercon in New 
York , although Russian engineers have delivered techinical papers , and ob­
servation teams have attended in past years. The Soviet Union 's VI 0 Elec­
tronorgtechnika Agency will have a 600-square-foot exhibit devoted to ex­
port-import services and products for export , including contro l equipment, 
computers and data devices, semiconductors , and components . 

Addenda 
Fairchi ld Camera and Instrument Corp. is opening a semiconductor plant 
in Campinas, Brazil , pending approval by the Brazilian government . Opera­
tions will begin this spring in 13,000 square feet of leased space for assem­
bling, testing , and warehousing various semiconductor components . 
Rockwell International Corp.· is adopting the metric system of weights and 
measures, a project the company esti mates wi ll take 10 years to complete . 
Although U. S. conversion 'to the system is forthcoming , the company says 
a delay cou ld hamper Rockwell's position in world industry. 

vices are basically npn transistors 
having an additional source of base 
current, they are inherently smaller 
and less complex than ITL struc­
tures and therefore highly reproduc-. 
ible in extremely tight packing den­
sities on high-yield chips. 

In addition, workers at the North­
rop Corp. R esearch and Technology 
Center, Hawthorne, Calif., show 
how they have combined oxide-iso­
lation fabricating techniques with 
I2L-circuit techniques to extend still 
further the frontiers of the tech­
nology. Finally, in bipolar LSI, re­
searchers at TRW Systems group 
share their work in using an ion-im­
p lan ted ve rsion of conventional 
emitter-follower logic to implement 
large but highly reproducible multi­
plier chips, measuring 301 by 279 
mils, for high-speed airborne-mini­
cam puter systems. 

A significant m em ory develop­
ment to be aired a t ISSCC is Intel's 
new 1,024-bit bipolar random-ac­
cess memory. This RAM has a com­
p act J2L-l ike inverted-transistor flip ­
flop memory cell that makes pos-· 
sib le both high densities and high 
yields with conventional junction­
isolated processing-a point not to 
be lost on those manufacturers still 
struggling with the various more de­
manding forms of p assive isolation 
to reach bipolar integration den­
sities of 1,024 bits and higher. (Intel 
is already supplying 256-bit versions 
of this design .) 

In the CCD area, a three-level im­
age structure by Bell Labs results in 
a completely sealed imager of high 
density a nd exceptionally good 
transfer efficiency. D 

Lasers 

Airborne lasers 

to monitorpollution 

Lasers have long be en seen as 
ground-based pollution sensors be­
cause they are precise independent 
light sources that can quickly dis­
criminate polluta nts from other air 
constituents. Scientists a t the N a­
tional Aerona utics and Space Ad-
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All 191 flavors of RESNET™ 
DIPs offer system compatibility 
because we use the same packages 
you use for l.C.s; plus you get 
ceramic depenqability at plastic 
prices. 

Whether you're inserting resistors 
automatically or by hand - call 
your local Beckman/Helipot 
representative and ask how you 
can save money using RESNET 
DIPs. He stocks locally for 
immediate delivery. 
If you need immediate 
technical literature or the tele­
phone number of your local 
Beckman/ Helipot representa­
tive, call H.E.L.P. (Helipot 
Express Literature Phone) 
toll-free (800) 437-4677. 

B9B·l ( 15 resistors I 
Price (1,000·4.999) $.B5 

B9B-3 ( B resistors I 
Price (1,000-4,999) $.76 

STANDARD RESISTANCE VALUES 
(±2% or ± 2n I 
62' 110 330 I.OK 2.2K 6.0K 15.0K 
6B 150 470 !.5K 3.3K 6.BK 22 .0K 

100 220 6BO 2 .0Kt 4.7K IO.OK 
•Standard in 898·3 only. 
tStandard in B9B-1 only. 
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899·1 (13 resistors) 
Price (1.000-4,9991 $.BI 

B99-3 (7 resistors I 
Price (1,000-4,999) $.72 

STANDARD RESISTANCE VALUES 
( ± 2% or ± 2n I 
22 62 IBO 510 l.5K 4.3K 
24 6B 200 560 !.6K 4 .7K 
27 75 220 620 I.BK 5.IK 
30 B2 240 6BO 2.0K 5.6K 
33 91 270 750 2.2K 6.0K 
36 100 300 B20 2.4 K 6.2K 
39 110 330 910 2.7K 6.BK 
43 120 360 I.OK 3.0K 7.5K 
47 130 390 l.IK 3.3 K B.2K 
51 150 430 !.2K 3.6K 9.lK 
56 160 470 !.3K 3.9K !OK 

Beckman" 
HELIPOT DIVISION 

llK 
12K 

B9B-5-R220/330 
Pulse squaring TTL terminator. 
Price (1,000-4,999) $1.45 

B99-5-R220/330 
Pulse squaring TTL terminator. 
Price I 1,000-4;999) $1.35 

B99-19 
DIP interface network providing resistors 
for µ.A711 core sense amplifier configuration. 
Price (1,000-4,999) $1.IB 

R2 

13K R1 
15K 
16K 
!BK 
20K B99-40 
22K DIP network provides six line terminators 

and the threshold setting divider for the Intel 
3208A sense amplifier. 
Price (1,000-4,999) $1.35 
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SEMICONDUCTOR 
DEVICES 

Over 120 different kinds of 
mounting pads for semi­
conductor devices including 
IC's and discretes. Pads 
simplify semiconductor 
mounting , protect them dur­
ing flow soldering , provide 
free air space under device. 
Color coding available. 

ORDER DIRECTLY FROM 
YOUR LOCAL THERMALLOY 

DISTRIBUTOR 

• orders of 250,000 
or more nylon 
pads, typically 
99c per hundred. 

Free complete 
catalog with 
satnples. 

Write for 
your copy. 

m Thermal/by Inc. 
P.O. BOX 34829 
2021 W. VALLEY VIEW LANE/ DALLAS, TEXAS 75234 
PHONE 214·243-4321/TWX 910-860-5542 
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ministration's Langley Research 
Center, however, believe that lasers 
can do an even better job if they are 
airborne, and NASA has a program 
for building such systems. 

In a few weeks, Langley will se­
lect a contractor to determine what 
is needed for an airborne analytical 
spectrometer using a tunable diode 
laser, and Langley intends to have 
the system built and flown once the 
study is finished. Moreover, the En­
vironmental Protection Agency also 
is talking with NASA about using 
such devices, according to Frank Al­
lario, head of the laser physics and 
applications section at Langley. 

The first application of the system 
will be to find out whether high-fly­
ing supersonic aircraft damage the 
protective ozone layer. The environ­
mentalists' "greenhouse effect" ar­
gument against the defunct super­
sonic transport project was that the 
build-up of nitric-oxide exhaust 
would degrade the ozone layer, al­
lowing the sun's ultraviolet rays to 
penetrate the atmosphere. Since the 
Government and industry are qui­
etly performing studies on a second­
generation SST, an airborne lead-

sulfur-selenide diode laser system 
could measure nitric-oxide exhaust 
and perhaps settle the question. 

Pointed toward the earth, a simi­
lar diode system could measure the 
density of pollution close to the 
ground over a broad area. That data 
would be essential for computer 
modeling of a region's pollution, Al­
lario says. Less mobile, ground­
based units point only from one site, 
he explains. Depending on the pol­
lutant to be monitored, different la­
ser diodes could be used, such as 
lead-selenide for sulphur dioxide or 
lead-sulfur-selenide for carbon ~ 
monoxide. Current or magnetic tun­
ing would focus the laser on the pol­
lutant particles, and the low power 
poses no safety problems. D 

GaAs laser cavity 
grown on substrate 

By growing vertical mesa structures 
directly on a gallium-arsenide sub­
strate, researchers at Texas Instru­
ments, Dallas, have moved a step 

Pollution monitor. NASA has proposed an airborne diode-laser system for performing high­
resolution spectroscopy. It could determine the effect of supersonic aircraft. 

POWER 
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SPE CTROGRAPH CHOPPER\ 
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So does INTERSTATE. 
Our comprehensive Series 30 includes a function generator with your 

special requirements - PLUS more capability and time-saving features that 
we believe give you a better price/performance value than any competitive 
model. Capabilities like: 3M Hz frequency range; clean sine, square, triangle, 
sweep, adjustable d-c, and variable width pulse waveforms; and trigger, gate, 
tone burst, and sweep operating modes. Time-saving features such as a 
well-organized front panel, our direct-reading Sweep Limit Control, and an 
unbeatable Instruction Manual. 

The "$495 comparison" lets vou be the Judge. 
You can find out exactly how INTERSTATE 

outperforms a competitor like Wavetek. Check the 
number below to receive the "$495 Comparison : 
Interstate F34, Wavetek 134 Function Generators" 
and a new Specifier Guide that outlines cost and 
capability right down both model lines. 

---
Purchase an INTERSTATE function generator and use it for 15 days. 

If you 're not totally satisfied , return it to us for a full refund of the purchase 
price - no explanations necessary. 

~ 
Take us up on our otter. Call John Norburg, collect, at 714 / 772-2811 . 

~ ~.--- INTERSTATE 

~ ~~ ~~~ Subsidiary of A-T-O Inc. 

Dept. 7000, Box 3117, Anaheim , CA. 92803: TWX 910·591·1197 TELEX 655443 & 655419 

our function generator wlll perform better than you expect, or we'll take It back. 
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Super protection with the unique adjustable Crowbar Overvoltage 
.E_rotector Makes the Sorensen SRL a great suppfY for lab/system uses. 
Fast front panel adjustment of overvoltage level without removing the 
load ... instant front panel meter monitoring of set point, plus these 
additional SRL features : resistance and signal programmability ; fast 
response time- 70to150 µ.sec.-through full load range ; low-3W' to 
7"- rack panel height ; high power-density .. . in 14 models with outputs 
from 250 to 2000 watts. SRL-the super choice for maximum re liabili ty, 
stability and value 1n medium power, low voltage appl ications For 
complete data, contact the Marketing Manager at Sorensen Company, a 
unit of Raytheon Company, Manchester, NH (603) 668-4500. 
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Representative Specifications - SRL 
• Voltage Mode • Current Mode 

Regulation (combined line & load) .01% Regulation (combined line & load) 
Ripple (PARO) rms 350 µ.v .02% + 4 ma. 
p-p: 20 mv. Ripple (PARO) rms 0.5 to 30 ma. 
Temperature Coefficient :ire 
.01 o/o + 200 µ.V. 

• Voltage Ranges 
0-10 volts to 0-60 volts (14 models) 

Temperature Coefficient :ire 
.01% + 1 ma. 

• Price Range 
$500-1025 

rorensen 
JPOWER SUPPLIES 
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closer to the development of optical 
integrated circuits for high-speed, 
high-capacity communications. Us­
ing selective GaAs-vapor epitaxy, 
the TI team took advantage of the 
differences in growth rates of the 
various GaAs planes and equalized 
those growth rates to form an op­
tical cavity for a laser from the mesa 
structures. 

Previously, the optical cavities 
had to be cleaved from GaAs crys­
tal, polished, and then bonded to a 
substrate. Now, says Kenneth L. 
Lawley, of n's physical research 
laboratory, "by controlling the com­
position of the gallium-arsenic ratio 
in the gas phase, we can impede or 
increase the various growth rates to 

· get a set of 1- 1- 1 planes perpendicu­
lar to the 1-1-0 substrate." TI has 
shown that the optical cavities, or 
mesas, will exhibit the mode pattern 
and threshold behavior of a laser 
when pumped with an argon laser. 

Diamond shapes. TI grows the 
mesas through diamond-shaped 
holes in a silicon-dioxide film depos­
ited on the GaAs substrate. "The 
diamond shape is critical for this 
type of faceted structure," Lawley 
notes. "It takes advantage of the 
symmetry of the substrate planes." 
From 80% to 90% of the mesas on a 
slice are well developed, and vir­
tually all of those could be made to 
oscillate, he says. 

The lowest threshold-power den­
sity that TI has seen is 1 x 10.5 
w /cm2 • However, Lawley points 
out, TI has made no effort to opti­
mize the electrical properties of the 
material. "In the future, we don't 
want an optically pumped surface 
laser. We want one that's electrically 
pumped. We've merely shown that 
you can get lasing action in a grown 
structure," he says. Electrically 
pumped surface lasers will require 
isolating a diffusion in the mesa, says 
Lawley 

Since variations in etch rates pro­
hibit etching the mesa on the sub­
strate, TI chose to grow the GaAs la­
sers instead of using a hybrid 
technique that involves mechani­
cally cleaving or polishing the faces. 
The fabrication method is com­
pletely compatible with the growth 
of complex layered waveguides and 
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other electro-optical structures an­
ticipated for future integrated op­
tical circuits, Lawley says. What's 
more, it avoids the intermediate lay­
ers and refractive indexes inherent 
in hybridization and should lead to 
production efficiencies once optical 
communications take hold. D 

Commercial electronics 

Teleconferencing is 

readied for bank use 

Reducing energy costs and saving 
on executive time are the goals of a 
two-way stereophonic communi­
cations system designed by Gold­
mark Communications Corp., Stam­
ford, Conn. One installation of the 
company's Teleconferencing system 
already links the Stamford and New 
Haven executive offices of the 
Union Trust Company. The pilot 
project is being funded through 
Fairfield University by the U.S. De­
partment of Housing and Urban 
Development. 

Operating at 150 to 5,000 hertz on 
a dedicated four-line wideband 
cable, the system uses up to six 
speakers at each end. Cost estimates 
for the system, which operates on a 
leased line from the Southern New 
England Telephone Company, aver­
age about $1,000 a month with 
about $3,000 invested in equipment. 
But Union Trust executives say the 
system, used for regular business 
meetings, saves about $1,700 in 
executive time and 200 gallons of 
gasoline a month-by eliminating 
commuting. 

Peter C. Goldmark, the com­
pany's president, says costs may 
drop 65% in the next two months 
when a shift is made to a two-line 
cable, reducing monthly leased-line 
expenses to about $360. The system 
also uses an automatic-answering 
facsimile system for transmitting 
graphic materials. 

Teleconferencing is part of Gold­
~ark's New Rural Society, a na­
t10nal program aimed to reverse the 
migration trend of people from 
rural to urban areas. D 
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Solid State hnage Sensing 
~etico n offers the most complete line of solid state 
image sensors for OCR, facs imile, page/document 
reader, f ilm scanning , real time spectroscopy, non 
contact measurement and inspection applications. 
High resolution of up to 1024 elements on 1 mil 
centers is available on a single monolithic chip 
with s~ ri al v i d~o readout. Charge storage mode 
operation provides high sens it ivity with scan rates 
up to 10 MHz. Low power diss ipation of less than 
10 mwatts and the highest qual icy sil icon gate 
process assures minimum dark currents and maxi­
mum dynamic range . 
Circ u~ t cards (RC series) containing complete drive 
~nd video ampli fier c ircuits are also availab le from 
inventory for any Ret icon image sensor. 
Our RL256C through RL 1024C devices are much 
improved pin compat ible replacements for previous 
designs. 
Write or call for detailed data sheets and external 
circuit information . 

ae~rtco~I® 
450 E. Middlefield Road , Mountain View, CA 94043 
(415) 964-6800 TWX 910-379-6552 

HOTLINE (415) 964-3033 ---

-

-- hlPl"'d corn· 

-
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•test 610. 

digital multi 

The Digitest 610 is a portable DMM that measures volts, amps, and 
ohms plus component surface temperature. When trouble shooting , 
this plus feature allows the user to quickly identify defective com­
ponents by surface temperature measurement. 

This light-weight, compact, 11 ,000 count unit goes where need­
ed . When regular power sources are not available the built-in 
nickel cadmium power pack provides many hours of reliable 
portable measurement. Bold bright Sperry planar gas dis­
charge d isplays provide easy viewing, even at angles up to 
130° and in direct sunlight. Data can be c learly read at 
distances up to 40 feet. 

Easy to operate push button switches enable rapid se­
lection of all 16 ranges from zero to full scale without 
further adjustment. Non-skilled personnel can use 
the Digitest 610 with no training, yet the unit's pre­
cision design gives the trained technician and 
engineer the high degree of accuracy that he 
needs. 

In addition to AC and DC volts , AC and DC 
currents, the Digitest 610 can measure re­
sistances from 0.1 to 5 megohms, and tem­
peratures from -50°C to +200°C. Accuracy 
is 0.1 % and CMR is 1 OOdB. 

Sold and serviced throughout the 
United States and Canada. U.S. 
distr ibutorships available. 
For details or demonstration call : 

Hartford (203) 246-5643 
" Boston (617) 879-5710 
New York (201) 673- 2500 

"Philadelphia (215) 673-5600 
"Baltimore (301) 796-5600 
Atlanta (404) 436-5169 
Orlando (305) 894-9863 
Huntsville (205) 837- 5778 

"Seattle (206) 622-0177 
San Francisco (415) 854-4870 
Dayton (513) 252- 5627 

"Chicago (312) 358-6520 
Minneapolis (612) 925-1883 
Dallas (214) 363-5291 

"Denver 
•salt Lake City 
·Albuquerque 
" Phoenix 
" Los Angeles 

(303) 427-5299 
(801) 571 -0129 
(505) 281-5602 
(602) 939-6757 
(213) 789-0418 "Stocking representative 

• 

8_CHNEIDER ELECTRONICS 3 HAZEL STREET, PEABODY, MASSACHUSETIS 01960 
(617) 535-5620 
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The Single Source For Reliable Protection For Every 
Type Of Electronic And Electrical Circuit And Device 

Include dual-element "slow-blowing" fuses, single-element " quick-acting " 
fuses and signal or visual indicating type fuses ... in sizes from 1 /500 
amp. up .. . PLUS: a companion line of fuseholders . ...................... _ 

BUSS SNAP-LOCK FUSE­
HOLDER - Rear panel ­
mounted fuseholder for 
1/4 x 11/4" fuses. Snaps in­
to place . Specify HTA·OO 
for space-saver type. 
HLD-00 for visual-indicat­
i ng type, HKP-00 for 
standard fuseholder, or 
HJM-00 for 'I• x 1" fuses . 

HKA 
lamp­

indicating, 
signal-activating 

fuseholder. 

SUB-MINIATURE FUSE- Ideal for space tight appli ­
cations , light weight, vibration and shock resistant . 
For use as part of miniaturized integrated circuit. 
large multi-circuit electronic systems, computers. 
printed circuit boards, all e lectronic circuitry. 

TRON Sub-Miniature Pigtail 
Fuses - Body size only 
.145 x .300 inches . Gla~s 
tube construction permits 
visual inspection of ele­
ment. Hermetically sealed. 
Twenty-three ampere sizes 
from 1/ 100 thru 15. 

BUSS 
Sub­
Miniature 
GMW Fuse 
and HWA Fuse­
holder . Fuse size 
only .270 x .250 
inches. Fuse has 
window for visual 
inspection of element . 
Fuse may be used with 
or without holder . 
1 /200 to 5 amp. Fuses 
and holders meet 
Military Specifications . 

BLOCKS FOR BUSS FUSES 
All types available for 
every application. Single 
pole , multiple pole, sma ll 
base, full base , molded 
base, laminated base, por­
ce lai n base for fuses from 
1/4 x % inches up. Also 
signal fuse blocks and 
special blocks of all types . 

~] )J~ !I E 
~ 

TRON® Rectifier Fuses For the Safe 
Protection of Solid State' Devices 
Provide extremely fast opening on overload 
and fau lt currents , with a high degree 
of restriction of let-thru current . Many types 
and sizes available. Ampere ratings from 
112 to 1000 in voltages up to 1500. 

THE COMPLETE LINE OF SIGNAL-INDICATING 
ALARM,ACTIVATING FUSES 

For use on computers, microwave units, communication equip­
ment, all electronic circuitry . 

Q:.~SGLD 
V. x 1'/4 in . 

BUSS GBA Visual-Indicating. 
'I• x 1'/4 in . Alarm-Activating . 
Visual -Indicating 

BUSS MIC 
13/ 32 x 1'/, in. 
Visua 1-1 nd icat i ng , 
Alarm-Activating. 

FNA FUSETRON@ dual -element 
Fuse13/32 x 1'/, in . slow-
blowing , Visual-Indicating, Alarm ­
Activating . (Also useful for 
protection of small motors , so le­
noids, transformers in machine 
tool industry.) 

BUSS Grasshopper 
Fuse , Visual-Indicat ing, 
Alarm·Activating . 

BUSS ACH Aircraft 
Limiter , Visual - Indicating . 

BUSS GMT and HLT holder , Visual ­
Indicating , Alarm-Activating. 

FOR MORE INFORMATION ON THE COMPLETE BUSS LINE.· 
WRITE FOR BUSS FORM SFB. 

BUSSMANN MANUFACTURING 
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a McGraw- Edison Company Division 

St. Louis, M issouri 63107 

55 



56 Electronics /February 7, 1974 



Electronics/February 7, 197 4 Circle 57 on reader service card 57 



@OD&~[Q)O&C~:r 
RELAYS@ 

CIRCLE 58 ON THE READER SERVICE CARD 

• 

for your very own personal copy. Free from your Guardian Angel. 

cm gl! !E!~!!FEI! ~~ :rroll Ave~ago, lll i noi~ OOOO~I 



'• r 

,, , 

, 

Minicomputers 

wanted to update 

defense data net 

Police digital 

systems boosted; 

Cleveland buy near 

Raytheon SAM-D 

effort seen stable 

despite fund cuts 

FAA's decision 

on airborne CAS 

delayed till 1975 
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Washington newsletter __ _ 

The National Security Agency is moving to buy 150 to 200 m1m­
computers to interconnect with the Defense Communications Agency's 
automatic digital network. As suggested by the effort's title-Project 
Streamliner- the minicomputers would update the defense intelligence 
network. But Streamliner is not yet on the track. Disappointed with the 
responses to its first request for proposals, NSA has just issued a second 
~~ . 

At least six companies have been identified as responding to the first 
RFP, among them Sperry Univac, Lockheed Electronics, and GTE Syl­
vania. Digital Equipment Corp. hardware was proposed by DEC itself, as 
well as by Cybernetics Inc. and Planning Research Corp. 

Digital communications equipment for, police has got a boost in a sur­
vey of developmental and operational systems completed for the Law 
Enforcement Assistance Administration by Urban Sciences Inc., Well­
esley, Mass. The survey concludes that digital techniques offer five 
times more capacity and more inherent security than analog voice net­
works, and notes that "digital communications represents one of the 
most useful means that technology can offer" for improving law en­
forcement communications. 

The turn to digital police systems is supported by the city of Cleve­
land, 0., which is soon expected to choose between hardware of IBM 
Corp. and Kustom Electronics Inc., to equip 125 patrol cars following 
tests under an LEAA grant. The city tested 10 IBM printers and 20 of 
Kustom's plasma displays. 

Raytheon Co.'s level of effort as prime contractor for the Army's 
SAM-D surface-to-air missile is expected to be virtually unchanged 
over fiscal 1974-75, say Federal budget sources, despite a Pentagon cut­
back in its fiscal 1975 budget request for the high-altitude air defense 
system. Stung by the high congressional visibility given last year to the 
program's overruns by a critical General Accounting Office study, the 
Defense Department ordered the Army to slow the project early this 
year, pending completion of a new DOD cost-effectiveness study. Ac­
cordingly, the Army has cut its SAM-D budget request for fiscal 1975 
by a third to about $110 million. Nevertheless, Raytheon is expected to 
get close to $100 million of this in order to be able to meet flight test 
schedules later this year, while the Army pushes for subcontractor cut­
backs in Government-furnished subsystems in areas such as SAM-D 
comm uni cations. 

The Federal Aviation Administration plans to decide on a national 
standard for airborne collision avoidance systems no sooner than mid-
1975, dashing the hopes of contenders Honeywell, McDonnell Douglas, 
and RCA. The agency, which frankly favors ground-based techniques 
working through the air traffic control systems, has not yet tested 
general aviation CAS units and won't complete its testing until March 
1975, says one authoritative source. He adds that the FAA plans to tell 
the Senate it still believes ground-based approaches are better, despite 
congressional pressure for airborne CAS units. 
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Washington commentary ____ _ 

A pitch for space applications 

Knowledgeable congressional advocates of a 
strong civilian space applications program are 
becoming increasingly rare birds, particularly 
since private enterprise now dominates one of 
those application areas, communications satel­
lites. One such advocate is Rep. James W Sy m­
ington ( D., Mo.), now Chairman of the Subcom­
mittee on Space Science and Applications, who 
addressed the issue befo re the American Institute 
of Aeronautics and Astronautics' annual meeting 
in Washington at the end of January. Because 
Sy mington's provocative views deserve a wider 
audience, we have excerpted the substance of 
them here. -Ray Connolly 

Despite overwhelming support by the public 
and the Congress, the Applications Program is 
one part of the space effort that seems to have 
been short-changed over the yea rs. It is a 
curious history. 

When the NASA budget was at its zenith in 
the mid-1960s, funding for Space Applications 
was languishing at less than $100 million per 
year, a tiny fraction of the more than $5 billion 
annual budget for space. In 1967, NASA com­
missioned a two-year summer study by the 
prestigious National Academy of Sciences. Orie 
of the main conclusions of that study. was that 
the Space Applications budget was too small by 
a factor of two, or perhaps three. 

WhatOMB did 

Well, funny things happened to the NASA 
budget on a visit to the Office of Management 
and Budget- not just once, but year a fter year. 
Although inflation has continued to take its toll 
every year since the academy's report, the 
Space Applications budget never quite reached 
$200 million . Last spring, however, the budget 
for the Applications Program for fiscal 1974 
dropped dramatically to $ 153 million. 

This reduction was associated chiefly with 
NASA's newly announced policy of phasing out 
communications sa tellite research and develop­
ment. While NASA officials concede that there is 
plenty of R&D left to do on communications 
satellites, they say that private enterprise is ex­
pected to pick up where NASA leaves off. Is such 
faith or hope in the private sector justified? 

Seemingly not. I have not found a single rep­
resentative of American industry who believes 
private enterprise will take up the slack. No less 
an expert than Dr. Wernher von Braun has 
publicly stated his conviction that industry will 
not, indeed cannot do so. 

Certainly, we should encourage private en­
terprise to do all that it can. But there are some 

things that are beyond the capabilities of the 
free enterprise sys tem. Risk capital is attracted 
to those activities which promise earnings in 
the relatively short term. Thus, it is reasona ble 
to expect Comsat and others to improve and re­
fine existing technology. But as a nation, we 
should have longer-range goals. 

Federal role unfinished 

I a m convinced tha t the role of the Govern­
ment is not finished ; there is plenty of research 
that looks far into the future which private en­
terprise cannot afford to undertake, and th at 
therefore must be done with Government sup­
port ifit is to be done a t all. 

The history of the Space Applications Pro­
gram is even more curious when one considers 
the Earth Resources Technology Satellite proj­
ect. In a year and a hal f of operation, the po­
tential of such a system for the solution of a 
multitude of everyday problems here on earth 
has been amply demonstrated. 

Although ERTS-1 has been successful beyond 
our fondest hopes, it has encountered some dif­
ficulties . While the multispectral scanner has 
performed superbly, the sa tellite has been lim­
ping a long for many months without the use of 
the return beam videcon , the other major in­
strument board. Moreover, one tape recorder 
fai led early in the mission, and the second 
failed partially several months ago. 

Such anomalies are to be expected in experi­
mental satellites, of course. That is the reason 
ERTS-B, an exact copy of ERTS-1 , was originally 
scheduled for launch in November 1973 . Last 
year, however, we were told that it would be 
delayed until early 1976 so that a fifth channel 
could be incorporated in the four-channel mul­
tispectra l scanner. 

To avoid a long hiatus in the acquisition of 
ERTS data, the House Science and Astronautics 
Committee increased the NASA authorization 
bill for fiscal 1974 by $8 million and urged that 
ERTS-B be prepared for launch with the exist­
ing four-channel MSS as soon as practicable. 
After months of indecision, OMB finally re­
lented, and ERTS-B , in its original configura­
tion, is now scheduled for launch la te this year 
or early in 1975, about a yea r and one ha lf late. 

At the present rate of spending, the Space 
Applications Program could be funded for six 
years for the cost of a single space science proj­
ect- Viking. On the same basis, the cost of the 
Skylab program would support the entire 
Space Applica tions Program for about 17 years. 
These fi gures suggest that the space program is 
out of balance and ha s been for many yea rs. 
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Optimized SOA SCRs. 
But you'll have to pa~ 
less for them. 

Lots of you are using 110 A 
SCRs in designs where 70 or 
80 A would do. Or managing 
with 55 A SCRs where performance 
is marginal. 

Stop. 
The MCR80/81/82 hermetic SCR series 

is the optimized answer to both designs 
from now on. 

In fact, there's no reason for continuing 
to plug in 55 A SCRs because this new 80 A 
Y2" stud series gives you more than 1h 
greater current capability ... at less price. 

Right. 
Less price. 
At 100 volts, a 55 A unit costs about $10, 

10-99. The 80 A MCR81-10 costs $7.50. 
At 400 volts, a 55 A unit prices out at 

$13.50. The 80 A MCR81-40 is just $10.13. 
At 600 volts, the comparison is $27.50 for 

55 A, $20.63 for 80 A. 
At 800 volts, it's $32.50 and $29.25. 
You'll realize even more significant cost 

savings replacing 110 A types with the 
MCR series - at 200 volts, for example, the 
110 A device costs $16.75. The MCR81-20 is 
only $7.87. About half the cost. 

You get the idea. 
Technologically speaking, this new SCR 

is quality all the way. Stud or unique, 
design-simplifying isolated stud packaging -
pressfits whose prices are even more 

economical- center-fired gate 
for excellent di/dt performance­
reliable, double hermetic packaging 

with glassivated die inside a metal 
.I pressfit- outside epoxy-coated for 

long voltage creepage paths. 
Electrically, the 50-800 volt series carries 

1,000 A surge and 70 mA max. trigger 
characteristics. 

New data sheets and "Guide to 
Thyristors" can be quickly had through Box 
20912, Phoenix, Arizona, 85036. 

Evaluation units through distributors. 
Direct quotes through the coupon. 
But only if you like the price. 

r---------------------------
Quote me an optimized price ... on the optimized 

MCR80/ 8 1/82 series SCR in the voltage , quantity 

and package style I've indicated: 

O Pressfit 0 1h" Stud O 1/2" Isolated Stud 

Voltage ______ Quantity ____ _ 

N_a_m_e ______________ · I 

I Title 

I 
I I Company Phone 

I 
I Address 

I 
I I City State Zip 

L--------------------------

' 
~-i!H4tu#4 

From Motorola, the"thyristor producer. 
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REI has one question 
for people who buy 

electronic test 
equipment. 

When you ne'ed it fast ... rent it. Purchasing equipment usually involves long delivery lead times. When 
you rent your electronic test equipment from REI it's a safe bet that you can get what you need within 
36 hours of the time you call.in your order, sometimes sooner. This fast service is possible because we maintain 
9 Instant Inventory Centers throughout the U.S. and Canada, stocking millions of dollars worth of equipment. 

When you need it for only a short time ... rent it. Need equipment for a short-term project? Rent it from 
REI. When you don't need it any more, return it to us. It's the easy, low-cost way to use the equipment you 
need for just tqe time that you need it. 

When you care about what it costs ... rent it. Renting from REI can be less expensive than purchasing. 
There's no capital investment to adversely affect your company's cash flow. This means you'll get more mileage 
from your equipment budget. And your controller will tell you that your low monthly payments are tax deductible. 

All REI rental equipment is tested to meet manufacturers' specifications prior to delivery. with free mainte­
nance included. Certification and calibration are available upon request. Our flexible arrangements include rental, 
rental-purchase and leasing packages to give you the use of equipment from one week to three years or more. 

Get.your free copy of our 1974 catalog that lists virtually every item in our rental inventory. Just circle 
our reader sel'vice number on the postcard in the catalog directory section and drop it in the mail. For immediate 
information, call your local REI instant inventory center listed below. Once you rent from REI , you may never 

· buy electronic test equipment again. 
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Rental Electronics,Inc. 
A J;:!EPSICQ LEASING COMPANY 

Lexington , MA (617) 861-0667 • Gaithersburg, MD (301) 948-0620 • Oakland, J (201) 337-3757 • Ft. Laud"rdale, 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 

Toronto, Canada (PLC Leasing Ltd .) (416) 677-7513 

IA1E\ When JOU think about renting, 
'<I>' · it's the only way to go. 
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Electronics international ____ ____ _ 
Signi ficant developments in technology and business 

Dashboard indicator alerts driver 

to 12 car malfunctions 

If an integrated automobile moni­
toring and warning system ever be­
comes a big electronics market, YOO 
Adolf Schindli ng AG, a big name in 
motor vehicle instrumentation in 
Europe, has a leg up on its competi­
tors. It has developed prototype 
equipment that, by way of a single 
dashboard-mounted indicator, opti­
cally warns the driver when the crit­
ical value for any of 12 different car 
opera ting conditions is reached. 

YOO's central information system 
monitors and gives warnings on en­
gine rpm, temperature, and oil pres­
sure. Other conditions it checks are 
brake pressure, lighting, and the 
level of cooling water, gasoline, oil, 
brake fl uid and windshield cleaning 
water. Using inputs from variable­
resistance sensors, the system also 
keeps tabs on brake lining, giving 
an alarm when it becomes too thin. 
Another alarm tells the driver that 
his seat be! ts aren't fastened . 

Lights. As now laid out , the in­
dicator has a central alarm field sur­
rounded by 12 smaller fields, each 
specifying a particular parameter. A 
red warning is given either as fl ash­
ing or steady lights that illuminate 
the fields from behind . 

Various combinations of flashing 
and steady lights tell the driver 
whether or not an abnormal condi­
tion warrants immediate correction. 
An "acknowledge" button extin­
gui shes some, but not all, alarms. 

"What prompted this develop­
ment," says Horst Romer, the YDO 
engineer responsible for the sys­
tem's design, "was the desi re to 
combi ne the scattered warning in­
dicators scattered into a si ngle unit." 

The system has a lready interested 
several car makers. Talks are being 
held with one maker about a version 
with fewer than 12 warnings for 
some of the firm 's top-of-the-line 
1975 models. 

YOO has assigned the conditions 
that the system checks into three 
ca tegories of descending danger 

Electronics/February 7, 1974 

level. In category I are engine rpm 
and oil pressure. If a parameter 
reaches its criti cal value, both the 
central alarm and individual alarm 
start blinking. The blinking can be 
extinguished only after the trouble 
is fixed. 

alarm will go from steady to blink­
ing operation. That tells the driver 
to be awa re and adapt to the 
changed condition or to have the 
trouble fixed as soon as pos9ible. 

Category II inco rpora tes less 
serious parameters- like oil and 
brake fluid level, brake pressure and 
brake lining. If any of these become 
critical, both the central alarm and 
th e individual alarm will shine 
steadily. The driver can turn off the 
central alarm, but the individual 

Alarm category III includ es all 
conditions that do not call for im­
mediate corrective .action or are tol­
erable providing the driver adapts 
to them. In this class are water and 
fuel levels, engine temperature and 
the status of seat belts and lighting 
system. While the central alarm can 
be turned off, the one fo r the pa­
rameter can not be extinguished. D 

Around the world 

Machine relies on resistors for OCR 
Two British university men have built a machine for optical character recog­
nition that uses matrixes of resistors instead of digital logic to identify the 
characters. The resistors don't need close tolerance, the inventors claim-
10% is satisfactory. What's more , the matrixes could be built easily and 
cheaply as film circuits in volume production. The originator and designer 
of the system is Wilfred Taylor, a teacher at University College of the Uni­
versity of London . A prototype, which was bui lt by Taylor 's colleague , Kah­
tan Al-Kibasi , has been working two months . So far , it's used only the 15 
characters in the OCR-B font commonly used by OCR document readers . 

The prototype , which stores the characters on the rim of a phonogr<aph 
turntable , passes them under a bundle of 100 optical fibers , each 1 0 mils in 
diameter . The fibers are arranged at random , rather than in a matrix config­
uration. The outpu t of a photo-transistor at the top of each fiber is amplified 
and fed into a dual operational amplifier. When there 's light in a fiber, the 
op-amp outputs have one polarity pattern, which is reversed when there 's 
no light. Each op-amp output connects to one resistor in every 200-resistor 
matrix. The interconnect patterns in the matrixes are arranged so that the 
voltage in the matrix programed to respond to a specific character is at 
least twice as high after amplification as the voltage in any other matrix. 

Planning starts on post-Eole satellites 
France 's space agency has high hopes for a satellite system that will zero in 
from space on targets like sea-floor oil wells with an accuracy of 1 meter. 
So far, the best French performance has been 2 kilometers with its Eole bal­
loon-tracking meteorological satellite . The French figure that the system­
known as Geole-will find markets in oi l and mineral exploration and even 
for such precise tasks as road or dam building in rough country . 

The Centre National d'Etudes Spatiale is busy as its Toulouse facility with 
three stages in post-Eole development. First, it is tackling data-acquisition 
functions , whi ch will see service soon in the U.S. Tiros-N program. Second , 
it has an experimental version of the Geole satellite at the laboratory stage ; 
a version of this, called Dialogue , will be launched in 1977. And , it is push­
ing ahead on the design work for Geole itself. Data-acquisition experiments 
will get off to a flying start over the next few weeks after CNES signs an 
agreement with NASA for giving the French responsibility for a data-col­
lecting system on board the Tiros-N meteorological satellite . 
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Digital readouts. Ubiquitous 
in calculators and instrumentation. 
And the coming thing in all kinds of 
consumer gear. Appliances. Hi Fi. 
Cars.You name it. 

You know it. We know it. 
So what? 
So, for starters, we can give you 

what nobody else can. All (that's right, 
all) of the standard character heights 
in the most commonly used digit 
combinations. With the best resolution 
in the business (because of our unique 
mask construction) . And in easy to 
read , orange-red. 

We call it DiaDigit!" A differently 
designed, single envelope package, 
multi -digit gas discharge display. You 
don't need other package combina­
tions to get what you want. It's IC com-

patible. Mechanically you handle it 
like other components in your system: 
leads like an IC, mounts directly to 
your PC board, no fancy sockets to 
buy. It also has low power require­
ments. Super reliable. Sounds good, 
right? But by now you may be wonder­
ing just what our qualifications are. 
Good question. We're well known as 
the leader in innovative packaging 
to the semiconductor industry. (You 
guessed it. Logically, our package is 
based on DIP construction techniques. 
The processes used are our own 
patents.) 

Bonuses: We're fast on specials. 
We can give you many combinations 
of letters, symbols and digits. Because 

we're geared to handle the unusual, 
and the simplicity of our design lets us 
deliver what you need. 

Now, if you're hooked on the 
possibilities, but worrying about the 
price. Don't. We're competitive. 

After all , we think the name of the 
game is numbers. And we want 
everybody to play. 

We can't spell out all the details 
here. And you probably have our 
competitor's specs. All we ask is you 
compare ours. (Along with price 
and delivery.) 
Diacon, Inc .. 4812 Kearny Mesa Road, 
San Diego, California 92111 . Or phone 
714/ 279-6992. 



Consortium formed 

for satellite 

communications 

Failure of Britain's 

Skynet delays, but 

doesn't kill, project 

French companies 

look for sales 

in China, Japan 
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International newsletter -------

A consortium of German and French companies has embarked on a 
project aimed at developing a new time-division multiple-access (TDMA) 
system for satellite communications. Participating in the so-called 
TDMA-S2 project are West Germany's AEG-Telefunken, Siemens AG, 
and Standard Elektrik Lorenz AG as well as France's CIT-Alcatel, So­
ciete Anonyme de Telecommunications, and Thomson-CSF. SEL, an 
ITT subsidiary, is the consortium leader. · 

Time-division multiple-access principles, the development of which 
began in the mid-1960s in the U.S., Japan and West Germany, provide 
more effective and flexible use of satellite transponder capacity than 
the frequency-division multiple-access technique now employed. Ger­
many's effort in this field resulted in the TDMA-S 1 system which un­
derwent trials with an lntelsat-3 satellite in 1971. 

The new system will be based on Intelsat specifications derived from 
measurements obtained with the S 1 version, with the U.S.-developed 
TDMA-1 , and with Japan's ITT system. The consortium's immediate 
goal is to develop, at SEL's Stuttgart facilities, a laboratory S2 model, 
which is to be followed up with two prototype versions, one for Ger­
many's Raisting and the other for France's Pleumeur-Bodou ground 
terminals. Plans call for testing these prototype systems with Sym­
phonie and Intelsat-4 communications satellites early in 1976. 

Failure of Britain's Skynet military communications satellite to get into 
orbit over the Indian Ocean on firing from Cape Kennedy on January 
19 is not catastrophic for the British program-provided a second space­
craft, originally scheduled to be an in-flight spare, can be successfully 
orbited sometime late this year. Apparently, the second stage of the 
Delta rocket carrying the first spacecraft misfired, and it ended up in 
orbit just outside the atmosphere, though transmitting well. Firing it's 
apogee motor didn't put it into a usable orbit, and it's now presumed to 
have burned up. 

The only consolation for spacecraft builders-Marconi Space and De­
fence Systems Ltd.-is that the telemetry system still worked properly 
despite the second stage misfiring, which tumbled rockets and space­
craft and subjected Skynet to forces of 60 to 80 g. Since the Skynet_pro­
gram is costing Britain some $50 million, including ground facilities, a 
lot hinges on the spare being launched successfully. 

China expects to place a major order for data-switching equipment 
within the next several weeks, following more than a year of dickering 
with ITT subsidiary, La Compagnie Generale des Constructions Tele­
phoniques in France and at least two unnamed U.S. firms. The order 
will be the biggest Chinese purchase of telecommunications equipment 
since RCA sold satellite ground receivers in 1972. 

About a dozen Chinese technicians spent two weeks at CGCT in Paris 
last month inspecting the DS-4, the same system CGCT has sold in two 
versions to the Russians. CGCT feels well-placed in the bidding, partly 
because the Chinese want the system for an application the Russians 
already have operating- a domestic air-traffic-control network. 

The French also are stalking the"Japanese for space contracts. A top­
level group from the Centre National d'E tu des Spa ti ales is flying off to 
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Unidata's French 

partner gets R&D 

fund infusion 

Iran ups its 

buy of U.S. 

advanced jets 

France to trade 

electronics for oil 

International newsletter __ _ 

Tokyo this month to persuade the Japanese to use CNES hardware in 
the first cryogenic stage of a three-stage launcher designed to carry a 
500-kilogram payload. The new launcher is scheduled to succeed the 
present N-series based on U.S. Thor-Delta rockets. The French also 
hope to sell electronic equipment for guidance systems. 

Only six months after joining up with Siemens AG and Philips Gloei­
lampenfabrieken in the Unidata computer combine, the French part­
ner-Compagnie Internationale pour l'Informatique-finds itself badly 
short of research and development money. While its main industrial 
shareholders- Thomson-Brandt and Compagnie Generale d'Electricite 
- continue to bicker between themselves over who should pay what, 
the Pompidou Government is trying to patch up the embarrassing row. 
For a start it will make sure that en soon has the $20 million or so it 
needs to get through this year's extra expenses towards building the 
new Unidata product range. 

With the immediate financial pressure off, Jean Charbonnel, indus­
trial and scientific development minister, will look around for a rich 
new shareholder or two to solve the medium- and long-term problems. 
Meantime, to keep en revenue flowing, the government is equipping 
more and more state companies and organizations with en hardware, at 
the expense of Honeywell-Bull in particular. 

American avionics subcontractors on the price-plagued Air Force F-15 
and Navy F-14 interceptors could wind up facing eastward to thank 
Iran for relieving congressional economic pressure on the two aircraft 
programs. Less than three weeks after deciding to spend an estimated 
$900 million for 30 of the Grumman Aerospace F-14 Tomcat fighters 
for its air force, Iran has also ordered 53 McDonnell Douglas F-15 
Eagles and elated the U.S. Air Force. The two buys-on which deliv­
eries are scheduled to begin in 1976- will take the heat off the two ser­
vices and their contractors' rising costs by sharing some of the risk and 
increasing production volume. 

Defense officials estimate that the Grumman F-14 order by Iran will 
cut the Navy's costs by $600,000 per plane as the production rate is in­
creased from four per month to six. As with the F-14s, which Iran is 
buying fully equipped with the Hughes AIM-54A Phoenix missile, the 
McDonnell F-15 planes will come with a full complement of weapons, 
spares, replacement subsystems and ground support hardware, plus 
provisions for training Iranian pilots. 

French electronics companies figure they will fare better in Mid-East 
markets because of Foreign Minister Michel Jobert's late-January 
whirl through the area in search of oil. The aftermath of Jobert's swing 
should keep electronics salesmen busy for months. In partial exchange 
for some 800 million tons of oil from Saudi Arabia over the next 20 
years, France will participate heavily in the Saudi effort to industrialize. 
On the shopping list: telecommunications systems, Secam color tele­
vision, and military hardware. French electronics companies also will 
be bidding for contracts in a proposed deal that would see Kuwait 
swapping oil for military equipment. 
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When you deal with Piher you know you are dealing 
with one of Europe's foremost component manufac­
turers - and that's important to you, the customer. 
Because we only manufacture for you . No question of 
giving you long delivery dates because we divert com ­
ponents for our own product lines. We haven't any. 
Our component manufacture is for you - totally. 

We have a wide range of high quality components - at 
really competitive prices. Demand for our carbon film 
resistors, for instance, is so high that our current 
production is committed months ahead. Our new manu ­
facturing plant in the U.S.A.-operational early in 1974-
will help speed resistor deliveries. But we have other, 
shorter-term delivery components available. Trimmer, 

spindle and rotary potentiometers, semi-conductors, 
ferrites, capacitors - all high quality items. 

Send for our data sheets if you want to be kept in touch 
with the Pi her range. Find out more about us, it pays. 

PIHER 
Head Office-Spain - Riera Caiiad6, s/ n. Apartado de Correos 53, 
Badalona (Barcelona) Spain . Tel ; 389 03 00. Telex: 59521 

PIHER International Corp. 1239 RAND ROAD, DES PLAINES. ILLINOIS 60016 . Tel : 312 -297 1560. Telex 282514 
C:irr.IP. n7 nn rP.ririP.r SP.rvir.P. r.rirri 



TERMINATE WITH 

STA-KON® 
TERMINALS 

WT-445A Tool 

From beginning to end and every place in between, 
our goal is to make your wiring more reliable. 

The STA-KON Terminal Method reduces the chance of 
human error ... increases the level of reliability. Our ex­
clusive Shure-Stake® principle makes the tool responsible 
(not the installer ) for the compression connection. Once 
the tool's compression stroke has started, the tool will not 

release the terminal until the proper 
compression has been made. 

Another benefit of the ST A-KON 
Method is the solderless terminal de­
sign. Take for example, the problems 
of high density wiring in terminal 
blocks. Our new mini-locking fork ter­
minals and mini-ring types are con­
siderably smaller than conventional 
terminals. They prevent overlapping 
of terminals at the block. They fit all 
kinds of restricted spaces ... both in 
depth and width. 

This configuration of the spring-like lock­
ing fork terminal itself, is another new 
idea from T&B. The terminal snaps on like 
a fork tongue and stays on like a ring 
tongue. No need to remove screws or nuts 
to install the terminal. 

Our insulated ring, fork and locking fork 
terminals are now available tape mounted 
for use with high speed automatic install­
ing tools ... you can crimp over 3600 per 
hour with our new #11908 tool. 

When you specify STA-KON, 
you get extras at no extra cost -
long serrated barrels give posi­
tive contact and maximum pullout 
resistance - and precision tools 
are matched to the terminals. 
Write for catalog. 



BUNDLE WITH 

TY-RAP® 
CABLE TIES 

T-193 Tool 

Cut Costs at Each Step of Harness Fabrication 
1. Tying a large variety of bundle diameters? The new 
WT-193 tool gives you an improved level of control and 
convenience. The accurate preset tension control makes 
tying uniformity the responsibility of the tool rather than 
of the installer. The narrow nose and long slim body 
reaches in, cinches the TY-RAP® tie to a preset tension 
and trims it evenly ... even in those tough high-density 
areas. 

2. Repetitious tying in large 
quantities? The new TR-300 
high-speed tool gives you sev­
eral benefits. In 8/ lOth of a 
second, it installs a TY-RAP 
tie around a bundle up to %" 
diameter, cinches and trims 
evenly. 

3. Here's the most impor­
tant reduction benefit! The 
ultimate key to savings is the locking device in the cable 
tie. Only TY-RAP ties give you a "grip of steel." A pat­
ented, non-magnetic, stainless steel locking wedge is em­
bedded in the nylon cable tie. It's in every self-locking tie, 
from the miniature 3 inch for 1/ 16" dia. to the ::;o inch tie 

for 9 inch bundles. It is used in virtually 
every modern aircraft, communicaiton, busi­
ness machine and electrical equipment ap­
plication ... in general wherever wire is used. 

4. Tired of the 
recurring 

costs of harness boards? 
Our new modular harness 
board is designed to substan­
tially reduce costs while pro­
viding convenience. It is constructed 
of polyethylene foam sandwiched 
between two metal screens - the nai Is 
can be pushed in by hand. It's reusable. 
It's reversible. It's modular - boards interlock in seconds 
to produce any size board needed. 

Write for new catalog, The Thomas & Betts Company, 
Elizabeth, New Jersey 07207 (201) 354-4321. In Canada, 
Thomas & Betts Ltd., P. Q. so9 

Sold Only 
Through 
T & B Distributors 

THOMAS & BETTS 
O ivieion of 1"hDrnaB & Be.tt:s Corporation 
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Smart system designers 
use Intel Microcomputers 
for almost everything. 

Right now, Intel Micro­
computers are being used 
to replace hardwired con­

trol logic, cut component and 
assembly costs, raise reliability and make systems easier to main­

tain. With control programs stored in read-only 
memories, Intel Microcomputers are replac­
ing hundreds, in some instances even a 
thousand TTL packages. 

Intel Microcomputers are making 
systems smarter, opening new markets 

and preventing product obsolescence. Our cus­
tomers are adapting the Microcomputer to new applications 
and markets by programming RO Ms instead of hardwiring logic. 
Products get to market faster since software takes months, per­
haps man-years less time to develop than hardwired logic. 

General purpose Microcomputers, invented two years 
ago by Intel, have already outmoded hardwired logic and 
expensive custom MOS/ LSI in hundreds of applications: 

computer terminals, traffic light 
controllers, medical instruments, 
business machines, mass-transit 
equipment, reservation systems, 
cash registers, inventory computers 
for fast-food restaurants, process con­
trollers, electronic test instruments 

and even pinball and slot machines. 
You'll soon be seeing a new Toledo digital com­

puting scale at the corner food store. Accurate to the 
penny, it converts weights to prices and operates a 



iers. 
display, label printer, or both with an Intel Micro­
computer. With equal ease, a similar Microcomputer 
handles graphics composition and 
editing in Automix Keyboard's 
Ultra Comp intelligent terminal 
for typesetting. 

In a Helena Laboratory 
blood analyzer, an Intel Microcomputer translates the raw data 

from a sensing instrument into medically 
meaningful numbers and prints out 

separate quantitative readings 
of several different proteins. 
The Microcomputer reduced 
the electronics cost of the system 
about 30%. Another Microcom­
ter automated instrument is 
Coherent Radiation's Dioptron~ 
While a patient reads an eye chart, the central processor 
analyzes the eyes' focus and prints out the results. Even 

kids too young to read the chart are tested rapidly 
and accurately. 

Finally, just for fun, look at Atari's new video game, "Gotcha''™ 
Cat chases mouse (or boy chases girl) through a constantly changing maze. In this case, 
the Intel Microcomputer acts just dumb enough to let people win once in a while. 

We started the Microcomputer revolution and we continue to lead the industry in the 
development, production, applications support and delivery. 

To find out how you can enhance your product's capability, take 
advantage of our know-how, software library and programming 
aids, subscribe now to Microcomputer News. Just for asking, we'll 
also send you our new Microcomputer catalog. 

Intel Corporation, 3(35 Bowers Avenue, Santa Clara, California "'••ii-' 
95051 (408) 246-7501. 

intel ®_ Microcomputers. First from the beginning. 
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The '~hove-Average'' 
Sub-System by Celco 
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CELCO makes Precision CRT 
Displays for your "above­
average" CRT requirements. 

Need a CRT spot-size as small 
as 0.00065" ? This standard 
CELCO 5" CRT display is 
being used for Satellite 
Photography. They needed the 
best they could get. You can 
get performance like that too 
with CELCO's DS5-065 . 

Precision CRT Display. 

A CELCO DS5-08 with 0.1 % 
linearity, and spot size of 
0.0008" is being used by 
another CELCO customer for 
Nuclear Photography Film 
Recording. Special features 
include programmable Raster 
Generators, and triple-layer 
and articulated shielding for 
ambient fields from earth's 
field and from de to RF fields. 

Fingerprint Scanning is the job 
of CELCO's DS5-10 Optical 
Character Recognition System 
for one of our customers. They 
needed that wide 2.5 MHz 
deflection bandwidth for high­
speed scanning of vast 
amounts of data. And the 
DS5-10 has a settling time of 
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10 microseconds to 0.1 % large 
signal, and 350 nanoseconds 
to 0.02% small signal settling 
time. Spot-size is 0.001 " . 

One CELCO customer is using 
our 5" Color Display System 
for color separation and color 
photo scanning. One display 
does all that! 

If your needs are " above­
average" but your budget is 
below-average, CELCO also 
makes a 5" Precision CRT 
Display System especially for 
you that's ideal for your Low­
Cost Film-Scan applications. 
Or if your display needs are 
large"r, CELCO makes standard 
precision 7" and 9" CRT 
displays. 

Our DS5-075 provides NASA 
with a 0.00075" spot-size for 
their Viking Orbiter and Viking 
Lander satellite photography. 
They needed 0.01 % repeat­
ability too. And they got it. 
From CELCO. 

Two different customers with 
" above-average" display 
needs are using CELCO CRT 
Display Systems for Astronomy 
Research. One is an observa-
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tory ; they 're keeping their eye 
on the Sun. The other is 
recording their Stellar 
Observations with a CELCO 
CRT Display System. 

High-speed map making is the 
task of another CELCO 
customer using a CELCO 
precision display for 
topographical projects. 

CELCO displays are helping a 
leading Oil Company in their 
oil explorations. While another 
CELCO display is being used 
in Eye Research. 

Maps and satellites, eyeballs 
and oilwells. All " above­
average" display require­
ments. If your needs are 
ABOVE-AVERAGE, you need 
a CELCO "above-average" 
Precision CRT Display System. 

(Don 't you think so too?) 

Call CELCO for your " above­
average" CRT Display System. 

UPLAND CA 714-982-0215 
MAHWAH NJ 201-327-1123 

(average is so .. . ho-hum to us.) 

CONSTANTINE ENGINEERING LABORATORIES COMPANY 
11 50 E. Eighth Street, Upland, CA 91786 70 Constantine Drive, Mahwah, NJ 07430 

Q 
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Now is the time for all of us to carefully --------~~----­ mobile land, sea, and air communications 
systems quickly, accurately. Measure fre­
quencies in the field or in the lab from 5 
Hz to 515 MHz with a sensitivity of 50 mV 
over the entire range. Read frequency from 
a 6-digit LED display. For total portability, 
add a snap-on battery pack for completely 
portable operation with up to 5 hours con­
tinuous use. And the cost of this little gem · 
is only $795. Add all of the options and 
you're still under $1200. 

consider every purchase. 
For instance, if you are planning to pur­

chase a new counter/timer, we invite you to 
take a flinty eyed look at the new Flukes. No­
where in the entire market place are there 
better buys. Nowhere will you find a counter 
line where owner benefits are constantly 
raised and at the same time owner costs are 
being lowered . 

" '. 

CJ _· .. 
.. . ~ :· i ~ :~ 

Take our Model 1952 for instance. Here 's 
an instrument which counts from DC to 80 
MHz or 515 MHz optionally. It offers 50 mV 
sensitivity. It provides six functions: 1. fre­
quency, 2. frequency ratio, 3. single period , 
4. multiple period average, 5. time interval 
measurement, and 6. gateable totalize. Read­
out is 7-digit LED or optionally 8 and 9 digits. 
Matched input channels feature full control 
of coupling, slope and trigger level. Features 
include units annunciation, overflow, gate and ·'· ' · . 1 ...... , 

1 1 
t t I ' 1 • 1 1 l t • ~, 1 + -

Then there's our blue plate special , the 
full five function Model 1950A. Measure fre­
quency, frequency ratios , single periods , 
multiple period averages, or totals. Features 
include 6-digit LED display with automatic 
annunciation, variable trigger level control 
with status lamps and a switch selectable 
input attenuator. For field use, remember 
the instrument weighs only 5 pounds and 

- \~~!;.;·:;{t';;~, .. ~;.'" ~· 

trigger level status lamps. Optionally you can add BCD output 
and a TCXO with improved temperature stability. Yet the base 
price is only $695. Add every option we've got and you're still 
under $1400. 

Or look at our Model 1980A VHF/UHF Telecommunications 
Frequency counter. Here's the precision instrument to service 

will operate from 12 vdc. 
Optional features include BCD output and TCXO for super 

stability as well as full accuracy. Price of the basic unit is just 
$445. All the options are less than $300 more. 

So you see, the Fluke counter attack has been launched with 
a vengeance. Perhaps you should join our army. 

In the continental U.S., dial our toll free number 800-426-0361 for the name and address of your nearest local 
source. Abroad and in Canada, call or write the office nearest you listed below, John Fluke Mfg. Co. , Inc., P.O. I FL u K E I 
Box 7428, Seattle , Washington 98133. Phone (206) 774-2211 . TWX : 910-449-2850. In Europe , address Fluke Neder-
land (B.V.), P.O. Box 5053, T ilburg , The Netherlands. Phone 013-67-3973. Telex : 844-52237. In the U.K., address 
Fluke International Corp ., Garnett Close, Watford , WD2 4TT. Phone, Watford , 33066. Telex: 934583. In Canada, • • 

address ACA, Ltd., 6427 Northam Drive , Mississauga , Ontario. Phone 416-678-1500. TWX : 610-492-2119. ® 
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ElcoHelps . 
Solve Tllree 
Common 
Connector 
Problems 
1. SAVE MONEY ON 

METAL PLATE 
BACKPLANES. 

2. GET COOLER, TIGHTER 
PC CARDS. 

3. DOUBLE CONTACT 
DENSITY, V2 
THE PRICE. 

1. Cost saving backplanes-wire 
wrapped for you . .. to your specs. 
Elco offers more variations of metal 
plate backplanes - card edge, 
blade and tuning fork and other 
two-piece connectors. Like Series 5420. 
With fork and blade connectors: 
single, doubles, males, females. 
All with .025 11 square posts on .100", 
.125 11 or .150" centers. And squared 
and offset grids. Also ground voltage 
plane systems to meet just about any 
electrical requirement. We'll wire 
wrap your backplanes, too. 
2. Keep tightly packed PC cards 
cooler . . . with a Varipak® II modular 
enclosure system. They take up to 
41 cards and connectors in a row. 
With ample open space for cooling air 
to flow between them. The Varipak 11 
system is available in 32 standard 
models. With an almost infinite variety 
of configurations. All off our dis­
tributor's shelf for immediate delivery. 

3. Get twice the contact density .. . 
at about half the cost. With Elco 's new 
I /0 rack and panel and cable-to-cable 
connectors (Series 8026) that feature 
contact spacing on .100" and .125" 
centers. Available with 33, 75 and 117 
crimp contacts on a .100" grid. 

With 55 and 79 contacts on a 
.125" grid. Automatic wire wrappable 
contacts for metal plate backplanes 
also available. All use new Variconr'"' 
low withdrawal force contact 
(MIL-C-55302 type) . Equal or better 
quality than pin-and-socket counter­
parts at much less cost. 
For full details on better packaging, 
contact your local Elco representative 
or distributor, or : 

Elco Corporation 
Willow Grove, Pa. 19090 
(215) 659-7000 
Elco Corporation 
2200 Park Place 
El Segundo, Calif. 90245 
(213) 675-3311 

Operations in USA, Australia, Belgium, Canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the world. 
In Europe, Elco Beige, 77 Blancefloerlaan, Antwerp, Belgium, Tel. 03-190064. In the Far East, Elco International, TBR Building, 2-10-2 Nagata­
cho, Chiyoda-ku , Tokyo 100, Japan, Tel. 580-2711 / 5. Copyright © 1973 Elco Corp. All rights reserved. 
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Probing the news __________ _ 
Analysis of technology and business developments 

Po~tal R&D adjusts to reality 
That's what the Posta,I Service says as it once again changes its 

automation targets , but some suppliers a,re skeptical 

by William F. Arnold, Aerospace Editor 

The U.S. Postal Service discovery 
that it can't simultaneously auto­
mate handling of both letter and 
package mail has served to kill 
for now the old letter-mail por­
tion of the much-heralded multibil­
lion-dollar program to put electron­
ics to work delivering the mail 
[Electronics, Nov. 6, 1972, p. 67]. Al­
though this is bad news for el~ctron­
ics companies expecting large con­
tracts in the near future , it looks 
like good news in the long run. 

What the service has in mind is 
expected to be explained to industry 
at a briefing scheduled in February. 
Alden J. Schneider, assistant post­
master general for research, says: 
"The R&D program is now adjusted 
to reality . We now know the differ­
ence between what we'cj like to in­
vent and what we can invent." He 
and other postal officials say that 
the highly automated bundle of 
sorters, cullers, encoders, and read­
ers under test at the Cincinnati op­
erational test bed were being 
pushed into development too fast 
and now will be re-evaluated. Those 
that warrant furthe~ development 
will be continued, and those that 
don't will be redeveloped. This 
means that the service: 
• Intends to complete its evaluation 
and testing for a full automated let­
ter-mail-processing system by the 
end of 1975, when it should be 
ready to begin planning full deploy­
ment. Some equipment that meets 
specifications could be installed be­
fore then, however. 
• Is thinking about a competitive 
" flyoff" between U.S. and foreign 
equipment, notably code desks. The 
service may buy the best available 
for the price, declares Schneider, 
who was impressed by ITI and Tele-

Electronics/February 7, 197 4 

funken mail equipment he saw in 
Belgium, Sweden, and West Ger­
many during a recent swing through 
Europe. He was so impressed that 
he's been sending sacks of "dea~" 
letters to· see if the equipment can 
handle them. If the foreign equip­
ment can, it will be tested a~ong 
with U.S.-manufactu~ed gear during 
Postal Service evaluations toward 
the end of the year, Schneicjer says. 
A culler from Toshiba of Japan al­
ready is under test. 

opmental equipment by processing 
mail diverted from the Washington, 
D.C., area. 

• Plans to build a 100,000-square­
foot operating test site at its Rock­
ville, Md., laboratories to test devel-

• Wants to start a $100 million 
demonstration system for electronic 
mail transmitted by satellite. A top­
side decision is expected in a few 
weeks, but logic indica tes that dig­
ital mail is the ~mly way to stem the 
rising tide of paper mail engulfing 
strained postal facilities. The goal 
would be to create within 10 years a 
six-city system that c~uld transmit 
color images with the quality of pic­
tµres in National Geographic maga­
zine across the country within two 

Industry vs Postal Service 

In words that are sure to inflame already disgruntled potential contractors, 
U.S. Postal Service R&D chief Alden J. Schn~ider declares flatly that 
"American industry is not hungry" for contracts. " In the 14 months that I've 
been here , no one from an electronics company has c;alled on me" to dis-
cuss what the service might need or offer ideq.s. · 

But the companies see it another way. Here are some thoughts on the 
subject from a rnanager at a large U.S. firm· developing equipment for the 
Postal S~rvice's research and engineering group: "The big challenge for us 
is to find out who's in charge and make him believe he has the authority to 
do something. Things have been in a tizzy for over a year-all their pro­
grams have been hurt. We 're still anticipating something good out of it, 
though, and we 're going to hang in there ." · 

And a man within the postal headquarters itself says the research and en­
gine(?ring group is in a "turmoil-they don't know what to do since they 
dropped the letter-code mail-sort system ." 

Schneioer asserts that mainframe manufacturers , for example, should re­
alize the advances in minicomputer technology and offer suggestions about 
networking the ·smaller computers. Other ideas that companies might have 
advanced are electronic mailboxes and stamp machines that would signal 
when they 're inoperative or empty, he says. 

Schneider snorts that the problem with most vendors is that they're more 
intent on "trying to sell you what they have instead of listening to what you 
need ." Even "when we throw them out of here the third time, they still don' t 
get the message," he says. 

Schneider , a chemical engineer and retired Army officer , has been 
executive vice president for marketing with the Mobay Chemical Co ., Pitts­
burgh, Pa ., and vice president and general manager for consumer service, 
fine papers, and forest products at the American Can Co. 
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Probing the news 

minutes, Schneider forecasts. 
Even if these new plans anger or 

unnerve U. S. contractors-some of 
whom are thoroughly disenchanted 
with the Postal Service- posta l offi­
cials stress tha t the age ncy is on a 
new competitive course. Its own 
market surveys indica te tha t it will 
have to offer reliability a nd error-

Not quite 

Besides the advanced optical character reader (see story), postal officials 
maintain that many electronic / mechanical developments aren 't quite up to 
speed because they can 't operate continuously in the real postal world. For 
example, these officials point out that the prototype automated carrier se­
quencers-one by IBM at the Rockvill e, Md , labs and another by Burroughs 
at Cincinnati-work fine with neat mail in the laboratory, but jam when they 
handle bent or frayed real mail. 

Sometimes the problems are mechanical. The service has requested Bur­
roughs to fix an older-model single-position letter-sorting machine. It has 





Probing the news 

Electronics abroad 

Dutch space computer to be busy 
18-pound machine from Philips to control attitude, run experiments, 

and store data aboard Astronomical Netherlands Satellite 

by John Gosch, Frankfurt bureau 

When the Dutch launch their as­
tronomical satellite in September, 
the attention of scientists and aero­
space experts will most likely focus 
on a small on-board black box be­
cause success of one of Europe's 
most ambitious scientific space mis­
sions to date depends on its per­
formance . The so-called Astrono­
mical Netherlands Satellite (ANS) 
will carry an 18-pound Philips com­
puter that will handle a variety of 
functions that once would have 
needed a much larger system. 

The tasks are part of a six-month 
space mission with three scientific 
experiments. One is to measure the 
brightness of a large number of stars 
in the ultraviolet range of the spec­
trum to extend the existing classifi­
cation of stars. Another calls for in­
vestigating pulsars and measuring 

the radiation from so-called "soft" 
X-ray sources with wavelengths 
from 2 to 55 angstroms. The third 
experiment is to measure "hard" X­
rays at 0.3 to 6 A. The three experi­
ments will be carried out for the 
Dutch universities of Groningen 
and Utrecht and for the U.S.-based 
Massachusetts Institute of Tech­
nology. The satellite also is to help 
Dutch companies develop an indus­
trial aerospace capacity. 

The computer will control the at­
titude of the spacecraft to within 
one minute of arc-no small feat 
with a three-axis-stabilized space 
vehicle weighing only 300 lbs. 

In addition, the computer will 
store the observation programs for 
several on-board experiments and 
collect and process their data. It also 
will retain the attitude, house-

keeping, and scientific data for spe­
cific periods and dump it on com­
mand, as well as provide the clock 
signals for the satellite's experi­
ments, telemetry equipment, and 
other subsystems. 

The $25 million ANS, which is 
part of the Netherlands' national 
space program, was developed by 
the aerospace firm Fokker-VFW and 
Philips Gloeilampenfabrieken, Eu­
rope's largest electronics company. 
The ANS is scheduled for midsum­
mer delivery to the Western Test 
Range at Vandenberg Air Force 
Base, Calif., where it will be 
launched atop a Scout rocket into a 
300-mile near-polar orbit. 

Ground control. To keep project 
costs within specified limits, Dutch 
space officials decided to control the 
satellite from only one ground ter­
minal. This means that the ANS 

Keep 'em flying. This 18-lb computer was developed by Philips to fly aboard the Astra- must carry all measurement pro­
nomical Netherlands Satellite. It will handle data from experiments and control the satellite. grams and the observation data for 

12 consecutive hours before contact 
with the terminal is established. Not 
only that, but the demand for some 
100 observations during these 12-
hour periods requires storing the ex­
perimental results and the com­
mands for operating the satellite 
and the scientific instruments when 
there is no ground contact. This 
calls for a computer with a large 
memory capacity. 

Also, since the attitude control 
subsystem has to make calculations 
and logic decisions, a processing ca­
pability is needed. And because the 
computer also must be capable of 
adapting the mission to new celes­
tial discoveries that might be made, 
it must be programable. Finally, it 
must meet tight weight and space 
limitations. 

As G.J.A. Arink, Philips subsys-
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The digital vvorld 
is a COS7MOS vvorld. 

RCA COS/MOS widens your 
world of digital applications. It offers 
a combination of features that can 't 
be matched by other digital 
technologies. 

Features like ultra-low power 
consumption . .. 10 microwatts per 
gate! This permits high chip-packing 
density, use of small power supplies, 
and a money-saving reduction in 
cooling requirements . 

So COS/MOS is ideal for 
battery-operated equipment. No 
longer do you need to be tied down 
by the power cord. 

COS/MOS ci rcuits work great 
from 3 to 15 volts . That means you 
can use inexpensive power supplies 
without fancy regulators . You can use 
long wires and simple low cost 

istics of COS/MOS typically change 
less than 3.0% over the full military 
temperature range. So yow can place 
COS/MOS circuits just about any­
where without worrying about them 
being overheated . 

And you get more system cost 
effectiveness in the broad selection 
of COS/MOS circuits: from simple 
gates like the CD4011 Quad NANO 
to highly complex functions like the 
CD4057 Arithmetic Logic Unit. 

Let RCA, originator and the 
world 's largest producer of the industry 
standard CD4000 Series, introduce you 
to the world of digital COS/MOS. We 
believe you 'll soon be convinced that 
RCA COS/MOS is the best answer for 
your digital system designs. 

P. C. boards without worrying . ~ 
about signal attenuation. , ~ ~ \ 0~ 

COS/MOS noise immu- '\. ·~ ~ 1~ <a%~ti 
nity is among the highest of any ~ ~ ~l'.2 
technology (typically 45% of ~~ 
supply voltage) , making it suitable Send for complete data packet, 
for use in high noise environments including the new 1973 COS/ MOS 
such as the automotive and industrial Product Guide. Write : RCA Solid State, 
control industries. Section 70J-25A, Box 3200, Somerville, 

The stable transfer character- N.J. 08876. Or phone: (201) 722-3200. 

Ren Solid 
State 

products that make products pay off 
International RCA. Sunbury-on -Thames. UK .. or Fuji 8u1ldmg. 7-4 Kasum1gasak1, 3-Chome. Ch1yoda -Ku . Tokyo , Japan. In Canada RCA Limited , Ste Anne de Bellevue 810 , Canada. 
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Probing the news 

terns manager for the ANS com­
puter, points out, "None available at 
the time our project was started in 
1970 could meet the ANS require­
ments, and this led to the design of 
our own." The result of the Philips 
effort: an 18-lb digital system with a 
memory capacity of nearly half a 
million bits and a computer only a 

third of a cubic foot in volume that 
operates on less than 8 watts. By 
contrast, aerospace computers exist­
ing at the time the Dutch project 
was started were twice as heavy and 
consumed up to 50 w, Arink says, 
emphasizing that better computers 
have been developed, even while 
Philips was working on its version. 

Core memory. The Philips design­
ers chose a core memory to prevent 
loss of stored information in case of 
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Our new 
IC Op Amp 'lester 

• ISB 
cheap little know­

it-all. 

All you really need 10 know · 
about our New M:odel 1234 IC 
Op Amp Tester is that it costs 
less than $700 and is smart 
enough to do .the following: 

1. Test virtually all IC op 
amps. monolJthic and hybrid. 
in DIP and 't0-5 configura­
tions with or without plastic 
carriers. 

2. Perform the six most im­
portant measurements pre­
viously accomplished only by 
testers costing at least three 
times as much . These are: 

Openings: 
Application Engineers, 
Product Manage.r. 

A. Input 
offset voltage 

(Eos). 
B. Bias current, invert­

ing Input (IB ~ ). 
C. Bias current. non-invert­

ing input (IB + ). 
D. DC open loop gain. 
E. DC common mode re­

jection ratio (CMRR). 
F. Oscillation detection. 

Now you can't afford NOT to 
weed out your incoming dis­
asters and sort your devices 
by accurate test results. 
Write for the complete infor­
mation on this new tester, 
our companion instrument to 
the Model 1248 functional 
tester for digital !Cs. Electro 
Scientific Industries. 13900 
NW Science Park Drive. 
Portland, Oregon 97229, 
Phone (503) 646-4141, 
Telex 36-0273. 
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a temporary power failure. Of mod­
ular desjgn, the memory consists of 
seven identical blocks, each with a 
capacity of 4,096 16-bit words. Six 
of the blocks are for data storage, 
and one is for the programs. A sig­
nal from ground control , Arink 
points out, can make any block per­
form either a data or a program­
storage function. 

The processor is built around low­
power transistor-transistor-logic mi­
crocircuits and medium-scale inte­
grated devices. All in all, the com­
puter uses 160 1cs. The memory is 
designed with 20-mil lithium-ferrite 
cores that come from Philips' El­
coma division. Amperex, the com­
pany's U.S. subsidiary, supplies the 
X and Y driver-group selectors, 
which are hybrid circuits. Two dc­
to-dc converters deliver + 16 v and 
- 5 v to a three-module and a four­
module memory group, respec­
tively. 

Each of the computer's memory 
blocks consists of a four-wire, 3-d 
core-memory stack, the associated X 
and Y drivers, sense amplifiers, and 
the inhibit-driver circuits. The cen­
tralized circuitry of the timing and 
decoding logic for the memory 
serves all seven blocks. 

Attitude control. One of the most 
complex functions the computer 
must perform is that of digital atti­
tude control. For this, it must inter­
face with the satellite's various sen­
sors, actuators, and the attitude­
control logic. The logic first points 
the satellite so that the sun is inside 
the field of view of the sun sensors. 
Using data from the horizon, star, 
and sun sensors and from the hard 
X-ray experiment, the computer 
then calculates the points to set the 
torque on the reaction wheels for 
each of the satellite's three axes. 
This calculation is made in one of 
six fine-control modes. 

The horizon sensor measures the 
direction of two lines tangential to 
the earth's surface with respect to 
the satellite's X-axis. From these 
measurements, the computer deter­
mines the angle between that axis 
and the direction to the center of the 
earth. On the basis of this informa­
tion and the outputs of the fine sun 
sensors, the computer calculates 
once a second the torque setpoints 
corresponding to certain attitude­
control modes. D 
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Linear COS/MOS •• • 
RCMsCA3600E 

• premieres 
CA3600E transistor pair biased 

for linear-mode operation 
Analog timer using CA3600E 

Meet the linear IC with the 
advantages of COS/MOS . The new 
RCA CA3600E Transistor Array ... 
three pairs of complementary 
enhancement-type MOS (p-channel/ 
n-channel) transistors on a single chip. 

The CA3600E is designed for 
a great variety of applications requiring 
virtually infinite input impedance, wide 
bandwidth, matched characteristics, 
lower power consumption and 
general purpose circuitry. 

And that's not all . With the . 
new CA3600E you get performance 
advantages that include square-law 
characteristics, superior cross­
modulation performance, and a 
greater dynamic range than bipolar 
transistors . 

Whether you 're working in 
timing , sensing and measuring or any 
other applications, or if you 're tired 
of fighting beta variation in your bipolar 
circuit, let your " linear" imagination 
run wild . The features offered in the 
new CA3600E COS/MOS Linear IC 

(11 "' [ O[lAY • 60 "11HUl E S, WllH CflllCUlT \IALU(S 5 *' 0 1'1'H J 

are too good to pass up. 
D Virtually infin ite input resistance/ 
100 gigohms 
D Each transistor rated for operation 
upto15Vand10mA 
D Low gate-terminal current/ 
10 picoamps 
D No "popcorn " (burst) noise 
D Matched p-channel pair/gate­
voltage differential (l o= -1 OOuA) 
. .. +20mV (max) 
D Stable transfer characteristics over 
a temperature range of -55°C to 
+125°C 
D High voltage gain/up to 53dB per 
COS/MOS pair. 

Supplied in the 14-lead dual­
in-line plastic package, the CA3600E 
is available in production quantities 
from your local distributor or direct 
from RCA. 

For complete data sheet/ 
application note write: RCA Sol id 
State, Section 70K-8, Box 3200, 
Somerville, N.J . 08876. Or phone: 
(201) 722-3200 . 

Ren Solid 
State 

products that make products pay off 
n t c rna11on al. RCA , Sunbu ry on Thames, U .K ., or Fu11 Bu1ld1 ng, 7 4 Kasumigaseki , 3 ·Ch ome, Chiyod a Ku , T okyo, Japan . In C anada : RCA L1m1ted. Ste. Anne d e Bellevu e810 , Canada , 
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Parapsychology 

ESP: cause· for serious thought? 
Using electronics to explore mental mysteries, researchers 

are beginning to think about the next step-applications 

A man wearing a finger plethysmo­
gra ph, an instrument used to record 
pulse changes, waits quietly in a 
locked room. Inside another room 
in a building an eighth of a mile 
away, a second participant holds a 
stack of file cards with names writ­
ten on them. 

The two are about to begin an ex­
periment to establish a primitive 
form of mental communication, a 
Morse Code tapped out by extra­
sensory perception (ESP) rather than 
a telegraph key. Some of the names 
on the file cards are sensitive to the 
receiver- they're friends and rela­
tives-and some are sensitive to the 
sender. The remainder of the cards 
either have names selected at ran­
dom from a telephone directory or 
are simply blank. 

At the appointed time, the sender 
concentrates on the name written on 
each card. The idea is that if the 
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by Gerald M. Walker, Associate Editor 

stimulus is a name known to either 
the receiver or sender, the receiver 
will respond and cause a dip in the 
wave pattern measured by the 
plethysmograph. A blank or a name 
unknown to either should produce 
no change in the base-line pattern. 
In this way, experimenters hope to 
establish communications with a 
"dot" (dip) and "dash" (steady) 
message pattern of a pen recorder. 
It 's slow, but the method has 
achieved 67% accuracy with as 
many as three or four participants. 

This experiment, conducted at 
Newark College of Engineering, 
Newark, N.J., is only one of many 
now taking place in this country and 
abroad. Their aim is to understand 
and eventually apply ESP. The ever­
growing pile of documentation re­
sulting from such scientifically con­
trolled investigations in the last few 
years has made ESP a respectable 
topic in scientific circles and has be­
gun to attract engineers. 

The nation became aware of this 
change when NASA, certainly not 
given to frivolous public demonstra­
tions, conducted an ESP experiment 
with an astronaut in space. And for 
anqther indication of respectability, 
engineers attending the IEEE Inter­
con in New York next month will 
receive first-hand information on 
ESP at a technical session. Although 
there's no doubt about the serious­
ness of these efforts, the question re­
mains: are the results useful? 

Critics. On the one hand, critics 
still maintain that it's impossible to 
develop a science-much less prac­
tical engineering development-out 

of phenomena that cannot be mea­
sured or controlled reliably. On the 
other hand, there's a tendency on 
the opposite side to confuse ESP with 
the recent fad for the occult or su­
pernatural, causing many persons to 
believe anything, so long as it pro­
vides the kicks associated with 
magic. The IEEE/ parapsychology 
session may help answer the skep­
tics and, at the same time, shake off 
what one researcher calls the "crea­
tive overbelief' of the faddists. 

First of all, what is para­
psychology? Murlan S. Corrington, 
principal member of the engineering 
staff at RCA's Advanced Technology 
Laboratories, Camden, N. J ., an ESP 
avocationist who organized the IEEE 
panel, calls parapsychology "a sci­
ence concerned with the investi­
gation, especially by experimental 
means, of events that are apparently 
not accounted for by natural law (as 
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Your guide to state-of-the-art in RCA Solid State devices. 
Get off to a fast start in 197 4 with 

RCA's Solid State DATABOOK.Series. 
You 'll find the new seven volume series 
an invaluable desk reference ... with all 
the technical data you need about RCA 
devices at your fingertips. 

The new Solid State DATABOOK 
Series has been expanded , revised , and 
improved to bring you up-to-date infor­
mation on all RCA commercial solid 
state devices through January 1, 1974. 

You get the latest Technical Data 
Sheets and Application Notes on all 
devices, including digital COS/MOS 
and linear IC's, power transistors, 
hybrids, RF and microwave devices, 
thyristors, rectifiers - and , for the first 
time, a new volume on RCA "High­
Reliability" devices to MIL-STD-883 
and MIL-M-38510. 

Designed to save you time in 
locating data, each volume provides a 
comprehe·nsive subject index with 
reference to both volume number and 
page number, and a complete cross-

reference index of RCA development­
to-commercial devices. The price of 
the seven volume set is $14.00. This 
includes a subscription to "What's New 
in Solid State" to keep you aware of all 
new devices and literature available 
from RCA in 1974. 

Send the coupon along with your 
check or money order (payable to RCA 
Corporation). If the coupon is missing , 
write: RCA Solid State, Section 70-B-7, 
Box 3200, Somerville, N.J . 08876. 
r--------------------

RcA Solid State 
Section 70-B-7, Box 3200 
Somerville, New Jersey 08876 

D Please rush my order for the seven-volume 
1974 RCA Solid State DATABOOK Series. 
My cost, only $14.00. 

D Provide prices for individual DATABOOKS. 

Name/ Title __________ _ 

Company __________ _ 

Address-----------

C1ty _____ __ state __ Zip __ 

I enclose payment by D Check D Money Order 
Offer good only 1n US and Canada Direct other inquiries to RCA 
sales offices or distributors. 

RC" Solid 
State 

products that make products pay off 
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This 
digital 
L-CMeter 
pays for 
itself! 

:;:::::::----:; 

Priced at only $550, Systron­
Don ner's unique digital L-C 
meter can pay for itself in 60 
days. That's because its auto­
matic digital readout saves 
hours of measuring time. Model 
9400 measures inductance 
from 0.1 µ, H to 100 mH and ca­
pacitance from 0.1 pF to 100 
µ, F with an accuracy of ± 1 % . 
BCD systems interface is 
standard. 

Applications? Incoming in­
spection, production testing, 
component identification, gen­
eral lab use-to name a few. 

Once you use this digital 
L-C meter you 'l l swear by it. 
So take us up on this offer: 

Yes, I'd like to try your L- C 
meter for 10 days at no cost or 
obligation. 

Name 

Company 

Street City 

State Zip Phone 

For literature, contact your local 
Scientif ic Devices office or Sys­
tron-Donner at 10 Systron Drive, 
Concord, CA 94518. Phone (415) 
682-6161 . 

<J® 
BYSTRON-DONNER 

L. ---------' 
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Probing the news 

presently known) and that are con­
sidered to be evidence of mental 
telepathy, clairvoyance, and psy­
chokinesis." 

This definition is a large umbrella 
covering experiments with dreams, 
use of precognition to solve prob­
lems, analysis of energy fields ema­
nating from humans, application of 
thought to cause such physical re­
sponses as throwing a switch , and 
recently well-publicized attempts to 
identify emotions in plants. 

Although investiga ti on s int o 
parapsychology date back to 1884 
when the University of Pennsylva­
nia approved a grant to look into 
"modern spritualism," it was not 
until 1969 that the American Acad­
emy for the Advancement of Sci­
ence granted affili ation to the Para­
p s yc ho logy Association. This 
blessing, together with the rea liza­
tion that the Russians were well 
ahead of the U.S. in researching 
these phenomena, has not only 
pushed ESP into respectability, but 
interested more universi ties , re­
search labs, hospitals, and the Gov­
ernment in trying to harness the 
power of positive thinking. 

So far, much of the electronics ef­
fort in parapsychology has been 
tuned toward discovering what ESP 
is not. "We know that telepathy is 
not electrical or magnetic energy, 
and it cannot be shielded," says 
John Mihalasky, professor and head 
of the Parapsychology Communi­
cation Project at Newark College of 
Engineering and a speaker at the 

TEEE session. "But because we do 
not entirely understand this energy 
doesn' t mean we cannot use it. After 
a ll, we didn 't kn ow everything 
about electrical energy when we 
first started using it, and we still 
don't understand electricity entirely. 
That's why I think the time has 
come for EES to begin investigating 
biocommunication, usi ng the engi­
neering approach to open up appli­
cations." 

Applications coming? James D. 
Beal, a systems engineer from 
NASA/Huntsville, another IEEE 
speaker whose interest is primarily 
in understanding human energy 
fields and their relation to health, 
also believes that the time for appli­
cations has arrived. For example, he 
suggests tha t minicomputers can 
play a role in real-time feedback to 
train people to use ESP. Contrary to 
the popular notion that only certain 
"gifted" individuals, such as medi­
ums and spiritua li sts, have ES P, 
many researchers are convinced that 
almost anyone can be trained to rec­
ognize and use ex trasensory percep­
tion, although, some are better at 
perfecting the skill than others. 
Work at Stanford Research Institute 
conducted by Russell T arg, for in­
stance, has shown that precogni­
tion-foretelling the future by time 
span s of seconds, minutes, or 
longer-can be taught. For some in­
dividuals it's a matter of spotting a 
precognitive thought that might oth­
erwise have been ignored. This, in 
some respects, is what executives 
who make decisions on a hunch or 
"gut feel" are doing. 

"For hundreds of years, we have 

--- - ---- --------------------

I 

.1 
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ESP invades IEEE 

lntercon program chairman J .A.A. Raper's interest in plants more or less 
got the parapsychology session on this year's technical program. Murlan 
Corrington of RCA, whose avocation is research to explain spiritual faith 
healing, sent Raper , who is manager of advanced circuits and control for 
the Defense Electronics division of General Electric 's Electronics Labora­
tories , Syracuse , N.Y., articles on emotions in plants. 

Raper , an avid gardener, got interested in plant communicati on in par­
ticular and parapsychology in general . Later, he invited Corrington to orga­
nize a panel for lntercon . " My first reaction ," Corrington recalls , "was , 'He 
must be out of his mind. ' But after thinking it over, I realized that para­
psychology is scientifically respectable and proceeded to put together the 
panel. It should give engineers a chance to listen and decide if they t>elieve 
it or not. They 'll find that they can 't just la ugh it off ." 

Raper adds , "Don't expect to see anyone in a peaked hat or carrying a 
crystal ball . The only darkening of the room will be to show slides ." 
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Logic testing 
breakthrough 

the first 
practical 

alternative 
for testing 

digital cards 

leased for 3 years 
at current rates 
with 10% residual. 

Why the swing toTRENDAR? 
Up to 4,000,000 tests per second . .. circuits are 
exercised more completely than with any other 
method. Sequence-dependent faults are triggered 
because the TRENDAR test station is not memory­
limited. 

FAUL TRACK© finds faults: single ... multiple ... and 
loop faults that defy software systems. It is a uni­
versal procedure applicable to all digital logic 
troubleshooting . Faults leave a track: abnormal 
logic states are sensed and displayed automat­
ically by the TRENDAR 2000 Test Station. Eight 
FAUL TRACK aids include comparative 1/0 test, 
comparative IC test, logic states monitor, in-circuit 
IC test, race catching probes, variable clock rate, 
and differential propagation delay test. 

LOGICTEST"' 
Centers Operating 
LOGICTEST board test­
ing centers are operating 

. in the West, Midwest, and 
East. They perform com­
mercial test and repair 
services at low cost .. . 
and provide contract sup­
port for TRENDAR users. 
Ask about them. 

Result No. 1 ... more boards per hour than with any 
other commercial tester. Users report a 1 OX increase 
in productivity per man-hour. 

Result No. 2 .. . higher confidence level in the tested 
board. Users report 90% reduction in final-product 
test board rejects, and corresponding major 
reduction in field service problems caused by board 
marginalities. 

Get the TRENDAR story today. Contact your local 
Fluke TRENDAR representative or call Noel Lyons 
at 415 I 965-0350. Demonstrations are avai I able 
in your region. Our users are our references. Ask 
about them. 

The TRENDAR 1000 
LOGICTESTER™ 
is a program compatible 
portable tester for use in 
factory and field. Priced 
at $5975, it provides the 
full 4,000,000 per second 
test rate of its big brother. 

IFLUKEI TRENDAR 
Circle No. 181 for TRENDAR 2000/1000. No. 182 for LOGICTESTJM 

® subsidiary of John Fluke Mfg . Co., Inc. 
500 Clyde Avenue , Mountain View, California 94043 • 415 I 965-0350 TWX 910-379-6573 
Europe , Fluke (Nederland) B. V., P. 0 . Box 5053, Tilburg, Netherlands, Tel. 013-673973. Telex 52273. 
U. K., Fluke International Corp., Garnett Close, Watford, WD2 4TT, Tel. Watfo rd (0923) 33066, Telex 934583 
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NEW ... 
5-Function DMM gives 

32 automatic or 
manual ranges of 

• measuring power. 
phe new Keithley Model 165 Autora~ging Digital M.ulti­
meter .. . virtually a complete test bench in a box . This unique 
DMM gives you more measuring power over wider limits 
than any comparable instrument: 

• 10 µ.. V to 1000 V de 
• 10 µ.. V to 500 V rms ac, 20 Hz to 20 kHz 
• 10 m fl to 200 MD 
• 1 nA to 2 A de 
• 0.1 µ..A to.2 Arms ac , 20 Hz to 20 kHz 
• so amps ac and de with optional shunt 

But that 's not all. The 165 is fully autoranging and it boasts 
a fuseless solid-state overload protection that really protects! 
There's more features you ' ll like - such as a low (10 mV) 
input drop on amps ; 100 millivolts applied to the unknown 
on ohms; and .. . a built-in 1 mA current source that will turn 
on diode junctions so you can measure both forward and 
back resistances. 

You ' ll really like the measuring power that the Model 165 
gives you - all for the little price of only $495 .. . get complete 
data or a demo now. 

•

KEITHLEY 
INSTRUl'v.t:E NTS 
U S A 28775 AURORAROAO, CLEVELAND. OHl0441 39 
EUROPE. 14. AVENUE VllLAROIN, 1009 PULLY. SUISSE 
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Probing the news 

developed the logical, objective side 
of the human brain," comments E. 
Douglas Dean, another Newark 
College of Engineering ESP re­
searcher on the IEEE program. 
"Parapsychology attempts to de­
velop the intuitive, subjective side, 
to train people to use telepathic 
communication," he adds. In his 
talk, "Channel Capacity for Telepa­
thy Channels," Dean will explain 
how this form of communication 
can be measured. ''While we've 
achieved reliability, telepathy is still 
very slow-about 1 bit per minute." 
Dean adds, "and this is where we 
need more development." 

Monitoring. Beal's talk, "Field Ef­
fects, Known and Unknown, Associ­
ated with Living Systems," will also 
point the need for electronics devel­
opment. Specifically, NASA's Beal 
believes that monitoring of humans 
with small, solid-state, noncontact 
devices, such as MOS field-effect 
transistors, is of extreme importance 
in capturing data on body-energy 
fields. Also, and more difficult, an­
tennas and amplifiers would have to 
be developed. 

Of more direct interest to every 
EE, Mihalasky's talk will cover use 
of the subconscious mind to solve 
problems. He contends that when 
the average engineer runs out of 
logical textbook paths to solving a 
problem, be throws up his hands in 
defeat. H owever, research con­
ducted since 1962 in precognition 
has indicated that another path to 
solution of such problems may exist 
in that direction. 

Oddly enough, Mihalasky ac­
knowledges, "I'm not a l 00% be­
liever in ESP. As an engineer, I'm 
used to experiments in which there 
is accurate repeatability-you can 
hold all variables but one to analyze 
that one variable. In the soft sci­
ences, like economics or psychology, 
which involve behavior of people, 
it's impossible to get this kind of re­
peatability. 

''There are always going tQ be un­
controlled variables, especially for 
something like telepathic communi­
cations." And he chuckles, "We're 
not going to put the telephone com­
pany out of business for at least 10 
~~-" D 
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You can now design temperature compensated voltage 
reference diodes in your hybrid circuits with assurance that 
temperature coefficients will meet your design require­
ments. Dickson provides them on a single-chip, 100% 
tested, to help save time, simplify circuit fabrication and 
improve your yields. 

····~1 
GOLD MET ALIZATION 

CROSS SECTION OF SINGLE CHIP TC ZENER 

Each 37 mil square Dickson chip contains two totally 
passivated junctions with a 6.2 Volt or 6.4 Volt tempera­
ture compensated reference. Temperature coefficients to 
0.0005%/°C are available. The chips are electrically equiva­
lent to the J EDEC 1 N821-829 and 1 N4565A-4584A series. 

The Dickson chips have gold metalization on the back, 
compatible with all common die bonding and soldering 
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techniques. Aluminum metalization on upper surface is 
compatible with ultrasonic and thermocompression wire 
bonding. 

FOR COMPLETE TECHNICAL INFORMATION contact 
your local Dickson Sales Representative, or write to 
Dickson. 

AVAILABLE IN ASSEMBLIES, TOO! 
· · Dickson "single-chip" 

TC diodes are also 
available bonded in a 
ceramic channel for 
ease of handling and 
testing. These UD's 
are available with sol­

der coated runners for reflow 
mounting or with gold runners for wire 

bonding. In addition, Dickson supplies a wide variety of 
components in chip assembly form to hybrid manufac­
turers. Ask for details. 

"Where Quality Makes the Difference" 

.DICIC S Oitl' 
ELECTRONICS CO RPORATION 

PHONE (602) 947-2231 TWX 910-950-1292 TELEX 667-406 
P. 0. BOX 1390 • SCOTTSDALE , ARIZONA 85252 
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LOW COST 
IC D/A'S ... made easy! 
8 & 10-bit Models 
Internal Reference 

100% Power Burn-In 
Specs guaranteed 0° to 70° C 
Available From Stock 
From ss.95* 

COMPLETE FAST CURRENT OUTPUT DAC IN A 16-PIN DIP! 
At last - an l.C. DI A converter that's easy to apply! The 
aimDAC 100 series provides its own internal reference 
voltage for low full-scale tempco and high supply rejec­
tion without complex external circuitry - and the fast 
current output settles in 250ns for use directly in high­
speed AID converters. Need a voltage output? Just add 
an op-amp - the tracking feedback resistor's already 
in the package! (Use our monoOP-01 High Speed Op 
Am p for total settling in less than 1.01tsec!) 

Every aimDAC 100 guarantees its critical linearity and 
tempco over the entire 0° to 70°C temp range - and all 
devices are 100% burned-in for maximum stability and 
reliability. Military temperature range models and MIL-
38510 processing are available, too. 

Best of all, aimDAC 1 OO's are available from stock - try 
one and see how easy l.C. DI A conversion can be! 

• 100 pc. quantity 

AIMDAC 100 11T" SERIES 
Application Guaranteed 

10 BITS 

8 

8 BITS 

Max. Linearity 
0° to 70°C 

0.05% 

0.3% 

Guaranteed 
Max. Tempco 
0° to 70°C 

60 ppm 

120 ppm 

Model* 

almDAC 
100 8CTl(T2) 

almDAC 
$12.00 100 CCTl(T2) 

almDAC 
$ 9.95 100 DDTl(T2) 

• T1 models conta in internal feedback resistor for +10v, ±5V operation 
T2 models contain internal feedback resistor for +sv, ±2.5V operation 

AUTHORIZED DISTRIBUTORS 

1500 SPACE PARK DRIVE, SANTA CLARA, CALIFORNIA 95050 
TEL. (408) 246-9225 • TWX 910-338-0528 • CABLE MONO 
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NEW YORK METROPOLITAN AREA Harvey Radio , Woodbury, N.Y.: (516) 921-8700 • NEW ENGLAND AREA Gerber 
Electronics, Dedham, Mass .: (617) 329-2400 • UPSTATE NEW YORK Harvey Federal Electronics. Binghamton, 
N.Y.: (607) 748-8211 • NORTHEAST Newark Electronics, Woburn , Mass.: (617) 935-8350 • BALTIMORE-WASH­
INGTON Whitney Distributors , Ba ltimore , Md .: (301) 944-8080 • PHILADELPH,IA· Hallmark Electronics, Huntingdon 
Valley, Pa.: (215) 355-7300 • MICHIGAN RS Electronics, Detroit, Mich .: (313) '491 -1000 • SOUTHEAST Kirkman 
Electronics, Winston-Salem, N.C.: (919) 724-0541 • EAST CENTRAL Pioneer / Cleveland, Cleveland , Ohio : (216) 
587-3600 • Pioneer/ Dayton , Dayton , Ohio: (513) 236-9900 • CENTRAL Hallmark Electronics , Elk Grove Village, 
Ill .: (312) 437-8800 • Minneapol is, Minn .: (612) 925-2944 • St. Louis , Mo.: (314) 521-3800 •TEXAS-OKLAHOMA 
Sterling Electronics, Houston, Texas: (713) 623-6600 • Dall as , Texas : (214) 357-9151 • SOUTHWEST Sterling 
Electronics, AlbuQuerQue , N.M.: (505) 345-6601 • Phoenix, Ariz .: (602) 258-4531 • WE:ST Weslates Electronics 
Corp., Chatsworth, Calif .: (213) 341-4411 • Slerling Electronics, San Carlos , Calif .: (415) 592-2353 • lntermark 
Electronics, Sunnyvale, Calif .: (408) 738-111 1 • Denver, Colo .: (303) 936-8284 • Salt lake City , Utah: (801) 
359-0531 • San Diego , Cal if.: (714) 279-5200 • Santa Ana, Calif.: (714) 540-1322 • Almac-Stroum , Seattle, 
Wash .: (206) 763-2300 • Portland, Ore .: (503) 292-3534. 
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Probing the news 

Avionics 

FAA points to foreign markets 
U.S. manufacturers hear that there's money to be made in equipment sales 

to nations in Africa, Asia, the Pacific-and China 

Nearly two years after the Federal 
Aviation Agency launched a pro­
gram to help U.S. avionics and elec­
tronics manufacturers compete in 
foreign markets by highlighting 
South America [Electronics, Feb. 14, 
1972, p. 94], the agency held its sec­
ond briefing, this time unveiling po­
tential markets in two-thirds of the 
world , including the Peoples' Re­
public of China, Asia, Africa, and 
the Pacific. But, although the brief­
ing for manufacturers' representa­
tives featured juicy lists of instru­
ment-landing systems, radars, and: 
communications systems, it remains 
to be seen if the FAA joint effort with 
the Commerce Department and the 
Import-Export Bank can help U.S. 
companies crack those markets. 

On paper, the attempt looks 
promising. What the agency gave 
was a country-by-country break­
down prepared by the International 
Civil Aviation Organization (!CAO) 
of civil-aviation requirements to 
bring each country's air system up 
to date. Because the figures repre­
sent only international requirements 
and not the domestic 

by Williams F. Arnold, Aerospace Editor 

ICAO in publishing estimates of the 
requirements in the Asia-Pacific re­
gions. 

However promising the effort 
looks, certain problems face U.S. 
companies competing abroad. 
Among them: former colonial coun­
tries tend to favor the former colo­
nial power, such as the French­
speaking African countries; "a num­
ber of countries don't have an effec­
tive planning capability" so that 
"procurement doesn't follow as rap­
idly as we'd like," Cary says; and in­
ternal needs, such as food problems 
in some African countries, may 
overshadow avionics programs. 

Financing. In addition, there are 
two other big competitive problems. 
In financing "it's hard to beat soft 
loans, even when the U.S. company 
is the low bidder," acknowledged 
Strauss S. Leon of Commerce's 
Overseas Business Opportunities di­
vision. Foreign-government-backed 
companies can offer countries 2% 
long-term loans, whereas the best 
that the U.S. can provide is 10% 
down and shorter terms. And, al-

though one U.S. company can com­
pete on one item, it's hard for a con­
sortium of U.S. firms to compete, 
partially because of antitrust laws, 
against one foreign company offer­
ing a complete line of wares, such as 
France's Thomson-CSF. Admitting 
that it was "an uphill fight ," Leon 
suggested that the tack might be to 
convince foreign governments that 
U.S. diversity makes its companies a 
better selection. 

FAA Administrator Alexander P. 
Butterfield told the attendees that 
he was "personally interested in in­
ternational affairs" and promoting 
U.S. equipment abroad. Comment­
ing on the already stiff competition 
from Europe and Japan, he had said 
that the "Soviet Union is so ob­
viously reaching out" and that 
"China soon will be highly competi­
tive." Because of the fuel crisis, "I 
foresee a shifting of emphasis" from 
aircraft sales to air-traffic-control 
equipment and navigational aids, he 
had said. 

A possible market in China intri­
gued some. In three years, U.S.­

Ch ina trade has 
needs to match the in­
ternational require­
ments , actual dollar 
values are hard to es-

Market taking off. The Chinese People's Republic has bought 1 O of these jumped from prac­
tically nothing to $800 

timate and may ex­
ceed what's indicated, 
Charles 0. Cary, as­
sistant FAA adminis­
trator for inter­
n a tiona.l aviation 
affairs, told the meet­
ing. He did, however, 
figure that the African 
market alone might 
be worth $250 million. 
In something of a 
coup, th e FAA beat 

707s and now finds it must build some all-weather airports . 

million (at 12-to-one 
in U.S . favor), and 
Philip T. Lincoln Jr., 
State Department of­
ficer for China, indi­
cated that more trade 
is likely. Since the 
country has no all­
weather airports, it is 
interested in building 
some, he says, noting 
its purchase of 10 
Boeing 707s. But he 
said it was a "special 
market" with "special 
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Probing the news 

considerations" where "export-con­
trol matters are applicable in some 
cases." 

Consulting. To help work their 
way into a market, Cary suggested 
that U.S. companies get in on the 
ground floor as consultants by help­
ing countries develop plans and 
then selling them to the proper au­
thorities. He mentioned two coun­
tries that appear promising. Iran is 
discussing a possible joint study 
with the FAA, and , Malaysia "has 
ambitious plans to expand" to help 
tap its rich store of raw materials. 
Leon assured the companies that 
the Government has a new philoso­
phy and that " the embassy teams 
were there to help U.S. companies" 
get the "big-ticket products." 

Industry reaction to the meeting 
was mixed but generally skeptical. 
"I learned there's a market for direc­
tion-finding systems in Asia," says 
Jules Cardon, manager of naviga­
tion and meteorological systems for 
Servo Corp. of America, Hicksville, 
N.Y., which makes systems used by 
the FAA. The meeting gave useful 
industry information about real 
markets, thought Frank B. Brady, 
senior staff representative with 
Smger-Kearfott. "You're here to see 
what you missed," said William 
Tull, president of Tull Aviation, Ar­
monk, N.Y. Is there a market? "Sure 
there is. When is the question." 

Angrier views were expressed by 
another trio, Kenneth L. Allep., 
marketing manager for World-Wide 
Wilcox Inc. of Vienna, Va. , and Mi­
chael S. Kinsey, marketing repre­
sentative, and Eberhard R. J aeckh, 
area representative with the lnter­
national division, both of Crouse­
Hinds Co., Syracuse, N .Y. "It's just 
rhetoric," Kinsey declared, indicat­
ing that until the Government could 
do something to make U.S. com­
panies more competitive, firms 
would feel " the same frustration." 
They pointed out that Britain's Ples­
sey won a Cairo contract because it 
could offer 20-year, 2% financing. 

At · the close of the meeting, each 
attendee received a packet that in­
cludeq books outlining each coun­
try's requirements, and the names 
and addresses of foreign and U.S. 
representatives to contact. O 
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The Danameter. 
$195. 

1 Year Battery Life. 

In a digital 
instrument, you'd expect 
to fool with a battery 
regularly, recharging it 
or replacing it. 

Not with The 
Danameter. 

The battery will last 
you at least one year. And 
even if you find a way to 

wear it out, you're only 
talking about 69¢ . 

Liquid Crystal Readout. 

The specifications on the Danameter 
show at a glance that this is a more 
accurate instrument than the one it's 
designed to replace. 

Yet there is 
another type of 
inaccuracy The 
Danameter 
solves-in an 
even more 

~-illiil-iiiiiilllll._ ____ ._liiiiiiii dramatic way. 
These are 

the errors that occur every day in reading 
an analog voltmeter. Scales are hard to 
separate. Increments of measurement are 
greatly restricted. Precise readings are 
difficult to make. 

When you measure with The 
Danameter, you interpret nothing. All you 
are shown is a number that is precisely 
the information you require. 

It's accurate to a degree that you 
never imagined possible in an instrument 
at this price. 

Once you have selected the proper 
function position, The Danameter 
instantly interprets, selects, and conve 
your information. It shows in a large 
liquid crystal display that adjusts to all 
light conditions. Even direct sunlight. 

Automatic 
Polarity. 

In measuring 
voltage, you're 
accustomed to 
swapping leads to 
get a reading. 

The Danameter instantly determines 
polarity, and then displays it as either 
positive or negative. All in a fraction of a 
second, with no help from you. 

Almost indestructible. 

The Danameter has only one function 
selector. It's recessed behind the molded 
edges of its cycolac case. You can drop it 
on concrete. You can kick it down the hall. 

When you pick it up, it'll be working 
perfectly. 

It's the first true portable instrument 
of its kind. For $195. 





Model 2000 Danameter Specifications 
Warranty: I year. 
Measurement Functions: (4) DC volts, DC current. AC volts and ohms. 

Typ ical Specifications: 

DC Volts 
Ranges 
Resolution 
Overload protection 
Accuracy 
Polarity 
Input Resistance 
Normal mode rejection 

AC Volts 
Ranges 
Resolution 
Overload protection 
Accuracy 
Input Resistance 

DC Current 
Ranges 
Resolution 
Accuracy 
Overload protection 

OHMS 
Ranges 
Resolution 
Accuracy 
Maximum current 
through unknown 
Overload 

General 
Battery 
Est. battery life 
Test leads 
Size 
Weight 
Overload 

Price 
Model 2000 Danameter 

Accessories 
Part No. 
2040 
2030 
2020 
2060 

2V, 20V, 200V, and !KV 
lmV 
IOOOV DC or peak AC, any range 
:!:(.5% Rdg. + .05% Range) 
Automatic 
10 Megohms 
50 dB min. at or near 60 Hz 

2V, 20V, 200V, and !KV 
lmV 
lOOOV peak AC, 250V DC, any range 
:!:(l.5% Rdg. + .15% Range) to 5 KHz 
2 Megohms 

20,ua, 2 mA, 200 mA and 2A 
.01,ua 
:!:(l.5% Rdg. + .!%Range) 
250V DC or RMS 

2000, 20KO, 2Ml! and 200MO 
.I ohm 
:!:(2% Rdg. + .15% Range) 

I mA 
250V DC or RMS 

One 9V dry battery 
I year at normal usage 
Included 
4"H x 7%''W x 2%''D 
I lb. 
Fully protected on all ranges 

$195.00 

R.F. Probe (to 200MHz) 
H.V. Probe (to 30Kv) 
Carrying Case 
Extra Test Leads 

Contact your nearest Dana representative. 
Ask him to show you The Danameter. 

Alabama , Huntsvi lie- (205) 534-9771 
Arizona, Phoenix -(602) 957-9110 
California, Los Angeles area - (213) 772-7320 
California, Sunnyvale -(408) 245-3700 
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Indiana, Indianapolis- (317) 253-1681 
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Maryland, Wheaton - (301) 942-9420 
Ma ssachusetts, Wakefield-(617) 246-1590 
Michigan, Farmington -(313) 477-7700 
Michigan, Kalamazoo - (616) 349-9666 
Minnesota, Minneapolis -(612) 537-4501 
Missouri , St. Louis-(314) 567-3636 
New Jersey, Fort Lee - (201) 224-6911 
New Mexico, Albuquerque - (505) 255-2330 
New York, Rochester - (716) 328-2230 
New York, Vestal - (607) 785-9947 
New York, Metro New York Area - (516) 487-4949 
New York, Syracuse- (315) 437-6666 
North Carolina , Burlington-(919) 227-3630 
Ohio , Dayton-(513) 278-5873 
Oh io, Cleveland - (216) 333-5650 
Ohio, Worthington - (614) 888-4466 
Oklahoma, Norman - (405) 364-8320 
Pennsylvania , Pittsburgh -(412) 824-3760 
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Canada: 
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Technical articles __________ _ 

Raster-scan tube adds to flexibility 
and lower cost of graphic terminal 

An ingenious scan-conversion algorithm recasts computer data 
into a form that drives a raster-scan display in real time; 

interaction of the display with the computer is also optimized 

by Daniel E. Thornhill * and Thomas B. Cheek, ** Adage, Inc., Boston, Mass. 

0 The graphic display of computer output, particularly 
in the case of complicated images, is still a costly prop­
osition. On the other hand, TV-like raster-scan tubes 
and their supporting circuitry are inexpensive. The chief 
obstacle to their use in computer terminals, however, 
has been the complexity of converting computer data 
into the raster-scan signal format. 

That obstacle has been overcome by a new approach 
to graphic terminal design, in which a real-time scan­
conversion algorithm keeps to a minimum the amount 
oflocal memory the display device needs and also opti­
mizes the device's interaction with the computer. The 
display device is a raster-scan monitor, which promises 
great flexibility in system design. 

Just as alphanumeric symbols are the normal lan­
guage elements for text presentation, so pictures of 
graphic entities are the language elements of mathemat­
ics, mechanics, architecture, and many other fields. 
While some of these elements might be presented as 
special symbols by an alphanumeric-only generator, or 
constructed from a small repertoire of "vector symbols" 
(often called limited graphics), others are too complex 
in shape and positioning to be so handled. General­
purpose graphics- in which a vector can be drawn be­
tween any two points in the display field-are the only 
complete answer. 

Several different approaches have been used in build­
ing graphic displays (see "The other types of graphic 
display," p. 97). In some, memories store descriptions of 
the objects to be displayed (vectors, letters, numerals), 
while in others, the memories store a series of points 
that make up the actual image on the display. At first 
glance, the image-oriented memory seems most suitable 
for a raster-scan device, but the object-oriented memory 
turns out to have more advantages. 

A simple form of object-oriented memory is charac­
teristic of the most primitive cathode-ray-tube displays 
used with computers. This memory contains a "display 
list" of words that are successively addressed to control 
the CRT beam. Changing any part of the image requires 
merely the changing of corresponding words in the list. 

The image-oriented memory, on the other hand, be-

• Now with Softech. Inc ., Waltham, Mass. 
•• Now wi th Tektronix , Inc., Beaverton, Ore. 

+Circle 94 on reader service card 

cause it contains a point-by-point representation of the 
visual image, is likely to be much larger than an object­
oriented memory. Even so, the use of image-oriented 
memories is convenient in some display technologies, 
and it has been encouraged by the radical decrease in 
cost of semiconductor memories in recent years. Small 
display memories that cost 10¢ a bit a few years ago are 
now down to Vi¢ to 1 ¢ a bit and still getting cheaper. 

Meanwhile, substantial cost reductions and perform­
ance improvements have occurred in other analog and 
digital circuit elements as well. Moreover, the cost per 
bit for certain display devices with intrinsic storage is 
still lower, since the memory is not involved in refresh­
ing an image, only in storing it initially. Some of these 
devices can hold over a million bits, so that for very 
complex images-an integrated-circuit mask or a sur­
face-contour diagram, for example-storage displays us­
ing image memories are best. 

But image-oriented memories lack some of the ad­
vantages of the object-oriented display list systems-no­
tably the capability of computer interaction with a dis­
played object. For example, when two objects cross 
each other, the object memory "knows" that two points 
are overwritten at the intersection, and it can remove 
one without disturbing the other. But when stored in a 
image memory, the intersection data is lost; an attempt 
to remove the object can unexpectedly change the 
other, as illustrated in the sequence shown in Fig. 1. 

In dynamic display situations, this problem can be 

1. Imperfect Image. If one of two overlapping images is removed 
from a display driven by an image-oriented memory, the data at their 
intersections is lost, and only fragments of the second image remain . 
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P, 

P2 

(a) 

( b ) 

2. Scan conversion. In a raster-scan display, a vector (a) must be 
converted into a sequence of dots (b). Conversion adds a series of 
precisely timed intensity pulses to the electron beam so that the dots 
are properly placed . (On an actual screen , adjacent dots overlap 

slightly , so that the line appears to be continuous .) 

devastating. For example, to show an airplane moving 
over a background map, the plane outline is commonly 
drawn, erased, and redrawn slightly displaced to show 
movement. For object-oriented representations, this 
procedure is straightforward, because the lines making 
up the airplane and the map are stored independently; 
but for the image-oriented representation, when the air­
plane outline overlaps . the points defining the map, it 
progressively erases its path across the map. The com­
puter can compensate for this effect, but only at consid­
erable processing expense. 

A similar problem is found when data is to be read 
back from the memory. Characters and vectors in an 
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INITIAL DISPLAY LIST 

START IN lA 
A B c 

DRAW VECTOR TO 3A 
START IN 2A 
DRAW VECTOR TO 2B 
START IN 3B 
DRAW SYMBOL " A" 

REFORMATTED 2 
OISPLA Y LIST 

VECTOR lA 
SKIPT02A 
VECTOR 2A·1 
VECTOR 2A·2 3 
VECTOR 2B A 
SKIP TO 3A 
VECTOR 3A 
SYMBOL 3B 

3. Memory representation. In a programed-path display , the dis­
play list at top left describes the picture . But when the picture is over­
laid with the simplified cell structure shown here, the display list is re­
formatted, as on the bottom left. Items 2A-1 and 2A-2 distinguish 
between the two different display components in cell 2A. 

image memory are only collections of dots, difficult to 
recognize as single entities, and often impossible to 
identify uniquely; they provide no indication that they 
belong together. Therefore, if interaction is needed, 
there must be a secondary memory to store a display 
list. To change the picture, the dots associated with the 
display list items to be removed must be erased, then 
the dots for the replacement items must be plotted. 
With an object memory, on the other hand, the display 
can be altered directly. 

For example, text-strings of words-in an object list 
can be easily edited, whi le text editing in an image 
memory requires separate storage and additional ma­
nipulation. Similarly, -tasks involving blinking or mov­
ing vectors, characters or sections of the image, are easy 
with object memories, but very difficult with image 
memories. For instance, image-storage graphic termi­
nals usually perform poorly on text editing tasks that al­
phanumeric terminals, which use object memory lists, 
handle with ease. 

Pros and cons of raster-scan devices 

For computer display applications, standard raster­
scan monitors have certain obvious advantages. They 
are by far the most inexpensive general-purpose display 
components available and come in a variety of sizes, 
resolutions, and brightness levels. They readily handle 
gray scale, color, and video mixing. They are the only 
display devices with a simple, widely accepted interface 
specification. Monitors of different sizes, wall-sized proj­
ectors, hard-copy units, and recorders from different 
manufacturers can be easily connected together. The 
fixed beam path and constant beam speed of raster-scan 
systems require inherently simple, compensation and 
can work with a digital driving source. The display sig­
nal can easily be transmitted thousands of feet along a 
single line to feed multiple display units and can easily 
be handled by switching systems. 

But raster-scan systems also have drawbacks. The 
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The other types of graphic display 

The simplest display systems, used with the earliest com­
puters , generally had two digital-to-analog converters 
that drove the deflection plates or coils in a cathode-ray 
tube. A stream of values fed into the converters caused 
the CRT beam to trace out any desired pattern. These 
values came from a " display list ," which was fed repeat­
edly to the CRT to maintain or " refresh" the vo latile im­
age. This "programed-path " arrangement was simple, 
reliable , and relatively inexpensive, but also very slow. It 
could plot only a few thousand points on the screen with­
out annoying flicker-only 50 to 1 00 characters or a few 
dozen vectors-and it required the computer's entire pro­
cessing capability to draw a picture. 

From experience with the programed-path display, two 
things were learned. First , complex pictures that don 't 
unduly burden the processor require special-purpose 
pattern generators. Second, refreshing the display image 
should not require processor attention . 

By the early 1 960s, vector generators , character gen­
erators , high-speed CRT beam-deflection systems, and 
independent display-list memories were being included in 
display systems. For example, the input to a vector gen­
erator might be a word containing the coordinates for 
one or both end points of a vector, and the generator 
would translate these in to positions on the screen, add­
ing blanking and unblanking signals to turn the beam on 
and off. Or a word might represent an alphanumeric 
character with a code of several bits, which a character 
generator would translate into a series of deflection and 
blanking instructions for the beam . 

With these sophisticated subassemblies , systems could 
display several thousand characters and over a thousand 
vectors without flicker . In addition , once the computer 
had loaded the display-list memory , the picture could be 
maintained with almost no load on the computer . But 
these new display terminals cost $100,000 or more , limit­
ing computer graphics to experimental interactions and a 
few specialized commercial and military applications. 

The next big step was to break the cost barrier . Major 
cost factors were the display-list memory and the high­
speed re fresh circuitry, both of which were necessary be­
cause the displays could only retain images by being 
constantly rewritten . An image that did not have to be 
contin ually rewritten could be generated more slowly, 
wi th less expensive circuitry , and would not need refresh 
memory. These advantages were first embodied in the di­
rect-view storage tube (DVST). 

Besides a conventional electron gun , the DVST con­
tains a set of flood guns that keep a written image glow­
ing indefinite ly. Consequently, graphic terminals with 
DVSTs need trace out an image only once. The tube low­
ered circu it costs , eliminated memory elements, and 
could display more complex pictures than even the most 
expensive refresh CRT systems. Prices of graphic termi­
nals fell immediately to less than $15 ,000 , and today 
such terminals cost less than $4 ,000-a price drop that 
has dramatically expanded the number installed . 

But the DVST terminal does have some drawbacks . Be­
cause of the physics of image storage, for example, 
brightness and contrast are not as good as in the con­
ventional CRT, nor can the user control these parame­
ters. True gray and color presentations are not possible. 
Also, DVSTs are complex to build , are available in only a 
limited number of tube sizes, and are considerably more 
expensive than regular CRTs. 
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In addition, while the user can add continuously to the 
stored image in a DVST, he cannot simply erase parts of 
an image-instead, he must erase the entire screen and 
write out a new, slightly different image. Also , the rela­
tively slow erase and writing speeds of the DVST make 
some operations quite cumbersome , and a dynamic 
graphic display is next to impossible. 

A technology competing with the DVST is the electrical 
read-out storage tube. Like the DVST, it stores the display 
image as a charge pattern written by an electron gun . 
However, it has no flood guns or phosphor. Instead, the 
stored pattern is sensed but not altered in a "read mode" 
in which the electron gun scans the image target and 
feeds the output to a raster-scan monitor . 

This tube overcomes most of the disadvantages of the 
DVST, but it requires two analog subsystems-the deflec­
tion circuits and the raster-scan monitor-instead of one . 
This causes some problems of stability and maintenance , 
and because the read-out scan only samples the signal , 
the viewed image is less detailed than the written image. 

Another commercially successful technique stores the 
raster signal for the display images on a magnetic disk, 
from which a monitor is refreshed. The signal is stretched 
out along one or more linear tracks around the disk. 

The most radical departure from previous display tech­
nology , however, is the plasma panel , which is a thin 
sandwich of two flat pieces of glass enclosing a layer of 
gas. A vertical set of address wires is bonded to one 
plate , and a horizontal set is bonded to the other. Each 
intersection of these address Ii ne locates a cell. The 
proper voltages applied with proper timing to one wire in 
each set ionizes the gas at the intersection , causing it to 
glow. A different voltage-time combination quenches the 
discharge. Once the gas is ionized , a sustaining signal 
keeps it glowing in the absence of the writing signal , so 
that the panel has a DVST-like memory, but can be se­
lectively erased. 

Among other advantages , the plasma panel is digitally 
driven and provides a crisp distortion-free image. Since it 
is flat and thin , it can be combined with a rear projector, 
or the display picture can be copied from the back side of 
the panel. But the resolution is currently limited to a rela­
tively coarse 70 points per inch. Color and gray scale, 
though possible , are not at present offered commercially. 
Worst of all , panel costs are high and unlikely to fall rap­
idly because extensive circuitry and tight tolerances are 
necessary. 

Meanwhile , the original programed-path refresh CRT 
systems have not been ignored. On the contrary, they 
have been given new emphasis for the low-cost market . 
Programed-path units draw picture elements in an order 
determined by the computer , so that operations such as 
enlarging or rotating one element on the screen indepen­
dently of others are straightforward . These displays 
present high-quality images and allow maximum flexibility 
in picture interaction. Light pens can be used to point at 
objects, which are readily identified by correlating the 
word being processed with light detection by the gun. 

But in such systems the display and its drivers form a 
complex analog subsystem requiring high -speed signal 
generation. In addition, compensation circuits are neces­
sary, to correct nonlinearity, pincushion distortion , and 
problems arising from varying beam speed and fast , ran­
dom beam positioning . This analog subsystem is still rela­
tively expensive , in spite of dec lining component prices. 
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4. Scan slmulatlon. When a reformatted display list, like the one 

that is shown at the bottom left in Fig . 3, is processed through a sim­

ulated display generator , this is the image that results. 

biggest has already been mentioned- the fact that con­
verting the normal computer format into the raster-scan 
signal format is quite complicated. Then, too, the fixed 
scan-line positions quantize the beam position, so that 
picture quality suffers, particularly on 525-line moni­
tors. Quality is considerably better on 800- or 1,000-line 
monitors, but these units are much more costly and re­
quire as much as four times the signal bandwidth. 
Moreover, light-pen operation is more complex, be­
cause the timing of the light pen's output is not easily 
associated with the object being pointed at. 

The scan-conversion problem 

The beam path in a raster-scan monitor is fixed, and 
only beam intensity can be varied. To draw a single vec­
tor, the system generates a beam-intensity signal con­
sisting of pulses properly spaced in time to show the de­
sired pattern on the screen. More than one vector calls 
for additional pulses interspersed with one another in a 
single stream, requiring all vectors to be processed 
simultaneously. 

Consequently, scan conversion begins with a display 
list of highly encoded words, interpolates the points of 
each vector between its start and end points, and pro­
duces a train of properly timed pulses contributed by all 
the vector words. The result is a composite pattern on 
the screen (Fig. 2). 

This scan-conversion operation is easier to describe 
than to implement. To synchronize it directly with the 
beam's scan position would require each intensifiable 
screen location to be checked against every word in the 
display list to see if the beam should be intensified at 
that location. Since the beam in a 525-line monitor 
dwells only about 100 nanoseconds at each location, 
checking every word in the display list of perhaps sev­
eral thousand words would be extremely difficult. 

In the past, the problem has been handled in two 
steps. First, the display list was processed sequentially, 
and the pulse trains corresponding to the various vec­
tors were stored in a memory array containing, in its 
simplest form, one bit associated with each image point. 
This memory is called a bit-per-element map, or bit 
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0000 
0002 
0013 
0021 
000 7 
0011 
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0007 
001 1 
0016 
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0012 
0022 
0000 
0000 
00111 
0000 
0020 
0022 
0012 
0015 

5. Scan analysis. An analysis program for the simulated display of 
Fig . 4 lists the contents of each cell , the totals for each scan line, and 

the total for the whole picture. The picture requires (in octal notation) 

520 words of memory, to specify the contents of 253 cells. 

map. Second, after the display list had been completely 
processed, the bit map was· scanned, and its output 
drove a monitor. 

However, even though the newest memories have a 
low cost per bit, bit maps are big-over 300,000 bits for 
525 lines in black and white-and therefore expensive. 
Color pictures, which require three bits for each image 
point, exceed a million bits per map. A 1,000-line moni­
tor uses even more. By contrast, the original display list 
may require fewer than 40,000 bits to produce good 
black-and-white pictures and fewer than 50,000 bits for 
color or gray-scale pictures. 

To regain the advantage of smaller memories and 
simpler manipulation of object-oriented representa­
tions, while retaining the advantages of raster-scan de­
vices, Adage Inc. undertook a three-year feasibility 
study of real-time conversion from a display list to a 
raster-scan signal. If an object-oriented display list 
could be processed 30 times per second, the raster-scan 
format signal could be fed directly to a monitor without 
the intermediary of a bit-map memory. But since a 
whole display list generally cannot be processed this 
quickly, the approach in the feasibility study was to 
consider only a small portion of the display list for each 
location, to keep the processing at a reasonable level. 

In any picture produced from a display list, several 
areas of the screen contain one or more image ele­
ments-vectors or alphanumerics . In general , the 
smaller the area, the fewer the elements (although the 
relationship is certainly not linear). Therefore, dividing 
the display list into smaller sublists for portions of the 
display area reduces the amount of data to be processed 
for each display location. 

The basic subdivision scheme has two parts (Adage 
has applied for patents on the novel aspects of this 
scheme). First, the display list is processed into a few 
dozen sublists which are sorted and stored in the local 
display-list memory. Each sublist corresponds to a 
single horizontal band across the picture. If a vector oc­
cupies parts of more than one band, it is stored as a 
number of shorter vectors, each entirely within one 
band. Since vectors are generally rather short, most of 
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them lie either in one band or across the boundary of 
two bands. Alphanumerics, on the other hand, are re­
quired to be wholly within a band. 

Second, the display list for each band is directly con­
verted in re11l time for display, without using a bit map. 
Each screen location is checked only against the words 
in the sublist corresponding to the band containing that 
location, rather than against the whole display list. In 
this way, the amount of information processed by the 
scan-converter is much reduced. 

As implemented at Adage, another step is taken be­
tween the two described above: the horizontal bands 
are divided into cells, making a grid of approximately 
square areas. Preprocessing the display list, more slowly 
than in real time, generates a new list of short vector 
segments and symbols, each contained totally within a 
single cell. These are then placed in the order of the 
cells on the display, starting from the upper left and 
ending at the lower right. Now each location is checked 
only against the sublist for a cell. 
. Since the scan conversion is carried out in essentially 
this order, the segments can be stored in a sequential 
memory, such as a shift register. The display task then 
becomes one of scan-converting only the contents of a 
single cell in real time, rather than processing the entire 
display list for each intensifiable location. 

Making good use of the memory 

Vectors and characters tend to group, leaving large 
areas of the screen empty-although these areas are lo­
cated differently in different images. Thus the memory 
has to handle both cells with multiple contents, as 
where lines cross, and cells with no content. Since giving 
each cell a fixed amount of storage would be inefficient, 
a quasi-associative memory scheme was chosen. 

In this scheme, there are three important aspects. 
First, some cells may contain more than one item and 
may need several words to describe them completely. 
Second, some cells contain alphanumeric symbols, 
which are stored in the list in the same way that vectors 
are stored. Finally, address words skip empty cells, 
which means no memory words are wasted on blank 
areas of the screen. 

The words representing the contents of vector and al-

TO---­
CONTROLLER 

6. Display generator. The local list memory holds picture informa­
tion in an object-oriented representation . Vector and symbol gener­
ators convert this into raster-scan format , and the accumulator col­
lects the data to feed serially to the monitor. 
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7. Prototype. Built to amplify results obtained by simulation, this dis­
play generator contains a total of 270 integrated circuits, among 
which are 51 memory circuits and their associated drivers. 

phanumeric cells are stored sequentially in memory, us­
ing one word of memory for each character or vector 
segment in a cell. Each word includes a bit that identi­
fies whether the word describes a vector or a character. 
Another bit can identify the word as an address, block­
ing both the vector and character interpretation. Only a 
single address word is required to represent any number 
of unoccupied contiguous cells. This skip capability av­
erages the storage capacity, so that a simple image cov­
ering the whole screen and a highly detailed image in 
one corner can fit in the same amount of memory. 

For example, Fig. 3 shows a simple display, consist­
ing of nine cells arranged in three rows and containing 
two vectors and a character. The cells are processed 
from left to right in each row, and from top to bottom 
by rows, and the display items are ordered in this se­
quence in the memory representation. 

The first item in the list is the segment of the vertical 
vector in cell lA. Since cells lB and IC contain nothing, 
an address word is inserted that specifies no display ac­
tion in any cell of the top row except IA. The raster 
lines, of course, extend across the whole screen, so that 
the image in IA in general takes several horizontal 
sweeps to complete. Then the display skips to cell 2A. In 
this cell are two different vector segments. Part of the 
horizontal vector extends into cell 2B. An address word 
skips cell 2C and, after 2A and 2B are complete, goes 
directly to cell 3A, which contains the last part of the 
vertical vector. Finally in cell 3B is a symbol repre­
sented by the last word in the list. 

Although the display memory's primary purpose is 
storing the picture, it is a general-purpose read-write 
memory. Therefore, if the picture being displayed 
doesn't occupy the whole memory, the rest is available 
for other uses-for instance, storing additional pictures 
and storing graphic and text modifiers. 

Off-screen pictures can be stored by extending the 
range of the address words. Each additional bit in the 
address doubles its range. But for displays of ordinary 
resolution, the extra range is available without extend-
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ing the word length just for this purpose, since, in gen­
eral, vector and character codes require more bits than 
an address code. 

With the extended range, paging and scrolling can be 
done simply by resetting a "display-top" address in­
stead of reconstructing the whole picture. Information 
about protected data can be stored within the picture 
memory itself rather than in an external memory. This 
information is essentially sequential in nature, just like 
the cell contents for the picture, so it can be stored in 
the same way. 

Scan conversion is combined with the memory repre­
sentation in an algorithm for vector and text editing. 
Suppose, for example, a vector is to be added to an 
existing image. First, the vector is divided into a se­
quence of cell contents in order of cell location. Then, 
starting from the beginning of the memory, a search is 
made for the address of the uppermost or leftmost loca­
tion of the vector. If it is found in the memory, indicat­
ing that another vector passes through that cell, the new 
vector is simply appended to the list, intersecting the 
previous vector. If the address isn't found, the added 
vector is to be in a new cell, and an appropriate address 
word and the content are inserted in the display list. 
Then the search for the next sequential address is made, 
and so on, until the whole vector has been inserted on 
one pass through the memory. Vectors are deleted in 
the same way-matching vector words and appropriate 
address words are removed from the memory. Text 
editing is similar to vector insertion and deletion. 

Since the whole memory modification process is one 
of inserting and deleting in an ordered list, sequential 
memories are the appropriate storage medium. Expand­
ing and contracting their contents is much easier than 
inserting words in a random-access memory. As ob­
served earlier, the sequential memory is also appro­
priate for display generation. 

This scheme has been tested on some actual pictures, 

8. Complex dlsplay system. A display can consist of as little as a 
computer , a generator, and a monitor, or it can be much more com­
plicated and take varied forms like those shown here. DG and OS 
stand for display generator and display station , respectively. 
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covering many applications, on a simulator that was 
programed with a direct-view storage-tube terminal 
connected to a minicomputer. 

Each picture was stored as a list of cell contents in the 
minicomputer memory. This provided a check of the 
software necessary to preprocess a picture. Programs 
were then written that simulated the functions of the 
vector generator and symbol generator of the real-time 
scan-converter hardware. These programs processed the 
cell contents and produced the dot-by-dot scan repre­
sentation of the picture, which was then plotted on the 
display (Fig. 4). Finally, an analysis program plotted 
the number of elements in each cell, and totals for each 
row and for the whole picture. This verified theories on 
picture density, and permitted an estimate of how much 
memory the picture would require (Fig. 5). 

The simulation had several useful results. It demon­
strated, long before hardware was built, that the scheme 
worked, and gave an impetus to further development. It 
showed that, as had been anticipated, the cell bound­
aries were not apparent in the pictures. It proved that 
significant pictures could be stored in 2,000 words of 
memory. It suggested several variants on the hardware 
and software schemes, which were tried out. And it per­
mitted experiments with different cell sizes, to find the 
most efficient size, various memory representation 
schemes, and different combinations of hardware and 
software vector and symbol generator techniques-all 
before any hardware was built. 

The experimental display generator 

Once the display generator was completely specified 
as a result of the simulation, a hardware prototype (Fig. 
6) was necessary to drive a raster-scan monitor. No 
computer could simulate the scan-conversion algorithm 
fast enough to generate a real-time raster-scan signal. 

In the prototype, a local list memory stores item and 
address words that describe individual cells. All the 
words associated with a particular horizontal row of 
cells are loaded into the row buffer memory, and thence 
fed to a control element and to either a vector or a sym­
bol generator. While the memory is feeding the data 
out, the list memory is disconnected, and a controller 
can read, load, or reload it without interfering with the 
scan-conversion operation and without causing the 
screen to flicker. 

The symbol generator uses a conventional approach­
a read-only memory containing a dot matrix represen­
tation of the various characters. However, the vector 
generator is rather more complicated, to cope with the 
thousands of different vectors that can be drawn in cells 
of reasonable size. It generates the pattern from the 
start and end points in the cell, by calculating the slope 
of the line, and successively adding this value to the 
start position on each scan line. 

The control section translates bits associated with 
each list word into color, gray scale, or blinking data. 
The control section and the generators feed an accu­
mulator which combines the contributions of the vari­
ous words until the section of the scan line within the 
cell is completely described. When it is complete, the 
pattern is dumped serially to the raster-scan monitor 
while the next cell is processed. An averaging circuit be-
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tween the accumulator and the monitor (not shown on 
the block diagram) smoothes out the variable process­
ing rate of the generators and supplies a continuous 
drive signal for the monitor. 

The prototype board is shown in Fig. 7. It runs on a 
6.3-megahertz clock and contains 270 integrated cir­
cuits, including 51 MOS memory circuits and drivers. Be­
sides the memory and raster-scan conversion logic, the 
board also contains keyboard circuits, and a cursor gen­
erator. Most of the logic was designed with standard 
TIL components; a few Schottky elements were used. 
The system contains no adjusting potentiometers, ex­
cept those in the monitor. 

System considerations 

To be useful, a display generator must be part of a 
system. The most straightforward system is a display 
generator driving a monitor under the control of a com­
puter. In more complex applications a powerful (and 
expensive) computer supports multiple terminals in any 
of several configurations. Some of the possibili ties for a 
system are shown in Fig. 8. 

Many large systems avoid cluttering up the primary 
processor and improve response time by incorporating 
satellite processors to handle trivial tasks such as data 
editing, input-output transfers, and communications 
control. The Adage experimental system includes a sat­
ellite processor, which can readily divide vectors into 
cell contents. It can also process keyboard inputs, move 
the cursor, and do local editing. 

The experimental station (Fig. 9) consists of the 
monitor and a keyboard, which contains cursor keys, 
editing keys, transmission keys, and general function 
keys, in addition to the standard alphanumeric key­
board. Cursor keys move an alphanumeric cursor (un­
derline) or a crosshair graphic cursor. Editing keys sig­
nal both character and line-editing functions. 
Transmission keys cause edited text to be sent to the 
host computer. For flexibility , the general function keys 
may be interpreted and processed by the local com­
puter, or sent on to the host computer. 

Doing better 

The system can be readily expanded . Features such 
as color or gray scale are obtained by adding a few ex­
tra bits to the display memory words, and are imple­
mented by expanding the assembler and video signal 
generator. 

An impressive feature, derived from the raster-scan­
ning principle on which the system is based, is the ca­
pacity to show shaded background regions. This is 
achieved by specifying, for an individual vector, the in­
tensity or color not only for the individual points 
through which it passes, but also for all points to its 
right on each scan line that intersects it. Thus a shaded 
area can be specified by adding an extra bit to the vec­
tors along its left side to specify shade, and then letting 
the other vectors along its right side set the normal 
background. The assembler gives the shading intensity 
or color to each element on the scan line that is not oth­
erwise specified by foreground information. 

The use of standard video signals opens the way for 
combining a raster-scan terminal with a variety of tele-
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9. Display station. Twelve-inch raster-scan monitor is able to 
present both graphic and alphanumeric data. The keyboard provides 
cursor control as well as text-editing functions . 

vision-based components such as TV-projection equip­
ment, video-tape recorders, cameras, and hard-copy de­
vices. These pieces of equipment can be interconnected 
with almost no special engineering, because the tele­
vision signal standard is complete and widely accepted. 

Of particular interest is equipment that mixes video 
signals from different sources. For example, computer­
generated images and microfilm or slide images can be 
picked up by a video camera and displayed simulta­
neously on the same terminal. Or signals from two or 
more display generators can be mixed. In this way, one 
generator can be made to display background informa­
tion, while others produce changing data. Alternatively, 
data from multiple display generators can be combined 
in images with a complexity beyond the capability of a 
single generator. 

A further advantage of the raster-scan scheme is its 
adaptability to higher-resolution monitors by somewhat 
more complex circuitry. Among other things, such 
monitors require larger cell sizes and more parallel op­
eration because of the increased beam speed. 

What lies ahead 

The very powerful and very expensive graphic sys­
tems will continue to have an important place in high­
performance command-and-control systems. Image-ori­
ented systems will be used to produce complex, high­
density pictures requiring little interaction. But for 
much interesting and practical work, real-time scan con­
version of object-oriented displays offers an attractive 
alternative for graphic-system users. 

Graphic displays have long been more promising 
than practical,'because the equipment has been expen­
sive, software support has been inadequate, and poten­
tial users have simply not been aware of the possi­
bilities. Now technology is turning the tide with low­
cost and high-performance equipment, a growing store­
house of applications programs, and increasing sophis­
tication among computer system users. During the next 
few years graphic terminals will probably appear in 
more and more purely commercial roles, rather than in 
just experimental environments. D 
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Designer's casebook _________ _ 

External gate doubles 
counter speed 
by Jeffrey Mattox 
United States Air Force, L.G. Hanscom Field, Bedford, Mass. 

The counting rate of a standard synchronous up/ down 
binary or decade counter can be doubled without alter­
ing the clock frequency. A single external gate does the 
trick for the count-up or the count-down mode. 

The ability to double the counting rate is useful for 
applications where a counter must be advanced at twice 
the normal rate, as in racing the digits to set a digital­
clock stage. The extra gate can also be used to halve the 
counting rate, depending on the logic level of the con­
trolling signal. 

Both the decade counter (for example, a type 74192) 
and the binary counter (for example, a type 74193) have 
two clock lines-one for the count-up mode, and the 
other for the count-down mode. The clock input that is 
not being used is usually tied to the supply line. For ei-
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PRECEDING 
STAGE 

(a) 
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COUNTER 
74193 

LEAST SIGNIFICANT BIT 

TO 
NEXT 
STAGE 

ther type of counter, there is a counting flip-flop for 
each output bit. 

By sensing the counter's least significant output bit 
and lowering the alternate-clock input at the proper 
time, the least significant bit is kept static, and the sec­
ond counter flip-fl.op receives all the primary clock 
pulses. In addition, the state of the least significant bit 
locks out the alternate-clock input from the other count­
ing flip-fl.ops. For an up-counter, the least significant bit 
must be high; for a down-counter, it must be low. 

The circuit of (a) shows a type 74193 binary counter 
connected for the count-up mode. The alternate-clock 
input, in this case the count-down input (Cn), is con­
trolled by a NAND gate. When the DOUBLE input goes 
high, the Cn input is brought low as soon as the least 
significant bit is high. The least significant bit remains 
high until the DOUBLE input returns to the low level. 
Meanwhile, the count frequency appears to double. 

The circuit of (b) is for the count-down mode. It is 
similar to the one for the count-up mode, but an OR 
gate is used instead and the DOUBLE control signal must 
be inverted. The CARRY and BORROW outputs of the 
counter operate normally so that the doubled counting 
rate may be carried to the next stage. O 
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Twice as fast. External gate can double or halve the counting rate of either a decade or binary up / down counter, depending on the logic 
level of the control signal. The actual clock frequency remains the same. Here, the operating speed of a binary counter is doubled for both 
the count-up mode (a) and the count-down mode (b). The counter's unused alternate-clock input goes to the controlling logic signal. 

Eliminating current spiking 
from de-to-de converters 
by Carlo Venditti 
Charles Stark Draper Laboratory, MIT, Cambridge, Mass. 

When the two inverter transistors in a push-pull dc-to­
dc converter conduct at the same time, current spiking 
will occur and at worst destroy the circuit, at least de­
grade its efficiency. These undesirable effects can be 
prevented by delaying a clock pulse train with standard 
logic circuits. 

Ideally one transistor turns on as soon as the other 
turns off. But because of their storage time constants, 
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one is often still on when the other is beginning to con­
duct. All risk of simultaneous conduction will, however, 
be eliminated if the square-wave base drive signals to 
the transistors are made asymmetrical. The delay pro­
vided by logic gates ensures that, for a short length of 
time, there is no current drive signal at all. This delay 
can be fixed (constant) or controlled by feedback. 

The figure shows two ways of designing a nonspiking 
static push-pull de-to-de converter. In (a), the current­
drive delay time is fixed, and in (b), the delay depends 
on a feedback signal. In. both cases, the transistor on­
time is made smaller than the transistor off-time. 

There are two output voltage levels for the converter 
in (a)- 5 and 25 volts at a current of 300 milliamperes. 
The converter in (b) has just the one 5-v 300-rnA output. 
Although a clock pulse generator operating at 80 
kilohertz is used to synchronize each converter, the 
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Improving de-de converter efficiency. These de-de converters employ push-pull inverter transistors that switch at 20 kilohertz . Conven­
tional digital I Cs are used to delay the dr ive signals to the switching transistors so that these devices cannot conduct simultaneously, causing 

unwanted current spikes . The converter in (a) has a fi xed delay, while the delay of the converter in (b) depends on a feedback signal voltage . 

switching frequency is only 20 kHz in each case, and the 
nominal transistor on/ off time is 25 microseconds (total 
period of 50 µs) . 

In the fixed-delay circuit of (a), flip-fl.ops FF1 and 
FF2 generate the basic square-wave drive for transistors 
Q1 and Q2. The flip-fl.ops divide the clock frequency 
down from 80 to 20 kilohertz, and the NANO gates pro­
vide the delays for the transistor drive signals. 

The resulting asymmetrical driving waveforms have 
an on-time of23 µsa nd an off-time of27 µs. This means 
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that each transistor experiences a 2-µ,s delay in its drive 
signal. For the transistors used here, this delay prevents 
current from fl.owing into the transformer primary for 
0.5 µs. The width of the delay pulse (2 µs here) is too 
wide if the converter's output ripple voltage increases 
and too narrow if there is no deadband for the trans­
former primary current. 

In the feedback-adjusted-delay circuit of (b), a binary 
counter, rather than flip-fl.ops , divides the clock fre­
quency down to 20 kHz. NANO gates again provide the 
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appropriate delays for producing asymmetrical transis­
tor drive signals. 

The feedb ack voltage, which is taken from the trans­
former secondary, determines when the transistors turn 
on, while the reference voltage from the counter output 
determines when they turn off. To delay the turn-on 
feedback signal properly, the storage time of the recti-

SCR crowbar circuit 
fires quickly and surely 
by Steve Summer 
Hauppauge, N . Y. 

A monolithic voltage regulator's presence in an SCR 
crowbar circuit makes the circuit fast-acting; depend­
able, and capable of producing fast-risetime drive cur­
rents as large as several amperes. The circuit shown in 
the diagram is simple yet effective, providing a drive 
current of 200 milliamperes with a risetime of 1 micro­
second. The 723-type IC regulator is used as a compara­
tor that contains its own stable reference voltage source. 
The setpoint of the comparator establishes the protec­
tion voltage level for the power-supply bus. 

A satisfactory crowbar circuit for good power-supply 
protection generally asks a lot of the crowbar SCR. Typi­
cally, power supplies have large output capacitances 
that impose high surge currents and di / dt levels on the 
crowbar SCR when it is fired. These large current surges 
can cause SCR failure or degradation if the SCR drive 
current is inadequate or soft (has a slow risetime). 

The gate drive required to attain the SCR's specified 
surge and di/dt capability may be many times greater 
than the worst-case gate drive needed for turn-on. In 

+Vee 

VOLTAGE REGULATOR 

7,8 

RE F 
+7. 15 v 

--

R, R2 

fier diodes, as well as the flux ftyback time of the trans­
former, must be taken into account. For circuit (b ), the 
deadband time is 0.3 µs . D 
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addition, for best di/dt resistance, the risetime of the 
gate drive should be quite short, preferably less than a 
microsecond. 

Many simple crowbar circuits use such devices as 
zener diodes to fire the crowbar SCR. Although this re­
sults in a soft turn-on that will fire the SCR at least once, 
the dependability of such a scheme is questionable. 

The circuit shown, however, is hard-firing. Resistors 
R1 and R z make up a voltage divider that nominally 
sets the voltage at the inverting input of the comparator 
to 2 volts . Another voltage divider, consisting of resis­
tors R3 and ~, samples the power-supply bus and 
drives the comparator's noninverting input. When the 
voltage on the power-supply bus exceeds the setpoint of 
the comparator, the output of the regulator rises. This 
voltage rise, which appears across resistor R5, adds (in 
phase) to the voltage at the comparator's noninverting 
input, providing rapid regeneration, as well as a fast­
rising pulse to drive the SCR. 

Resistor Rs limits the SCR drive current to about 200 
milliamperes, a value that is adequate for sensitive-gate 
or amplifying-gate devices. To obtain larger drive cur­
rents of up to several amperes, an emitter-follower stage 
can be added at the output of the regulator. The capaci­
tor acts as a filter to prevent the crowbar from firing in 
response to transient voltages. D 

Designer 's casebook 1s a regular feature m Electronics. We 1nv1te readers to submit original 
and unpubhshed circUtt ideas and solutions to design problems. Explain briefly but thor­
oughl y the circui t's operating principle and purpose. We'll pay $50 lor each item published. 

PROTECTED SUPPLY BUS 

R3 

R• 

10 

SC R 

Rs 

3.3 n 

Rs 33Q 

µA723 

----

Hard-firing SCR. Crowbar protection circu it employs an IC voltage regulator to produce a fast-risetime large-value gate drive current for the 
SCR. The regulator , which is used as a comparator, has its own voltage reference source. When the voltage on the power-supply bus ex­

ceeds the set point of the comparator, the regulator's output voltage increases, producing a large fast-rising pulse that fires the SCR. 
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ISO Microwatt 
Triple Op Amp 

The Ll44 monolithic triple op amp draws only 50µ,A of current 
per amplifier, from a ± l.5 V supply. What's more, it is 

AVAILABLE NOW FROM YOUR LOCAL DISTRIBUTOR! 
L144 features include: 

• Monolithic triple op amp in DIP or Flatpac packages 
• Wide power supply range-± 1.5 V to ± 15 V 
• Internal compensation 
• Programmable power dissipation 
• Programmable input bias current 
• Single programming resistor 
• 80 dB gain with 20 Kn load 
• Cost effective: $1.63 per single op amp(!) 
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The L 144 is a practical industry-standard operational amplifier for use when low current 
drain, low voltage , low power, or very small physical size are controlling criteria. If your 

circuit requirements are unique-and whose aren ' t-our applications people are eager to help. 
For complete information 

write for data 
IC Applications: (408) 246 8000, Ext. 120 

Siliconix incorporated 
2201 Laurelwood Road , Santa Clara, California 95054 
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Radar in auto on collision course 
tightens passengers' seat belts 
By using a pulsed-doppler approach, developers of a Japanese 
experimental safety car were able to design a reliable 
but potentially inexpensive radar-controlled restraint system 

by Teruo Kondoh and Kazuhiro Ban, Mitsubishi Electric Corp., Amagasaki, and Masami Kiyoto, Nissan Motor Co., Yokosuka, Japan 

O To reduce the number of autom9bile crashes, or at 
least to minimize their ill effects, car radars are being in­
tensively researched in the United States, Europe, and 
Japan. Opinions differ on precisely what function they 
should perform (see "Radar for the U.S. roads," p. 109), 
but everyone agrees on the difficulty of building a re­
liable and low-cost system, one that will track distance 
and velocity under all driving conditions and at the 
same time bend to the auto makers' mass production 
demands. 

In Japan this work has been supported by a Govern­
ment plan for development of an experimental safety 
vehicle that will insure the survival of its occupants 
when it crashes into a barrier at 80 kilometers per hour 
(50 mph). As a participant in this program, Nissan Mo­
tor Co. Ltd. in December delivered three experimental 
vehicles to the Japanese Government for evaluation. 
These cars feature a radar sensor system (Fig. I) in 
which radar target acquisition and signal processing 
cause "preloaded" seat belts to tighten about passengers 

the moment the logic circuits decide that a crash is 
inevitable. 

The radar sensor was developed jointly with Mitsu­
bishi Electric Corp., and it works with either the seat 
belt or an air bag restraint. After a series of preliminary 
studies starting in 1971 , the joint team concentrated on 
two approaches; a two-frequency doppler system, and a 
pulsed-doppler system. Each of these two radars can in­
dicate both the distance and the relative velocity be­
tween auto and target- the two prerequisites for this 
collision safety system's success-but the pulsed-doppler 
approach was adopted for the actual vehicle . 

The pulsed-doppler radar's major appeal is that it 
hardly interferes at all with similar systems on other ve­
hicles. It can measure distance almost as accurately as 
conventional pulsed radar, and relative velocity nearly 
as accurately as continuous-wave radar. The system 
lends itself to the use of digital integrated circuits for 
signal processing and to microwave ICs for the micro­
wave portions, both of which can easily be mass-pro-

1. Radar car. Transmitting and receiving antennas in the system diagram are mounted on the front outside corners of the test car (photo). 
This radar system is designed to trigger a seat-belt preloader, right of diagram, that tightens around passengers at the moment a dangerous 
collision becomes unavoidable . However, the radar sensor has also been installed and tested as part of an air-bag restraint system. 
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2. Driving patterns. Radar antennas are canted slightly upward to reduce ground clutter in target coverage (a.) and placed at the outside 
corners to obtain a 3-meter antenna pattern (b.). The sensor is designed to function for coll isions occurring at 32 kph. 

duced. Also, radiated output power is three to four or­
ders of magnitude smaller than that required for 
continuous-wave radar, so that the biological hazard be­
comes negligible. 

Unambiguous distance measurement 

The target-reflection characteristics and the antenna 
characteristics are important when using microwave ra­
dar for collision detection. Figure 2 shows the approxi­
mate warning region mapped by the antenna pattern. 
The antennas are tilted upward enough to eliminate re­
flection from projections on the road, but not so far up­
ward that strong reflections are returned from tunnel 
ceilings and other overhead objects that are not dan­
gerous. The reflection characteristic of Fig. 2b is the ra­
tio of received to transmitted power (Pr/ Pt) as a func­
tion of distance. 

However, the reflection coefficient of the target car 
can vary by more than 20 decibels depending on the 
number of passengers it contains. This suggests the co­
efficient can also vary with other parameters, including 
car size, shape, load, and angle to the radar beam. 

The receiving and transmitting antennas were 
mounted on the front corners of the test cars. The test 
target, a 150-millimeter-diameter metal pole, was cho­
sen as a practical obstacle because it has an almost con­
stant reflection coefficient and gives a good indication of 
the radiation characteristics of the radar antenna sys­
tem. For a standard target like this metal pole, the 
range can be determined with reasonable precision 
from the received power level. For most other targets, 
though, no reliable distance information is available 
from received-power level, and instead, the frequency 
change obtainable with a doppler system provides this 
information for all targets. 

The performance criteria chosen by Nissan (see table) 
for the proximity and relative-speed sensor used to trig-
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ger the passenger protective device are based on prac­
tical experience of automobiles. A car coming within 
two meters or less of an object and closing in on it at a 
relative velocity of 32 kph cannot possibly be braked in 
time to prevent a collision. The only recourse is to oper­
ate the restraining device in hope of reducing injuries to 
the occupants. The time by which detection precedes an 
anticipated collision depends on the speed of the car. 
For example, a car traveling at 160 kph moves almost a 
meter in 20 milliseconds. 

Highway experience prompted researchers to choose 
a street lamp pole as a practical detectable object. A car 
will usually run down smaller objects than the pole 
without harm to its passengers, whereas a collision with 
a lamp pole is a serious accident that requires the seat­
belt restraint. 

A collision is sensed in two steps. First, target acquisi ­
tion, or "Range On," occurs as soon as the distance be­
tween the target and the car on which the radar is 
mounted falls below a preset value, actuating the range 
logic circuits and starting the excess-speed measure­
ment. Second, completion of the excess-speed measure­
ment, or "Speed On," indicates both that the distance is 
below a set value and that the speed exceeds the set 
value. These two conditions indicate that a dangerous 
collision is inevitable. If, however, the driver takes ac­
tion to avoid the collision before this point, the belts will 
not be triggered. 

How pulsed doppler works 

The experimental system is adjusted so that the 
Speed On signal is generated at an average distance of 
1.75 meters between antenna and target. However, this 
distance is adjustable if either the system designer or 
the regulatory authorities so desire. During road tests, 
the actual variation in minimum range at which the 
Speed On logic circuits were actuated was less than 0.1 
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meter indicating the close tolerances possible. 
In addition to processing range ano relative closing 

velocity data unambiguously, the Mitsubishi pulsed­
doppler radar system has two other important features . 
A maximum-range limitation prevents acquisition of 
harmless targets, and the system has hardly any proba­
bility of interference from similar systems on other cars. 
The receiver is of the homodyne type , in which a very 
small fraction of the transmitter power provides the lo­
cal oscillator signal. This zero-beat mode of reception 
directly demodulates the received signal to baseband to 
recover modulation information, in this case the dop­
pler frequency signal. 

The reflected pulse can be received only for the dura­
tion of the transmitted pulse. Pulses are spaced far 
enough apart for the reflection from one transmitted 
pulse to have disappeared by the time the receiver is en­
abled by the local oscillator signal of the next trans­
mitted pulse. At the same time, the difference between 
the speeds of the radio waves and of the car makes sep­
aration between pulses negligible with respect to the 
distance the car advances between pulses. 

The maximum range at which this system can detect 
targets is about 1.9 meters. Spacing between transmitted 
pulses is 4 microseconds, which corresponds to a target 
distance of 600 meters . There is no danger of spurious 
pickup of a target at this distance, however, because 
even with 100% reflection the signal would be too weak. 
Relative velocity information, which is recovered from 
the doppler frequency shift of the received signal, is 
proportional to both the relative velocity and the trans­
mitter frequency. For the transmitter frequency of 10 
gigahertz used in this system, the wavelength is 0.03 me­
ter. A doppler shift of I hertz occurs if in 1 second the 
transmitting and receiving antennas move half this dis­
tance, 0.015 meter, closer to the target along the propa­
ga tion direction. 

H owever, the receiving and transmitting antennas are 
separated by 1.4 meters to assure coverage of an area 

Radar for the U.S. roads 
To date , the development of car radars in the United 
States has tended to center around " headway control"­
automatic braking of the vehicle, based on the acquisi­
tion and tracking of constant targets at high speeds on 
open highways. These headway-control radar systems 
are not intended to handle the confu sion of bumper-to­
bumper urban traffic , but are designed basically for cruis­
ing conditions. 

The approach has the advantage of keeping ultimate 
control in the hands of the driver while at the same time 
imposing on him the safety responses to speed and brak­
ing designed into the radar-accelerator-brake system. It 
would tend to rein in the reckless driver , but al low for hu­
man judgement by providing an option to override.the ra­
dar system. Essentially it's a collision-avoidance radar 
system. 

The Nissan / Mitsubishi application, on the other hand , 
is a collision safety radar in that it activates restraint de­
vices, either a preloaded seat belt or an air bag . As U.S. 
auto makers have been facing the possibility of a Gove rn-
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60% to 70% of the width of the car (Fig. 2). Thus the dis­
tance tha t the antennas actually advance toward the 
ta rget in the direction of the radar wave propagation is 
less than the distance moved by the car and becomes an 
even smaller portion of that distance as the car ap­
proaches the ta rget. This is because the angle between 
the car's path and the radar propagation path increases. 

When the car is 1.75 meters from the ta rget- the aver­
age distance at which the Speed On signal is gener­
ated- the decrease in radar path length is 0 .9288 of the 
decrease in distance between car and target. Thus for a 
relative velocity between car and target of 32 kph, or 
the minimum closing velocity at which the system oper­
ates, the distance along the radar pa th decreases at a 
rate of 8.9 x 0.9288 meters per second. This gives a 
doppler frequency of 550.4 Hz. 

However, the system counts cycles a t the doppler fre­
quency, instead of making steady-state frequency mea­
surements. Since only eight cycles are required for this 
measurement, the system goes into action before the car 
has advanced a further 0.2 meter toward the target-a 
distance that varies only slightly with speed. 

The system transmits one pulse of microwave signal 
every 4 µ,s, or a quarter of million pulses per second, or 
a total of more than 450 pulses for each cycle of a 550.4-

AUTO RADAR PERFORMANCE REQUIREMENTS 

Detection time 20 to 100 ms before co ll ision 

Alarm region width 60 to 70% of ca r width 

Distance 1 to 2 meters before vehicle 

Relative speed 32 kph 120 mph) or more 

Minimum detectable object Street lamp pole 

Wall face collision angle Perpendicular ± 15° 

ment-mandated air bag system in 1976, there has been 
considerable interest in the design of a fail-safe means of 
deploying the bag in a collision. (If the seat-belt interlock 
systems added to this year's model cars prove to work, 
implementation of the air bag requirement could be post­
poned). So far, U.S. development has tended toward a 
deceleration sensor designed to fire the air bag at the in­
stant before collision-admitted ly a tricky requirement for 
a sensor circuit. In addition, the air bag system will need 
some means of alerting the driver to a failure requiring its 
immediate repair and an onboard recorder to indicate 
when the failure alert was flashed. This last requirement 
is to cover post-accident investigation in which a driver 
may be held responsible for injury or death caused by ig­
noring the air bag failure warning. 

A radar collision sensor as part of a restraint system 
based on speed and distance may be more precise than 
the deceleration sensor . But it is certainly a more com­
plex so lut ion and therefore potentially more expensive 
than the deceleration concept . 
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Hz doppler frequency. Therefore, the output of the 
mixer (Fig. 3) consists of 450 samples per cycle of the 
doppler frequency rather than a 550.4-Hz demodulated 
signal. A sample-and-hold circuit is used to stretch the 
extremely short pulse samples from the mixer into a 
staircase approximation of the doppler frequency sig­
nal. So even if the car is traveling at five times the as­
sumed 32 kph, more than 90 samples for each cycle of 
doppler frequency are available. 

The system configuration 

Apart from the pyramid horn antennas, all micro­
wave circuits in the radar system are in one unit (Fig. 3). 
The microwave circuits of the original experimental set, 
with the exception of the Gunn oscillator, are all fabri­
cated as two ICs. In the latest configuration, the Gunn 
oscillator is also on a microwave IC. 

The modulator driver contains two general-purpose 
high-speed TTL packages and one transistor. Another 
circuit in the transmitting and receiving unit is the 
sample-and-hold circuit that follows the mixer. The 
sample-and-hold circuit must be located near the mixer 
to minimize stray capacitance, because input rise and 
fall times are around l nanosecond and pulse lengths 
range up to an order of magnitude larger. 

The continuous-wave microwave energy generated 
by the Gunn oscillator is turned into short pulses by the 
modulator. Most of the energy is radiated from the 
transmitting antenna, but a small portion is fed into the 
mixer as the reference signal for homodyne detection. 
The other mixer input is the reflected microwave energy 
picked up by the receiving antenna. Since a portion of 
the transmitted pulse is the reference signal for ho­
modyne detection, only that portion of the received sig­
nal arriving during the duration of the transmitted 
pulse is detected. 

The logic circuits produce a target acquisition or 
Range On signal when the peaks of two cycles of the 
doppler signal exceed a preset threshold level. In gen­
eral, electrical noises from the on/off operation of au­
tomobile lights, blinkers, and other electrical devices 
generate a single transient peak. A very large attenua­
tion in these noises is obtained by designing the Range 
On logic to respond only to two recurrent peaks, so that 
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the effect of most transients is negated. 
The Range On signal switches the doppler signal into 

the input of a four-stage, scale-of-two counter designed 
to generate an output when the peaks of eight cycles of 
the doppler frequency signal are counted. This oper­
ation is completed in the time required for seven com­
plete cycles of the doppler frequency. 

At the first count a time delay circuit is also actuated, 
and this circuit generates a reset signal just after the in­
terval required by the counter to register the lowest al­
lowable speed. If the counter output signal has been 
generated before the reset signal, the coincidence of 
these two signals actuates the logic to produce the 
Speed On signal. Time required for this speed measure­
ment is slightly less than 13 milliseconds. 

If the system requirement were merely to produce a 
"System On" response at a fixed distance from a target, 
regardless of the actual speed at that time, the circuits 
described so far would be sufficient. This is because in 
the pulsed doppler system, the System On signal is ef­
fectively the logical output of an AND operation requir­
ing Range On and Speed On outputs. 

However, a preferable mode of operation is one in 
which a fixed time elapses from the generation of the 
System On output to collision at any speed above a pre­
set minimum. In this mode of operation, which the ex­
perimental system uses for the air-bag restraint, the 
generation of the Speed On signal involves a time delay 
that is an inverse function of relative velocity. 

This time delay is implemented by an up-down 
counter, two clock generators, and associated logic and 
switching circuits. A high-frequency clock is gated into 
the up terminal of the counter during one cycle of the 
doppler frequency. Next, a low-frequency clock is fed 
into the down terminal, and it reduces the previously 
counted value until a preset count is reached, at which 
time an actuating signal is generated. 

For example, in this system clock frequencies of 93 .9 
kHz and 1,000 Hz have been chosen. The preset count at 
which the actuating signal is generated is 30. For the 
minimum speed at which this system operates, 32 kph, 
the up count reaches 171 during one cycle of doppler 
frequency, or 1.817 milliseconds. The down count then 
starts and continues at the rate of one count per milli-
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3. Target practice. In the test car, all microwave circuits, with the exception of the two outside antennas, are in one unit. The low-frequency 
circuits, logic circuits, power supply, and seat-belt trigger are included in a separate signal-processing unit. 
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second for 141 milliseconds, at which time the counter 
reaches the preset value of 30 and the actuating signal is 
generated. A similar calculation shows that at a speed of 
64 kph the delay is 55 milliseconds. These values will 
give an approximately constant lead time if the Speed 
On signal is generated 1.5 meters before the collision. 

Two microwave I Cs used 

The system measures distance with a precision that is 
inversely proportional to the switching speed of the 
modulator circuit. In the experimental unit, carrier 
switch-on and carrier switch-off time are both about a 
nanosecond or less. Any increase in the switching time 
will increase the uncertainty in distance measurement 
because transmitted and therefore reflected, radar sig­
nals are less than steady-state values during the switch­
ing period. 

The balanced mixer must have low output-terminal 
stray capacitance and excellent balance with respect to 
the reference signals in order to achieve the required 
characteristics. The output of the mixer is directly sam­
pled and held to reproduce the doppler signal. A large 
stray capacitance at the mixer output terminals would 
result in delay of the output signal and attenuation of 
its amplitude, both of which would degrade the preci­
sion of the distance measurement. 

When the mixer is unbalanced with respect to the ref­
erence signal, the unbalanced component appears at the 
output terminal. This component is sampled and held 
in the same manner as the signal component, and re­
sults in direct-current offset voltage. Superposition of 
this de component on the signal reduces the dynamic 
range of the signal from the target that can be handled. 
This limits to a very narrow range the level of the signal 
from which distance information is obtained. In the 
worst case, the unbalanced component saturates the 
sample-and-hold circuit. 

Fabrication of the modulator circuit as a hybrid mi­
crowave re has several advantages over a discrete de­
sign: the small size reduces the stray capacitance seen 
by the modulator driver and thus aids in speeding up 
the switching time; the rigid structure is unaffected by 
vibrations of a moving automobile ; and an IC lends it­
self to mass production. 

The modulator drive circuit is designed to operate 
with high efficiency from the low power-supply voltage 
available in a car. It includes two commercially avail­
able high-speed res and a high-speed switching gener­
ator. In addition, the circuit configuration lends itself to 
fabrication as an MSI device. 

The balanced mixer also is a hybrid re, which uses 
two diodes. Although a one-diode mixer would be 
cheaper, the second diode eliminates coupling loss be­
tween the reference and received signal. The main rea­
son that a balanced mixer was chosen, though, is that its 
de bias can be directly coupled to a sample-and-hold 
circuit. This bias, which is determined by the level of 
the reference voltage, decreases the dynamic range of 
the circuits through which the received doppler signal 
passes. The balanced mixer feeds no de voltage to its 
output terminal and is thus equivalent to a single mixer 
with the operating point at zero volts. 

The diodes used in the balanced mixer are beam-lead 
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4. Four-wheeled doppler. The complete radar system (a), consist­
ing of antennas, microwave-circuitry unit, and signal-processing 
unit, uses ICs throughout. The original microwave unit (b) has two 
microwave ICs-the switching and the mixer circuits. The logic cir­

cuits in the signal processor (c) are also ICs. 

Schottky-barrier types which can easily be ultrason­
ically bonded to the microwave re. Furthermore, no 
manual assembly is required during the fabrication of 
the diode, thus keeping the cost down for the perform­
ance achieved. 

On the other hand, it proved to be difficult to inspect 
the beam-lead diodes until after they were bonded onto 
the microwave re, making it impossible to select a 
matched pair before bonding. This difficulty was sur­
mounted by bonding any two diodes onto the circuit 
and then adjusting the tap on an externally mounted re­
sistor to get a zero current output from the mixer. D 
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Fairchild's new high-density 
Isoplanar CMOS costs about the 
same as ordinary CMOS. 

And uses the same popular 
4000 series pinouts for direct 
plug-in replacement. 

After that, Fairchild CMOS 
leaves common CMOS far behind. 

"lsoplanar." It makes a difference. 
In the first place, Isoplanar 

fabrication reduces chip area 
substantially. Which means 
Fairchild CMOS designers have 
had plenty of room to include full 
buffer circuitry with every CMOS 
device. Even SSL 

Conventional CMOS utilizes 
buffered outputs only on MSI and 
driver devices. So a conventional 
unbuffered CMOS 2-input NAND 
Gate, for example, is organized 
like this: 

OUTPUT 

Vss 

A Fairchild fully-buffered 
NAND Gate, on the other hand, 
looks like this: 

The device utilizes small 
geometry input and logic 
transistors to generate the required 
logic function , then utilizes low 
impedance output buffers. 

For the system designer, 
there are several benefits : 

1. 
Highest guaranteed noise immunity. 

Because buffering permits an 
increase in voltage gain, transfer 
characteristics are almost ideal. 

TRJNsFERTCHARJ;TER1J1cs 
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- FAIRCHILD FULLY-BUFFERED DEVICE 
-- CONVENTIONAL DEVICE 

As a result, guaranteed noise 
immunity limits for Fairchild 
CMOS Gates are the highest in 
the industry. 

2. 
At last, standardized outputs. 

Full buffering also means that 
output drive characteristics are 
finally standardized across all part 
types. And every husky Fairchild 
CMOS device drives a guaranteed 
400 uA at 5 volt power supply. 

which means it can drive low 
power TTL and low power 
Schottky TTL directly. 

3. 
Increased system speeds. 
With the buffers in service, 

output impedance and propagation 
delay in CMOS Gates become inde­
pendent of the input pattern. Just 
look at the typical propagation 
delay for a Fairchild fully-buffered 
34012 4-input NAND Gate vs. a 
conventional 4012 4-input NAND 
Gate at 15pF output capacitance. 

-- FAIRCHILD FULLY-BUFFERED DEVICE 
-- CONVENTIONAL DEVICE 

With 1, 2, or 3 simultaneous 
logic changes, conventional 
CMOS Gates exhibit differing 
propagation delays with input 
pattern. Fairchild CMOS doesn't. 

System speeds using fully-buf­
fered CMOS are sharply improved. 

Add to that the inherent 
speed advantages of Isoplanar 
manufacture - including silicon 

gate self-alignment and reduced 
sidewall capacitance - and you've 
got CMOS that beats all others. 

Fairchild CMOS. Think of it like 
TTL, only not so hungry for power. 

If you really want to see what 
CMOS can do for you, maybe you 
should think of it like TTL. Only 
in some ways, better. 

Because instead of burning up 
lOmW per gate, Fairchild CMOS 
requires only lOn W at static con -
ditions. That's only one- millionth 
of the power needed for TTL. 

Fairchild CMOS also works 
over a broad 3V to 15V power 
supply range. 

It's more immune to noise. 
(And makes less noise itself.) 

It operates from -40°C to 
+85°C, commercial. And from 
-55°C to +125°C, military. 

And instead of a de fanout 
of 10 like TTL, Fairchild CMOS 
fanout is almost unlimited. 
Just tell us what you want. 
We deliver. 

Right now, a variety of 
Fairchild CMOS devices are in­
stock and available for sampling, 
with more devices on the way. 

Available now. 
34001 Quad 2-Input NOR Gate 
34002 Dual 4-lnput NOR Gate 
34011 Quad 2-Input NAND Gate 
34012 Dual 4-Input NAND Gate 
34023 Triple 3-Input NAND Gate 
34025 Triple 3-Input NOR Gate 
34027 Dual JK Flip-Flop 
34028 One -of -Ten Decoder 
34030 Quad Exclusive-OR Gate 
34811 Quad Exclusive-NOR Gate 
Available soon. 
34019 Quad AND/ OR Select Gate 
34049 Hex Inverter 
34050 Hex Buffer 
34512 Digital 8-Chn. Multiplexer 

Just check the devices that interest 
you, and call your Fairchild Sales 
Office or Distributor. 

SEM ICONDUCTOR COMPONENTS GROUP, Fairchild Camera & Instrument Corp. , 464 Elli s St., Mountain View, Ca. 94042. (4 15 ) 962-5011. TWX: 910-379-6435. 
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The HP 5345A: 
a counter for the 1980s 

How do you design a successor to one of the most successful 
instruments ever built?-especially when the specifications are 

impossible to meet because the necessary components don 't exist 

by Jim So rd en , Hewlett-Packard Co., Santa Clara, Calif. 

D In the past few years, makers of electronic instru­
ments have been challenged by the rapidly increasing 
demands for higher precision in frequency and time 
measurements. Spectrum-crowding, sophisticated ra­
dars, and new solid-state oscillators have all generated 
pressing needs for instruments to measure the fre­
quencies of continuous-wave and pulsed-rf signals with 
high accuracy and high resolution. 

At the same time, the enormous advances in the tech­
nology of integrated circuits have far outpaced the ca­
pabilities of instruments that can measure time intervals 
and other related parameters of importance to re 
users- particularly those in computer and data-commu­
nications equipment. To try to close this technology 
gap, Al Bagley, Hewlett-Packard's division manager for 
frequency and time products, in 1969 initiated an effort 
to build a counter that would upgrade measurement 
performance. He set these major design goals: 
• Direct-count capability of 500 MHZ. 
• Define system architecture that would be necessary to 
measure pulsed-rf and high-speed digital signals. 
• Make sure that the instrument's front panel could ac­
commodate a wide variety of plug-in accessories, a ca­
pabi lity that has accounted for much of the success of 
the earlier HP-5245 series. 

I was assigned the task of defining the new machine 

114 

and heading up the project. My background in the de­
sign and development of computers, nuclear instrumen­
tation, and fast Jes of emitter-coupled logic proved 
valuable in attacking the three major design goals that 
Bagley had set. 

Step 1: Design and logic 

The fundamental problem was to design a 500-MHz 
logic family. H-P was already developing 500-MHz pre­
scaling binaries [Electronics, Dec. 7, 1970, p. 63]. Joze 
Furlan, formerly a professor at the University of Ljubl­
jana, Yugoslavia, was asked to tackle the theoretical cir­
cuit-analysis and re -design problems because he had 
had considerable experience in IC and device analysis. 

Before he returned to his native Yugoslavia in late 
1970, he had successfully developed a fine family of 
450-MHz digital circuits. This represented at least a I 50-
MHz improvement over the previous highest-speed logic 
family. 

For a variety of technical reasons, however, it was still 
felt that the 500-MHz logic goal would have to be at­
tained before a successful product could be launched. 
The re technology was yielding 2.5-GHz transistors and 
550-MHz binaries, but gates capable of operating at 500-
MHZ still were in the future. 

The breakthrough came in the winter of l 970- 7 l 

Electron ics /February 7, 197 4 



when Art Muto, previously a graduate student in circuit 
and network theory at the University of California at 
Berkeley, succeeded in discovering a series of circuit 
techniques allowing Hewlett-Packard to stretch the IC 
gates into the 600-MHZ range. Two years had gone by 
since the initiation of the project, but by the spring of 
1971, the goal of the 500-Mttz family of logic circuits 
was in sight. 

Muto's design used emitter-emitter logic (E2L). E2L is 
almost identical to emitter-coupled logic, except for its 
output configuration. An E2L output is an open collector 
(Fig. la), whereas the output of an ECL gate is an emit­
ter follower (Fig. 1 b ). The output levels provided by an 
E2L circuit working into a 50-ohm load are approxi­
mately 0.0 v and -0.8 v, whereas standard ECL-output 
levels are about -0.8 v and - 1.6 v. 

E2L circuits have no intrinsic speed advantage over 
ECL. What makes them attractive for high-speed appli­
cations is their ability to drive the 50-ohm transmission 
lines commonly used in high-frequency circuitry. 

An ECL circuit would need special external biasing to 
be able to work into 50 ohms. And if the biasing were 
done right, ECL could work as fast as E2L under those 
conditions, but it would be at the expense of much 
greater circuit complexity and power consumption. 

Meanwhile, back at the drawing board 

Concurrent with the development of the 500-MHz 
logic, the system architecture had to be defined. After 
many paper designs for the new counter, we concluded 
that a minimum-risk system would combine a recipro­
cal-counter with a calculator-type digital processor. 

Unlike a conventional counter, which measures the 
number of input events that occur during an internally 
defined gate time, a reciprocal counter measures the 
time between events and calculates the frequency from 
the period. An advantage of this approach is that mea­
surement resolution is independent of frequency. 

Using a calculator-type processor would not only 
make single-shot pulsed-rf measurements possible, it 
would also satisfy the requirement that the system be 
capable of working with a great variety of plug-ins. The 
calculator approach makes plug-ins easy to handle be­
cause formatting, data manipulations, calibration 
procedures, and compensation can be built into the cal­
culator's routines. 

In August 1969, Ron Felsenstein, a recent graduate of 
MIT, was chosen to look into the specific economics of 
an algorithmic state machine that used T2L and ROM 
technology. Many held little hope for economic success, 
since it was felt that T2L was much too expensive and 
that the design would necessarily have to be complex. 
As things turned out, however, the density of ICs was in­
creased from small-scale integration to medium scale, 
shift registers were replaced by RAMs, and the hoped-for 
price reduction of T2L came. The basic calculator-type 
reciprocal processor provided the only hope for making 
meaningful pulsed-rf measurements, so when the pro­
cessor cost got down to less than 10% of the total instru­
ment cost, the future of the reciprocal calculator-type 
process architecture was assured. 

This reciprocal technique, coupled with the 500-Mttz 
time base (assured by the concurrent development of 
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A B 
A+B 

(b) 

1. Fast. E2L circuit (a) differs from conventional ECL circuit (b) in 
that it can drive 50-ohm loads because its output is an open collec­

tor. Frequency response of E2L circuit extends beyond 650 MHz. 

the 500-MHZ IC logic) yields three-digit i-f resolution 
measurements. for I-microsecond pulsed rf. With micro­
wave heterodyne converters, four- or five-digit readings 
of radar pulses are obtainable. Although this represents 
quite an accomplishment,. fi.ve-digit measurements are 
not adequate for a large class of microwave pulsed-rf 
measurements; therefore, we continued to look at 
schemes for improving resolution. 

Through the summer of 1971, Muto and I experi­
mented with various techniques for improving resolu­
tion through averaging. Some measurement results 
were well within expected error limits, but many others 
simply did not make sense. We concluded that the lack 
of a firm theoretical understanding of time-interval­
averaging had to be overcome before frequency-aver­
aging could succeed. 

It was known that time-interval-averaging would not 
work under all conditions. We decided that the dropout 
problem with that technique might be solved by the use 
of a jittered time base. However, since a statistical 
model for time-interval-averaging did not exist, the 
va.lue of our suggestion remained to be proven. David 
Chu, a long-time instrument designer in the division, 
was completing his Ph.D. work at Stanford. The author 
of several papers on statistical processes, Chu appeared 
to be a perfect choice for the task. He ultimately suc­
ceeded in detailing the mechanics and theoretically sub­
stantiating that band-limited noise added to the time 
base would solve the dropout problem. A firm founda­
tion had been built for time-interval-averaging, and the 
future of frequency-averaging appeared bright. 

Chu's work showed that, to accurately average time 
intervals, the counter's gating signal would have to 
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2. Monolithic. Direct-coupled, three-stage, IC amplifier spans de to 500 MHz. Capacitors CE1 and CE2 are parallel combinations of small 
MOS units whose values are adjusted at the second metal layer to compensate for variations in the processing of the semiconductor wafers. 
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maintain a uniform phase distribution around the 
counter's clock period. Measurements made when the 
distribution is not uniform lead to an average value that 
is biased away from the true average value, no matter 
how many intervals are averaged. This occurs whenever 
the repetition rate of the incoming signal has any har­
monic or subharmonic relationship to the counter's 
clock frequency. 

Since dithering the clock with noise destroys these 
harmonic relationships, the use of a noise-modulated 
clock gurantees valid averaging results, regardless of in­
put frequency. In the final instrument, jitter of slightly 
more than one period is added to the clock by phase­
modulating the time base multiplier at its 100-MHZ mul­
tiplication point with band-limited gaussian noise when 
the counter is in the averaging mode. 

The input amplifiers 

During the early years of the project, there was much 
discussion as to what configurations the counter's input 
amplifiers should take. One idea was to build a fre­
quency-only mainframe, such as one in the predecessor 
5245 series. To achieve the desired 500-Mttz bandwidth 
and accommodate pulsed-rf and digital work, the in­
strument would need a de-coupled, 50-ohm amplifier 
because a high-impedance 500-Mttz amplifier was not 
thought possible. However, the 50-ohm system would 
not solve low-frequency, high-impedance applications. 
If the machine could not service both high and low fre­
quencies, the new counter could never be considered a 
general-purpose instrument. 

A second idea was to use a two-input amplifier sys­
tem to measure both frequency and time intervals. This Speed demons. Group Leader Jim Sarden (left) examines fast logic 

would more fully utilize the power of the chosen recip- design with engineers Art Muto (center) and Steve Upshinsky. 

Leading up to the 5345A 

In 1961 , the 5245 family of gene ral ~ purpose high-fre­
quency plug-in counters was launched by Hewlett-Pack­
ard Co . It was to become one of the most successful fam­
ilies of instruments ever developed, providing the 1960s 
with a then high-technology 50-MHz direct-count ma­
chine . A late addition to the family , the 5248, extended 
this direct-count range to 150 MHz. 

Single-shot time-interval plug-ins gave the fam ily the 
ability to measure time intervals down to 10 nano­
seconds, while a line of rf plug-ins gave frequency cov­
erage up to 18 GHz. The line proved to be a phenomenal 
success with sales of well over 20,000 of one single 
model : the 5245L. The success of the 5245L is perhaps 
better appreciated when one realizes that there are more 
of them in operation today than all other high-perform­
ance counters combined . 

The success of the 5245 series led H-P to develop a 
higher-priced and much higher-performance counter and 
also to develop a series of lower-cost, lower-performance 
units . The advent of reasonably priced TIL in the late 
1960s combined with the H-P invention of an oven-tem­
perature-stabilized analog time-interval interpolator led 
the company to b"uild the 5360A computing counter in 
1969. This is a 10-MHz reciprocal counter, in which the 
interpolator provides a 1,000-point vernier between each 
of the 10-MHz time ticks , accuracy with in 1 nanosecond , 
and 100-picosecond resolution. It now is the world 's 
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standard inst ru ment for time-interval measurements. 
Microwave plug-ins extend its useful frequency range 

to 18 GHz. To extend system-measurement power of the 
5360A, it can be outfitted with a calcu lator-type keyboard 
and / or system programer. It has only one drawback-the 
$6,500 starting price tag . With systems, accessor ies , and 
calculator, the price can exceed $10,000 . Clearly, al­
though the 5360A offered the experimenter an improve­
ment over any other alternative, its price kept it from be­
coming the electronics industries ' general-purpose high­
performance standard fo r most applications. 

By 1969, inexpensive digital ICs led many manufac­
turers of frequency counters to develop less-expensive, 
less-powerful al ternatives to the enduring 5245. For 
around $1,500 , several manufacturers , including Hew­
lett-Packard, offered instruments that count di rectly to 50 
MHz and have built-in time-interval capability an d a room­
temperature crystal time base. These instruments repre­
sented excel lent value for the dollar, but in no way im­
proved or even equal led the performance of the 5245 
series . Alternatively, the 5360A proved not to be cost-ef­
fective as a general-purpose laboratory cou nter. 

At a basic price of $3 ,450, the 5345A is expected to do 
for the next dozen years what the 5245 fami ly did for the 
last dozen-provide the measurement capability needed 
by contemporary technology at a price suitable for a gen­
eral-purpose laboratory instrument. 
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V1 N 
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3. Dual attenuators. Input attenuator is a 50-ohm stripline design . 
Breaking the connection between terminating resistor (shaded area) 

and ground provides a 1-megohm input resistance (in parallel wi th 

30 pF) tor low-frequency signals. COM A position of front-panel 

switch puts input amplifiers in parallel to aid pulse-width measure­
ments; good match is maintained by use of 50-ohm power-splitter. 

rocal technique, but it only emphasized the problem of 
serving both the high- and low-frequency applications. 

A three-input solution was also proposed and ap­
peared, for a while, to be the most practical alternative. 
A 50-ohm de-coupled amplifier could be built for high­
frequency applications and two high-impedance ampli­
fiers could be built for measuring time intervals and low 
frequencies . This was a concept similar to one appear­
ing in the lower-performance 50-MHz and prescaling 
counters of the period. 

Even a four-input counter was suggested. This unit 
would contain two 50-ohm channels for high-frequency 
and time-interval measurements, and two high-imped­
ance channels for low-frequency applications. The final 
design had two inputs. 

Before the issue was resolved, virtually everyone in 
the division with frequency-counter experience, as well 
as many salesmen in Hewlett-Packard's worldwide field 
organization, had become involved. The success of the 
product truly hinged on the definition and development 
of an ideal input-amplifier configuration. 

Three-stage design 

While discussions of a reasonable compromise raged, 
the engineering team was busily trying to build the am­
plifier as a high-impedance dc-to-500-MHz high-sensi­
tivity IC design. Steve Rattner, who had been working 
toward a Ph.D. in electrical engineering at the Univer­
sity of California at Berkeley, was recruited for this 
most difficult project. Steve had the experience in circuit 
design, as well as a solid working knowledge of both hy­
brid and monolithic integrated-circuit design. In No­
vember 1970, he was finally able to demonstrate the 
practicality of building a hig~-impedance monolithic IC 
with greater than the target 500-MHz bandwidth. 

Rattner's design consists of the three-stage circuit 
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Averagers. Theoretician David Chu ( left) discusses implementation 

of time-interval-averaging technique wi th designer Ron Felsenstein. 

shown in Fig. 2. The first stage is a series-shunt feed­
back pair with the ratio (RE1 + RF1)/RE1 determining 
the low-frequency gain. MOS-capacitor CE1 affects the 
gain at high frequencies and is chosen for optimum am­
plifier response. 

The second stage is a low-output-impedance de-level 
shift with emitter-follower impedance-conversion to 
minimize loading on the first stage. The de level is 
shifted by using the reverse-emitter-base breakdown on 
a transistor with the collector open to reduce any offsets 
caused by leakage currents. 

The third stage is a compensated cascode, chosen to 
reduce the Miller effect for amplifier options that use 
large load resistors. Third-stage gain is determined by 
an emitter-serit?s resistor, RE2, and capacitor CE2. 

A unique characteristic of this amplifier is the com­
pensation of the over-all response by adjusting CE1 and 
CE2 at the second metal layer. The second metal is used 
to interconnect small MOS capacitors to obtain a total 
capacitor value that will compensate for variations in 
wafer processing. The capacitor values are determined 
from the f1 of the test transistor and the value of a test 
resistor on the wafer. CE1 and CE2 are selected to give 
the desired amplifier response. 

When the design of the high-impedance amplifier 
was far enough along for us to be sure it would work, 
the counter-development team committed itself to 
choosing and building the most flexible, highest-per­
formance configuration that had been proposed. When 
Rattner transferred to H-P's IC Process Development 
group, Steve Upshinsky carried on the work. 

In two years he completed the high-sensitivity, de­
coupled, wideband, high-impedance amplifier with 
each of two inputs connected to a 50-ohm stripline in­
put attenuator (Fig. 3). When the attenuator is termi­
nated by a 50-ohm resistance, the input signal sees 50 
ohms, but when the terminating resistor is switched out 
of the circuit, the input resistance is about I megohm. 

In March 1972, we built the first prototype incorpo­
rating all the features we had hoped for. It took another 
year of development to perfect the various parts of the 
5345A and to obtain the cost objective of building a 
general-purpose counter that could be afforded by most 
customers. Having completed the development in Feb­
ruary 1973, it took another year to get the instrument, 
with all of its complexities, into full production. D 
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IC with load protection 
simulates power transistor 
Equivalent to an npn power transistor, this integrated circuit provides 
overload protection and thermal limiting on the chip; the device 's high 
gain and fast response reduce the need for off-the-chip compensations 

by Robert C. Dobkin , National Semiconductor Corp., Santa Clara, Calif. 

D Power circuitry must have excellent overload protec­
tion. Often, power devices drive loads of unknown mag­
nitude that are external to the systems containing the 
devices. When they drive many low-level circuits, such 
as voltage regulators in parallel, a device fai lure can of­
ten destroy a n entire system. The most common fai lure 
mode for power transistors is a collector-to-emitter short 
circuit, and when the power transistor is destroyed, full 
supply voltage may be applied to any following low­
level circuitry, usually with fatal results. It is therefore 
important to include protective circuitry in a power sys­
tem to limit overloading. 

Now, an extremely high degree of protection has 
been built into an integrated circuit that simulates a 
single power transistor (Fig. 1). This IC power transistor, 
the LM 195, provides current limiting, safe-area limit­
ing, and, thermal-overload protection. Current limiting 
control the peak current through the chip to a safe 
level below the fusing current of the aluminum metal­
ization. At high collector-to-emitter voltages, safe-area 
limiting reduces the peak current to further protect the 
power transistor. 

If, under prolonged overload, power dissipation 
causes chip temperature to rise toward destructive lev­
els, thermal limiting turns the device off. The inclusion 
of on-chip thermal limiting makes this device especially 
attractive in applications where normal external protec­
tive designs are ineffective or too costly. 

Applications 

In addition to being used in linear a pplications, the IC 
can interface transistor-transistor logic or comple­
mentary-MOS logic to power loads. The input-current 
requirement of 3 microamperes is small enough so that 
one C-MOS gate can be used to drive more than 400 of 
these devices. 

The combination of low input current with high base­
to-emitter drive capability makes the device especially 
useful for driving power loads from digital logic. The IC 
has low input capacitance, which permits it to be driven 
easily from high-impedance ources- even at high fre­
quencies. Available in a standard T0-3 power package, 
the monolithic structure ties the emitter, rather than the 
collector, to the case, which effectively bootstraps the 
base-to-package capacitance. 

The device is especially valuable in uch circuits as 
lamp drivers, solenoid drivers, and switching regulators, 
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which do not dissipate much power during normal op­
eration. However, during overload, the full supply volt­
age times the minimum output current must be dissi­
pated. Without a large heat sink, standard power 
transistors are quickly destroyed. 

The device is fully protected against any overload 
condition when it is used below the maximum voltage 
rating. The current-limiting circuitry restricts the power 
dissipation to 40 watts, and at a collector-to-emitter 
voltage of 20 v , 2 A are available. However, like stan­
dard transistors, power dissipation in use is limited by 
the size of the external heat sinks. 

A 40-v, 25-ohm load can be swi tched on or off in a 
relatively fast 500 nanoseconds. The limiting factor on 
over-all speed is the protective and biasing circuitry 
around the output transistors. The LM 195 acts like an 
ordinary power transistor, a nd its operation is almost 
identica l to that of a standard power device. 

Protection 

Thermal limiting permits the use of sma ller heat sinks 
than conventional circuitry. With only current limiting, 
the heat sink must be designed to dissipate worst-case 
overloa d power ai maximum ambient temperature . But, 
sin ce this device heats up and then thermally limits dur-

1. Overload-proof. What appears to the user as a standard three­
terminal power transistor is actually a monolithic integrated circuit 

that provides extremely high resistance to blowout and overload. In­
cluded in the protective ci rcuitry are thermal-limiting, current-limit­
ing , and safe-area protection . 
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2. Single power transistor. Monolithic power transistor consists of seven separate sections, each of which provides unique features that 

were either difficult to design in the circuit or require complex processing. The emitter output travels from 0 20 through the 0.1-ohm resistor in 
the lower right-hand corner. The output transistor in the schematic actual ly fills up half the chip area . 

3. Chip partition. Over one half of the area is taken up by the out- ing overl oad, the size of the heat sink may be s1g­
put transistor, which is partitioned into 10 sections to provide bal- niftcantly reduced. 
anced power flow and thermal distribution. A primary des ign goal was to have the monolithic 

power tra nsisto r fu ncti on as nea rly a poss ibl e like a 
conventiona l di screte power device . H owever, the pro­
tective circuitry on the chip ca uses some slight diffe r­
ences. Beca use of the input pnp tra nsisto r, the base cur­
rent is nega ti ve, a nd it fl ows out of the base lead . 

Input pnp tra nsistor, Q1, drives a power D a rlington 
pair, Qz a nd Q:J. Tra nsistor Q1 , made by sta ndard IC 
processing, has a reverse-base-emitte r breakdown in ex­
cess of 40 v. At input voltages in excess of a bout I v, the 
input pnp becomes reverse-bi ased, and no current is 
drawn from the base lead . This allows the powe r tra n­
sistor to be driven from a low-imped ance voltage source 
wi thout da mage by excess ive base current. In fac t, it is 
possible to drive the base wi th as much as 40 v , even 
though the collector-to-e mitter voltage is low. 

T hus, in add iti on to decreas ing the requ ired dri ve to 
3 µA, Q 1 isola tes the base d ri ve fro m the protective cir­
cuitry, ensuring tha t the device is p rotected , eve n with 
la rge base drive . This reverse base current from Qt 
gives ano th er adva ntage over standard devices, since it 
can be used to bi as-drive circuitry, the reby e liminating 
some externa l com ponents. 

Input t ra nsis tor Q i a nd the npn D a rlingto n pa ir Qz 
and Q1 a re biased by the inte rna l-current source 11. 

T hese three composite tra nsisto rs yie ld a to ta l current 
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gain in excess of I 06. Because of Qi and Ii, the transis­
tors turn on, rather than off, when the base is opened. 

Since most power circuits already include a shunting 
base-emitter resistor to absorb any leakage currents, this 
should cause few problems for designers. When the de­
vice is turned off, Ii is shunted from the base of the Dar­
lington by Qi and a ppears at the emitter terminal E. 
This emitter current fl owing with the device turned off 
sets the minimum loar' current to about 2 mA- not a se­
vere restriction for a power transistor. 

Circuitry 

A detailed schematic (Fig. 2), shows the circuitry, 
which is biased by four current sources, Q4, Q1, Qs, and 
Qg. The operating current, set by Q5 and Qs, is rela­
tively independent of supply voltage. Field-effect tran-

COLLECTO R·CONTACT 
CUTOUT 

EMITTER· 
CONTACT 
CUTOUT FOR 
OUTPUT 
CURRENT 

EMITTER· 
BALLASTING 
RESISTOR 

p·BASE DIFFUSION 

EMITTER 
CONTACT 

4. Output section. Output transistor is triple-diffused , interdigitated 
structure made by standard IC processing. It features an emitter-bal­
lasting resistor in each finger of the section of the device. Metal­
ization is designed to eliminate any unbiasing caused by small volt­
age drops along the emitter fingers. 

sistor Q1 and resistor R2 ensure reliable starting of the 
bias circuitry, while diode D1 clamps the output of the 
FET, limiting the starting current at high supply-voltage 
levels. 

Output transistors Q19 and Qzo are driven from Q14 . 

Current limiting independent of temperature is pro­
vided by Q21, Qrn, and Qi5. The double-emitter struc­
ture of Qz1 allows the power limiter to decrease the out­
put current as input voltage is increased, creating an 
approximately ideal constant power (le x Ve = K), 
graphed as a hypherbola, rather than the non-ideal 
straight-line fold-back limiting that is typical of power 
devices. 

Transistor Q13 thermally limits the device by remov­
ing the base drive at high temperature. The actual tem­
perature sensing, done by Q11, Q12, and Q10, regulates 
the voltage across the temperature sensors so that the 
thermal-limiting temperature is independent of supply 
voltage. As temperature increases, the collector current 
of Qll increases, while the base-emitter voltage (V BE) of 
Qi2 decreases. Finally, C1, Qz, and Q3 boost operating 
currents during switching to obtain faster response time, 
and Q11 and Qis compensate for variations in current 
gain (hFe) of the power devices . 

A photomicrograph of the chip (Fig . 3) shows that 
more than half the die area is needed for output transis­
tor Q20. Actually, the output transistor consists of many 
individual small transistors connected in parallel with a 
common collector. Partitioning the power device into 10 
base sections spread across the chip provides better 
power handling than a large single device. Between the 
base diffusions are n+ collector contacts. Each of the 10 
sections has an individual emitter-ballasting resistor to 
ensure current-sharing between sections. One of the re­
sistors senses the output current for current limiting. 

A detail of one of the base sections (Fig. 4) shows the 
interdigitated structure with alternating base contacts 
and emitter stripes. Since the emitter current varies ex­
ponentially with the drop in the base-emitter voltage, 

5. Op-amp power. High-frequency quasi-complementary output is accomplished with a standard op amp to drive an npn and pnp-equiva­
lent output stage. Reducing C1 increases bandwidth , but could lead to oscillation problems. The 40-watt output from each LM195 is three 
times higher than is currently available in monolithic op-amp chips and doesn't require complex heat-sinking. 
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6. Regulator power. Switching reg ulation is achieved by applying positive feedback independent of supply vo ltage to the posi tive regulator . 
Negative feedback, delayed by L1 and the output C2 , causes the regulator to switch with the duty cycle, thereby automatically adjusting itsel f 
to provide a constant output. Input current regulation to 3 microamperes allows connection of mar:iy uni ts in parallel. 

7. Limited power. An efficient power regulator with only a 2-volt 
series voltage drop may be simply constructed wi th this device by 
utilizing the on-chip protective circ uitry. Device automatically limits 
current and power dissipation. 

~--+-----+-----~,..--~v+ 

~---+-------<--~ v-

8. Power delays. Since large output resistances may be used wi th 
the monoli thic power transistor, and since the device has a high 
gain, long time delays may be obtained. Capaci tor C1 charges 
towards v- and de-energizes the load when its charge causes the 
voltage across R, to drop below 0.8 V. 

even milli volt drops a long an emitter stripe can have a 
signi fica nt effect on the emitter's current density. 
Aluminum metalizat ion runs the length of th e emitte r 
stripe to prevent latera l voltage d rops fro m debi asing a 
secti on of the stripe a t high operating currents. 

All current in each stripe fl ows out th rough these bal-
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TYPICAL PERFORMANCE 

Co llector-to-emitter vol tage 40 V 

Base-to-emitter voltage (maximum) 40 V 

Peak collector current (i nternall y l imited) 2 A 

Reverse base emitter vo l tage 20 V 

Base-to-em itter vo ltage (l e = 1 A) 0.9 V 

Base current 3 µA 

Satu ration vo ltage 

Switching t ime (turn on or turn off) 

Power diss ipation (internally limited) 

Thermal -limit temperature 

Max imum operating temperature 

Thermal resistance (juncti on to case) 

2V 

500 ns 

40 W 

165° C 

150° C 

2.3 ° C/W 

las ting res istors, where they a re summed . This pa rtitio n­
ing yields a la rge safe a rea , as well as good power-han­
d lin g ca p a b ili ty. Th e t a bl e s ho ws the d ev ic e ' s 
performance characte ristics. 

How it's used 

Despite its protec ti ve circuitry, certa in preca utions 
are still needed. T he device ca n be destroyed by exces­
sive collector-to-emitter voltage or imp roper power-sup­
ply polarity. Low-level, high-frequency oscilla tions ca n 
occur when the device is used as a n emitter-follower. A 
5-kilohm to 10-kilohm res istor in seri es with the base 
lead will el imina te the poss ibility of oscill a tion. 

If more power ha ndling capability than 40 w is re­
qui red, severa l devices may be pa ralle led . In linea r ci r­
cuitry, all dev ices should be mounted on a common 
he~ t sink to equa lize case tempera tures. The internal 
emitter res istors will then ensure equal current-sha ring 
within a bout ± 10%. With switching circuit s, as long as 
the dri ve is large enough (g rea ter than 1 v) to turn a ll 
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9. Power regulatlon. The monolithic power transistor allows simple positive (a) and negative (b) regulators to be built. The high gain of the 
transistor means that large changes in output may be accomplished with only small changes in the current the IC has to supply. 
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10. Pnp power. Small-signal input transistor 0 1 feeds the power 
npn 0 2 , which actually does most of the power amplification. Since 
the device gain is so high, resistor R1 and capacitor C1 are needed to 
frequency-compensate the loop aga inst osci llations. 

devices on, it is not necessa ry to use a common heat 
sink. 

F igure 5 shows a power operational am plifier with a 
quasi-complementary output stage. The circuit provides 
full output to 20 kHz. The capacitance of C1 may be re­
duced to 15 p F to extend full power response to 150 
kHz. If more than about 1.5 A of output curren t is 
needed , several transistors ca n be paralle led for the out -
put stage. . 

A 6-A switching regul ato r is shown in Fig. 6. An 
LM 105 p os itive-voltage regul ator is used as the ampli­
fier refe rence fo r the switching regulator. The circu itry 
is fair ly stand a rd - wi th two exceptions. Pos itive feed­
back to induce switching is obta ined at the emi tter of 
the in te rn al drive transisto rs (pin I ), rat her than from 
the emitter. ln thi s way, the positive-feedback switching 
vo ltage is independent of supply voltage. Switching 
from the emitter would result in dependence of the 
feed back voltage upon power-supply vo ltage. 

A two- termi na l current/power limiter is shown in 
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Fi g. 7. The base and collector are shorted , which turns 
on the monolithic power transistor. If the load current 
exceeds 2 A, the device protects the load by limiting the 
current. If the overload remains on, the device will go 
into thermal limiting. In no rm al operation, only 2 v are 
su btracted from the applied input voltage , which keeps 
efficiency high. 

Figure 8 shows a time-delay circuit. Upon a pplica tion 
of power, capacitor C1 slowly charges toward v­
through R1. When the voltage across C1 decreases be­
low a bout 0.8 v, the load is de-energized. And since a 
high resistance can be used, long delays can be obtained 
with sm all capacitor values. 

Figures 9a and 9b show how the device can be used 
with standa rd ICs to make positive or negative voltage 
regulators. Since its current ga in is so high , both circuits 
have load regulation within 2 mv. They are both fully 
overload-protected and will operate with a differentia l 
input-to-output voltage of only 2 v. 

Current regul ators are difficult to protect beca use the 
current is already fixed. C ircuit s to limit the voltage 
across the current regulator may a llow excessive current 
to fl ow through the load. About the only method that 
protects both the regul ator and the driven circuitry is 
thermal Limiting. 

Simulating a pnp 

Only the equivalent of an npn power device is ava il­
ab le. A complementary-pnp integrated circuit is not 
possibl e, since current monolithic technology ca n only 
produce good high-power npn transistors. 

H owever, a pnp may be simula ted in a quas i-comple­
menta ry configura tion , as shown in Fig. 10. A low-cur­
rent pnp drives the power-output device. Resisto r R1 

protects agai nst destruction of the pnp by ove rdrive, 
and in conjuncti on with C 1, frequency-compensates the 
high-ga in feedback loop against oscill at ions. Res isto r R2 
sets the operating current fo r the pnp and limits the col­
lector current. D 
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Digital-IC models for computer-aided design 

Part 4: AND-OR-INVERT gate 
Computer model can duplicate the performance 

of an AND-OR inverter that consists of 
four AND gates, followed by a four-input NOR gate 

by John R. Greenbaum and Wayne A. Miller, General Electric Co., Syracuse, N. Y. 

D Like the earlier models described in this series of ar­
ticles on computer-aided design, the model developed 
here for the AND-OR-INVERT gate duplicates the per­
formance of a specific TTL integrated circuit. In this 
case, the IC is the type RSN54L57 gate, a radiation­
hardened device. 

As noted in Fig. 1, the RSN54L57 IC consists of four 
AND gates and one NOR gate. Three of the AND gates 
can accept three inputs at the same time, while the 
fourth can only accept two inputs at a time. If the out­
put of each AND gate is not true, the circuit's output is 
logic 1. When the output of any one of the AND gates is 
true, the circuit's output becomes logic 0. The table of 
electrical characteristics describes the behavior of the 
circuit for various signal and supply conditions. 

Modeling the AND-OR-INVERT gate 

Figure 2 shows the computer model for the 
RSN54L57 AND-OR inverter. Also shown in the figure 
are the model descriptions for the Sceptre (System for 
Circuit Evaluation and Prediction of Radiation Effects) 
analysis program and the Circus-2 ( CIRCUit Simulator) 
analysis program. The two model subprograms needed 
to complement the model descriptions are listed, too. 

The model has three inputs (Al , A2, and A3) for AND 
gate A, three inputs (B 1, B2, and B3) for AND gate B, 
three inputs (Cl, C2, and C3) for AND gate C, and two 
inputs (DI and 02) for AND gate D. The logic level of 
the circuit's output (V OUT) is established by one of the 
subprograms, function F57. The other subprogram, 
function FCP3, determines the model's delay character­
istics. 

If any of the input signals to any of the four AND 

This article is the fourth in a five-part series on simpli­
fied , but accurate , computer models for common dig­
ital ICs . The models are developed on the basis of de­
vice terminal behavior , instead of by the classical 
method of modeling each trans istor and diode junc­
tion in the IC . The NANO gate was covered in Part 1 in 
the Dec . 6 issue , the flip-flop in Part 2 in the Dec . 20 
issue, the monostable multivibrator in Part 3 in the 
Jan . 24 issue , and the shift register will be in an up­
coming issue. 
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gates is less than or equal to 0.8 volt, the output of each 
of these gates is intermediately set equal to logic 1. Af­
ter these intermediate values are established, they are 
all tested to determine the output of the over-all circuit. 

When all the gate outputs are logic 1, function F57 
sets voltage source El equal to 3.0 v , which represents a 
logic 1. If all the gate outputs are not logic 1, function 
F57 becomes equal to 0.3 v (logic 0), establishing the 
value of voltage El as logic 0. In this way, function F57, 
which simulates the exclusive-OR logic function, deter­
mines the signal voltage of dependent source El and, 
therefore, the output voltage of the model. 

To obtain the proper delay characteristics for the 
model, time constant Rl-Cl is adjusted. This is neces­
sary because the time delay (tpd1) associated with an in­
crease in the output signal level is different from the 
time delay (tpdo) associated with a decrease in the out­
put signal level. 

When the Sceptre program is used for the design 
analysis, the model's time delay is adjusted by varying 
the value of capacitor C 1 through function FCP3. If the 
voltage across capacitor Cl is less than the output signal 
level, this subprogram sets Cl equal to 300 picofarads 
plus a small variable capacitance that depends on the 
value of capacitor voltage. On the other hand, if capaci­
tor voltage is equal to or greater than the output signal 
level, capacitor Cl is set equal to 450 pF plus a small 
variable capacitance that, again, is dependent on ca­
pacitor voltage. 

This small variable capacitance is included to provide 
a better duplication of the performance of an actual 
type RSN54L57 device. A normal RC time-constant 
curve deviates too much from the waveshape needed 

FIG. AND-OR -INVERT GATE CIRCUIT 

Al o---1---
A 2 o---+---t A >----~ 
A 3 O---f---L--' 

~ 1 <>----1---r-
B 3 O---t---L--' 

c 1 <>----+--­c 2 0----t---il 

C3 O---t---1.--' 

D 1 o----+---r~ 

F=~~gc>o--~ V OUT 

02 >----~ 
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ELECTRICAL CHARACTERISTICS 

Parameter 

\l; n( l) Logic 1 input voltage required at all 

input t erminals of ei ther AND section 

to ensure logic 0 at output 

V;n(O) Logic 0 input voltage required at one 

input terminal of each AND section 

to ensure logic 1 at output 

Vout( l ) Logic 1 output voltage 

Vout(O) Logic 0 output voltage 

l ;n(O) Logic 0 level input current (each input) 

l ;nt1 l Logic 1 level input current (each input) 

I os Short-circuit output current 

I cctol Logic 0 level supply current 

I cc(l l Logic 1 level supply current 

t pdo Propagation delay time to logic 0 level 

t pd l Propagation delay time to logic 1 level 

for accurate performance simulation. 
And once again, as for the other computer models, 

when the Circus-2 analysis program is used, the model's 
time delay is adjusted by varying resistance, as opposed 
to capacitance. Here, for the AND-OR-INVERT gate, re­
sistor RI is varied by subprogram RR57. 

Electronics /February 7, 1974 

Conditions Minimum Maximum 

Vee= 4.5 V 1.9 v 

Vee = 4.5 V 0.8 v 

Vcc= 4.5V Vin= 0.8 V 2.4 v 

I load = - 100 µA 

Vcc= 4.5V V in = 1.9 V 0.3 v 

I sink = 2 mA 

Vee= 5.5 V V in = 0.3 V - 0.18 mA 

Vcc = 5.5V V;n= 2.4V 10µA 

Vcc=5.5 V V ;n = 5.5 V 100µA 

Vcc = 5.5V V ;n = 0 - 1mA - 15 mA 

Vout = 0 

Vcc = 5.5V V ;n = 5 V 0.99 mA 

Vcc= 5.5V V ;n = 0 0.8 mA 

Vee = 5 V 60 ns 

CL = 50 pF RL = 4 kD. 

Vee = 5 V 90 ns 

CL = 50pF RL = 4 kD. 

All the model's signal input impedances are repre­
sented as zero-valued current sources, JA I through JD2, 
which implies tha t the impedances of all the input sig­
nal terminals, A I through D2, a1e infinite. Although the 
inputs do have measurable varying impedance values, 
this assumption is a first-order approximation that pro-
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FIG. 2 MODELING THE AND-OR-INVERT GATE 

MODEL 

Al 

A2 

A3 

Bl cp Rl cp cp RV 

82 
Cl 

83 
El 

Cl 

C2 <>--~ 

C3 <>---~ 

01 o---------' 

FDR SCEPTRE : El = f(F57). Cl = f(FCP3). EV = f(VCl) 
FOR CIRCUS-2: Vl = f(F57) , Rl = f(RR57). VV = f(V .Cl) 

CIRCUS-2 DESCRIPTION 

. MODELS 
MODEL NAME = AND- OR- INVERT GATE 

EV 

V OUT 

GNO 

EXTERNAL NODES = (Al ,A2,A3,Bl ,B2,B3,Cl ,C2,C3,Dl ,D2,V OUT,GNO) 
TOPOLOGY 
JAl,Al,GND 
JA2,A2,GND 
JA3,A3,GND 
JBl,Bl ,GND 
JB2,B2,GND 
JB3,B3,GND 
JCl ,Cl ,GND 
JC 2,C2,GND 
JC3,C3,GND 
JDl ,Dl ,GND 
JD2,D2,GND 
Vl ,l ,GND 
Rl , 1,2 
Cl ,2,GND 
VV,3,GND 
RV,3,V OUT 
JV,V DUT,GND 

EQUATIONS 
Al = AAl 
A2 = AA2 
Vl = F57(V.JA l ,V.JA2,V.JA3,V .JB l ,V.JB2,V.JB3, V.JC l ,V.JC2,V.JC3, 

1V.JD1 ,V.JD2) 
DIVl,T) = 0. 
Rl = RR571Vl,V.Cl ,Al,A2,DIR1 ,V.Cl)) 
VV = V.Cl 
DIVV,V.Cl) = 1. 
RETURN 
END 

END OF INPUT 

DEVICES 
DEVICE NAME = RSN54L57, MODEL NAME = AND - OR- INVERT GATE 
SINGLE VALUED PARAMETERS 
JA 1=O,JA2=0,JA3=0,JB1 =O,JB2=0,JB3=0, 
JC 1=0,JC2=0,JC3=0,JD1 =0,JD2=0,JV=O, 

. Cl= lOOE- 12, RV = 100, AA 1 = 300, AA2 = 450 
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SCEPTRE DESCRIPTION 

MODEL RSN54L57 IA1 - A2- A3- Bl - B2- B3- Cl - C2- C3- Dl - 02- V OUT- GND) 
AND- DR - INVERT GATE 
ELEMENTS 
JAl ,Al - GND=O. 
JA2,A2- GND=O. 
JA3,A3- GND=O. 
JBl ,Bl - GND=O. 
JB2,B2- GND=O. 
JB3,B3- GND=O. 
JCl,Cl - GND=O. 
JC2,C2- GND=O. 
JC3,C3- GND=O. 
JDl,01-GND=O. 
JD2,D2- GND=O. 
El ,GN 0- 1=F57(VJA1 , VJA2, VJA3,VJB l ,VJB2,V JB3, V JC 1, VJC2, V JC 3,V JD 1, VJ02) 
Rl ,l - 2=100. 
C1,2- GND=02(El ,VC1 ,300.E- 12,450.E-l 2) 
EV,GND- 3=Xl(VC1) 
RV,3- V OUT=lOO. 
JV,V OUT- GND=O. 
FUNCTIONS 
02(A,B,C,D )=( FCP3(A,8,C,D)) 
OUTPUTS 
VJVIV OUT), PLOT 

1 CF57 
2 
3 c 
4 c 
5 c 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

1 CFCP3 
2 
3 c 
4 
5 10 
6 
7 20 
8 
9 

MODEL SUBPROGRAMS 

FOR AND- OR- INVERT GATE 
FUNCTION F57(A l ,A2,A3,B 1,B2,B3,C1 ,C2,C3,Dl ,D2) 

NA=O 
N8=0 
NC=O 
ND=O 
X=0.8 

OUTPUT STATE GENERATOR 

I F(A l .LE.X.O R.A2.LE.X.OR .A3.LE. X) NA=l 
I F(81.LE.X. OR.82.LE.X. O R.83.LE.X) N8=1 
IF(Cl.LE.X.O R.C2.LE.X. O R.C3.LE.X) NC=l 
IFIDl.LE.X.OR .02.LE.X.) ND=l 
F57=0.3 
I F(NA.EO. l .AND .N8.E0.1.AND.NC.E0.1.AND .ND.E0.1) F57=3.0 
RETURN 
END 

CAPACITOR SELECTION FOR AND- OR- INVERT GATE 
FUN CTI ON FCP3(A,8,C,D) 

I F(A- 8) 10,20,20 
FCP3=C• 8/3. + C 
RETURN 
FCP3=C• 8/3. + D 
RETURN 
END 

vides reasonably accurate results. For greater accuracy, 
current sources JAi through JD2 can be modeled in 
diode-equation format or as tables of functions relating 
current to applied voltage. 

The same sort of reasoning is true for the model's out­
put signal terminal. The impedance (resistor RV) asso­
ciated with this terminal is fixed at 100 ohms as a first­
order approximation, which is sufficient for most volt­
age and load conditions. To duplicate actual output im­
pedance variations, of a practical AND-OR-INVERT gate, 
resistor RV can be made a variable function of load 
voltage and load current. D 
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Microwave leakage monitor 
is economical but sensitive 
T. Koryu Ishii and Thomas A. Panfil 
Marquette University, Milwaukee, Wis. 

You can build a simple and inexpensive microwave­
leakage monitor that is as sensitive as its costly counter­
parts and can operate without a power source of any 
kind. This detector is completely passive, offers an in­
herent self-test capability, and is ready to operate at all 
times. 

The potential radiation hazard1 of microwave leak­
age from household microwave ovens2, industrial 
microwave heating and drying equipment, and micro­
wave communications and navigation systems has been 
widely publicized. Industrial consumers, as well as the 
general public, are concerned about the safety of their 
currently installed equipment. Needless to say, monitor­
ing the almost unavoidable low-level microwave power 
leakage can greatly enhance the safety of operating mi­
crowave devices. 

A variety of microwave-leakage detectors is available 
today, but most of them cost too much for household 
and industrial consumer use. In some models, an elec­
trical discharge tube is used to indicate leakage power 
level. But since this type of detector does not give any 
indication at the low leakage levels achieved by well-de­
signed equipment, it does not have any inherent self­
test capability, and its failure can go undetected. 

The photographs show the front and rear views of an 
economical yet highly sensitive microwave leakage 
monitor-it consists of a type 1N263 crystal detector and 
a milliammeter. The performance of the monitor is de-
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termined by the sensitivity of the meter and the crystal 
mounting configuration. 

The milliammeter used here has a coil resistance of 
730 ohms and a full-scale-deflection current of 1 mil­
liampere. The crystal detector is soldered to the small 
lugs attached directly to the meter studs, which act as an 
antenna and an open-circuited transmission line. The 

, inductance of the meter coil behaves as a radio-fre­
. quency choke. 

The microwave monitor is calibrated with an ap­
proved standard device. The microwave radiation 
power density is measured at some point, the standard 
device is then removed, and the monitor is positioned at 
the same point. Since the monitor is direction-sensitive, 
its orientation must be adjusted to maximize its deflec­
tion. The deflection and power level are then recorded, 
and the procedure is repeated for other power levels un­
til the meter is fully calibrated. 

Graph 1 is a plot of the calibrated meter's response 
with respect to distance from a leakage source. (The me­
ter is always oriented to maximize its deflection.) A full­
scale deflection on the calibrated meter represents 2 
milliwatts per square centimeter. As the plot indicates, 
this simple monitor is capable of detecting leakage lev­
els in the neighborhood of l mw/cm2, which is the 
safety standard set by the U.S. Government Depart­
ment of Health, Education, and Welfare for new do­
mestic microwave ovens. 

Graph 2 shows the monitor's directional sensitivity. 
In this case, the orientation angle of 0° means that the 
direction of the crystal detector is parallel to the micro­
wave electric field . As the figure illustrates, the half­
value orientation angle is only 50°, but the meter's sen­
sitivity rapidly degrades to zero thereafter. 

A more sensitive microwave-leakage monitor can be 
made by using a milliammeter that has a greater sensi­
tivity. For example, if a meter with a coil resistance of 
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640 ohms and a 200-microampere full-scale deflection is 
used, the full-scale sensitivity of the leakage monitor in­
creases to 0.05 mw / cm2 , which represents an improve-
ment of a factor of 20. D 

Nonsequential counter design 
makes use of Karnaug h maps 
by Glen Coers 
Texas Instruments, Components Group, Dallas, Texas 

The design of a nonsequential binary counter-<me that 
does not count in a 0-1-2-3-4-5-6-7 sequence-can be 
considerably simplified by the use of Karnaugh map­
ping techniques. Such a counter is sometimes needed in 
digital systems where certain functions must be con­
trolled in a nonbinary sequence. 

To illustrate the technique, we will design a three-bit 
counter for a 0-2-4-5-3-7-1-6 sequence. After listing the 
desired counter states in their proper sequence, as done 
in (a), the present-state and next-state conditions can be 
compiled, as shown in (b). Next, three Karnaugh maps, 
the ones labeled NSMA, NSMB, and NS Mc in ( c) , are 
used to represent the next-state conditions. 

The minterm locations on the next-state maps are de­
termined by the present-state variables. The value for 
that location is obtained from the next-state table. Since 
three bits are involved, three J-K flip-flops will be 
needed to implement the counter. 

Six other maps are now constructed-three are to de­
termine the logic functions required at the J inputs of 
the flip-flops, while three are for the K inputs of the 
flip-flops. These maps, which are drawn in (d), are la­
beled JA, JB, Jc, KA, Ks, and Kc, where h and KA rep­
resent the inputs of flip-flop FF A, JB and Ks the inputs 
of flip-flop FFs, and Jc and Kc the inputs of flip-flop 
FFc. (TTL flip-flops will be used.) 

The locations of the variables that are true are noted 
on the J-input maps by Xs, indicating that the state of 
the variable can be either logic 0 or logic 1. (This per­
mits maximum reduction of circuitry.) For example, on 
the JA map , the true locations of variable A are marked 
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with an X wherever variable A is logic l on its next­
state map, NSMA. These locations are 110, 100, 111 , 
and 101. 

The remaining locations on the J-input maps are 
filled in with the remaining values on the appropriate 
next-state map. The leftmost four locations on the h 
map, for instance, are identical to the leftmost four loca­
tions on the NSMA map. 

Similarly, the appropriate logic functions can be de­
termined for the K inputs. For these however, the loca­
tions of the variables that are false are filled in with Xs 
to mark the "don't care" (can be either logic 0 or logic 
1) positions. And the remaining locations are filled in 
with the proper inverted data from the next-state map. 
The KA map, for example, contains Xs whenever vari­
able A is logic 0 on the NSMA map, and inverted data 
from NSMA in the remaining locations. 

The logic functions represented by these J-input and 
K-input maps can be reduced by grouping through 
Karnaugh mapping techniques. These groups are noted 
on the map by the colored enclosures. The variables 
within these groups establish the logic function needed 
at a particular flip-flop input. 

The JA input requires a signal ofB+C, which means 
that the Q output of flip-flop FFs must be ORed with 
the Q output of flip-flop FFc and the output of that OR 
gate applied to the J input of fliy-flop FF A· Likewise, in­
put Js requires an OR gate (A+ C), input Jc an AND 
gate (AB), input KA an OR gate (B + C), in gut Ks an OR 
gate (A+C), and input Kc an AND gate (AB). The ne­
gated variables, of course, are taken from the Q outputs 
of the flip-flops. 

Now the nonsequential binary counter design is com­
plete. The circuit of ( e) shows what the final configuration 
looks like. The states of its three output lines agree with 
the truth table in (b) and proceed in the nonbinary se­
quence of(a). D 

Engineer 's notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other ideas for 
saving engineering time or cost. We'll pay $50 for each item published . 
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TRUTH TABLE 

PRESENT NEXT 
STATE STATE 

A B C A B C 

(al (b) 
0 0 0 0 2 0 1 0 
2 0 1 0 4 1 0 0 
4 1 0 0 5 1 0 1 
5 1 0 1 3 0 1 1 
3 0 1 1 7 1 1 1 
7 1 1 1 1 0 0 1 
1 0 0 1 6 1 1 0 
6 1 1 0 0 0 0 0 

NSM 8 NS Mc 
(' ~ 00 01 11 10 (' ~ 

00 01 11 10 (' ~ 00 01 11 10 

( c ) 
0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 

1 1 1 0 0 1 1 1 0 1 1 0 1 1 1 

~ A 

(' 00 01 11 10 
B 

(' ~ 00 0 1 11 10 (' ~ 
c 

00 01 11 10 ,...... 
0 0 1 x x 0 1 x x 0 0 0 0 0 1 

1 ll 1 1 x x 1 1 x x 1 ] 1 x x x x 
~ 

(d) 
~ =D- s+c ~ =D- A+C i =D-AB 

K K '</ Kc 
~ 

(' 00 01 11 10 (' ~ 
A 

00 01 11 10 ~ 00 
B 

01 11 10 

0 x x 1 0 0 [ x 1 1 x 0 lxl x x x 

1 ll x x 1 2J 1 x 0 1 x 0 0 0 

~ =D- s+c ~=D- A+C A. =0- --- AB 
B 

OUTPUTS 

A B c 

J Q Q 

FF s FFc 

,e1 
Q 1------+--- --1 

K K K 

CLOCK 

CLEAR 

Designing a counter. Karnaugh mapping, a design procedure that is normally applied only to binary designs, can also be used for synthesiz­
ing a nonsequential counter . The three-bit binary counter designed here has a 0-2-4-5-3-7-1-6 sequence (a). From the truth table (b) of th is 

counter's next-state outputs, the next-state map (c) can be drawn for each of its three output lines. The next group of maps (d) establish the 
logic function required at each input of the three J-K flip-flops needed to build the counter. The final circuit is shown in (e). 
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Today's amorphous 

materials make 

lasting memories 

Attach a resistor to 

silicon substitutes for 

selenium rectifiers 

Big displays take to 

thin-film transistors 

for logic's sake 

Eschew screws­

use tubing and glue 

Engineer's newsletter ___ _ 

Don't dismiss amorphous semiconductors out of hand. Though they 
got a bad name a few years ago for having short lifetimes and low relia­
bility, today it's much better understood how amorphous materials work 
and how to formulate them and fabricate components with them. By 
now, they're performing a valuable function in a variety of designs, 
chiefly in "read-mostly" memories- memories from which data can be 
retrieved in nanoseconds but which require milliseconds for new data 
to be written into them. Amorphous " read-mostly" memories used to 
deteriorate after a few hundred write/erase cycles, but no more-once 
written, data can be read out indefinitely without degradation. One unit 
under test has been read without interruption at a 5-megahertz rate for 
14 months, which is nearly 200 trillion cycles. 

Here's some more help on "How to replace a selenium with a silicon 
rectifier," an item that appeared on this page on Dec. 20, 1973, but said 
nothing about the differences in forward voltage drops of the two recti­
fiers. According to Donald M. Russell Jr ., manager of industrial/ 
commercial business development at Sylvania's Electronic Systems 
group, Waltham, Mass., capacitor failure often results from a direct 
substitution unless a series-dropping resistance is also added. Failure is 
due to the higher voltages produced by the inherently lower internal 
resistance of the silicon rectifier. To be safe , says Russell, approxi­
mately 1.2 to 1.5 ohms of series resistance should be added for each 
plate (cell) of the selenium rectifier. A typical eight-cell selenium recti­
fier is then replaced by a silicon rectifier in series with a 10-ohm re­
sistor. 

Thin-film transistors are becoming something more than a laboratory 
curiosity, having found a use as a logic technique for large displays. 
The advantage of this kind of transistor is tha t it can be formed on many 
different substrates in a configuration that's coplanar with sensors or 
display elements. For instance, cadmium selenium transistors with 
leakage currents of only 10 nA address and drive the electrolumines­
cent display element in a 100-by-120 display being developed at West­
inghouse Research Labs in Pittsburgh. The 6-by-6-inch electro-lumines­
cent di splay, using a matrix of 24,000 thin-film transistors and 12,000 
thin-film storage capacitors, was fabricated during a single vacuum 
cycle by an interconnected series of vacuum depositions. 

Here's how you can take advantage of the resolution and size of those 
miniature, multi-turn pc-board trimmers without having to fiddle with a 
screwdriver to adjust the shaft. A small piece of rigid plastic tubing and 
one of the new acrylic superglues are all you need, says James E. Tru­
love of Oklahoma City, Okla. The tubing, which costs just a few cents 
per foot, can be easily adjusted with your fingers , or it can accept a 
standard control knob. For many popular trimmers, the tubing should 
have an outside diameter of 1/.i inch or less and an inside diameter of 
about Ys inch. Use the glue only on the inner surface of the tubing, and 
take care to leave a gap between the tubing and the body of the trimmer. 
The bond should be firm within a few minutes and completely hard ­
ened in several hours. 
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Ansley 's new patented F LEXSTR lp® Jumpers have flat 
conductors laminated between high performance insulating 
materials and are available from stock in thousands of part 
numbers. The flatness gives t hem flexibility where it's needed 
.•. the round contacts insert easily into p.c. board holes or 
sockets. This combination of flat/round provides a generous 
radius when flexed. thus eliminating stress from the contacts. 

Here's what this means to you ... no broken conductors 
• .. easy insertion of ready to solder contacts ... no fault 

...... 
st. over er.tire flexi.!' 

FLEXSTRIP 
Jumpers 

Bend at weakest 
poi nt . .. where break will 
o ccur. 

Conventional 
w iring 

Circle 132 on reader service card 

--·,...,.,..- .... .... ., .......... ....... ,_. 
"'"'"""::.."':"..:= ,_.._ _ ... ~ -· 
~--- .. -!•·· .. ~·--­, ......... ., .. _ 
~------­............................... ... __ .,. __ ... 

U.S. PATENT NO. 3,601.755 

assemblies ••. reliable interface .• . lower inst alled cost ... 
available from stock. 

Specify FLEXSTRIP® Jumpers. Flex t hem a hundred or a 
thousand times and there'll be no failures. 

Ansley's FLEXSTRIP® Jumpers come in standard lengths; 
four options of insulation; 2 to 60 conductors; .050 • . 100, 
.125 •. 150 or .200 conductor center distances and four pin 
configuration options. Specials. too. of course. 

Contact your Ansley representative . 

Photo courtesy o f Computest Corp. 

ANSLEY ELECTRONI CS CO RP. 0 
Bub•idle ry of Thomas & BeJ:U Carpanot:ion 

3208 Humboldt St., los Angeles, Ca. 90031 
Tel. (213)223-2331, TWX 910-321-3938 



New products ___________ _ 

Low-voltage reference is ultra-stable 
Hybrid module with output between 3 and 10 volts uses amplified difference 
of two forward-bias voltage drops to provide cl ose temperature-tracking 

by Joel OuBow, Components Editor 

Many logic and instrumentation 
systems could use a low-voltage ref­
erence, so that all of their circuitry 
could be driven off the same ±5 
volts as drives the logic. The only 
hindrance has been the unavailabil­
ity of an off-the-shelf temperature­
stable low-voltage reference. For 
reference voltages larger than 6 v, 
temperature-compensated zener 
diodes have been used, and these re­
quire bias voltages of 10 v or 
greater. Lower-voltage references 
require custom design and often 
consume precious power. Forward 
regulator diodes, sometimes used as 
reference elements, have a relatively 
large temperature coefficient of 400 
parts per million/ 0 C. 

A module developed recently by 
Codi Semiconductor works at any 
voltage between 3 and 10 v and, 
further, provides a temperature co­
efficient of typically 10 ppm over 
the full military range of - 55°C to 
+1 25°C. Called the DRDIO!l , it 
also features a low power dissipa­
tion (l milliwatt nominal), low im­
pedance, and operation from low­
voltage power supplies (typically 3 v 
with current modules). Over nar­
rower than the full mil-spec oper­
ating ranges, virtually zero tempera­
ture coefficients are possible. 

Initial applications for the mod­
ule will be in the high-precision 
area, since it will cost upwards of 
$50 per unit. D elivery is expected to 
take 6 to 8 weeks. 

Basically, the device uses the dif­
ference in forward-bias voltage of 
two silicon diodes to drive an oper­
ational amplifier. One of the diodes 
is heavily doped to reduce its band­
gap to that of germanium. But the 
temperature coefficients of the heav­
ily doped diode and the more lightly 
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doped standard diode track almost 
identically over decades of forward 
current, whereas, if a germanium 
diode had been used, the tempera­
ture variation would not have been 
as uniform. The forward-bias differ-

ence between these two paralleled 
diodes, typically 0.412 v, is fed into 
an op amp and amplified to give the 
desired output voltage. Lower volt­
age references, such as those used in 
biomedical equipment, are possible 

A new low. In the configuration shown in schematic (top), outputs from two diodes are fed 
into an op amp. At the output, 3 to 10 volts are available in the packaged modules. The curve 
(bottom) demonstrates the close temperature-tracking of the differential voltage . 
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VPH Series 

The ValuPower Half Rack ... There is nothing like it in size or 
performance at that price! A truly unique innovation in DC 
Power Supply Technology .. . it's your best value in a half rack. 

: ~:~0~7;~:~;~,:::~:~'.~d";::toc ~ / 
• Choice of six slot range outputs tf[, !p)ll"ct1 
• Front panel voltage & Cu rrent Meters available 

bO 
FEAT URES • Standard Ratings are; 5V /'$iJA, 12V/35A, 15V/ 
31A, 24V/22A, 28V/ 19A, Dual ±15V/13A • 0.02% Regulation 
• less than 1mV RMS ripple • 5mV Peak-to-Peak Ripple • 
0.05% Stability • Unique patented Automatic non-linear current 
foldback overload protection circuit • Thermostatic Thermal 
Protection • Remotely Programmable • Remote Sensing • Com· 
patible with rack adapters for multiple output power applications. 
• Designed to meet UL Recognized Component Index 
Requirements. 

Write directly or call your local Scientific-Devices sales office for complete 
specifications and applications. 

TRYGON ELECTRONICS 
SUBSIDIARY 

BYSTR O N~ DONNER 
CO .. PO,.AT•O"' 

1200 Sh a m e s Drive, Westbury, N .Y. 11590 (516) 997-6200 

The Systron-Donner Instruments Group: 

Concord Instruments D Computer Sy1tem1 0 Datapulse 0 Kruse Electronics 0 Microwave 0 Trygon Electronics 
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with a more expensive op amp. 
The high doping has the effect of 

narrowing the bandgap through im­
purity banding. At very high doping 
levels, the impurity energy levels be­
come broadened into impurity 
bands in which conduction can take 
place, or in which ionization to the 
conduction band is so probable that 
the effective bandgap of the serni­
cond uctor is reduced. At even 
higher doping levels, the periodicity 
and crystallinity of the material is 
affected and the band structure it­
self could be altered. 

Thus the high doping alters the 
turn-on voltage of the diode, but the 
temperature variation and current­
voltage characteristics are governed 
by the same equations governing 
conventional silicon diodes, with the 
only difference being the energy gap 
constant. Hence the close tracking-
1 part in 200- of the output voltage 
over a wide temperature range. 

Virtually zero temperature coeffi­
cient can be achieved by matching 
the known, positive tempco of the 
op amp to a numerically equal but 
negative tempco of the reference 
element. This is readily done by 
controlling the latter's fabrication 
parameters. In addition to tempera­
ture stability, the reference element 
also achieves regulation- a 5% 
power variation yields only a 
0.0002% output variation. 

Multijunctions enable the de­
signer to specify a range of junction­
voltage values in multiples of0.4 v. 

Reduces power. Initial units of the 
DRDlOll were supplied to NASA 
and Columbia University for use in 
comparators monitoring power sup­
plies in the amplifier chain of a sat­
ellite, and a factor of l 00 in power 
reduction was achieved. 

Sy Glasser, assistant to the gen­
eral manager at Codi, says that its 
low-voltage requirement makes the 
module compatible with hybrid and 
integrated-circuit design using TIL 
and C-MOS logic. He foresees many 
possible applications for the units in 
control systems, computers, and 
power supplies. With the same tech­
nology, ultra-stable references up to 
15 v can also be built. 
Codi Semiconductor, Pollitt Dr., Fairlawn , 

N.J. 07410 [338) 
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AFTER YOU USE OUR PPS, 
THERE'S ONLY ONE THING 
WE'LL KNOW ABOUT YOUR 

MACHINE DESIGN: 

IT JUST GOT BETTER. 
Even if you're already 

using MOS/ LSI circuits, our 
new PPS (Parallel Processing 
System) offers you a whole 
new set of potential 
advantages: Improvement 
of the design characteristics 
of machines such as pro­
fessional and programmable 
calculators, business 
machine terminals, system 
controllers, etc. Reduction of 
their development time. 
And their circuit costs. 

And PPS offers these 
potential advantages 
while enabling you to 
keep system design 
responsibility solely in 
your own hands. 

Here's how it works. 
The PPS is based on a 

powerful one-chip CPU 
controlled by ROM 
microprogramming and 
possessing its own discrete 
1/ 0 capabilities. The other 
building blocks are 
compatible ROM/ RAM, 
ROM, RAM and 1/ 0 
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circuits plus a crystal­
controlled clock generator 
circuit. The entire system­
except for one ROl'v1 circuit 
- is predesigned to work in 
a variety of machines, 
performing the arithmetic 
and logic functions of a 
four-bit parallel 
microprocessor. 

The one ROM circuit 
that is not completely 
pre-designed is the one 
that's uniquely designed for 
your machine. By you. 
Through microprogramming. 

Our only involvement, 

besides providing the PPS 
circuits, is to provide you 
with plenty of design aids: 
A time-tested program for 
microprogramming through 
Tymshare or G.E ... . special 
equipment for micro­
program assembly and 
ROM emulation ... 
evaluation board for 
prototype testing . . . 
programmer's reference 
manual, and all required 
documentation. 

Drop us a line on your 
company letterhead and 
we'll send you additional 
information so you can make 
your own microprocessor 
comparison. Address your 
request to: Microelectronic 
Device Division, Rockwell 
International, Marketing 
Services, P.O. Box 
3669, Anaheim, California 
92803, U.S.A. 

Write us today for an 
appointment for a PPS 
demonstration at IEEE 
in New York. 

Microelectronic Device Division 
Rockwell International 

.. where science gets down to business 
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Testing ICs at high temperatures 
Production-type handler permits rapid checkout of MOS RAMs and other 
circuits in DIPs to spot failure modes in high-density applications 

Doubts that MOS circuits will oper­
ate reliably in memory-system hot 
spots has spurred development of a 
production-test handler that may 
change procedures for testing logic 
and linear !Cs, as well as MOS cir­
cuits. The machine, which couples 
to most high-speed automatic test 
systems, allows dynamic tests at ele­
vated temperatures to be made for 
only a fraction of a cent more than 
room-temperature tests. And the 
company, International Production 
Technology, claims that testing by 
the method is much less expensive 
than it is with manual and low-vol­
ume test-handling equipment be­
cause a high-speed handler dramati­
cally reduces test-system overhead. 

The machine was reportedly de­
veloped at the urging of computer 
manufacturers concerned about the 
validity of guard-band testing of 
MOS dynamic random-access­
memory circuits, and it is the first of 
a new series of high-temperature 
test handlers designated IPT-500. 

In guard-band testing, the circuits 
are tested at room temperature, and 
test limits are set to allow for antici­
pated changes with temperature of 
IC characteristics. The technique is 
almost universally used for commer-

cial circuits, and testing at tempera­
ture extremes is usually limited to 
de-parameter testing of high-relia­
bility and precision linear circuits, 
or to quality-control checks. Be­
cause of this, IPT says, it has never 
been economically feasible to de­
velop high-temperature, high-vol­
ume dynamic test machines. 

But now that memory systems 
with high packing densities are go­
ing into production, the company 
explains, computer manufacturers 
are concerned that heat concentra­
tions in memory-card assemblies 
will aggravate the temperature-sen­
sitive failure modes of MOS RAMs. 
These include, for example, changes 
in memory-access time and on-chip 
leakage currents that may result in 
loss of data. 

IPT's solution is a heat-soaking 
system into which is built a test 
head and a DIP-handling and sort­
ing subsystem similar to the IPT-
700 test handler. The latter, widely 
used for room-temperature dynamic 
testing, is loaded wi th shipping 
tubes by an automatic system 
coupled to the handler and sorted 
into six shipping tubes. 

As the DIPS are fed from the ship­
ping tubes in the IPT-500 system, 
they are placed on small, metal 
blocks on a 104-position carousel in 
a round , hot-air chamber. The 
carousel revolves to a station that 
transfers the DIPS, one by one, to a 
test fixture . The fixture is interfaced 
to the test system through an 
adapter and the system's perform­
ance board (the circuit that trans­
mits and receives test signals 
through the test connector). 

After testing, each DIP is trans­
ferred to a shuttle that loads the de­
vice into one of six shipping tubes. 

Good circuits may be loaded into 
four tubes and rejects into two 
tubes, for instance, or the circuits 
may be sorted into six performance 
grades. 

The carousel speed, which gov­
erns soak time and the temperature 
of the hot air, may both be varied to 
raise the circuit temperature from 
ambient to as high as 125 °C at han­
dling rates as fast as 3,600 units an 
hour. Test throughput will vary with 
length of the test routine, since 
3,600 units an hour is the zero-test­
time rate normally specified for 
handlers. Test temperature is regu­
lated by a closed-loop control and is 
digitally displayed on the control 
panel. 

The IPT-500 system is normally 
unattended, except for loading and 
unloading of shipping tubes. A ram 
elevates the chamber housing for 
servicing of the handling mecha­
nism, test head, or performance 
board. A standard handler takes 
standard 14 - to 18-pin DIPS . 
Changeover kits will be avai lable 
for eight-pin minidips and for Large­
scale IC DIPS with a maximum of 40 
leads. The machine interfaces with 
Adar, E-H R esearch, Fairchi ld, 
Macrodata, Tektronix , and Ter-

. adyne test systems. 
IPT says the handler provides an 

economical alternative to guard­
band tests of LSI, bipolar digital and 
linear !Cs, and Mos memories. Com­
pared with the IPT-700, which han­
dles 5,000 DIPS an hour, rather than 
3,600, the new machine adds only 
about 280 milliseconds of test time 
per unit and about I/20th of a cent 
to labor and amortization costs. 
Internationa l Product ion Tec hnology, 1140 
W. Evelyn Ave ., Sunnyvale , Calif . 94086 

[339] 
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Say you're the manager of a textile 
mill. Or a parts warehouse. Or a factory. 
Your people have to enter data-vat 
levels, crane positions, logged time, 
whatever- into a remote computer. 

You've got a bit of a problem. 
Because no matter how good your 
forklift operators and production 
supervisors are, they 're probably not 
computer experts. 

We've got the solution . The RT01 and 
RT02 remote terminals. 

They're simple to operate and 
extremely reliable , with few moving 

, I 0.f l~:bb 

~ 

Computer terminals 
for non-computer people. 

parts and no fussy CRT displays. And 
the RT02 models will even prompt 
the inexperienced operator, spelling 
out on the display what information 
is needed next. 

The RT01 has 16-key input and 
numeric 1/0 display. The RT02 has 
16-key or 58-key input and an alpha­
numeric 1/0 display. 

They're both ASCII-compatible, so 
you can interface them to any computer 
that has a Teletype port. And they're 
both light enough to be portable. 

The prices are down-to-earth , too. 

From $600 to $1500, depending on the 
options you want. 

The RT01 and RT02 from Digital. 
Remote terminals that people can get 
close to. Write , and we'll tell you more. 

We're Digital Equipment Corpora­
tion , Logic Products Group, Maynard, 
Mass. 01754. (617) 897-5111, ext. 2785. 

In Canada: P.O. Box 11500 Ottawa, 
Ontario, K2H 8K8. (613) 592-5111. 

In Europe: 81 route de l'Aire , 
1211 Geneva 26. Telephone: 42 79 50. 

We think terminals-are so important, we give you a choice. 
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Instruments measure low-level signals 
French firm invades U.S. market with digital nanovoltmeter 
and a lock-in amplifier for sinusoids that are buried in noise 

by Arthur Erikson, Managing Editor, International 

One of the most difficult problems 
that electrical engineers have to deal 
with is the detection and measure­
ment of low-level signals- both 
those that are intrinsically small and 
those buried in noise. Tekelec-Air­
tronic, a French company that has 
made a specialty of instruments for 
low-level measurements, is now in­
troducing to the market two prod­
ucts that tackle the problem- a dig­
ital nanovoltmeter and a lock-in 
amplifier with digital readout of 
amplitude and phase. 

When potential levels get down 

below 10 nv , it takes top-notch 
hardware and a lot of care to mea­
sure it. A jiggle of the voltmeter can 
cause a faulty reading, there's al­
ways a chance of unintentional 
thermocouples, and thermal drift is 
a problem. Still , plenty of appli­
cations require working with volt­
ages that low: comparing standard 
cells, detecting nulls on high-resolu­
tion bridges, measuring myoelectric 
potentials, and checking contact 
resistances at low currents, for ex­
ample. 

Engineers and scientists who have 

Checking weak signals. Digital nanovoltmeter (below) gives direct readout of values down 
to 1 nanovolt. Lock-in amplifier (top) automatically tracks signals buried in noise. 
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to work at nanovolt levels can get 
help with Tekelec's TE 925, a digital 
nanovoltmeter that gives direct 
readout of voltages down to I nv, 
with noise guaranteed at a max­
im um of 2 nv peak-to-peak. Stabil­
ity is held to maximum drift of "sev­
eral nanovolts" for 24 hours. The 
price, still not set, will run around 
$2 ,000. 

Crucial to the instrument's per­
formance is its optoelectronic chop­
per, points out Georges Alon, Teke­
l ec' s director general. The 
instrument is bui lt around four 
photodiodes-two paired with detec­
tors for chopping and two for ther­
mal stabilization. 

The chopper itself and the trans­
former that boosts the chopped-in­
put level by several thousand times 
ride on a shielded mount that 
damps out motion transmitted to it 
through the instrument chassis. 
"The chopper-amplifier principle is 
classic," says Alon, "but we took 
particular care with the shielding 
and the mechanical mounti ngs." 

The input resistance of the chop­
per is better than 30 megohms on 
low ranges and the figure goes up to 
50 on high ranges. The output in­
tegrator has a variable slope. That 
speeds readings on the IO- and 100-
microvolt ranges if the input level is 
10% or more of full scale. At 10 µ,V, 
for example, a measurement takes 
six seconds with the "fast" filter 
switched into the integrator; other­
wise, 30 seconds are needed. 

Tekelec paired the chopper am­
plifier with an MOS LSI analog-to­
digital converter so the combination 
has the operating features usual for 
digital voltmeter that work at "nor­
mal" voltages. There are six ranges 
from 10 µ,V full-scale to I v full-
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When the questions 
are about enclosures, 

Optima has beautiful answers. 

Whether packaging small, digital 
multimeters or a huge, commu­
nications center, you need 
enclosures with structural in­
tegrity, access, and versatility. 
Doing their job and doing it I 
well. 

How do you get them? Con­
sider the alternatives ... job 
shop? ... in-house construction? 
. .. a manufacturer? To decide, it 
is important to ask the right ques­
tions and get the right answers. 

Sales Appeal 

The f irst ten seconds of display 
for an electronics unit focus simply 
on its style, color and finish. They 
won't break a sale-the equip­
ment inside does that. But they 
can sure help make one. 

• Is an industrial designer with 
packaging skills involved? 

• Can you get the superior vinyl 
finishes so much in demand 
today? Or woodgrains? Or spe­
cial textures? 

• Is a total range of designer 
colors on hand? 

Versatility 
An important sales tool is the 

ability to adapt to the changing 
needs of a client. 

• Does a source offer hundreds of 
configurations to choose from? If, 
for instance, your client is think­
ing vertical rack, but wants the 
operator seated, can you offer a 
console-desk? 
• Does a client need a ventilating 
grille? a blower? stabilizers? 
Wouldn't drawer slides help his 
operations? What about writing 
surfaces, storage areas, drawers, 
casters? Are they in production, 
on line and ready to go? 

Customer Service 
A re your own nee ds being 

served? 
• Can you get personal service 
from engineers, designers, and 
production people? 
• Can you get special applications 
assistance? 
• Does your source have a 
knowledgeable customer-service 
representative? 

The Optima Line 
Our line of enclosures for 
electronics is the product of 
finding good answers to 
tough questions. Whether 
your question is component 
access, cooling, special 
applications or new product 

development and even safe 
shipping-we're ready! 

Ready with Small Cases in 24 
sizes from 133.6 to 1445.4 cubic 
inches; Instrument Cases and 
Racks in 124 sizes for 19- and 24-
inch panels; Desk Consoles which 
are adaptable systems of instru­
ment housing, counter and stor­
age space; and the unique 
combination of chassis and case­
Optima 17. 

Computer scheduled manufac­
turing assures you of top quality 
control. We finish each unit in­
side and out with rugged vinyl 
and assemble them for final 
inspection - including most 
options and accessories-right at 
the plant. 

Optima is the best answer. No 
question about that. 

Write Optima Enclosures, 2166 
MountainlndustrialBlvd., Tucker, 

Ga. 30084 or call D"'lllA 
(404) 939-6340. r I II"' 

Other Scie nti fi c·A t.lanta Inc. Divisions are • Cable Communications • Instrumentation • Electro-Systems • Southern Tool and Machine • Security 
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Need additional 
memory for your 
minicomputer? 

140 

FABRl-TEK can supply it. 
Fabri -Tek has the add -on system that's made for your 
mini ... ready for off-the-shelf delivery. Plus, you're 
assured of unquestioned reliability and guaranteed 
availability through the use of high volume "field 
proven " core memory. 

CHECK THESE PRICES* -
PDP-8 Series ........ 24k words/ $5200 ea. @ qty. 1 
PDP-11 Series . . . . . . . 16k words/$4180 ea. @ qty. 1 

64k words/$12,560 ea. @ qty. 1 
PDP-12 Series ....... 24k words/$5200 ea. @ qty. 1 
Nova 1200 Series .. .. 32k words/ $6825 ea. @ qty. 10 
HP 2114 & 2100 Series 24k words/$6060 ea.@ qty. 1 
Another plus is our on-site or factory service 
capability by a highly trained professional staff . 

More new models . And ease of interface, too. 
Because all of Fabri-Tek's Add -On Memories are plug 
compatible and contained in an external enclosure 
with power supply. 
This approach features the following: 
1. Ability to utilize a core memory with a "track 

record" because the form factor or design doesn't 
have to change with each introduction of a new 
mini add-on. 

2. No more than one card slot is used within the CPU 
to configure the maximum amount of core memory. 

3 . No additional power drain on your CPU power supply. 
They're all available in Bk word increments to larger 
than the maximum allowable word size for some models. 
Also ... we're not new in the core memory business. 
For over a decade our product line has consisted of a 
w ide range of cores, planes, stacks, and core 
memory systems. 
Who could ask for anything more? 
You, we hope . For more information, write or call: 

•Prices subjec t to change wi thou t noti ce. U.S. prices shown . 

IF£~~11 ®lf ~I~ INC. Leaderin 
Memory Technology 

COMPUTER SYSTEMS forO veraDecade 

5901 South County Road 18 •Minneapolis, MN 55436 • (612) 935-8811 

SALES Chicago 
OFFICES IN: (312)437 -4116 

Boston Dallas 
(617) 969 -5077 1214) 233 -0872 

Denver 
(303) 753-0631 

Long Beach 
(213) 420 -2493 

Circle 140 on reader service card 

New Jersey 
(201) 964-4770 

Phoenix 
(602) 266-4448 

Sunnyvale 
(408) 739-4780 

Toledo 
(419) 865-6693 

Hong Kong 
K210191 

Munich 
089-755-8298 

Tokyo 
(03) 432-6901 

United Kingdom 
01 -903 1923/5 
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New products 

scale, and they can be selected au to­
matically, manually, or by remote 
programing. There's 100% over­
range on each scale and 100% zero 
adjustment. 

The output shows up on a 19,999-
count liquid-crystal display, a sta n­
dard panel readout module that 
Tekelec produces itself. There's also 
a BCD readout compatible with TTL 
levels, plus isolated and nonisolated 
analog outputs to drive recorders. 
For programed range-switching, 
automatic inhibition is possible on 
the lower ranges to counter noise at 
the source. 

No knob-twiddling. The way to re­
cover a low-level sinusoid buried In 
noise is deceptively simple in prin­
ciple. Compare the unknown signal 
with a reference that's kept in phase, 
and the random noise can be aver­
aged out. Or to put it another way, 
pull out the buried-in-noise signal 
by synchronous detection with a 
known reference signal. 

Generally, a lot of knob-twiddling 
on a synchronous detector setup is 
needed to get the phase of the un­
known signal and the reference sig­
nal close enough together to start 
tracking. The need for this twid­
dling, maintains Tekelec-Airtronic, 
soon will be eliminated. The com­
pany plans to start delivering its 
lock-in amplifier early in the second 
quarter of 1974. 

Simple to use. The $2,000 Auto­
phase TE 9700 is no harder to use 
than a simple oscilloscope, says 
Robert Miquel , Tekelec's product 
manager for low-level-signal instru­
ments . "All you have to do," he 
says, "is set the gain for the input 
signal and adjust the time-constant 
for the i ntegra ti on of the detected 
signal. The Autophase does the 
rest." 

For the automatic tracking, Teke­
lec puts to work an aperiodic phase­
shifter that was developed at the 
French Commissariat a l'Energie 
Atomique's electronics laboratory in 
Grenoble. Essentially, the phase­
shifter picks off the zero-crossings of 
the reference signal and generates a 
square wave whose frequency 
matches that of the fundamental. 
This square wave is integrated until 
the next zero crosses the unknown 
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DIGITRAN" Makes all kinds of Digital Switches .. . 
DIGISWITCH" MINISWITCH" MINILEVER" 

List prices for each switch series shown below start at $3.00 
per switch modu le or less ... only $2.50 per switch module for 
our new Series 23000 SNAP-IN SLIMSWITCH. That's only 
25¢ to 30¢ per switch function for a 10 posit ion switch .. . 
less t han the price per function of ~ost toggle, pushbutton, 
lever, slide or rotary switches. Check our quantity discounts. 
We th ink you'll agree ... 

Oigitran makes 
economy switches 

too! 

SERIES 23000 
SNAP-IN SLIMSWITCH 

SER I ES 29000 
ECONOMY MINISWITCH 

SERIES 25000 

Send for details today. 

There 1s a Digitran distributor and a sales 
engineering group in your area. Just 
dial EEM (800) 645-9200 (Toll ­
free) to find out who they are . 

See pages 1148 and 1149, 
Vol. 2, of the 1973-74 
EEM Directory for 
more DIGITRAN 
products. 
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the New 
DISPLAY PANEL 

from 

NATIONAL ELECTRONICS 

• Numeric, alpha numeric and fixed messages are 
available in a single panel. 

• Custom design displays to suit your needs. 

Call or write for full details 

@ NATIONAL ELECTRONICS 
a varian d1 v1s1on 
geneva, illinois 60134 (312) 232-4300 

Circle 142 on reader service card 

FRENCH TRADE SHOWS 1350 Avenue of The Americas 
NEW YORK, N.Y. 10019 Tel.: (212) 582- 4960, 1 

142 Circle 207 on reader service card 

New products 

input signal, so the voltage obtained 
represents the phase angle. Integra­
tion of the detected synchronous 
signal gives the magnitude. 

Tekelec uses four shifters in cas­
cade in the TE 9700, one for each 
90° quadrant of possible phase 
angle. The instrument's internal 
logic selects the correct phase quad­
rant so that the user does not have 
to find it himself by using a selector 
switch. No switching is necessary to 
select input-frequency ranges; the 
full range capability, 0.5 to 1.0 kHz, 
is handled as a single range. 

Readout is through a 3Yi -digit liq­
uid-crystal display calibrated in rms 
volts for magnitude, degrees for 
phase, and a de voltage for baseline 
offset. There's also a small horizon­
tal analog meter to show which way 
the input signal is moving. Full­
scale sensitivity is I mv rms and the 
absolute phase accuracy is within 
±5° at 50 kHz and ±10° at 100 kHz. 
Acquisition time is 30 seconds, at 
most. 

Few restrictions. Inputs can run 
as high as 50 v rms at 50 kHz, de­
creasing to 7 v rms at 100 kHz. The 
common-mode-rejection ratio for ac 
inputs is 120 decibels at frequencies 
up to 500 hertz. The maximum in­
put for de signals is 13 v. The refer­
ence input can be as high as 220 v 
rms at frequencies as high as LOO Hz. 
There are few restrictions on the ref­
erence waveform. The two main 
ones: the waveform must cross its 
mean only twice per cycle, and the 
pulse duration must be at least 1 µ,s. 

There is a long list of potential 
uses for the Autophase. At the top is 
telecommunications equipment, 
particularly checking out low-level 
signals that have passed through fil­
ters, attenuators, and network cor­
rectors. There are all sorts of appli­
cations in pure electronics, ranging 
from analysis of microwave diffrac­
tion to measuring parasitic capaci­
tances in semiconductors. Among 
the man y other possible appli­
cations are servo systems, vibration 
and acceleration studies, electro-op­
tics, and anywhere that it 's neces­
sary to determine the magnitude 
and phase of low-level signals. 
Tekelec Inc. 31829 La Tienda Drive, West­

lake Village, Calif. 9136 1 [340] 
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You know TRW for 
chassis and engine parts. 

But do you know 
our resistor capability? 

While you no doubt know TRW Auto-
motive Worldwide, you may not know 
TRW /I RC-the resistor branch of the family. 

TRW/ I RC offers the broadest Ii ne of fixed re­
sistors in the business-used by the billions in 
consumer, industrial , and military applications. 
This is a total resistor technology : carbon comp.'s, 
Metal GlazenA, wirewound , thin-film, networks, 
strips, and resistive functions for specific appl ica­
tions. We can give you any of the proven tech­
nolog ies, at reliability levels to meet automotive 
demands. 

In fact, our resistors are already designed into 
automotive safety devices, electronic controls , 
ignition systems, fuel injection , adaptive brake 
systems and, of course, AM and FM radios, and 
mobile communications equipment. 

TRW /IRC offers a high-volume, mu lti-source 
(four domestic plants) production capability. Plus 
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the packaging know-how 
for cost- effective interfacing 

with your assembly equ ipment. So 
get to know us. Send for the TRW/IRC 

Resistors Catalog. TRW /IRC Resistors, an Elec­
tronic Components Division of TRW, Inc., Green­
way Road , Boone, N.C. 28607. (704) 264-8861 . 

r------------------
TRW /IRC Fixed Resistors 
Greenway Rd., Boone, N.C. 28607 

Please send your latest catalog 
on TRW /IRC Resistors for 
Automotive Applications 

Name 

Company 

Address 

Title 

City State Zip 

~-------------------------~ 

TRW1Rc RESISTORS 
Circle 143 on reader service card 143 



New products 

Components 

Proximity sensor 
is versatile 

Non-contact unit offers wide 

sensitivity adjustment, 

remote operation by battery 

Providing self-contained system 
components for detecting, monitor­
ing and controlling virtually any­
thing of any material that the eye 
can see-solid, liquid or gas-a series 
of non-contact sensors developed by 
Scientific Technology Inc., Moun­
tain View, Calif., offer wide sensi­
tivity adjustment. They can, for in­
stance, see a transparent surface or 
see through it, at the user's option. 
Also, they can detect color and tex­
ture changes and read codes. 

When used as proximity sensors, 
the standard range of the model 
3093 Omniprox series is 24 inches 
for a 90% reflecta nce surface and 15 
in. for an 18% reflectance surface. 
With a retrota rget, the beam make­
or-break range is 20 ft. Longer­
range units are also available. A 
light-emitting diode is provided for 
alignment and as an operation in­
dica tor. 

Unaffected by ambient Light, even 
bright sunligh t, the 3093 also ig­
nores environmental contaminants 
such as dust or fog because a form 

144 

of automatic gain control maintains 
the preset sensitivity. 

Input-power requirement of the 
3093 is 100 milliamperes at 12 volts 
ac or de, so remote battery-oper­
ation is practical. Output is an ac­
ti ve logic pulldown from 10 v de to 
zero. The signal will sink 100 mA or 
source 10 mA. Auxiliary control and 
output options include time delays, 
relays, and customer-specified inter­
face circuitry. Any number of 3093 
sensors may be interconnected to 
provide multisensor controls. 

The sensors are sealed in a rugged 
aluminum housing that is 1 Yi -inch 
square by 3 .9 in. long. Price is 
$96.50, a·nd delivery time is three 
weeks. Quantity pricing and special 
configurations are available. 
Scientific Technology Inc. , 1157 San An­
tonio Rd ., Mountain View, Calif. 94043 (341] 

Yellow LEDs are rated 

from 0.4 to 6 millicandela 

Twenty-five new yellow Light-emit­
ting diodes, which are additions to 
Xciton's line of red and green LEDs, 

I 

emit at rated luminous intensity 
with a forward current of I 0 mil­
liamperes. Light output of the yel ­
low lamps extends from 0.4 milli­
ca n d e l a typical to 6.0 med 
minimum. All of the devices in the 
Line are made with gaLlium phos­
phide produced by Xciton's liquid­
phase epitaxial process. Lens pack­
ages available are 0.125 , 0. 160, or 
0.200 inch in diameter. Devices are 
also offered for snap-in mounting in 
front panels and printed-circuit 
boards, in addi ti on to a choice of 
narrow or wide viewing angles to 
meet a wide range of indicator and 
illuminator applications. The light 
output of each diode is individually 

graded at the factory to assure com­
pliance with customer specifica tions 
and to ensure exact matches for sec­
ond-source items. Prices range from 
49 cents to $1.95 in quantities of 
1,000. 
Xciton Corp., Shaker Park-5 Hemlock St. , 
Latham, N.Y. 12110 [342] 

Proximity switch handles 

up to 100 watts of power 

The model 325 proximity switch can 
sense ferrous metals at a distance of 
1/.i inch. The device, which operates 
directly from 110 volts ac, can 
switch up to 100 watts without the 
need for an external power supply. 
The system is encapsulated in a 
steel housing 1 inch in diameter by 
3Yi in. long and 6 feet of color­
coded leads. A threaded hole accepts 
standard conduit fittings . The switch 
is sensitive only on the front face, and 
the units can be mounted side by side 
without interference. Price is $65. 
Technical Electronic Products Co., 52500 
Southdown Rd ., Utica, Mich. [475] 

Thermistor probes work 

up to 300° fahrenheit 

Suitable for temperatures up to 
300°F , thermistor probes with Tef­
lon leads a nd epoxy coa ting offer a 
resistance ra nge from 300 to 300,000 
ohms. Other specifications include a 
close-t olerance therm istor resist­
ance- to ± l % over rel atively wide 
temperature ranges to ±0.5% at spe­
cific temperatures or over narrower 
temperature ranges. Diameter is 
0. 100 inch, and the custome r speci­
fies lead length. Price can be as low 
as 50 cents. 
Western Thermistor Corp., 303 Via El Cen­

tro , Oceanside , Calif. 92054 (344] 

Digital recorder heads 

handle 0.150-inch tapes 

A series of digital recorder heads for 
0.150-inch-wide tape cassettes is 
avai lable in either single- or two-
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A flexcircuit for the "Silent 700." 

We did It for 
Texas Instruments. 

The "Silent 700. *"A powerful improvement over data terminals using conventional 
paper tape and noisy impact printers. 

To help keep the Model 733 ASR teletypewriter silent, Texas Instruments 
needed a way to provide 42 conductors between the thermal print head and its elec­
tronics. And to do it without using a bulky, stiff, relatively heavy 42-conductor cable. 

A Schjeldahl flexcircuit was the answer. 
Dynamic characteristics of this application dictate a requirement for one 

million flexes without conductor failure. This called for conductors , insulation and 
adhesive to be something more than ordinary materials. 

For improved reflow soldering of closely spaced connections, pad areas are 
electrolytically plated. And the flex­
circuit had to be producible in 
volume. 

An almost continuously flex­
ing flexcircuit. Schjeldahl did it for 
Texas Instruments. 

Northfield, Minnesota 55057 
Phone: (507) 645-5633 

The state of the art people in volume flexible circuits 

And we can do it for you. 
•Trademark of Texas Instruments Incorporated Circle 145 on reader service card © G.T.S. Co. 



OUR ANGLE: 
The FIRST Digital 
Phase Angle Voltmeter 

.. . . This NEW DPAV provides complete analys is of complex 
AC waveforms at discrete frequencies and displays the resul ts 
on a high readability 4V2 digit display. Parameters measured 
are Total , Fundamental , In-Phase, and Quadrature voltage plus 
Phase Angle. Phase angle is displayed directly in degrees 
from 0° to 360° with a resolution of 0.1 °. 

The Model 220 operates phase-sensitively at a single fac­
tory-set frequency from 30 Hz to 32 KHz. The Model 225 has 
the capability of operating with two to four pre-specified fre­
quencies. Both models have a total voltage measuring capabili­
ty from 30 Hz to 100 KHz. 

The DPAV can be used on the bench or in Automatic Test 
(ATE) appl ications. Remote programming, 10Mri input isolation 
auto ranging , and BCD output options allow for complete hands 
-off operation necessary in automated test consoles. Priced 
from $2950.00. 

Let our sales engineering representative demonstrate ou r 
NEW angle to you. Call toll-free (800) 645-9200 for his name 

•

and address. 

NORT:E-1 .A.TL.A.NT:IC industries, inc. 

200 Term inal Drive, Plainview, New York 11 803 • Phone (51 6) 681-8600 
Cali forn ia Distri ct Offi ce: 13418 Wyandotte Street, N. Holl ywood, CA 91605 • Phone (213) 982-0442 

Ci rcle 146 on reader service card 

COMPARE MITEL CM7200 

The first Touch Tone Receiver 

under 

AVAILABLE OFF THE SHELF 

i< lK QUANTITY 

MITEL canada ltd 

with C.O. rating. 

A COMPLETE LINE OF TONE 

SIGNALLING COMPONENTS AVAILABLE 

box 1089 Kanata , 
Ottawa , Ont . (613) 836 2118 

146 Circle 208 on reader service card 

New products 

channel models in a read-after-write 
format. The devices are for record­
ing densities up to 4,800 flux rever­
sals per inch. Bifilar write-windings 
are standard on these models and 
permit the use of push-pull wri te 
circuits. Moreover, the model 150 
heads offer 6-in. color-coded twisted 
leads which facilitate assembly and 
obviate problems of"heat damage. 
Write -read feedthrough of th e 
heads is less than 5% of output volt­
age without external shield. 
Brush Magnetic Heads division . Forgflo 
Corp., Front and Reagan Sis ., Sunbury, Pa . 
17801 [343) 

Uhf circulator covers 

300 to 500 MHz range 

The model V3T41 ultra-high-fre­
quency circulator operates from 300 
to 500 megahertz and provides good 
electrical characteristics over a 15% 

bandwidth under conditions speci­
fied in military standards. Appli­
cations include transmitters, receiv­
e rs, and transceivers in bio­
medical and space telemetry sys­
tems. 
E & M Laboratories, 5388 Sterling Center 

Dr ., Westlake Village , Calif. 91361 [346] 

Miniature capacitors are 

rated from 0.4 7 to 5,000 µF 

Axial-lead miniature aluminum 
electrolytic capacitors are available 
with capacitance ratings from 0.47 
to 5,000 microfarads. Voltage range 
is from 6.3 to 450 volts de. Desig­
nated the TD series, the devices are 
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There 's plenty of room for growth in Quebec. 
This coupon could be your key to wide-open 
expansion opportunities. 

l/Ve've taken the lid off the TELECOMMUNICATIONS AND 
COMPUTER industry in Quebec. Researched our assets thor­
oughly. Identified some exciting investment and expansion 
opPQrtunities. We've compiled the information you need -

everything from labor data to market 
availability - in one concise, com­
prehensive rePort prepared for us by 
Fantus, the largest firm of location 
consultants in the world. And we've 
made it easy for you to get together 
with the Quebec Department of Indus­
try and Commerce - in Boston, 
Chicago, D:lllas, Los Angeles or New 
York. 
Write. And we11 send you the facts. 
Quebec. V\e're interested in the same 
things you are. 

~--------------------/ -
/ ' "tl' Quebec \, 

narre 

company 

address 

Department 
\ of Industry and Commerce , 
\ 1 Place Ville Marie, Montreal, Quebec / 
' ~ / 

, _____________________ / 



WET TYPES 

MINIATURE SOLIDS 

~ 

Tubular Style 
CL, CLR or TE 
Elastomer or 
Hermetic Seals 

Rectangular Packages 
CL or TE 51 , 52 , 53 , 54 
Tantalum to Glass 
Hermetic Seal 

Special Designs 
WF, TES, THS 
Volumetrically efficient 
Filter Capacitors 

Custom Modules 
Wide range of ratings 
designed to meet 
your requirements 

CL 65 , CL 67 , CLR65 
Elastomer or 
Hermetic Seals 
Standard or High Cap 

Rectangular Packages 
CL or TE 55 
Hermetic Seal 
High Cap Values 

Miniature Wets 
Most Volumetrically 
efficient Capacitor 
Low DC Leakage 

Type HA Cylindrical 
Type TC Rectangular 
Axial or Radial Leads 
Subminiature size 

Type ET and EZ 
Cylindrical, Axial Leads 
Metal Case Epoxy Seal 
Miniature size 

For more information on TANSITOR 
capacitors, call your local 

Tansitor Representative, or contact: 

TANSITOR ELECTRONICS 
Division of Aerotron , Inc. 

West Road, Bennington , Vermont 05201 
Phone: (802) 442-5473 TWX: (710) 360-1782 

New products 

covered in a thermoplastic insulat­
ing sleeve and are designed for the 
temperature range from -25°C to 
+ 85°C. Quantity price is, for ex­
ample, 10 cents for a 100-,uF unit at 
16 v. 
International Components Corp., Farm­
ingdale, N.Y. 11746 [345) 

Accelerometer measures 

from 0.1 to 50,000 g 

A line of triaxial accelerometers 
uses a new piezoelectric-crystal 
composition to provide simulta­
neous measurement of acceleration 
in three mutually perpendicular 
axes. The units, which measure 
from 0.1 to 50,000 g, feature detach-

able low-noise cable assemblies and 
are for use in aerospace, military 
and industrial applications. Two 
series are available, the 500-TX 
series and the microminiature 600-
TX types, which weigh less than 8 
grams and occupy 0.082 cubic inch. 
Columbia Research Laboratories Inc., Mac­
Dade Blvd. and Sullens Lane, Woodlyn , Pa. 
19094 [347) 

Bridge rectif iers withstand 

high transient energy 

The AL series of medium-current 
single-phase-bridge silicon rectifiers 
occupies less space than usual and 
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• CIRCUIT-STIK Introduces 

GP BOARD/ 
GENERAL PURPOSE 
CIRCUIT BOARDS 
Plug-in & ChaHis Mounting 
and ELECTRONIC 
PACKAGING MATERIALS 

GP CIRCUIT BOARDS 
HIGH QUALITY 
• FR-4 Blue Epoxy Glass 
•Computer " DRILLED", High 

Accuracy Holes (not punched) 
• Mil-Spec Plating 
• Precision Routed Edges 

VERSATILITY 
•Mix All Types of DIP 

Sockets (8 to 40 Leads) 
• Low, Medium and High 

Profile Interconnections 
• Hybrid Designs for Mixing 

Discretes and Sockets 
• Designed for Edge Connector 

" Plug-In" or Chassis Mounting 
• RFI Shield ing 

HIGHEST DENSITY 
• Up to 50 DI P's on one 

4Y2' x 6Y2' Plug-In Card 
Plus Space for 50 
Decoupling Capacitors 

COMPLETENESS of 
STANDARD DESIGNS 
• Choose from 7 4 Off-the-Shelf Boards 
• 4 Sizes of Boards available 

APPEARANCE 
• Beautiful Gold, Blue and Bright Tin 

FULL LINE of ACCESSORIES 
(HIGH QUANTITY PRICING AVAILABLE) 
• Sockets - Low and Standard 

Profile, P.C. and Wire Wrap 
- Molded Nylon and Highest 
Qual ity Gold Contacts 

• Adapterplugs 
•Connectors 
• Card Pull Handles 

EPOXY GLASS BOARD 
MATERIALS 
• 76 Standard off-the-Shelf Boards 
• Including Unclad , Copper Clad, 

Cut & Peel Copper Clad, 
Pre-etched "X-Y" Pattern and 
Plated thru Hole Copper Clad 

• .100" Grid Hole Pattern or Undrilled 

SEND FOR YOUR FREE CATALOG 

clrc:ult-Stlk0 

P.O. BOX 3396 
Torrance, California 90510 
Phone (213) 530-5530 

® 
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NEYETCH COMMUTATORS AND SLIP RINGS ... 
are made of solid, wrought, non-porous noble alloys 
which afford low noise and extremely long life with no 
possibility of base metal contamiAation. In contrast to 
conventional printed circuit commutators, which are 
electroplated with thin layers of noble metal, extremely 
low tolerances can be held with Neyetch. And, too, the 
fabrication cost is reduced to a minimum by the 
elimination of machining or stamping operations. 

Neyetch commutators and slip ring assemblies have 
proved superior for both commercial and military 
applications and are widely used in potentiometers, video 
tape recorders, radios, encoders, aircraft instruments, 
sonar, timers, switches, marine instruments and such. 
Ney plays a leading part in many products with low 
energy electrical precision contact components including 
switch assemblies, welded and staked assemblies, wire 
forms, flat spring contacts, plastic molded brush and 
contact assemblies, rivet head contacts and complete 
assembled components. For our catalogue, write 
The J. M. Ney Company, Bloomfield, Connecticut 06002. 

the precious world of tEY' 
Circle 21 0 on reader serv ice card 

The long-billed 
heat sucker 

would like you to 
meet her family. 
Our good friend, the 

Heat Sucker (better known 
as a Hughes heat pipe), 
is now the proud mother 
of an entire flock: round 
and flat bills, flexible 
round bills and the cold 
mounted plate bill. Each 
variant feels right at 
home in electronic, 
chemical and 
mechanical 
equipment; in­
dustrial process­
ing ; and medical 
appl ications. 
Anywhere you 
might need 
thermal control. 

r----------

Heat Suckers come in 
various sizes: 3/ 16" to 1" 
diameter, 6" and 12" 
lengths. They have thermal 
transport capabilities of 10 
·to 2,000 watts covering 
temperature ranges from : 

-90°C to +2oo0 c. 
Since the birds have 

--------., 
,--- -- ------ - -- -- -- - , 

l"~~;~-~~-~-; 
Celebrate along with us. Send the coupon and get a cigar 
and literature. Hughes Electron Dynamics Division, 
Advert ising Dept. , 3100 W Lomita Blvd., Torrance, California 
90509. Or call (213) 534-2121 , Ext . 451. 

~soc;~-
copper and water. 

Address _________________ _ 

City ___________ State _____ _ 

Zip Telephone ______ _ 

~---------------------------~~~ 
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Ever Since the 
One-Tube RF-Amplifier /Detector 

Was the Hottest New Idea 
in Communications . .. 

If it's experience that counts in ability to design and 
build antenna insulators, nobody can touch Lapp! Solving 
problems-both electrical and mechanical-with insulators has been 
our business for more than 50 years. 

Structural guy insulators ... antenna strain insulators .. . 
base insulators for both self-supporting towers and guyed masts 
with strength ratings up to 9,000,000 lbs. ultimate. In fact, the bigger 
they are, the better off you are when you rely on Lapp's know-how. 

Write for new catalog of 
Lapp RF Insulators and Assemblies : 

LAPP INSULATOR DIVISION 

INTERPACE CORPORATION 

LE RoY, N . Y. 14482 

150 

Double strain 
insulator assembly for 
radials of top-loaded 

vertical radiators 

Heavy-duty tower base 
insulators featuring 

triple "compression-cone" 
insulators 

Antenna Tower 
Insulators by 

Circle 150 on reader service card 

New design fail-safe 
structural guy insulator 

featuring 
compression post insulator, 

increased leakage and 
flashover ratings 

Moderate-duty 
mast base 
insulator 

New products 

ca n withstand high transient energy. 
The units contain double-diffused 
junctions and offer current ratings 
of 10 amperes or 25 A. All models 
handle voltages from 50 to 1,000 V 

(peak inverse voltage). They also 
offer high temperature capability 
and low leakage current. 
Edal Industries Inc ., 4 Short Beach Rd ., East 
Haven , Conn . 06512[348) 

Solid-state relays 

switch up to 280 volts 

For applications in computers, con­
trol systems and consumer products, 
a line of solid-state relays are single­
pole single-throw devices. A de-in­
put version is called the model 
MSR200B, and an ac version is des­
ignated the MSR202B. The de 
model energizes with an input of 2.5 
volts and de-energizes at 1.4 v, 
while the ac model energizes with 90 
v ac or 45 v de. Both models switch 
up to 280 v ac rms at a IO-ampere 
load current. Prices range from 
$13.10 to $22, depending on quan­
tity and type. 
Monsanto Commercial Products Co., 3400 
Hillview Ave., Palo Alto, Calif . 94304 [349) 
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sweep lrom 1 to 18 GHz this easv 

select 
and 

read 
with -SIX 

choices 
Replace 6 Klystron Signal 
Generators with one Model 9535 -
from 1 to 18 GHz. 
Narda's newest generator/sweeper, Model 9535, 
is easy and quick to use -

• .05% accurate frequency digi-wheels - calibrated 
output power 

• Provide 200 KHz resolution with excellent reset-
ability 

• Calibrated internal power meter 
• Distance viewing provided-no mistaking frequency 
• Push-button functions are illuminated for optimum 

visibility 
• Calibrated controls with human engineered benefits 

It eliminates the octave-band limitations and the 
associated cost and accuracy problems of ordinary 
sweepers and signal generators. It is now possible 
to test at all points over the range of 1 to 18 GHz. 
Because of the single set-up, it is ideally suited for 
military and commercial applications where fre­
quency ranges overlap or where the single range 
of interest straddles multi-octave bands, or for the 
changing ranges of ECM systems. 

Save man hours every day by eliminating plug-ins 
and warm-up time-eliminate BWO tube replace­
ment budgets, plus getting crystal stability with 
phase-lock capability. 

Write tor the full details now - there are a lot more 
benefits to know about. 

StMlT 
Sf OP 6f 

MARKERS 

---

cw 

THE NARDA MICROWAVE CORPORATION · PLAINVIEW, L.I., NEW YORK 11803 
516-433-9000 TWX: 510-221-1867 CABLE : NARDACORP PLAINVIEW NEWYO.RK 

235 
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New products 

Instruments 

Am pl if iers have 
low price tags 

Instrumentation-type units 

based on techniques for 

high-volume CATV market 

The usual route from high tech­
nology to mass markets seems to 
have been reversed for a line of new 
hybrid broadband instrumentation 
amplifiers made by TRW Semicon­
ductors, a leader in cable-television 
components with 200,000 amplifiers 
in the field. The new line of devices, 
based on designs for high-volume 
CATV line amplifiers, sell for $26 to 

........... j 

• 'I' L ' il\YY<'r • on i ...... . . 
• 

$350 in small quantities-lower than 
similar parts made in small quan­
tities for instruments. 

Bill Faulkner, CATV sales engi­
neer, expects the amplifiers to find 
use in aerospace ground instru­
ments, rf instruments, field instru­
ments , and communications cir­
cuitry. The devices are packaged in 
standard CATV configuration, which 
includes a small heat sink with each. 
The nine-pin package operates from 
- 20 to 80°C, is 1.775 inch long, 0.585 
in. wide, and 0.830 in. high, and is 
epoxy-sealed. The broadband am­
plifiers operate as high as 500 mega­
hertz, with outputs to 1 watt and 
amplification of 30 decibels. 

TRW's amplifiers are made by 
thin-film hybrid techniques, and 
their alumina substrates provide 
good dielectric isolation, thermal 
conductivity , and mechanical 
strength. The gold-sandwiched cop­
per conductors and cermet resistors 

152 

are etched photochemically, and 
resistance values are trimmed with 
lasers. Six transistors are used in the 
amplifiers (the 15-dB amplifiers use 
four). Push-pull circuitry brings 
about low power consumption and 
therefore low die temperatures. 

State-of-the-art, high-linearity 
transistors are used, and special se­
lections are available to meet spe­
cific requirements. Inputs and out­
puts are matched at 50 ohms, and 
two B+ terminals are provided, one 
for a preamplifier, one for the final 
stage, providing a convenient means 
of maintaining constant rf output by 
varying the final-stage supply volt­
age. 

A typical amplifier, the $88 
CA870, has a minimum power out­
put of 400 milliwatts from 100 to 
400 MHz. Unleveled broadband re­
sponse is ± 1 dB, gain is 29 dB, and I 
mw input is required for full output. 
Input and output impedances are 50 
ohms with 1.5 : 1 VSWR. Operating 
power is 24 v at approximately 300 
milliamperes. Noise figure is 12 dB, 
and reverse isolation is 30 dB. 

Other modules include CA860 for 
I 0 to 200 MHZ, 30 dB gain and 400 
mW output for $80; CA804 for 100 
to 500 MHz, 26 dB, 350 mw, at $180; 
CA80 I, I 0 to 400 MHz, 30 dB, 400 
mw, at $115; and CA806, 100 to 400 
MHZ, 30 dB, 1,000 mW, at $350. 
Faulkner says that outputs to 1.5 w 
at 400 MHz are possible in selected 
units, and, at the other end, lower­
performance units are priced as low 
as $26. Delivery is off-the-shelf. 
TRW Semiconductors, 14520 Aviation Blvd., 

Lawndale, Calif . 90260 (351] 

FET tester requires no 

setup information 

A push-button-operated tester, 
called the model TF26 Touch Tone 
Cricket, allows solid-state testing of 
transistors and FETs without any 
knowledge of the device under test 
being required. No setup book or 
data on lead configurations is neces­
sary. The test leads can be con­
nected in any order. The push-but­
ton operation, coupled with an npn­
pnp button, tests all possible combi-

nations of basing for any transistor 
or FET. Price is $140. 
Sencore Inc., 3200 Sencore Dr ., Sioux Falls , 
S. D. 57107 (354] 

Frequency meter covers 

from 57 to 63 hertz 

The model 200 digital-display fre­
quency meter uses a quartz crystal 
oscillator as the time standard and 
covers the range from 57 to 63 hertz. 
Accuracy is to within 0.01 Hz for in­
put variations in voltage and wave 
shape from 0° to 65°C. Further, the 
instrument is not affected by 
changes in position, magnetic field, 
or vibration. Input-voltage range is 
100 to 135 volts, and the input is 
used as both signal and power 
source. Price is $495. 
Herbst Associates Inc., 43 Peniston Ave., E. 
Hanover, N.J. 07936 (353] 

Strip-chart recorder 

spans 1 0 mV to 1 0 volts 

The model SR-255B strip-chart 
recorder for industrial, laboratory, 
and educational applications gives a 
choice of four front-panel switch­
selectable calibrated ranges-10 mil­
livolts, 100 mv, 1 v, and 10 v. A 
variable span-capability extends the 
range to 100 v full scale if desired. 
Chart speeds of 10 down to 0.0 I 
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Even when it was only $35 an 
ounce, gold was expensive. That's 
why we started long ago to reduce 
the amount of gold in our contacts 
to a minimum. 

In 1958 we developed a really 
reliable gold dot contact. And no 
matter what anyone else says, only 
silver and copper are better 
electrical conductors than gold 

(but gold doesn 't oxidize or 
corrode) . 

Over the years we've been able 
to reduce the cost because we 
reduced the gold. 

And we've been reducing the 
amount over the years without 
reducing the mechanical or 
electrical quality of our connectors. 

Now, after all these years , we 

find out that we not only reduced 
cost but we've been making our 
own small contribution to solving 
our country 's gold problem. 

And all because we wanted to 
design a more economical , more 
reliable gold-contact connector. 

(iji~ S Y LVANIA 
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Our small contribution to solving 
the gold problem. · · .· · 
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New products 

inch or cm per minute are also pro­
vided, and these are accurate to 
within 0.5%. Price is $335. 
Heath / Schlumberger Instruments, Benton 
Harbor, Mich . 49022 [359] 

Fourier signal analyzer 

speeds transform time 

The model 545 lB Fourier analyzer 
eliminates the cost of a hard-wired 
processor in almost all situations, 
thanks to the microprograming ca­
pability in the unit's minicomputer. 
Real-time power spectrum analysis 

is possible up to 3,000 hertz. It also 
speeds transform time and provides 
greater real-time bandwidth than 
previous models. Standard equip­
ment includes a two-channel a-d 
converter prewired in the factory to 
allow the addition of two or more 
channels-four channels of data can 
be simultaneously digitized, each to 
a bandwidth of I 00 kilohertz. Price 
is $42,500 for a complete system. 
Hewlett-Packard Co., 1501 Page Mil l Rd ., 
Palo Alto, Calif. 94304 [356] 

Low-priced pulse generator 

covers 1 Hz to 10 MHz 

Priced at $99, a pulse generator is 
designed to cover the frequency 
range from I hertz to 10 megahertz 
and has a pulse-width range of 50 
nanoseconds to l second. Other fea­
tures of the model BP l include a 
duty cycle of up to 95%, an output 
compatible with ITL, DTL, and RTL, 
and use of socket-mounted inte-

grated circuits for ease of mainte­
nance. 
The PAL Kit Co., Box 1056, Minnetonka , 
Minn. 55343 [357] 

Five-inch oscilloscope 

has 10-MHz bandwidth 

An oscilloscope, called the model 
455, has a 5-inch face, is designed 
for a JO-megahertz bandwidth, and 
offers a vertical sensitivity of 10 
mv / cm. Applications include TV 
servicing and varied industrial uses. 
The scope accepts a camera or light-

new 1scmHz Counter 
Why settle for less 

• Simple Operation 
•D irect Reading in Hz, KHz, MHz 
• 5Hz to 150MHz Range 
• 25 mv Sensitivity to 80 MHz 
• 50 mv Sensitivity to 150MHz 
• Reliable Solid State Circuit Design 
• Rugged Construction 
• Large 6 Digit Display with Memory 

Options 
• Unique l.F. Subtraction 

• TTL Compatible BCD $395 
Output 

• 8 Digit Display 

Contac t your loca l M onsanto Representative 
today o r ca ll : United Systems Corporation, 
91 8 W oodl ey Road, Dayton, Ohi o 45403, 
Ph : (513) 254-6251, subsidiary of 

Monsanto 
" lnfonnation only" Circle 154 on reader service card 
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... every time 
you depress a 
CHERRY KEYBOARD SWITCH 
Cherry's unique gold " crosspoint" contacts plus simplified elec­
tronics enhance reliability and provide long life .. . low profile ... 
lower power consumption ... low, low cost. The crossed knife ­
edge contact configuration has been tested to 50,000,000 opera­
tions and beyond. Available from stock with a wide variety of key 
legends and colors. Or, buy them as part of a keyboard package , 
ready to slip into your panel. Either way is economical the Cherry 
way. 

When you need keyboard switches or complete keyboards for 
numerical control , calculators, computer terminals or other applica­
tions, strike gold with Cherry-and save silver at the same time . 

FOR A FREE TEST SAMPLE and a copy of our latest 
complete-line catalog just TWX 910-235-1572 . .. 
or PHONE 312-689-7700 . .. or circle appropriate 
reader service number. 

@IHllEIB1IR1lf ft:;~~~::,;~~~.~~~~~~.~~~~~~~ CORP. 

Cherry Worldwide: (Subsidiaries) Hirose Cherry Precision Co .. Ltd . Tokyo • Cherry Mikroschalter GmbH, Bayreut h. Germany GD • Cherry Electrical Products (U.K l Ltd .. St. Albans. Herts • (Licensee) G.W. Engineering Pty. Ltd .. Sydney 
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ERDAC mare just the thing you eed 
It 's the one, portable unit that does 
the work of a scope and 
Polaroid. tape recorder, 
digitizer, chart 
recorder, and 
digital meter. 
ERDACill 
a 4-channel 
recording , 
display, 
and test instrument, 
weighing only 50 lbs., has all these 
fully integrated features: 
1. Stores up to 20 hours of analog 
data on reusable , high quality cart­
ridges digitally, with each record ad­
dressed for instant test comparisons . 
2. Displays all 4 channels at one time. 
See, measure, compare incoming 
or recorded signals . 
3. Captures transients with a dynamic 
cursor for exact pretrigger setting 
and accurate X & Y axis measure-

Ci rcle 156 on reader service card 

ments with a CRT, 7 digit display, and 
3 trigger modes. 
4. Makes your time more effective 
with output formatting: 
digital parallel = computer interface 
(binary) 
digital serial =telephone data trans­
mission via modem 
analog parallel = X-Y plot of any pair 
of channels with 18 crystal clocked 
reproduction rates from 1 Hz to 1 MHz. 
5. Fits the move toward mini­
computer-based data acquisition 
systems and programmable signal 
processing with powerful versatility 
for new applications without costly 
add-ons. No planned obsolescence. 
Need help with an application? 
Call Dan Antos- 518-371-7474. 

I llll I ~~~~H~~~ NC. 
Mechanlcvllle, New York 12118 

The PS900 's are the first mini-portable scopes to bring lab-quality to 
"on-site" DC to 20 MHz test and measurement applications. These are " true" 

portables, since they are of rugged construction, small size (will fit into 
your tool kit or brief case) and light weight (only 7 pounds with batteries), 

and since they will operate from internal batteries for up to 5 hours. 
Recharging circuitry is included , and standard " C" size cells can be used . . . 

nickel-cadmium , alkaline or in a pinch, even common flashlight batteries! 
• Interested ? Call Bill Kraus a t (714) 279-6572, or write us at 

7170 Convoy Court , San Diego, California 92111. 

• • 
• •• ,, • .-.. •. PS920A 

"STACK­
PACK" 

Two configurations 
are available . .. 
"FLAT-PACK"-

. 1~~" H x 8~2" W x 12" D 
"STACK-PACK"-
3~12" H x 4~~" W x 12" D 

AVAILABLE NOW FROM$ 5 9 5 
From the leader in Multi-Channel Monitor Oscilloscopes 

\/U-DATA ~ 
y_CORPORATION \ ~ 

156 Circle 211 on reader service card 

New products 

hood and has a low-parallax, high­
contrast graticule with both ampli­
tude and vector display index. 

Sweep frequency is adjustable from 
I hertz to 200 kilohertz in five over­
lapping ranges. Price of the oscil­
loscope is $295. 
Simpson Electric Co., 5200 W. Kinzie St. , 
Chicago, Ill. [358] 

IC memory tester 

is microprogramed 

The M-10 integrated-circuit­
memory test system is offered with 
built-in time clocks. Test programs 
can be stored on tape, and test 
setups are possible using low-cost 
test jigs, manual or programed 
clocks, and simplified operator con­
trols. Options include a magnetic­
ta p e cartridge, video display, 
printer, and 8-bit microcomputer. 
The unit can also be expanded from 
16 to 80 data-word bits and 16 to 24 
address bits. Price is in the $25,000 
range. 
Micro Control Co., 1364 Buchanan Pl. , Min­
neapolis, Minn. 55421 [360] 

m ... .. .... .. C> ~" 
e> e> .. • • .. • .. e • 
• ···--·•«> ••• 

• • 0 0 ::::::::: 
- c 0 : . • ... : 
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State of the art 
state of tlf.feconomy. 

True RMS to DC measurements 
at a truly low price. The Model 440 from 

Analog Devices. $62 for the model J, 
$70 for the model K.-J( 

At 1 W' x 1 V2" x 0.4", it's smaller, to 
give you more freedom to design. 

And you 'll want to design with it. Because the 
Model 440 otters a high accuracy of 0.35% for 
the J and 0.1 % for the K. Along with a high crest 
factor of 10, simultaneous one-step RMS calcu­
lation of the DC and AC component of any 
complex waveform, and a response time of 1 O -
milliseconds. It's also a pin-compatible replace­
ment for current RMS devices. 

In addition, offset errors can be completely 
eliminated using an external adjustment, a feature 
usually found only in much higher priced models. 

"In quantities o f 1-9. 

Best of all , the Model 440 saves you money 
You can check out one or both before May 1, 

1974 at the trial price of $42 for the J and $50 for 
the K. Either way, you can 't go wrong . Neither can 
the Model 440. 

So give us a call. It's the fastest way to get all 
the facts on the Model 440. Which is just another 

-rDf2mber of our full line of non-linear circuits. 
We also bring you a complete line of log 

amplifiers and log elements. Multipliers. Dividers. 
And multifunction devices. 

Analog Devices, Inc., r. ANALOG 
Norwood, Mass. 02062 L.iiiilll DEVICES 

Call 617·329·4700 
for everything you need to ·know about non-linear circuits. 
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Sometimes it~ 
easier to get the picture 

from a picture. . 

The picture on the right says the 
same thing as the words on the left. But 
so much faster . And clearer. 

And when you consider the grow­
ing mountains of data you have to 
deal with, pictures become more a 
necessity than a luxury. 

To answer the need in the 
burgeoning industrial and commercial 
markets, Hughes has used its high tech ­
nology to develop advanced methods 
for the sensing, storage and display 
of pictorial data . 

Now, this image processing tech-

Circle 158 on reader service card 

nology has developed into a whole 
family of components, systems, subsys­
tems and software. Our products include 
image memories, image processors, 

r---------------- --, 
I I 

i HUGHES i 
I I 

L------------------~ HUGHES AIRCRAFT CO MPAN Y 

INDU8TltJAL. P'llODUCT8 DIYl•ION 
IMAGm: DKVI Cl'.8 

Creative Image Processing. 

special display systems, graphic ter­
minals, direct view storage tubes, scan 
converter tubes, visible and IR sensors . 

We also have an applications 
engineering staff available to provide 
systems support and OEM assistance. 
(Both our products and our services can 
be tailored to your special requirements.) 

Today, more than ever, Hughes is 
ready to help you get the picture . For a 
new Creative Image Processing Capabil 
ities brochure, write: 6855 El Camino 
Real, Carlsbad, California 92008. 
Or call (714) 729-9191. 



New products 

Semiconductors 

Memory writes 
while it reads 

1 6-bit LSI device provides 

10-ns access to any 4 bits 

as new data is being entered 

Signaling a new trend in random­
access-memory technology, a 16-bit 
multiport register file developed by 
Motorola is capable of reading 4 
bits and/or writing 2 bits at the 
same time . Designated the 
MC10143L, the device provides 10-
nanosecond access to any 4 bits 
while simultaneously writing in the 
new data. Since the memory is orga­
nized into eight 2-bit words, two 
read operations and a write oper­
ation can be accomplished simulta­
neously. 

Data is stored by two sets of eight 
latches. Each bit of a word has a 
separate write-enable for design 
flexibility . Writing occurs on the 
positive transition of the clock, 
while data is enabled by having the 
write-enables at a low level when 

~ the clock makes a transition. Read­
out is accomplished at any time by 
enabling the output gates. 

This LSI device, part of the MECL 
10,000 series, has fast operating 
speeds. Clock to data-out is typically 
5 nanoseconds, and read-enable to 
data output is 3.5 ns. Power dissipa­
tion is 610 milliwatts, and the unit is 
available in a 24-pin DIP ceramic 
package for the commercial tem­
perature range of -30°C to + 85°C. 

The ECL outputs drive trans­
mission lines directly, which elimi­
nates translator delay times. Out­
puts can be ORed together, or 
several register files can be com­
bined on a single bus. Included to 
reduce the number of external com­
ponents are on-chip decoders and 
write amplifiers. One application 
envisioned for the device is an inter­
face between a higher-speed unit 
and a lower-speed unit where it is 
desirable to move data in two direc­
tions at the same time. Other appli-
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cations include register files and 
multiple-accumulator applications. 

The MC10143L is available from 
stock at $29 each in quantities of 
100 to 999. 
Motorola Inc ., Semiconductor Products Divi­
sion ., P.O. Box 20924 , Phoenix, Ariz. 85036 
[411] 

Eight-bit addressable latch 

operates in four modes 

Designated the model Am9334 , an 
eight-bit addressable latch is pin­
compatible with the like-numbered 
circuit manufactured by the Fair­
child Camera & Instrument Corp. 
The device operates in four modes : 
addressable latch, memory, clear, 
and eight-channel demultiplexer. 
The latch, which offers an average 
propagation delay of 22 nanosec­
onds, contains eight individual par­
allel outputs and an active-low com­
mon clear and input-enable. Price 
of the Am9334 in a dual in-line 
package is $4.85 in 100-lots. In a 
molded package, it is priced at $3.57 
in the same quantities. Temperature 
range is 0° to 75°C. 
Advanced Micro Devices Inc ., 901 Thomp­

son Pl., Sunnyvale, Calif. 94086 [412] 

Power transistors are 

npn-pnp complements 

The models 2N5883 / 5 and the 
2N5884 / 6 npn-pnp complementary 
power transistors have identical 
electrical characteristics. Offering a 

collector-to-emitter rating of 60 to 
80 volts and a continuous collector­
current rating of 20 amperes, the 
units are suited for use in high­
power amplifiers and converters. 
Other applications include power­
switching, motor controllers and 
class D amplifiers. The transistors 
are packaged in JEDEC T0-3 cans 
and dissipate up to 200 watts at 
25 °C. Prices range from $2.84 to 
$3.22 each in 100-lots. 
Silicon Transistor Corp., Katrina Rd., 
Chelmsford , Mass. 01 824 [41 3] 

Matched-transistor arrays 

offer low-noise performance 

A series of matched-transistor ar­
rays delivers a gain-bandwidth 
product (fr) of 2.5 GHz. They are 
suited for applications in the front 
ends of instrument amplifiers or in 
i-f amplifiers because of their low­
noise performance. The arrays com­
prise matched bipolar npn elements. 
Three devices are offered: two 
matched pairs called the SL360C 
and the SL362C and a differential 
pair called the SL3145. 
Plessey Sem icondu ctors , 1674 McGaw 
Ave., Santa Ana, Cal if. 92705 [414] 

Clock circuit supplies 

multiple functions 

An MOS LSI circuit for clock appli­
cations allows for either a four- or 
six-digit multiplexed display to be 
used, besides providing for a.m. and 
p.m. indication and 24-hour alarm 
setting. Designated the model MK 
50250N, the device has a 60-hertz 
pulse rate. Other features include 
power-failure indications, intensity 
control, and compatibility with gas-
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TRl•llE EllCl•m IY 
PRmlER MRAL PIOllCTS CO. 

337 Manin St, Bnu, l.Y. 11474/(212) 911 ... 

eo.,.1.1. ul91ot 
end prlcH on re..U•et. 

OVER 1300 ITEMS IN OUR CATALOG 
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O PEN-L INE 
REED RELAYS 
Quality Engineered at Low Cost 
Broad Line ... From Distributor Stock 

An exceptionally high quality line of Form A and Form Copen 
frame reed relays - with up to 6 contacts (Form A) and 
4 contacts (Form C) per relay! Available in standard 
coil voltages 5 to 48 VOC ... Capable of switching 
up to V2 amp, 250 voe (Form A) or % amp, 28 
VOC (Form C). Only .350" high by 1.125" long, 
with terminals on .1" or .15" grid spacing. 
Electrostatic and electromagnetic shielding 
optional. Top performance at low cost . . . 
Tai lored to fit your cost / environmental 
requ irements. 

Phone, wire or write. 

ELEC-TROL, INC .. · 
26477 N. Golden Valley Road 
Saugus, California 91350 
(213) 788-7292 
TWX 910·336-1556 

160 Circ le 212 on reader service card 

New products 

discharge or LED displays. Price is 
$6.25 each in quantities of 100. 
Mostek Corp., 1215 W. Crosby Rd ., Carroll­

ton , Texas 75006 [416) 

Op amp provi des slew rate 

of 1 0 volts per microsecond 

The model SG741S/741SC oper­
ational amplifier is offered with a 
guaranteed minimum slew rate of 
IO volts per microsecond. This spec­
ification makes the device suitable 
for use with analog-to-digital con­
verters and in all applications re­
quiring a large power bandwidth; 
minimum power bandwidth of the 
device is 150 kHz. Settling time is 
3.0 µ,s . Price is from $1.25 to $4.95 in 
100-lots, depending on temperature 
range and packaging. 
Silicon General Inc. , 7382 Bolsa Ave., West­

minster , Cal if. 92683 [415) 

Op amp designed for use with 

single positive supply 

The model CA3 401E quad oper­
ational amplifier is a monolithic de­
vice designed specifically for appli­
cations using a single positive power 
supply. The device requires no ex­
ternal compensation and has a 3-pi­
cofarad capacitor on the chip to 
maintain closed-loop stability in 
each of the four independent ampli­
fiers. Unity-gain bandwidth is typi­
cally 5 megahertz, and typical input 
bias current is specified at 50 na­
noamperes. Price in quantities of 
JOO to 999 is 75 cents each, or 70 
cents for a chip version. 
RCA , Solid State Division, Box 3200 , 

Somerville , N.J. 08876 (417) 

Panel-mounting diode 

emits yellow light 

The model MLED850 diode emits 
yellow light and shares the same 
l"ackage and panel-mounting design 
as the Motorola 650 red and 750 
green light-emitting diodes. Appli­
cations for the device are varied, but 
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Program over 1200 
N/C drilling commands 

an hour. 

You 're looking at the best way we 
know of to produce printed circuit 
board prog rams for any EIA standard 
N/C drilling machine. This includes 
our own Excel Ion Mark Ill , the Mono­
matic 7 and the Quadramatics. 

Excellon's Opie II. 
It's fast and accurate. And it's un­

complicated. 
Simply place your art, negatives 

or boards on the 25" x 25" work table. 
Then control X-Y axis table 

travel either electrically 
(at 120-inches a min-
ute) , or by manually 
operating the fine-adjust­
ment hand-wheels. Air 
bearings virtually eliminate 
fr iction, and ball nut lead­
screws prevent backlash. 
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Excellon's Opie II 
When the pad is centered on the 

10-power, 6- inch scope, press the 
footswitch and the X-Y coordinates 
are entered on the tape. 

Then you 're ready to proceed to 
the next hole. (And you can proceed 
in inches or millimeters, whichever 
you prefer.) 

In add ition , the Opie II , with 

± 0.0001 " resolution , can be used to 
inspect art work or p.c. boards. 

There 's much more you should 
know about this outstanding optical 
programming/inspection center. And 
you 'll f ind it all in our Opie II brochure. 

Call or write Dick Hogan, Sales 
Manager, today. His number is (213) 
325-8000. 

Excellon Automation 
A Division of Excel Ion Industr ies 

23915 Garnier Street 
Torrance, California 90505 

Phone: (213) 325-8000 
Telex: 67.45.62 Cable : Excel Ion Tor rance ~---~ 

Excellon Sales and Service in ENGLAND · FRANCE 
SCANDINAVIA · W. GERMANY · HOLLAND · AUS­

,TRALIA • HONG KONG ·TAIWAN • JAPAN 
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Centralab 
[g)@U3spec\:SBw@g 

95% Alumina Substrates 
Now you can get standard sizes 
from your Centralab Distributor. 
For the first time, anywhere, your Centralab 
Distributor is now stocking 10 of the most 
popular sizes of substrates. He can provide 
fast delivery on 100 to 10,000 pieces at prices 
as low as 5 cents each, depending on size 
and quantity. All are 95 % alumina ... white 
... in .025" thickness ... 25-50 microinch 
surface finish ... for up to 1700°C use. They 
match your specifications for dimensional tol­
erance, dielectric and mechanical strength 
and more. 
Until now, prototype and limited production 
quantities of ceramic substrates were only 
available on factory orders with the usual 
minimum billing. We've changed that ... to 
help you quickly and economically meet your 
need for the finest precision substrates. 

Get complete specifications from your 
Centralab Distributor or send coupon. 

Centralab Distributor Products 
5757 N. Green Bay Ave. Dept. AS-2 
Milwaukee, Wisconsin 53201 

Name: 

Company: 

City: State 

DISTRIBUTOR PRODUCTS ........ 

~ 
CENTRALAB 

Electronics Division 

GLOBE-UNION INC. 
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the company expects the yellow 
diode will find particular use as an 
indicator of standby situations. Price 
is 89 cents each for lOO to 999 units. 
Motorola Semiconductor Products Inc .. Box 
20912, Phoenix, Ariz . 85036 [ 418] 

FET op amp offers 

1 0-mHz bandwidth 

A FET operational amplifier that re­
quires no external compensation 
offers a unity-gain slew rate of 50 v 
per microsecond, a bandwidth of IO 
megahertz, and a maximum input 
bias current of 15 picoamperes. Des­
ignated the AD528, the device is in­
ternally compensated for unity-gain 
applications. This provides a 60° 
phase margin to ensure stability and 
eliminate ringing and overshoot in 
the transie nt response. External 
feed-forward compensation may be 
added to increase the slew rate to 
over l 00 v I µ,s and almost double 

the bandwidth. And, if desired, 
settling time to 0.1% can be reduced 
to less than I microsecond with a 
single external capacitor. Prices for 
the various models range from $42 
to $12, depending on specifications, 
operating temperature, and quan­
tity. 
Analog Devices, Rte. 1 Industrial Park, Box 

280, Norwood , Mass. 02062 [ 419] 
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The first name 
in sweep generators is also 
no. 1 in price/performance 
value. 

1204 
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Telonic Sweep Generators have a lot more built into them than just 
components. For example - more experience and application know-how 

than you 'll find in any instrument; operating features we 've incorporated 
from talking to hundreds of users; dependability based on designs that are 

field-proven in thousands of locations. Today, Telonic sweepers give you a lot 
more than just specs. They give you maximum instrument for your investment. 

SWEEP GENERATORS DISPLAY OSCILLOSCOPES 

Model Model Model Model Model 
1202 1204 1205 121 122 

Frequency .1-100 1-500 1-1500 Modes Single Trace Dual Trace 
(MHz) 
Sweep Width .1-100 .2-500 .2-600 CRT 11 " Diagonal 
(MHz) 
Output (dBm) +13 +10 +7 V Bandwidth (kHz) 15 
Flatness (dB) ±.25 ±.25 ± .50 H Bandwidth (kHz) 
Linearity (%) 2 1 1 V Sensitivity I div. 1, 10, 100 mv,1v 
Markers Single and Harmonic H Sensitivity I div. 100 mv 
Circuits Solid State/Modular Input Imped . 10 K ohms 
Price 895 I 1095 I 1395 Price 495 I 695 

Who was it that said , "investigate before you invest" ? We have a new 60-page 
catalog on sweepers, oscilloscopes, and detectors. We would like you to 

investigate it, it's free. 

121 

1202 

122 

~ ~® 

TELONIC INDUSTRIES, INC. I. f 
21282 Laguna Canyon Road • Laguna Beach, Calif. 92652 .... 

Tel : 714 494-9401 • TWX: 910596-1320 te1oJJJc 
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Floppy disc system with big disc drive 
features. DIVA's Floppy disc system is not just 
another floppy drive. It's a complete disc system with drive, 
controller electronics. and computer .interface. It has 
featu res and options usually found only on large systems: 
initial program load , overlap seek, logical se lect switches. 
write protect switch , OMA or program 1/0. and the 
capacity to handle up to 3 additional drives per unit. A 
universal bus allows simple interfacing to any minicomputer. 
Standard interface is available for Data General, DEC. 
Interdata. H-P. Varian. Texas Instruments. and Honeywell 
minis. Priced so you can toss out punched tape, card 
or cassette devices and benefit from all the advantages 
of disc-type storage. 

Short Specs for Quick Comparison 

Capacity/disc: 2.5 megabits (262 Kbytes/disc) 

Access time: 10 ms, track-to-track 
10 ms, settle @ final track 
10 ms/track slew rate 

Latency (avg): 80 ms 

Data transfer rate: 250 Kbits/sec (30.2 Kbytes/sec) 

Tracks/disc: 64 

Recording density: 3200 bpi 

Media life: 64 megapasses 

For fast details, call DIVA. Inc. at any of the numbers listed. 
Or send for descriptive literature. 

Circle 164 on reader service card 

Cartridge disc system that's software & 
hardware, plug-to-plug compatible with 
PDP 11. DIVA's cartridge disc system is an inexpensive 
replacement for DEC's RK 11 /RK 02, and RK 05 cartridge 
disc drives. with which it is completely compatible . Both 
DIVA and DEC drives can be intermixed in the same 
operating system and cartridges freely interchanged 
between them. Unit select logic is built into DIVA's system 
so up to 4 drives can be operated from a sing le con­
troller. The system is a self-contained. random-access 
storage system. complete with cont roller, power supply, 
and interconnecti ng cables. It uses an IBM 2315 type 
ca rt ridge and Diablo Se ries 31 type drives. It's ideal fo r 
small to medium size computer systems. 
Check Specs 
Capacity/drive: 1,228,800 data words 
Recording density: 2200 bpi 
Access time: 15 ms, track-to-track 
Average latency time: 15 ms 
Data transfer rate: 22.2 microseconds per 

word (1.44 Mbits/sec) 
Rotation sp~ed: 1500 rpm 
Transfer path: NPR, OMA 
Environment: 60-90°F, 20-80% RH 

For fast details. call DIVA, Inc. at any of the numbers listed 
below. Or send for descriptive literature . 

DIVA, lnc. /607 Industrial Way West/Eatontown, N. J. 
07724/Phone: 201-544-9000/TWX 710-722-6645 
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Mini 
maximizer 
systems 

REGIONAL SALES OFFICES/ California: 415-493-4914/ Texas : 713-626-1390/ Washington , DC: 703-370-52l1 
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New products 

Microwave 

Gunn oscillator 
puts out 250 mW 

Line of Ku-band cw sources 

delivers 5 to 250 mW; units 

tunable within ±1 00 MHz 

Developed primarily for use as 
pump sources for parametric ampli­
fiers, a line of Gunn-diode oscilla­
tors has been introduced by Varian 
Associates' Solid State West divi­
sion. Models in the VSU-9002 series 
are tunable within a ±100-mega­
hertz range from any specified cen­
ter frequency between 12.4 and 18 
gigahertz. 

Standard models in the series de­
liver cw power ranging from 5 to 
250 milliwatts, making them also 
suitable for a wide variety of gen­
eral-purpose applications. Each os-

cillator, however, is factory-adjusted 
to operate at only one selected com­
bination of center frequency and 
output power. 

The Gunn-effect oscillators are 
designed to be biased from an 8-volt 
direct-current power supply with up 
to 0.01 % regulation, although de 
supplies of as much as 10 volts can 
be used. For proper operation, load 
VSWR must be maintained below 1.2 
over the full frequency range cov­
ered. 
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Cooling is achieved by attaching 
the oscillator to a heat sink which 
maintains the unit's case tempera­
ture at 50°C or below. Rf power is 
coupled out or the oscillator via Ku­
band UG-419/u waveguide. 

Typical of the new series is model 
VSU-9002S6, a 100-mw unit that 
operates at a maximum bias current 
of 0.6 ampere. Maximum pushing 
factor is 20 MHz/v, measured from 
the operating bias voltage to 1 v be­
low this voltage. Pulling factor is 15 
MHZ maximum when operating into 
a VSWR mismatch of 1.2. Typical fm 
noise is 20 Hz rms when measured 
in a I-kilohertz bandwidth 10 kHz 
from the carrier. 

For this model, frequency I 
temperature coefficient is up to 600 
kHz/°C, although other versions ex­
hibiting smaller coefficients can be 
supplied on request. 

In addition to the standard mod­
els described above, other units can 
be provided on special order, either 
at a fixed frequency or tunable up to 
±350 MHz and more. 

Prices for the VSU-9002 series 
range from $190 for the VSU-
9002S 1 (5-mw output) to $930 for 
the VSU-9002S9 (250-mw output). 
The 100-mw VSU-9002S6 discussed 
above is $385. Delivery is about 45 
days. . 
Varian Associates, Solid State West Divi­
sion , 611 Hansen Way, Palo Alto, Calif. 

94303 (401] 

Microstrip detector operates 

from 1 to 1 8 gigahertz 

Two stripline-microstrip detector 
modules are compact units, desig­
nated MA-7707H and MA-70771, 
respectively. They can be used for 
radar applications, in stripline or 
microstrip installations, as power 
monitors and feedback-loop detec­
tors. Dynamic range is 70 decibels, 

and square-law characteristics are 
maintained for input-power levels 
below - 20 dBm. Response is linear 
above 0 dBm, and frequency range 
is from l to 18 gigahertz. Price for 
one to nine modules is $40 each. 
Delivery is from stock. 
Microwave Associates Inc., Northwest In­
dustrial Park, Burlington, Mass. 01803 (403] 

Waveguide components offer 

broad frequency range 

With bandwidth ratios of 3.6: l and 
2.4: l , a line of broadband wave­
guide components is said to have a 
broader frequency range in a 
smaller waveguide size than conven­
tional rectangular waveguides. 

vswR is 1.08, with an insertion loss 
of 0.05 dB maximum. The compo­
nents can be pressurized to 30 psig; 
and bends, straight sections, adapt­
ers, windows, transitions, and flat or 
grooved flanges are available in 
aluminum, brass, copper, silver, or 
silver-plate. 
MCS Corp., 1307 S. Myrtle Ave ., Monrovia, 
Calif. 91016 (404] 

FET built fo r amplifiers, 

oscillators up to X band 

Designated the GAT 3, a gallium­
arsenide field-effect transistor is an 
n-channel device designed for use in 
amplifier and oscillator applications 
up to X-band frequencies . Specifica­
tions include a gain of 8 dB and a 
noise figure of 6 dB at 8 GHz, and a 
gain of 6 dB and noise figure of 8 dB 
at 12 GHz. A chip version can be di­
rectly mounted on a microstrip, and 
a unit mounted in a leadless invert-

165 



166 

Flameless 
Compressed-Air 
Heat Torches -
Lightweight and 
portable for 
pinpoint 

Heat Blowers - Built for 
continuous 24-hour duty. 

intense heat 
performance. 

Chrome Heat Gun - Designed for 
labs, R & D, and professional use. 

A flameless 
heat tool for 
every need: 
Master 

Standard 
Heat Gun 

-Compact 
and 

economical, 
die-cast 

aluminum 
housing. 

mal~es them all 
Master offers you the world's most 
complete line of flameless heat 
tools. Each one is precision built for 
rugged dependabi I ity and versatile 
performance. And every Master 
heat tool features a complete 
line of attachments for every 
production need . 

Heat Guns and Blowers are available in 
U. L. and L.A. approved models. 
CSA approved in Canada. In Canada, contact 
Martin Industrial Sales, P.O. Box 576, 
4445 Harvest Road, Burlington, Ontario. 

Send for your free 12-page catalog and price 
list on the world 's most complete line 
of flameless heat tools . 

mASTER 
a.pp~~ 
Racine, Wisconsin 53403 
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New products 

ing-device package is also available. 
Price is $184 for the chip version 
and $248 for the packaged unit. 
Plessey Semiconductors, 1674 McGaw 
Ave., Santa Ana, Calif. 92705 [406] 

Coaxial attenuator sets 

cover de to 12.4 or 18 GHz 

The models AS-SA and AS-6A co­
axial attenuator sets cover de to 12.4 
gigahertz and de to 18 GHz, respec­
tively. Each set consists of four at­
tenuators with an average power 
rating of S watts at 2S°C, stainless­
steel bodies, and type N connectors. 

Attenuation values provided in each 
set are 3, 6, 10, and 20 dB. Four 
model 1 attenuators in the SA set 
are calibrated at de, 4, 8, and 12.4 
GHz, and four model 2 attenuators 
in the 6A set are calibrated at de, 4, 
8, 12.4, and 18 GHZ. Price is $2SO for 
the model SA and $310 for the 6A. 
Weinschel Engineering, Box 577, Gaithers­

burg, Md. 20760 [ 405] 

Coaxial contacts fit 

rack and panel connectors 

A line of matched-impedance co­
axial contacts enables rack and 
panel power connectors to transmit 
high-frequency signals. The units 
are designed to fit inserts for # 12 
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We improved 
our micro resist. 

New KODAK Micro Resist 747 
is the purest, most stringently con­
trolled resist we've ever made. 

tions of equally high quality: KODAK 
Micro Resist Developer, Thinner, 
and Rinse. All of which help you get 
more uniform coatings and better 
p·rocess reliability. And that means 
economy. 

It's filtered to a value of 0.5 
micrometer, and there are less than 
10 parts per million of metal ions. 
(Less than three parts per million 
each of sodium, lithium, potassium, 
tin, or gold.) Viscosity and solids are 
also closely controlled. 

There's convenience, as well. 
This negative-working resist comes 
in four ready-to-use viscosity 
grad es: 30, 45, 60, and 110 centi­
stokes. And there are processing solu-

We couldn't 
improve our offer. 

Electronlcs/February 7, 1974 

Technical assistance. 
We'd be pleased to share our experience in 

microelectronics with you. As a start, why not send 
for the comprehensive six-page data sheet on 
KODAK Micro Resist 747? Or have a 
representative demonstrate it for you. ~ 
Either way, just use the coupon. ~ 

r-------------------------~ 
Eastman Kodak Company PHF 
Dept. 412-L, Rochester, N. Y. 14650 

D Please have a representative demonstrate 
KODAK Micro Resist 747. 

D Please send detailed information. 

Title, _________________ _ 

Company _______________ _ 

Address, _______________ _ 

City _________ State ___ Zip __ _ 

For information on sales outside the U.S. and Canada, 
contact the International Photographic Division, Eastman 
Kodak Company, Rochester, N. Y. 14650, U.S.A. 

2-48 
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10 positions, 1 or 2 poles, 

diameter less than .300" 

• Non-shorting . .. wiping contacts 
... rated to make or break 15,000 
cycles minimum at logic loads. 

• Now available with integral knob 
. . . as well as screwdriver or 
shaft operated. 

• For communications circuits , 
electronic stopwatches, and 
other low voltage applications 
where size is critical 

As the pioneer in switch 
microminiaturization , we present 
our Series 75, designed as the 
smallest the state of the art permits. 
If you think that small switch 
means big price ... guess again. 
Here's a lot of switch in a tiny 
package at a cost that's 
surprisingly low. Write for Bulletin 
#237 describing these miniature 
switches . .. and consult EEM for 
more information on Grayhill 
products. 

A=m.!!!. 
561 Hillgrove Avenue • LaGrange. Illinois 60525 

(312) 354-1040 

New products 

size contacts in the series-17 connec­
tors made by Amphenol. The con­
tacts act as miniature 50-ohm, 
matched-impedance, coaxial con­
nectors, and they operate in the 
O-to-4-GHZ range, with a VSWR of 
less than 1.45 for a mated pair. Peak 
voltage rating is 500 v, and dielec­
tric-withstanding voltage is 1,500 v 
rms. 
Amphenol, Rf division, 33 E. Franklin St. , 
Danbury, Conn. 06810 [407] 

Detector amplifiers 

improve log linearity 

The LD 1100 series of detector am­
plifiers is designed to optimize loga­
rithmic linearity over a wide dy-

namic range. Typical values are 
±0.2 dB from near tangential signal 
level to 0 dBm. Self-compensating, 
balanced logging stages hold vari­
ations over temperature to within 
0.75 dB (typical) over the range 
from -54 to + 71°C. Prices are $750 
to $825 . 
Aertech Industries, 825 Stewart Dr., Sunny­
vale, Calif. 94086 [408] 

Fixed attenuator operates 

from de to 18 GHz 

A medium-power fixed attenuator, 
designed for panel-mounting, oper­
ates across the frequency range of 
de to 18 GHz. The model 304 has an 
input power capacity of 2 watts av­
erage. Attenuation is available at 
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s. s. HOPE, M.D. 
Doctor ... teacher ... friend to 
millions on four continents­
this floating hospital is a 
symbol of America's concern 
for the world's disadvantaged. 

Keep HOPE sailing. 

PROJECT 

IJIDll 
Dept. A, Washington, D.C. 20007 
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A subsid iary o f THOMSON-CSF 

DuMont 
photomultipliers: 

highlights of 
a great collection. 

Large and low noise 
(type K1328) for whole body 

or Cerenkov counters. 

High stability S11 and S20 
(types KM6364 and KM2898) for 

punched card or 
paper tape reading . 

Extended Red S20 and S1 
cathode (types KM2357, KM3054) for 

laser detection and 
demodulation or 

Broad response cathode 
(types KM2800, KM3068) 

for spectroscopy. 

Small and rugged 
(type 7860) for rocket 

shots or oil well logging. UV alkali telluride 
and halide cathodes 

(types K1688 and K1466) 
for solar blind astronomy 

or plasma research. 

laser Ramas spectroscopy. 

Windowless electron 
multipliers (type SPM) 

for soft x-ray or 
particle detection 

and mass spectrometers. 

DuMont's range of PMT's is extraordinarily broad. You may never require any photomultiplier 
outside it. But if you should , call on us. Call on us, too , for CRT's, DVST's, scan converters and 
storage tubes. In fact, for optimum performance for your dollar with tubes backed by DuMont 
professionalism and over fifty years of expertise, contact: DuMont Electron Tubes & Devices 
Corporation, 750 Bloomfield Avenue, Cl ifton , N. J . 07015, (201) 773-2000. D mcnt 
All tubes with either box and grid dynodes for high current stab1l1ty or with venetian blind dynodes for lowest noise U 

" See us at l.E.E.E., Booths # 2303-05, 2402-04 ." Circle 169 on reader service card 169 
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international 
coil winding 
association 

C Devoted Entirely To The Coil Winding Industry) 

PRESENTS 

EOIL WIDDIDli 
EHIEAliO '74 
CONVENTION & EXHIBITION 

21, 22, 23, SHERATON O'HARE HOTEL 

May, 1974 ROSEMONT, ILLINOIS, U.S.A. 

Devoted exclusively to the coil winding industry 
this event is being held yet again to serve 
as a platform for presentation of specialized 
papers on new materials and techniques and 
a showcas~ for displaying the latest product 
developments . 

CONVENTION: 
Papers will be presented by Internationally 
recognised authorities in various fields of 
coil winding . 

PRODUCT DISPLAY: 
Covering the entire spectrum from coil 
winding machines to custom built coils. 

EUROPEAN AND HEAD OFFICE NORTH AMERICAN OFFICE 

Cleveland House 
344A Holdenhurst Road 
Bournemouth BH8 8BE 
Hampshire 
England 
Telephone: Bournemouth 38738 
Telex : 417123 

Suite 106 
3158 Des Plaines Avenue 
Des Plaines 
Illinois 60018 
U.S.A. 
Telephone: (312) 696-1688 

--------------------------P/Hse send •II details D 1 
We are interested in • booth of •••••••••• sq.It. 1 

plHH complete 1ni 
NAME . • . • • • • . . . . . . . • . • . . BLOCK LETTERS ' 

I 
POSITION ............................. ·, 
COMPANY ••••••••••••••••••••••••••• J 

ADDRESS ••••••••••••••••••••••••••••• : 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •I 
I I 
I· • • . • • .. • • • • • • • . • • • • • • • • • • • • • • .. • • . • • • • • • I 
I · I 
I PRODUCTS ••••••••.•.••..•.•••..••••.•• • 1 

I I 
I •• • •• • • • • • ••••••• • •••••••••••••••••• • ••• ·1 

I I 
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Circle 170 on reader service card 

New products 

any value from 1 through 20 dB in 
1-dB increments. Connectors are 
stainless-steel type N, female, to 
SMA, male. Price for one to nine 
units is $55 each. 
Midwest Microwave , 3800 Packard Rd ., Ann 
Arbor , Mich. 48104 [409] 

Transistor oscillators 

cover 6 to 12.4 GHz 

Completing a family of YIG-tuned 
oscillators that tune over all of X 
band, three new types cover 6 to 
12.4 GHz. Model AV-7700M pro­
vides a minimum power output of 
10 mw from 7 10 11 GHz, the AV-
7800M puts out 5 mw over the 8-to-
12.4-GHz band, and the AV-7600M 
covers6 to 12.4 GHz, also with a 5-mw 
output. Tuning linearity is within 
±0.05%. De circuit power dissipation 
is Ys of that required by bulk-effect 
devices. In lots of 100, the 7800M 
is priced at$ I, 160; the 7700M, $1 ,215 ; 
and the 7600M, $1,195 . 
Avantek Inc., 3175 Bowers Ave., Santa 

Clara, Calif. 95051 [361] 

GaAs oscillators are 

varactor-controlled 

Varactor-controlled bulk gallium­
arsenide oscillators, designated the 
WJ-2863 series, are for operation in 
the 12- to 18-GHZ region. The units 
provide a typical minimum output 
power of + 13 dBm over any 3.5-
GHZ segment of Ku band. Each os­
cillator contains an integral isolator, 
voltage regulator and proportio­
nately controlled heater. 
Watkins-Johnson Co., 3333 Hillview Ave ., 

Palo Alto , Calif. 94304 [ 41 O] 
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Some of the best things 
about our new Digivac® 1000 
are what you can't see. 

When you look at our 
vacuum fluorescent readout, 
you won't seethe lowvoltagere­
quirements making it directly 
compatible with available 
MOS IC logic packages. 

You won't see the exclusive 
mica substrate which supplies 
mechanical strength and helps 
emphasize lighted segments 
through a desirable halo effect. 

You won't see the low cost, 
lower than competing read­
outs with fewer customer 
advantages. 

Of course, there are things 
about our Tung-Sol® Digivac 
1000 you can see. 

Like the Digivac lOOO's 
brightness. 50 % more bright­
ness and greater uniformity 
than ever before. 

You can see the flexible 
language with alpha, numerical 
and symbolic figures. 

You can see the wide range 
of colors, including white, 
available with common types 
of filters. 

And because of the unique 
construction, you can see the 
accurate viewing assured 

from virtually any angle. 
With the Digivac 1000 

readout, whether you see it or 
you don't ... it's still nice to 
know it's all there. 

For additional informa­
tion on the Digivac 1000, write 
to: Tung-Sol Division, Wagner 
Electric Corporation, 630 W. 
Mt. Pleasant Avenue, Living­
ston, New Jersey 07039. 

Wagner makes other quality 
products in volume for the elec­
tronics industry, including bridges, 
power supplies and subsystems, 
silicon rectifiers , resistors, minia­
ture lamps and status indicators. 
And Wagner offers contract 
manuf arh1ring. 

WllilER® 
®Trademarks Wagner, Tung.Sol and Oigi11oc, Reg. U.S . Pot. Off . and Morcos Registrodas We've got a lot more riding for you. 

Electronlcs/February 7, 1974 Circle 171 on reader service card 171 



Bridge<) 
Rectifiers 
J:BR 
SILICON 
AVALANCHE 
INTEGRATED 
BRIDGE 
RECTIFIERS 

T0-3 outline 
mounting 
flange 

Stud Mount 

Press-fit 

• 10A and 25A (1 0 ) single phase 
full-wave bridges 

• 15A & 36A (1 0 ) , 3¢> full-wave 
bridges 

• 100V, 200V, 400V, 600V (VR) 

• 250V, 450V, 650V minimum 
avalanche voltages (V8R) permit 
lower PRV safety factors in 
design considerations 

• Fast recovery series, 
200 nsec. (trr) 

• Low junction-to-case thermal 
impedance (ZeJd , 1°C/W or 
less allows operation at full 
rated load to 100°C, TC. 

• 2000V minimum circuit-to-case 
insulation 

• Three mounting options: 
Press-fit, Stud Mount, and 
T0-3 outline mounting flange. 

(1 0 A, 200 V, T0-3 mounti ng 
1000 qnty.). 

Design us In -
We'll stay there 

VARO 
VARO SEMICONDUCTOR, INC. 

P.O. BOX 676, 1000 NORTH SHILOH, 
GARLAND, TEXAS 75040 

(214) 272-4551 TWX 910-860-5178 

New products/materials 

A very thin copper epoxy glass lami­
nate, called Micaply, is available for 
the construction of hybrid micro­
circuits and for high-density mul­
tilayer circuit-board applications. 
The material consists of an epoxy­
glass substrate, clad on one or both 
sides with a copper layer 0.0001 
inch thick. Gold or nickel conductor 
patterns are plated, with the copper 
cladding as a plating electrode. The 
copper is then removed by immer­
sion in a suitable etchant. 
Mica Corp., 10900 Washington Blvd., Culver 
City, Calif. 90230 [476) 

A single-component plastic adhe­
sive, designated type 515, is for use 
at temperatures to 400°F in bonding 
such dissimilar materials as ceram­
ics, glass, metals, and plastic. The 
material requires no mixing, weigh­
ing, or activator, and it cures at tem­
peratures as low as 330°F in 45 min­
utes. Available as a premixed paste, 
515 is provided in pint containers at 
$18.75 each or in quarts at $29.50. 
Delivery is from stock. 
Aremco Products Inc .. Box 429, Ossining. 
NY 10562 [478) 

A one-part copper-filled adhesive, 
called Conduct X 5002, has a typical 
cured-volume resistivity of 0.001 
ohm-cm or less, and it may be ap­
plied to a variety of substrates in­
cl uding glass, metals, plastics, and 
ceramics. A wide range of curing 
conditions, from 85°C to 150°C, 
may be used. The material can also 
be cured by infrared radiation or by 
electric current. Price is said to be 
about 25% that of silver-filled sys­
tems that provide comparable prop­
erties. 
Electro-Kinetic Systems Inc., 2500 E. Ridley 
Ave., Chester, Pa. 1901 3 [479) 

High-purity copper anodes called 
3-C can be used for all types of cop­
per-electroplating systems. The 
anodes are said to eliminate the pos­
sibility of introducing contaminants 
into the bath from the anode, and 
they corrode uniformly with a min­
imum of sludging. Gagging and dia­
phragming are eliminated in most 
instances. Round, rectangular, and 
oval sizes in continuous cast or 
rolled types are available in a selec-
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Better 
Contacts 

Truer 
Positions 

No Plated­
Thru Holes 

EMC& Pin-in-Board 
Still best ! EMC's high density 
Wire-Wrap® non-warping epoxy 
panels assure accurate true 
posi t ion , especially on ).{6" 
boards. Edgeboard finger pat­
t e rn s , powe r and g r o u nd 
planes, and new TI P-DIP™ for 
double dens ity ! Funnel-Entry• 
design simplifies lead insertion ; 
Nur l-Loc® t e rminal s* prevent 
twist during wrap. Standard 
and Custom panels for every 
requirement, too. 

ELECTRONIC MOLDING CORP. 
96 Mi II St ., Woonsocket, R. I. 02895 

Phone (401) 769-3800 

Write or phone for latest 
Computer Products Catalog 

···m~~ • Patented 
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This fully loaded, high-performance DMM 
costs you less -

yet it equals or exceeds the performance 
of any other comparable DMM. 

At $1295, Data Precision's 
TM 

Tri-Phasic Model 2540A 1 is 
the best buy in the entire 
DMM field. 

A fully loaded, high performance 
precision instrument, our top of 
the line 51/2 digit model provides 
a basic accuracy of ± 0.001 % f.s. 
± 0.007% reading ± 1 l.s.d . for 

six months, documented by full 
test data and Certificate of Con­
formance. 

Functions include: DC volts, AC 
volts, 2-wire and 4-wire resis­
tance, DC/DC ratio, AC/DC ratio. 

1 pV to 1000 voe. 1 p.V to 500 
VAC. 1 milliohm to 12 megohms. 
Autoranging, auto-polarity. Iso­
lated BCD output. Remote trig­
gering and remote ranging. 

All of the Data Precision DMM 's 
- the 51/2 digit 2500 Series 
models, and the 41/2 digit 2400 
Series models - incorporate our 
exclusive Tri-Phasic™ conver-

sion, lsopolar™ referencing and 
Ratiohmic™ resistance measure­
ment design features. 

And , if you need only 4112 digits , 
the 2400 Series is the world 's 
most accurate 41/2 digit DMM , 
starting at $580. 

Data Precision Corporation 
Audubon Road 
Wakefield , MA 01880 
(617) 246-1600 

To arrange a demonstration phone your local sales office listed below. 

AL (205) 536 -19 41 
AZ (60 2) 9 4 8 -8410 
CA IN I (408) 733 -9 000 
CA ISi (7 14) 5 40 -7 160 
co (30 3) 449 -5294 
CT (203) 525 -7647 
FL IS i (30 5) 58 1 -66 11 
Ft INI (30 5) 727 -32 0 5 
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GA (404 ) 252 -5360 MO IWl (8 1 6) 7 37 -0066 
HI (808) 262 -6286 MO IE l (314) 731 -2331 
IL (3 12) 593 -0282 NC (919) 275 3725 
IN (317) 293 -9827 NJ (215) 925 -87 11 
MA (617) 273 -0198 NM (505) 265 -647 1 
MD (30 1 ) 552 -2200 NY I N ) (315) 446-0220 
Ml (3 1 3) 482 -1229 NY ISi (516) 482 -3500 
MN (612) 781 -1611 O H (Nl (2 16) 243 7430 

~-1:,ATA PRECISION 
... years ahead 

OH IS l (5 13) 298 -30 33 
OR (50 3) 238 -0001 
TX IN) (2 14) 234 -4137 
TX 1s1 (71 3) 461 -4487 
UT (801) 268 -3181 
WA (2 0 6) 763 -2210 
CAN IW) (4 1 6) 66 1 -1404 
CAN !El (5 14) 731 :9328 
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Buy the Ballantine 
3/24 DMM 

24 Ranges - 3 Full Digits 
• AC Vo lts , AC Current, Ohms, DC Volts, 

DC Current 
• Ful ly Overl oad Protected 
• 300 Hour Dependable Battery Li fe 
• Pocket Size - Weighs Under 2 Poun ds 
• 0.2% DC Acc uracy - AC to 20 kHz 

~ 
~;~;~,%:~~::'b~t1~~k $195 

I) complete I. Ballantine Laboratories, Inc. 
a; I P 0 Box 97, Boonton, New Jersey 07005 

--111_.ll"' 201-335-0900, TWX 710-987-8380 
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ONLY 

se9s5* 
This easy-to-bui Id kit lets you 

see on your oscilloscope screen the operating para­
meters of virtually all types of semiconductors. Use 
it for sorting, inspecting, testing of bipolar tran­
sistors, diodes, SCRs, triacs, FETs, etc. The IT-1121 
Semiconductor Curve Tracer can be used with any 
scope with horizontal sensitivity of 0.5 VI div. and 
vertical sensitivity of 1 VI div. All major controls 
are stepped in a 1, 2, 5 sequence for maximum para­
meter resolution. Kit includes connecting leads, 
extra test leads for large devices or in-circuit test­
ing, comprehensive fully illustrated manual. Order 
one for your lab today. 
Kit IT-1121 , 11 lbs ....... . . .......... .. 89.95 * 

I HEATH ~ 

~--;...--- I HEATH COMPANY, Dept. 53 -2 •-mu!!!iiHw@ 1 
Se~nd for your I Benton Harbor, Michigan 49022 I 

I O Please send FREE Heathkit Catalog. O Please send I 

FREE I IT·1121. Enclosed is $89.95, plus shipping. I 
I Name I 

H thk• I Address I ea It City State Zip __ I 
catalog L __ __:-~~o~~ric~~a~.~cto:__~~~ 
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New products / materials 

tion of phosphorized compositions. 
Refinery for Electron ics Inc. , Materials Divi­
sion , Jersey Ave., Jersey City, N .J. 07302 

(480] 

Created specifically for micro­
electronics applications, Ablebond 
66-1 is a one-compound non-mi­
grating electrically conductive 
epoxy adhesive with a volume re­
sistivity of 0.002 ohm-cm and a 
shear strength of 1,600 psi. The ma­
terial is available in I-ounce jars or 
1-cc syringes, and is said to cost 
about a fifth as much as gold-filled 
epoxies. 
Ablestik Laboratories, 833 W. 182nd St. , 

Gardena, Calif. 90248 [401] 

A nonflammable solution for the in­
spection of computer-tape signals is 
designed to enable users to view 
these signals. Called Magne-Vue, 
the material provides a fast indica­
tion of the tape signal when the in­
tegrity of tape-handling equipment 
is in question. The material is avail­
able in 7-ounce cans packed 36 to a 
carton. Price is $2.39 per can. Quan­
tity discounts are available. 
Megasales Inc ., P.O. Box 548, Dayton, Ohio 

54501 (402] 

Eccofoam Q-G and Eccofoam Q-R 
are pure silicon-dioxide ceramic 
foams suited to applications where 
low electrical loss is important. Ec­
cofoam Q-G has a density of 0.4 
glee and a dielectric constant of 1.4. 
Eccofoam Q-R has a density of 0.72 
glee and a dielectric constant of 1.7. 
Price of material Q-G is $50 for a 
sheet measuring 12 by 18 by 3 
inches, and material Q-R is priced 
at $80 for a sheet measuring 12 by 
18 by 4V2 inches. 
Emerson & Cuming Inc ., Canton, Mass. 
02021 [403] 

A standard III-V material for the 
manufacture of light-emitting 
diodes and LED displays is a thin­
film gallium-arsenide-phosphide 
epitaxial wafer priced at $14 per 
square inch. With its development, 
the price of existing thicker epitaxial 
films made by the company will be 
reduced to $16 per square inch. 
Monsanto Commercial Products Co ., 800 N. 
Lindbergh Blvd., St. Louis, Mo. 63166 (404] 
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"We needed an interconnection sys- conducted on the Augat machined 
tern for controllers on the H7 l 6 mini- sockets included environmental 
computerthatcouldhelpusmeet exposures, accelerated-life, vibra-
four basic requirements: tion, thermal shock, and durability. 

"High density to get as All tests with the Augat system 
much as possible into a small were positive. 
package and still meet the "From a field service stand-
increasing customer demand for point, a key consideration with 
a broad range of peripherals, each oave Fillio increasingly complex and flexible 
requiring a separate controller. systems like the H716 is keeping them on 

"The capability of automatically wiring, the air at all times. Because of the reliability 
with a minimum of two-levels. of the Augat interconnection system, we've 

"Flexibility to permit anticipated design had no reports of machine down-time associ-
changes and still allow us to meet a very tight ated with the Augat product since the intro-
schedule. duction of the H716 eight months ago." 

"And finally, all these features had to be More and more companies like Honey-
available in a standard product. well are realizing that Augat socket-panels 

"The most logical approach seemed to be are an economical, reliable and totally flex-
printed wiring boards. But to accommodate ible solution to interconnection problems, 
all our controllers could have required as including development, production and field 
many as eight boards. And we couldn't afford service requirements. 
the room. Also, when recycling changes are Augat's precision-machined tapered 
taken into consideration, the design cycle of entry contact has made Augat the reliability 
printed wiring boards becomes too long and, standard for the industry. As 
consequently, too costly. the world's leading manufac-

"Multi-layering offered a minimum turer of socket panels and other 
of flexibility, and it, too, was rejected. IC interconnection products, 

"The only practical solution Augat is ready to help you solve 
was the plug-in socket panel. And of your interconnection problems. 
all the vendors, Augat was the only Call or write today for a 
manufacturer that could provide a free brochure and complete 
completelyuniform, broadrange product information. Augat, 
of standardized products, the low- Inc., 33 Perry Avenue, Attle-
est possible profile and maximum boro, Massachusetts 02 703. 
reliability. Represented and distributed 
"The reliability tests we intemation~lly. 

Circle 1 75 on reader service card 

Europe-Augat International, Inc., Boulevard A. Reyers, 103, 1040 Brussels, Be lgium, Tel. (02) 36-93-99. 
Japan- Kyokuto Boeki Kaisha Ltd., New O temachi Bldg., 2-1, 2-Chome Otemachi, Ch1yoda-Ku, Tokyo 100-91 , Japan, Tel. (03) 244-3788. 
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Circle 176 on reader service card 

UP YIELDS 

Up electrical yields with low-temperature 
hermetic sealing. 
The Diacon 8 to 36 lead package systems 
for surface-sensitive devices saves as­
sembly time and other packaging costs. 

For information, call or write ... 

4812 Kearny Mesa Road 
San Diego, California 92111 

(714) 279-6992 

Circ le 216 on reader service card 

New literature 

Magnetic-tape drives. A brochure 
from Diva Inc., 607 Industrial Way 
West, Eatontown, N.J. 07724, con­
tains specifications and descriptions 
of a series of magnetic-tape drives 
that are said to offer the capabilities 
of drives used with large computers. 
Circle 421 on reader service card. 

Silicon rectifiers. Edal Industries 
Inc., 4 Short Beach Rd., East Haven, 
Conn. 06512. Subminiature high­
voltage silicon rectifiers are de­
scribed in a bulletin that also 
presents electrical ratings, perform­
ance curves, and specifications. (422] 

Sapphire products. Crystal Systems 
Inc., Box 1057, Salem, Mass. 01970, 
has issued a brochure containing 
specifications and price information 
on sapphire products, including rod 
stock, windows, and substrates. [423) 

Laser illuminators. International 
Laser Systems Inc., 3404 N. Orange 
Blossom Trail, Orlando, Fla. 32804. 
YAO-laser illuminators are described 
in a four-page brochure that in­
cludes specifications. [424) 

Modems. A four-page catalog, avail­
able from the Vadic Corp., 505 E. 
Middlefield Rd., Mountain View, 
Calif. 94040, describes the com­
pany's line of modems and auto­
matic dialers. (425) 

Strip-chart recorders. Tracor West­
ronics, Box 4619, Fort Worth, Texas 
76106, has released a short-form 
catalog describing strip-chart 
recorders and digital indicator sys­
tems. (426) 

Signal conditioner. Vishay Instru­
ments, 64 Lincoln Highway, Mal­
vern, Pa. 19355. Bulletin 80 de­
scribes the company's model BA-4 
signal conditioner, consisting of a 
seven-stage de amplifier, plus-minus 
shunt-calibration network, and 
bridge completion. [427) 

High-frequency instruments. Gen­
eral Radio, 300 Baker Ave. , Con­
cord, Mass. 01742 describes 10 in­
struments for rf and microwave 
applications in a 12-page brochure. 
Included are reflectometers, admit-
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RADIAL LEADED 
MONOLITHIC CAPACITOR 

Underneath its epoxy coating, it's got a chip for a 
heart - a USCC/ Centralab ceramic chip capacitor, 
100 % monolithic construction. Solid reliability for 
business machines, computer and communications use; 
rugged enough t o meet mil-spec requirements yet 
priced for commercial applications. 

Capacitance from 4.7 pF to 10 Mfd, working volt­
ages 50 to 200 VDC and a variety of dielectric 
characteristics. 

Best of all - AVAILABLE. USCC has recently im­
proved chip capacitor deliveries ... now radial leaded 

Electronics/February 7, 197 4 

Mono-Kaps are available in as little as 12 weeks for 
non-stock items. 

Remember. USCC/ Centralab or your local Centralab 
industrial distributor. 

We deliver. 

- USCC/Centralab 
Electronics Division • Globe-Union. Inc. 

2151 North Lincoln Street • Burbank, California 91504 
C213l 843-4222 • TWX: 910-498-2222 

Circle 177 on reader service card 177 



Circle 178 on reader service card 

PINPOINT HEAT 

I 

Heat any I. C. or semiconductor compo­
nent to its rated temperature with a heat 
probe. Accuracy ± V2 °C. Or check the 
component's temperature with a thermo­
couple probe. Accuracy ± 1°C. Model 
81 O Thermo-Probe does both. Reads out 
directly in °C and °F on a large 4V2-inch 
meter. Temp. Range + 25°C to + 250°C. 

PRICE $272.50 F.O.B. South Laguna 
Models with other temperature ranges available . 
For detail s write to: 

fMl 17 n MICRO-TECHNICAL 
LJVLJ LJ LJ INDUSTRIES 

P. O. Box 287 South Laguna, CA 92677 
(714) 545-3734 

178 Circle 220 on reader service card 

New literature 

·--

tance meters, standing-wave meters, 
bridges, slotted lines, detectors, am­
plifiers, and precision directional 
couplers. (428] 

Laser-scribing. Electroglas Inc., 150 
Constitution Dr. , Menlo Park, Calif. 
94925, has published an eight-page 
booklet on the process of laser-scrib­
ing semiconductor products. [429] 

J ournal index. An index to five re­
cent years of the Hewlett-Packard 
Journal is available from Hewlett­
Packard Co., 150 1 Page Mill Rd ., 
Palo Alto, Calif. 94304. Issues from 
September 1968 through August 
1973 are indexed chronologically 
and by subject in the 16-page leaf­
let. (430] 

Computer tape deck. Bulletin 498-20 
from Gould Inc., Instrument Sys­
tems division, 3631 Perkins Ave., 
Cleveland, Ohio, describes the 
model 6400 OEM digital tape deck. 
The two-page publication gives fea­
tures, performance, specifications, 
and options. (431] 

SCR drivers. A 76-page catalog de­
scribes SCR drive systems, such as 
speed controls, de motors and isola­
tion transformers manufactured by 
Seco Electronics Corp., 1001 Second 
St. South, Hopkins, Minn. (433] 

Keyboards. A 72-page catalog from 
Cherry Electrical Products Corp., 
3600 Sunset Ave., Waukegan, Ill. 

The pollution 
problem. 

Maybe your 
engineers deserve 

a little help. 
The engineers'will be the ones 

to find the technical solutions to 
pollution problems. There's no 
doubt about it. 

But pollution is a people prob­
lem, too. And the engineers' 
technological approach to pollu­
tion isn' t going to solve people 
problems. 

Maybe this booklet can help. 
It lists some of the things all 
people can do to fight pollution. 
And with all the people sup­
porting your engineers we'll have 
a better chance of winning the 
fight. 

For a free copy or a list of 
bulk rates write to Keep 
America Beautiful, Inc., Box 
1771, Radio City Station, New 
York, New York 10020. 

Keep America Beautiful 
Advertising contributed for the public good 

iJJ-q, "'ME-i',..c;. ~m€..~T1.s,1--o 

~- ,, ' 
t~~:>" "ou"'c.""'® 

People start pollution. 
People can stop it. 
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~~ introductory offer to new members of the 
ELECTRONICS AND CONTROL NGINEERS' BOOK CLUB 

286/ 515 
404/445 INTEGRATED 
ELECTRONIC CIRCUITS: 
CIRCUITS A Basic Course 
MANUAL for Engineers 
by J . Markus and Technicians 
Pub. price , $22.00 by R. G. Hibberd 
Club pri ce, $15. 75 Pub. price, $10.25 

Club price, $8.45 

637/ 458 
DESIGNING 100/810 

WITH TTL MOS/LSI 
INTEGRATED DESIGN AND 
CIRCUITS APPLICATION 
by Texa s by Carr & Mize 
Instruments Pub . price, $18.50 
Inc . Club price , $13.50 
Pub. price, $19.50 
Club price, $13.50 

404/ 437 
313/ 059 
HANDBOOK OF SOURCEBOOK SEMI-OF ELECTRONIC CONDUCTOR 

CIRCUITS ELECTRONICS, 
by J. Markus 3/e 
Pub. price , $21.50 by P. Hunter 
Club price, $17.50 Pub . price, $29.85 

Club price, $21.50 

287/341 
484/368 STANDARD 
COMMUNICA- HANDBOOK OF 
TIDN SYSTEMS ENGINEERING 
DESIGN CALCULATIONS 
by P. F. Panter by T. G. Hicks 
Pub. price, $19.50 Pub . price, $19.50 
Cl ub price , $13.50 Club price, $14.25 

491/364 124/ 035 

THE DESIGN OF HANDBOOK OF 
DIGITAL PHYSICS, 2/e 
SYSTEMS by Condon and 

by J . B. Peatman 
Odishaw 

Pub. price, $15.50 Pub . pri ce, $37.45 

Club price, $11.75 Club pri ce, $14.95 

Save time and money by joining the f ;~~ 
Electronics and Control Engineers' Book Club • 

HERE is a professional club designed specifically to meet your 
day-to-day engineering needs by providing practical books 

in your field on a regular basis at below publisher prices. 

How the Club operates: Basic to the Club's service is its publi­
cation, the Electronics and Con trol Engineers' Book Club 
Bulletin, which brings you news of books in your field. Sent to 
members without cost, it .announces and describes in detail the 
Club's featured book of the month as well as alternate selections 
which are available at special members' prices. 

When you want to examine the Club's feature of the month, 
you do nothing. The book will be mailed to you as a regular part 
of your Club service. If you prefer one of the alternate selec­
tions--0r if you want no book at all for that month-you notify 
the Club by returning the convenient card enclosed with each 
Bulletin. 

As a Club member, you agree only to the purchase of four 
books over a two-year period. Considering the many books pub­
lished annually in your field, there will surely be at least four 
that you would want to own anyway. By joining the Club, you 
save both money and the trouble of searching for the best books. 
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M $8 45 to $37 .45 
VALUES FRO . 

Special $1.00 bonus book 
comes to you with your 

first club selection 

7731777 
NOMOGRAPHS 
FOR 
ELECTRONICS 
by R. L. Peters 
Pub. price, $27.50 
Club price, $19.95 

353/387 

MINICOMPUT­
ERS FOR 
ENGINEERS & 
SCIENTISTS 
by G. Korn 
Pub . price, $17.75 
Club price, $10.50 

6491170 

OPERATIONAL 
AMPLIFIERS 
by Tobey, 
Graeme & 
Huel s man 
Pub. price , $15.00 
Club pri ce, $11.50 

209/ 731 
STANDARD 
HANDBOOK FOR 
ELECTRICAL 
ENGINEERS, 
10/e 
by Fink and 
Carroll 
Pub . price, $34.85 
Club price , $24.95 

MAIL ATTACHED POSTPAID CARD 
(If card removed, send coupon below) r-------------------------, 

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB I 
582 Princeton Road , Hightstown, New Jersey 08520 I 
P lease enroll me as a member of the Electronics and Control Engi- I 
neers ' Book Club and send me the two books indicated below. I am I 
to receive the hjgher priced of the two for just $1, and my first 
selection at the special Club price. A small charge for postage and 
handling will be mcluded . These books are t.o be shipped on 
approval , and I may return them both without cost or further obli­
gation . If I decide t.o keep the books, I agree to purchase as few as 
four add.itional books (including this first selection) du ring the next 
two years at special Club prices (guaranteed 153 discount, often 
more) . 

Write Code No. of 
bonus book 

here 

Wri te Code No . of 
first selection 

here 

I Address•- - - ----------------

1 City ______________ _____ _ 

I State iP•-----

1 E33240 __________________________ J 

Circle 181 on reader service card 181 



IMMEDIATE DELIVERY 
Minis & Peripherals 

DEC-HIS-NOVA 
SEL-HP-MOHAWK 
CPU, Card, Printer, Tape, Disk 

NEW• MOHAWK 4320 PRINTERS 

PDP 11 PERIPHERALS 
CPU, MEMORY 

PDP 8 CPU $1500 
$750 Minis 

TELETYPE 35 & 37 
DEC & HONEYWELL Modules 

617 /261-1100 
Send for Free Repof t ·~aintenanreojComputers" 

AMERICAN USED COMPUTER CORP. 
P.O. Box 68. Kenmore Sta .. Boston. MA 02215 
member COMPUTER DEALERS ASSOCIATION 

CIRCLE 952 ON READER SERVICE CARD 

CIRCLE 953 ON READER SERVICE CARD 

FREE CATALOG 
HAID· TO-FIND PRECISION TOOLS 
Lists more than 1700 items-pliers 1 

~l~~ze~l:,ir~:t~~~i~~i~~u~ ~~ki~; 
and eases. Also includes four pages of 
useful "Tool Tips" to aid in tool selection. 

r.::t , TENSEN T OO L S 
~ 4117 N 44th St tPf' I , Phoc n,. Aro1 8~18 

o . ,,m 

CIRCLE 954 ON READER SERVICE CARD 

CIRCLE 956 ON READER SERVICE CARD 

..ti EMPl .. OYMENT 
""OPPORTLTNITIES 

POSITIONS VA CANT 

Positions Available-Electrical & Elec­
tronic Eng's. Over 1000 US client co's 
pay our fees for selected technical refer­
rals. Est. 1959. Send resume with pres. 
sal. Atomic Personnel, Inc., Box L, 1518 
Walnut St., Phila., Pa. 19102. 

182 

AUTOTRACK MOUNT 
AUTOTRACK 
SCR-584 llADARS 
J60 degree a1i muth . 210 
dce;ree devat1on ,v..eep '-'llh 
bc:t1cr than I mil. ai.:1.:ura1.·\ 
M1~~ 1\c vdcx:1t\ a .. :l.'dcratiOn 
and , 1c: .... ing rate... '\mph · 
d ) ne and .;,t:P•'U control. Wdl 
handle up tu 20 ft. d1,h . Sup-

~~1!~,1~o~f.~ 1~1~~~~ntr~J 
cm. van mounled radar')'· 
tern Com1.:al ''-·an PPI 6 ft 
di...h Ideal for S ba nd tele ­
metn . .... Cather. baloon Irk . 

m1, .... de trk . rc)l.:kct trk . l:CM ra~~c . \\ ote lor complete.: 
dala bOO pg . in'tr bk avail at S~ 5 ea 

1 MEV LINEAR ACCELERATOR 
Dual M ode, Ion or Electro n. R F Drive, JOO KHZ at 45 
K W . Incl udes control console. RF unit . accelerat or. etc 

MOD IV HIGH RESOLUTION TRACKER 
Inst rumen tation radar ; freq . !!1 .5-9.6 GJ-11 . Pwr: 250 
KW . . I mil tracking accuraC) . 6' Frc .... ncl lcm antenna 
wi1h 4 horn monopulse feed . Tracking ra nge 50 or .?00 
miles . Formed) used a)r, range :,afet) radar at Cape 

RECON DRONE CONTROL RADARS 
X Band '}" tern' autot rack and 'carch l·omplcte .... ith 
plo1t1n1. board' . 1-ull) mobile van mounted. Give:. PPI. 
-.lant range . .iltttudc data Ground to air control hnk' 
.rnd bcm:on:. al:.u 1n 'tock . AN / MPQ·29 A A N I 
U PW- 1 
RADAR DATA MICROWAVE LINK 
Frcg. 7. 1-7 .9 GH z, Pwr. 100 mw .. 4 channels. Trans­

mits video. pulse. synchro. and vo ice information . 
Mfr: Motorola. 

SPARE PARTS IN STOCK 
~PkS-l~l.)\t;;'_~~ S~~-u~"C°R~~~J.H~P~SRl9 TPS- ID. 

RADAR & RF PKGS. 
J.lgh1 40k"" Pu be RI- pk,R, 
~.i gh140k .... Pu l!rle bomb 10)' '~'tern 
lh,1Z:h1 IJO k"" Pulse 8 -5M 'earch radar ' ) 'tern 
X BAND SEARC H 40 KW P ULSE WEATHER RADAR 
X llA ND AUTO'I RA C K "OKW P ULSE M-JJ 

1.:o mpl .... / plot boards 
X BAND BEA CON 400W P ULSE AN / DPN -62 
X BA ND AUTOTRAC K ~KW P ULSE 8-47 

fire control complete 
C BAND WEATHER RADAR l~ KW P ULSE 
C BA~D H EIG HT FIND[R 
A~ / 1-PS - ~6 .) mej!:a...,,att output 
AN / TPS-37. I megawatt o utput . 

C BAND I MEGAWATT AUTOTRACK Kenned) . 

PULSE MODULA 1 ORS c ~~~do~K~,~~~~0i ~:~;;2~N 1 SPS-5 
245 KW LINE PULSE R O"tput 16 KY at 16 amp . . 25 S BAND AUTOTRACK ~KW P ULSE 10' DISH 

405':~~~~~· 1 NG DECK PULSER Output 20 KV S BA ND I MEGAWATT COHERENT AN / ~PS - I M 
at 20 amp. I µs to IOmollesec pulse . S BA ND I MlGAWATT P U LSE NIKE ACQ. 

500 KW LINE PU LSER Output 22 KY at 28 amp. ~B~~DDiE~E~~i":~p~~~~HTFINDERAN / F PS - 6 
.4/ 1.75/ 2.25 µsat 2500/ 550/300 PPS. L BA ND ~KW P ULSE 

1 MW HARDTU BE MIT MOD EL 9 Output 25 KV at L BAND S to lOKW PULS': I TPS- I DI E 
40 amp .. 25-2 µs at .002 D.C. 400mh1 I KIA CW /\N .! FPS-2-1 

2.0 MW LINE PULSE R Outpct 30 KV a t 7o amp. l / 2 225 mhz I MEGAWATT P ULSE AN / TPS 28 
µs at liXJ/ 300 PPS . ' 2-JOmhi IOOK IA P U LSE 

3 MW LINE PIJLSE R Output 39 KV at 75 amp. HUllDUOS MOltt IN SlOCIC C W . 9 50-5~hi 150 IA A TTS 
.25/ 1 µsat500 PPS . lAIGltTU.OAR C W Um h1 - IO 5 ~h1 5 WATTS 

10 MW LI NE PULSE R Output 76 KV at 135 INYfNTOIY C W 7.4 GHZ 2 KW 

1 /~{:.; U~~·~G5~s~~5c>utput 17 KV at 1000 IN WORLD. "N / GPG-1 SKYSWEEP TRACKER 
amp. 2-5 µ s at 150-2t. "'()PPS. ~ · Wllltl ~ .I \'. m aut o trai.:ktng radar ' ) 'tern Co mp 

HV POWER SUPPLIES ~~;AlOG f.~~ &11. a1u:~~:~~~k~ni'1n~~111 1 : s~~~ .: ~.: 4~;~-
6.3 KV@ 5. Amv; 20K V@ 1.3 Amps; J5KV @I OH YOUl 'i In ,tock for 1mmed . del. Entire') .... . 6' ' J' ' 
1.5 A m ps: 2MKV . /OM<\ : l~KV ~ 800M /\ · \.ETUIHf.AO ; iO' ld ralformfra red tracker.dronclracker. 
18KV ~ 2.25 Amp~ : 17.5KV CQ 1.8 Amp-. . '*"' m1, ~dc tracker . R & D 

Radio-Research Instrument Co.1Nc. 
,... __ 3 Quincy St., Norwalk, Conn. 06850 • 203-853-2600 

CIRCLE 951 ON READER SERVICE CARD 

NOW IS THE TIME. 
TO HIRE A STUDENT THIS SUMMER. 

First, it's later than you think, with 
schools closing on different semester 
schedules, and students torn between 
lining-up "sure" jobs now or gambling 
that something in their chosen field will 
come along later. 

Second, and most important, it's in 
our industry's best interest to encour­
age and hold its life-blood by providing 
practical experience in their future 
profession. 

And, since there'll always be more 
applicants than openings, you 'll be able 
to select the cream of the crop, then 

evaluate them with an eye towards 
hiring, when as coveted graduates, the 
job market might well be in their favor. 

Because we believe this 11rogram is 
of mutual benefit to both employer and 
employee alike, we again offer our 
services as a clearing-house. 

Just fill out and return the coupon 
below, and we'll include your organiza­
tion in a free listing to be sent to Place­
ment Directors and Department Heads 
at leading colleges and universities 
across the nation. 

................................................................ . . 
Free summer help listing 
MAIL To, ELECTRONICS/POST OFFICE BOX 900/NEW YORK/ NY 10020 

NAME/TITLE 1 of individual to be contacted 1 

ADDRESS, 1 Mailing address of your personnel office 1 

ORGANIZATION, 1Firm, Company, Government Agency or lnstitution 1 

~J,J~ 
T_Y_P_E_A_N_D_N_u_M_e_E_R_o_F_s_T_u_DE_N_r_s_s_o_u_G_H_T_, --E-1e_ct_r_o_ni_c• __ A_e_'°_'_p_ac_e __ itn Yi 
Mechanical Electrical Other Preferences f Draftsman. etc. J 217174 
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New literature 

60085, provides information on the 
company's line of keyboards and 
switches. [434] 

Calculators. The first of a new quar­
terly publication dealing with the 
relationship between calculators 
and software is available from Tek­
tronix Inc., Box 500, Beaverton, 
Ore. 97005. Called "Calculations", 
each issue will be devoted to a spe­
cific application. [435] 

Rotary switch. A rotary switch that 
is 1 inch in diameter, for commer­
cial and military applications, is de­
scribed in a technical bulletin from 
Oak Industries Inc., Switch division, 
Crystal Lake, Ill. 60014 [436] 

Disk memories. A buyers' guide on 
disk memories has been published 
by Engineered Data Peripherals 
Corp., 1701 Colorado Ave., Santa 
Monica, Calif. 90404. All aspects of 
disk selection are covered, as well as 
comparisons with other kinds of 
memories. [437] 

Communications. Amperex Elec­
tronic Corp. , 230 Duffy Ave., 
Hicksville, N.Y. 11802. A 640-page 
applications book contains 24 re­
ports written to aid the communi­
cations-design engineer in bringing 
the power-amplifier stage of com­
munications equipment from the 
drawing board to production in the 
shortest period of time. [438] 

Thermocouple indicators. Doric Sci­
entific Corp., 3883 Ruffin Rd., San 
Diego, Calif. 92123. A reference 
catalog gives specifications, options, 
and prices for a line of digital 
thermocouple indicators. [432] 

GUICK LOOK 
SELECTION GUICE 

FOR DIGITAL 

• 

THERMOCOUPLE 
INDICATORS 

SEVEN SEPARATE SERIES 
FOR SINGLE OR MULTIPOINT 

MONITORING 

DOZ£!\IS OF RANGES 
EVfRY AVA!LABLE T !C TYPE 

,.,. ,.,, s299oc 

From SOL/TRON 

thick film S I P. (Single In-line 

• • • Package) 

resistor networks 
Available 
by the 
handful 
or the 
carload! 

• Increased component density 
• Decreased handling/ assembly 

time 
• Unlimited circuit configurations 
• Excellent delivery 

Also available: 
Voltage divider networks for up 
to 10,000 WV de. 
RC networks for greater 
component density. 
Micro-networks for complete 
circuit component requirements. 

Technical data: 
Resistance to 100 Megohms. 
Tolerances to ±0.5%. 
Power ratings to 1 Watt / Resistor. 
T.C.'s to ±50PPM/°C. 
Temperature range -55 to 
+150°C. 
Up to 20 terminals. 

For further information, contact: 

I IJ SOlitron devices, IDC. Hybrid Products Division 

1 J 256 Oak Tree Road, Tappan, N. Y. 10983 
Tel. 914-359-5050 TWX: 710-576-2654 Telex: 137346 

Circle 183 on reader service card 

Own your own holder to hold your own! 
Hold your own copies of Electronics in specially de­

signed slipcase holders. They'll keep your Electronics 
library neat and handy-a permanent information file , 
issue by issue. 

Just complete the coupon and mail to Jesse Jones. 
He 'll process your order upon receipt, postpaid. 

ELECTRONICS BOXER 
Jesse Jones Box Corporation 
2250 E. But ler St., Phil adelphia, Pa . 19137 

Please send me: O boxes @ $4.25 each ; O 3 boxes @ $12.00 ; O 6 boxes @ $22 .00. 
My check or money order is enclosed . 

Name: _______________________ _ 

Address : _______________________ _ 

City : ____________ State: _____ .Zip : ____ _ 

FRENCH TRADE SHOWS 1350 Avenue of The Americas 
NEW YORK, N.Y. 10019 Tel .: (2 12) 582-4960, 1 

__J 
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Bonds are 
fur mskin 
retire men 

easier. 

U.S. Savings Bonds can help you 
keep a firm grip on your future. 
Join the Payroll 
Savings Plan 
where you work, 
right now. 
Get a start on 
your nest egg 
and make sure 
there'll be some 
glitter in your 
golden years. 

Buy U.S. Savings Bonds 
Now E Bonds pay 5J.i3 interest when held 
to maturity of 5 years, 10 months (4% the 
first year ). Bonds are replaced if lost, stolen , 
or destroyed. When needed they can be 
cashed at your bank . Interest is not subject 
to state or local income taxes, and federal 
tax may be deferred until redemption. 

0 ·~· The U S. Government does not pay to r this 1dvert1semen1. 
· ~.:..,;( 11 •S 01ese n1ed as• pu o l 1t: servoce "' c oo pcr11t i on w iO• TP'i e 
'o· ~<·· Oepartmenl ol the Treuury and The Adve111s1 ng Counc il. 

Advertising Sales Staff 
Pierre J. Braude [212] 997-3485 
Advertising Sales Manager 

Atlanta, Ga. 30309: Joseph Lane 
100 Colony Square. 1175 Peachlree St. . N.E. 
[404) 892-2868 

Boston , Mess. 02116: James R. Pierce 
607 Boylston St. [6 t 7) 262-1160 

Chicago , Ill. 60611 : 
645 North Michigan Avenue 
Robert W. Bartlett (312) 751-3739 
Paul L. Reiss (312) 751-3738 

Cleveland , Ohio 44113: William J . Boyle 
[716) 586-5040 

Dallas, Texas 75201 : Charles G. Hubbard 
200 t 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) 873-74 t 0 

Houston, Texas 77002: Charles G. Hubbard 
2270 Humble Bldg. [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, 
[2L~) 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 J 586-5040 

San Francisco, Calif. 94111 : Don Farris 
Robert J. Rielly, 425 Batlery 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 , Switzerland 
Tel : 32-35-03 

United Kingdom & Scandinavia: Keith Mantle 
Tel: 01-493-1451 , 34 Dover Street , London Wt 

Mil an: Robert Sa1del 
1 via Baracchini. Italy Phone 87-90-656 

Brussels: Alain Offergeld 
23 Chaussee de Wavre 
Brussels 1040, Belgium 
Tel" 13-73-95 

Frankfurt / Main: Fntz Krusebecker 
Lieb1gstrasse 27c, Germany 
Phone 72 01 81 

Tokyo: Tatsum1 Katag1ri , McGraw-Hill 
Pubhcat1ons Overseas Corporation , 
Kasum1gaseki Bu1ld1ng 2-5, 3-chome, 
Kasumigasek1 , Ch1yoda-Ku , Tokyo , Japan 
[581] 9811 

Osaka : RyJi Kobayashi . McGraw-Hill 
Pubhcat1ons Overseas Corporat10n , Kondo 
Bldg .. t 63 , Umegae-cho Kita-ku , Japan [362) 8771 

Australasia: Warren E. Ball, ITO Box 5106. 
Tokyo. Japan 

Business Department 
Stephen R. Weiss , Manager 
[212] 997-2044 

Thomas M. Egan, 
Production Manager [212] 997-3140 

Carol Gallagher , 
Assistant Production Manager [212] 997-2045 

Dorothy Carter, Contracts and Bi llings 
[212] 997-2908 

Frances Vallone, Reader Service Manager 
[212] 997-6057 

Electronics Buyers' Guide 
George F. Werner, Associate Publisher 
[212] 997-3139 

Regina Hera, Directory Manager 
[212) 997-2544 
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Circle 236 on reader service card 

Circle 219 on reader service card 

Circle 185 on reader service card 

Easy Access 
At Newest Plant Site 
In Rochester, New York 

The Outer Loop Industrial Park is right next to a 
freeway system that connects you with the New York 
State Thruway and the World. Expressways also 
lead you straight to the profitable Rochester market. 

Neighboring companies know the benefits of this 
fine location on Rochester's west side. Some of th em 
are Eastman Kodak, Bendix Corporation, :3M Com­
pany , General Motors, and Ragu Foods. 

Railroad service is available on-site and an airport 
served by three major a irlines is minutes away via 
the freeways. The Port of Rochester, a few miles to 
the north , has deep water accommodation for ocean­
going vessels. 

For more information, contact RobertJ. Hall, 
Director of Area Development, Rochester Gas 
and Electric Corporation, 89 East Avenue, 
Rochester, New York 14649 or call (716) 
546-2700, ext. 2466. 

We know more about sites in our nine-county 
area than just about anyor.e else. Contact us for 
information on available facilities from L0,000 to 
800,000 square feet. 

ROCHESTER GAS AND ELECTRIC 
89 fA S1 AllCNUC ROCH£ S1ER N r 14649 · 546 1700 

Ci rcle 220 on reader service card 
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Advanced Micro Devices 
Keye / Donna/ Pearlstein 

• Advanced Micro Devices 
Keye / Donna/ Pearlstein 

Alco Electronic Products Inc. 
Marketronics Advertising 

• Am~~en'l.~r 'ii~';,,~~~~.Dlvlslon , 
Marsteller Inc. 

Ansley Electronics Corp. 
S. Michelson Advertising 

Anzac Electronics 
Ken Puleo Advertising 

• Augal Inc. 

10-11 

6E 

185 

34 

32 , 33 

157 

132 

168,178 

175 
Creamer, Trowbridge, Case & Basford Inc. 

Ballantine Laboratorle1 Inc. 174 
MLF Graphics 

Bausch & Lomb, Inc. 188 
Wolff Associates Inc. 

•:!: Beckman Instrument Inc., Hell pot Div. 49 
N.W. Ayer/ Jorgensen / MacDonald Inc. 

"*Bussmann Mlg. Dlvlolon ol McGraw-Edison Co. 55 
Henderson Advertising Company 

• CELCO(Constanllne Engineering Laboratory Co.) 72 
Stano Advertising 

Centralab Electronic• Div. Glove-Union Inc. 162 
Action Communicators 

Cherry Electrical Product1 Corp. 1 55 
Kolb / Tookey and Associates Inc. 

Circuit Siik Inc. 148 
Haaga Advertising 

• Coll Winding International Exhibitions Lid. 170 
Colonsay Communications 

Communications Transistor Corp. 9 
Hall Butler Blatherwick Inc. 

• • Computer Components Inc. 1 OE 

• Dale Electronics Inc. Sub. of 
Lionel Corporation 4th Cover 
Swanson, Sinkey, Ellis Inc. Advertising 

Dana Laboratories 91-94 
Dailey & Associates 

Data General Corporation 12-13 
Scali , McCabe, Sioves Inc. 

• Data Precision 173 
Allied Advertising Agency Inc. 

• Datascan Inc. 188 
McCarthy, Scelba and DeBiasi 
Advertising Agency Inc. 

• Daiei Systems Inc. 3rd Cover 
John Dolan Advertising 

Dlacon 
Grant Rogondino Millard Inc. 

:t: Dlacon 
Gardner Despain & Associates 

Dickson Electronics Corporation 
N. A. Winter Advertising Agency 

Dlgltal Equipment Corporation 
Schneider Parker Guy Inc. 

Dlgttran Company, The 
Swarts Associates 

Diva Inc. 
Halloff & Caine Company 

186 

176 

64 

2nd Cover 

87 

137 

141 

164 

Eastern Air Devices 90 
Weston Associates Inc . 

Eaotman-Kodak Co. GMO GD 
Photofabrlcallon Microelectronic 167 
Rumrill Hoyl Inc. 

:I: Elco Corporation 74 
Mort Barish Associates Inc. 

Elec-Trol Inc. 160 
S. Michelson Advertising 

Electro Scientific lnduotrles 80 
Commark Group 

Electronic Measurement• Inc. 45 
Hill Adverlising Agency 

• Electronic Modllng Inc. 
The Williams Company 

172 

• Electronic Navigation lncuolrles 
Hart Conway Co., Inc. 

14 

Electronics & Control Engineers Book Club 
179-180 181 

Erle Technological Products Inc. 
Altman Hall Associates Advertising 

:I: Excellon lndultrles 
Graham & Sparkman Adverlising Elcetera 

• Excellon lndustrlea 
Elgin Davis Inc. 

Fabrl-Tek Inc. 
Midland Associates Inc. Markeling 
and Advertising Services 

Fairchild Semiconductor Inc. 
Carson / Roberts Inc. Adv. Division of 
Ogi'1y & Mather Inc. 

Fluke Manufacturing Co., John 
Bonfield Associates 

Fluke Trendar 
Lincoln Associates Inc . 

• General Electric Co., Semiconductor 
Products Department 
Advertising & Sales Promotion 
Syracuse Operation 

• General Instrument Corporation , 
Semiconductor Comp. Div. 
Norman Allen Associates Inc. 

Gouvernement DU Quebec, Mlnl1tere 
De L' lndustrle ET Du Commerce 
J. Walter Thompson Company Limited 

• Gra~~r~: ~':J'~ertising Company Inc. 

GTE Sylvania, Parts Division 
Doyle, Dane. Bernbach Inc. 

G.T. Sch)eldahl Co. 
Chuck Ruhr Advertising Inc. 

:I: Guardian Electric Mfg. Co. 
Kolb / Tookey and Associates Inc. 

• Heath/ Schlumber119r Scientific lnotruments 
Advance Advertising Services 

27 

161 

55 , SE 

140 

112-113 

73 

85 

38 

1-2106 

147 

168 

153 

145 

58 

174 

• Hewlett Packard Electronics Products Group 

Corporate Marketing Communications 

Hughes Aircraft Company 
Foote Cone & Belding 

• ILC Data Device Corporation 
Marchin Weitman Advertising Inc . 

Intel Corp. 
Regis McKenna Inc. 

• Interstate Electronics Corp. 
Chris Art Studio Inc. 

• lntronlcs 
lmpacl Adverlising Inc. 

Kelthley Instruments Inc. 
Chagrin Valley Marketing Associates 

17 to 26 

47 , 149158 

16 

70-71 

51 

86 

Krohn-Hite Corp. 5 
Impact Advertising Inc. 

• Lapp lnoulator Div. Interpace Corp . 
Wolff Associates Inc. 

150 

Lockheed Electronics Co. 187 
McCann-Erickson Inc. 

Macrodyne Inc. 156 
Rochards . Fagone & Associales Inc. 

Marco-Oak 28-29 
Jansen Associates lnc. 

Master Appliance 166 
Klau-Van Pietersom-Dunlap, Inc. 

Micro-Technical lndustrleo 178 
R.E. Sylvester Advert ising Agency 

Mlle! Canada Limited 146 

MOS Technology Inc. 
Henry S. Goodsell Advertising Inc. 

56-57 

Mostek Corporation 15 
David W. Evans lnc ./Texas 

Motorola Semiconductor Products Inc. 61 
E.B. Lane & Associates Inc. 

• Narda Microwave 151 
McCarthy, Scelba , DeBiasi Advertising Agency Inc. 

National Electronics 
Lea Advertising 

142 

•The J.M. Ney Company 149 
Cooper Adverlising Inc. 

• Nippon Kogaku K.K. 67 
K & L Adverlisi ng Agency 

North Atlantic lnduatrle1 Inc. 146 
Diversified Corporate Services, Inc. 

OK Machine & Tool Corporation 185 
Ted Kostew Advertising & Sales Promolion 

• Phillps Elcoma 62 , 64 
lntermarco Nederland 

• Phlllps N.V. Plt / T&M Division 68-69 
Brockies Communications Systems S.A. 

:I: Plher International 67 
Scott MacTaggart Advertising 

:I: Preclolon Monollthlc1 Inc. 88 
Marlborough Associales Inc. 

• Premier Metal Product• Corp. 160 
Commercial Press Inc. 

RCA-Solid State Dlvl1lon 79-81-83 
Marsteller, Inc. 

11:1: Rental Electronics, Inc. 62 
Humphrey Browning MacDougall , Inc . 

Rellcon Corporation 53 
Kassler Noble Advertising 

Roche1ter Gao & Electric Corp-Ad Group 185 
Hutchins/ Darcy Inc. 

Rockwell International Electronic• Group 135 
Campbell-Ewald Company Advertising 

Rohde & Schwarz lE 

Schauer Manufacturing Corp. 30 
Nolan, Keelor & Stites 

Schnelder Electronic• Corporation 54 
F. M. Field & Company, Inc. 

Scientific Atlanta / Optima Dlvlolon 139 
Raniere, Saslaw, Mohr and Associates , Inc . 

S. D. S. A. 142, 183 
Public Service 

Slgnellc1 Corp., Sub. of Corning Glas• Works 30, 31 
Hall Butler Blatherwick, Inc . 

Slllconlx 105 
Robertson West. Inc. 
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• Solltron Devices, Inc. 183 
Tobias Associates, Inc. 

"* Sorensen Company, A Unit of Raytheon Company 52 
Provandie Eastwood & Lombardi Inc. 

• Sprague Eleclrlc Company 
Harry P. Bndge Company 

8 

• Systron Donner Concord Instruments 
Fred Schott & Associates 

84 , 131 

• Tansllor Electronics 148 
Devey , Thompson & Vignola Advertising , Inc. 

Tekelec Alrtronlc 4E 
S. P. F. D 

Tektronix, Inc. 43 
Mccann Erickson , Inc. 

• Teledyne Relays 
S. Michelson Advertising 

Teledyne Semiconductor 
Regis McKenna. Inc. 

Telonlc Ind. Inc. 
Jansen Associates, lnc. 

Teradyne, Inc. 
Quinn & Johnson , Inc. 

Thermalloy 
Warren-Guild 

74 

163 

77 

50 

:j: Thomas & Belts Company 68-69 
McCarthy, Scelba , DeBiasi Advert<iing Agency, Inc. 

"*Thomson CSF/ Dumont 169 
Raniere, Saslaw , Mohr and Associates. Inc . 

• • Thomson CSF/ Dumont BE . 9E 
Raniere, Saslaw, Mohr and Associates 

Toko, Inc. 187 
Hakuhodo, Inc. 

• Topaz Electronlcs 176 
Jansen Associates, Inc. 

TRW /IRC Resistors 143 
Gray & Rogers, Inc. 

• Trygon Electronic Subsidiary ol 
Systron Donner Corporation 134 
RAMA Advertising 

United Systems Corp., A sub. of Monsanto Co. 154 
Advertising & Merchandising , Inc. 

• Unltrode Corporation 37 
Culver Advertising , Inc . 

U. S. Capacitor Corp. 177 
S. Michelson Advertising 

• Varo Semk:onductor, Inc. 
Warren-Guild 

Vu-Data 
Manning-Bowen and Associates 

Wagner Electric Corporation 
Coordinated Communicat ions, Inc . 

Classified & Employment Advertising 
F. J . Eberle , Manager212-g71-2557 

EQUIPMENT (Used or Surplus New) For Sale 

172 

156 

171 

American Used Computer Corp. .. . ......... 182 
Phil lps Fishman Company.. . ....... 182 
Jensen Tool & Alloys .. . .... 182 
Mountain West Alarm ..... ........ .. ............... . ................. 182 
Radio Research Instrument Co. Lid. .. . . ................ 182 

• For more information on complete product line see adver­
tisement in the latest E1ect ronics Buyer's Guide 

• Advertisers in Electronics Interna1ional 
i Advertisers in Elec1ronics domestic-only edi tion 
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SOLID RELIABILITY 
Micro packaged pulse transformers with 

outstanding performance. 
Toko pulse transfo rmers are proven per­
formers in the electronics world, and are 
known for co mpactness, reliability and 
prod uct qu ality which are hard to beat. 
M ake your selection from our I ist of 
sta nda rd types or let us design a unit spe­
cifically for your application . 

Standard Types 

Turns Primary ET leakage 
Type ratio inductance Constant inductance 

(min.) (max .) 

PGWB 4-1AA 1:1 1.8 1.2 0.10 
PGWB 10-1AA 1:1 11::[ 2.5 0.15 
PGBB 8-1AA 1 :1 38 .0 3.5 0.~5 

PGRB 10-1AA 1:1 134.0 5.0 0.15 
PGRB 16-1AA 1:1 340.0 10.0 0.15 
PGXB 22-1AA 1 :1 1,400.0 20.0 0.20 

Technical Data 

lnterwinding DC 
capacitance resistance Connections 

(ma.. ) (max .) 

8.0 0.20 A (LCED) 
12.0 0.20 AILCED} 
8.0 0.20 A (LCEDl 

12.0 0.20 A (LCED) 
18.0 0.30 AILCEDl 
25.0 0.35 A (LCEDl 

• Operatin g temperature range: 0~70° c •Storage temperature range: 
-40"' + 100°C •Insulation resistan ce: (At 250 VDC) More than 103 M 
• Pa ckage: Transfer molding (epoxy) • Environmental test: Units satisfy 
MIL-STD-202D iii For detailed information, please contact our sales department. 

r~ . ..,. I !2.,~7~~me~ ~h£1;aya, Ohta-ku , Tokyo, Japan 
New York : Toko New York Inc. 

• 150 Fifth Avenue, New York, N.Y. io001 U.S.A. Tel : 565-3767 
Los Ange/eJ : Toko, Inc. Los Angeles Liaison Office 3440 Wilshire Blvd ., Tishman Building, 

Suite 1106 Los Angeles , Calif. 90010 , U.S.A. Tel : 380-0417 
DUsseldorf: Toko Eleklronik G.m.b.H. 4 DOsseldorf, lakronstrasse 77 , W. Germany Tel : 0211-284211 

Years ago we made a decision 
to let the other guys knock out all 
of the simple printed circuit boards 
they cou ld make. We wanted the 
tough jobs. 

Multil ayer and two-sided PCs. 
Complex drilling, printing and 
plating. 

And we wanted to do them 
better than anybody in the business . 

Since then , we've been doing 

Circle 184 on reader service card 

more of the hard work than anyone. 
And delivering it on time. With 
precision and economy. 

We built a reputation on hard 
work. We're not about to take things 
easy now. 

If you've got a tough job, call us 
at (213) 722-6810 collect. Or write 
Data Products Division , 6201 East 
Randolph Street, Los Angeles , 
California 90040. 

We built a reputation on hard work. 

Lockheed Electronics-Rrst In Complex PCs 
15 YEARS OF LEADERSHIP IN ELECTRONICS . 1959-1974. 
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THE 
CHAMP 

... PICTURE TAKER 

Visual images are fleet­
ing- so, fo r the record, 

... you need pictures. 

No telling when or how 
often they ca n prove 
invaluable. 

That 's why so many 

of yo ur peers are rou­
tinel y snapping pi c­
tures while looking at 

specimens and samp les 
with Bausch & Lomb's 
StereoZoom 7 visual­

photographic sys tem . 
The Cham p 's superb op­
ti ca l system which gives 
unbea table visuals will 
put the images on film 
right while you' re look­
ing. And they will . be 

available as often as 
you want to refresh 
yo ur mem or y, make 

co mpar iso n s, prove 
points. 

There's a choice of 
most ca mera formats 

with the new Integrat­
ed Cameras, Series I I 

w ith o ptional exposu re 
meter. They're integral , 
but do not interfere 
with the optical system 
and interchange to fit 

va ryi ng needs. 
Be ready. Write for 

our new Stereomicro­
scope catalog 31-15 
and our free demon­
stration offer. 

BAUSCH & LOMB~ 
SCIENTIFIC OPTICAL 

PRODUCTS DIVISION 

62302 Bau>ch Street, Rochester, N.Y. 14602 

StereoZoom, Reg. T.M . 
Bausch & Lomb. 

For Literature Circle # 188 on Reader Service Card. 
For Demonstration Circle #231 on Reader Service Card. 

go portable 
Introducing THE Digital Panel Meter for Po 

188 

NOW, make your portable instruments smaller, lighter, less ex­
pensive and more reliable. With the Datascan Model 820 battery 
pow3red DPM, you also get a bright, reliable and readable 3Y2 digit 
LED display, 0.1 % (of reading) accuracy, battery input voltage from 
4.8 to 8.0 • volts and an attractive miniaturized metal case that's 
only 3.511 deep x 2.5" wide x 1.311 high. 
To get complete specs or to arrange for a demonstration, call or 
write. We're anxious to help you GO PORTABLE. 
•other ranges available. 

Circle 189 on reader service card 

Data scan 
Electronic 
Products 

P.O. Box 785 
1111 Paulison Ave. 
Clifton, N.J. 07013 
Telephone: C201) 478-2800 

Datascan 
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