
Build your own IC with this odes, or 44 individual resistors 
easy-to-use breadboard. A ball- that are available on the chip. 
or wedge-bonder is all that's The interconnection pattern 
needed to interconnect any of eliminates the need for unrelia­
eight transistors, five zener di- ble bird's-nest wiring (page 66). 



Now 4 Clifton 
Plan ts for Greater 
Synchro Production 

Last winter we expanded into a modern 40,000 sq. ft. facility in Fall River, 

Mass. It is already helping significantly to increase our synchro production. 

This summer, construction of our newest synchro plant will be under way in 
Peachtree, North Carolina. Peachtree will be a 30,000 sq. ft. plant expandable to 

100,000 sq. ft. It will further increase our synchro capacity. 

Meanwhile, in nearby Murphy, N.C. where we have been doing synchro work 

for the past two years in temporary quarters, production is being pushed and 

expanded as rapidly as is feasible. This is true also at Clifton Heights and 
Colorado Springs. 

Our every effort is toward increased production from all 4 plants. 

CLIFTON 
PRECISION PRODUCTS 
DIVISION OF LITTON INDUSTRIES 

Speed Inquiry lo Advertiser via Collect Night Letter 
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Just 

add a 

scope ... 

and you have everything you need for 

Quantitative Frequency-Response Measurements 

The Type 1025-A Standard Sweep-Frequency Generator is both a sweep 

generator and a CW generator, with a marker generator, attenuator, and 

output meter ... all wrapped up in a single package • it can be switched 

instantly from swept to CW mode without readjusting, recalibrating, or 

reconnecting • it covers 0.7 to 230 Mc/sin 10 overlapping octave ranges • 

has two bandspread ranges (400 to 500 kc/sand 10.4 to 11 Mc/s) • has a 

"perfect marker" ... continuously adjustable and accurately calibrated both 

in frequency and amplitude, which allows you to take accurate quantitative 

data directly from a scope display • output is calibrated, 0.3 µ. V to l V 

behind 50 ohms • frequency can be monitored by an external counter 

through a connector provided specifically for that purpose • price is $3450, 

far less than the total cost of the separate instruments you would need for 

comparable performance. 

Write for complete information or a demonstration. 

An experimental 5-stage, sing le-tuned, 
30-Mc i-f strip with 1-Mc bandwidth 
being aligned with the Type 1025-A 
Standard Sweep-Frequency Generator. 
Data measured includes center fre­
quency, 6 - and 60-dB bandwidths, and 
gain. The generator can be accurately 
set to both the 10 µ.V signal level at the 
front end as well as to 100 mV at the 
last stage. 

GENERAL RAD I 0 COMPANY 

WEST CONCORD, MASSACHUSETTS 

BOSTON , NEW YORK, CHICAGO• PHILADELPHIA• WASHINGTON , D.C. •SYRACUSE• DALLAS• SAN FRANCISCO• LOS ANGELES• ORLANDO· CLEVELAND-TORONTO • MONTREAL 
GENERAL RADIO COMPANY (overseas) , ZURICH , SWITZERLAND ; GENERAL RADIO COMPANY (U.K.) Ltd., BOURNE END, ENGLAND 
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ce of expedient maintainability. RE 
integrated circuit micro-elements, provides inexpensive spares provisionm 
duces "mean-time-to-repair" to .seconds which minimizes troubleshooting costs. 
Total plug-in capability also provides proven reliability, optimum performance and 
prompt delivery. 

ANALOG·TO·DIGITAL·TO·ANALOG DATA ACQUISITION SYSTEMS 

Engineers: If your field is analog/ digital data systems or com· 
ponent design, a career opportunity awaits you at REDCOR. 
Write to Personnel Director. 

P. 0 . Box 1031 I CANOGA PA~K. CALIFORNIA 91304 / PHONE: (213) 348-5892 I TWX: 213-348-2573 
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13 News Report 

17 Design deficiencies cited in medical electronics 
Communications gap between engineer and physician discussed at biomedical sym­
posium. 

21 New process boosts gallium arsenide devices 
Vapor phase growth makes possible GaAs devices that cannot easily be produced by 
other processes. 

22 Telephone system uses time-sharing. 

24 Microwaves study rocket plumes. 

27 Washington Report 

31 Editorial: What's happening in computer-aided design? 

TECHNOLOGY 
34 Use ferrite phase-shifters for high-power phased arrays. The latching types operate 

without holding current and are efficient even at 1 GHz. 

40 Gain insight into FET amplifiers. Learn which parameters govern performance and how 
to handle the design of low-noise and high-frequency circuits. 

48 D/ A converter uses thin-films to get high precision and maintain the flexibility needed 
for low-volume production. 
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66 Cover Feature: IC breadboard allows bench assembly with the drop of a dot. 
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Planar is a patented Fairchild process. 

FAIRCHILD SEMICONDUCTOR/A Division of Fairchild Camera and Instrument Corporation • 313 Fairchild Drive, Mountain View, Californ ia (415) 962-5011 • TWX : 910·379 ·6435 
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Planar and power are no longer contradictory terms. You can now buy Fairchild Planar power devices with 
up to 60W power dissipation, up to 12A current, with voltages up to 300V. Here's why: we deposit nickel­
chromium resistors in series with the emitters, right on the chip. This technique inhibits secondary break­
down and keeps all the inherent advantages of Planar devices: 
Greater temperature stability due to lower leakage currents. Passivated junctions which prevent surface 
degradation. And higher yields, which mean that Fairchild Planar power costs you less. Prove it to yourself. 
We've prepared two sample kits which are available through Fairchild Distributors: Sample Kit No. 1 contains 
14 power transistors with LVCEO = 80 Volts and IC up to 10 Amps ($300 value for $49.50); Sample Kit 
No. 2 contains 12 SCR's with ranges up to 200 Volts and 10 Amps ($120 value for $29.50). Fairchild 
reserves the right to limit quantities. This offer expires July 30, 1966. 
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S~ntron has a pond full of the 
best avalanche silicon rectifiers 

... and they are the best -the result of 
intensive research-a complete, performance 
proven line of Avalanche Silicon Rectifiers 
which give assured protection against voltage 
transients. 

The Avalanche Silicon Controlled Rectifiers 
give you the same protection plus the depend· 
ability and efficiency to help you meet the 
highest standards of reliability. 

There . is a · Syntron Avalanche Silicon or 
Avalanche Silicon Controlled Rectifier for 
your every requirement. 

Write for Detailed Information 

SYNTRON COMPANY 
283 LEXINGTON AVENUE • HOMER CITY, PA. 

ON READER-SERVICE CARD CIRCLE 4 
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An oscilloscope picture in 10 seconds: 
any longer is a waste of tillle. 

Polaroid Land films don't make you 
wait to see if your trace zigged when 
it should have zagged. 

They let you know in ten seconds. 
They give you an oscilloscope pic­

ture you can study, attach to a report, 
send as a test record with a product 
shipment, or file for future reference. 

You have a choice of 5 films for 
oscilloscope recording. 

The standard film has an A.S.A. 

equivalent rating of 3000. It comes in 
both roll film [Type 47] and pack film 
[Type 107]. They both give you 8 pic­
tures 3 1/4 x 4V4 inches. This emul­
sion is also available in 4 x 5 sheets 
[Type 57]. 

For extremely high-speed record­
ing, there's Polaroid PolaScope Land 
film [a roll film, Type 410]. It has an 
A.S.A. equivalent rating of 10,000. 

It can take pictures of traces too 
fleeting for the human eye: such as a 
scintillation pulse with a rise time of 
less than 3 nanoseconds. 

One thing all these films have in 
common is a sharp, high-contrast im­
age that's easy to read. Because. the 
films are so sensitive, you can use 
small camera apertures and low-in­
tensity settings. 

To put these films to work on your 
scope, you need a camera that will 
take a Polaroid Land Camera Back. 

Most oscilloscope camera manufac­
turers have one. For instance: Analab, 
Beattie-Coleman, BNK Associates, 
Fairchild, EG&G, General Atronics, 
Hewlett-Packard, and Tektronix. 

You can get complete information 
by writing to Polaroid Corporation, 
Technical Sales Department, Cam­
bridge, Massachusetts 02139, or by 
writing to one of the manufacturers 
mentioned above. 

It will probably take a little longer 
than 10 seconds, but we promise the 
information won't be a waste of time. 

"Polaroid" and "PolaScope"® 



KILLS SNIVETS 
INSTANTLY 

H ow would you like an anti-snivet 
tube for your color TV horizon­

tal deflection circuits? That's right-an 
anti-snivet tube would eliminate the need 
for snivet-suppression circuitry with its 
extra components and extra costs. 

The new Amperex 6KG6 output pentode 
is your tube! It was specifically developed 
to eliminate Barkhausen oscillations and 
achieveR its snivet-free performance 
through the use of a Cavitrap anode and 
other unique design characteristics. The 
6KG6 can be operated with grounded sup­
pressor at B+ supply voltages from 240 to 
400 volts and still remain snivet-free. 

Life-expectancy and reliability of the 
6KG6 is far above that of ordinary output 
pentodes in similar service due to its lower 
bulb temperature at maximum operating 
conditions; it operates about 50°C. cooler 

than comparable tubes in similar ser-
vice. But in spite of its low operating 
temperature, the 6KG6 packs plenty 
of reserve power and added safety 
factors. It has a max. 7 ,000 V peak 
plate voltage, 34 watts max. plate 

dissipation and 1.4 amps peak 
anode current. 

The 6KG6 is but one of the 
growing family of new 

Amperex tubes for color TV 
that make possible lower costs, 
higher quality and more reliable 
performance. Other new tubes in 
this family include the 6EC4 
damper diode, a matching com-

panion to the 6KG6 for horizontal 
deflection circuits, the 3BH2 high 
voltage rectifier diode and the ED500 
shunt stabilizer. 

For data and applications informa­
tion, write to the company still doing 

new things with receiving tubes: Amperex 
Electronic Corporation, Semiconductor 
and Receiving Tube Division, Dept. 371, 
Slatersville, Rhode Island, 02876. 

Arnpere• 
Speed Inquiry to Advertiser via Collect Night Letter 
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This Wilcox Model 914 ATC transponder uses 
Allen-Bradley Type CB %-watt and Type EB l/2-watt 
fixed resistors, Type G variable resistors, and Type R 
adjustable fixed resistors. The Model 914 transponder 
is for aircraft operating under ground control radar. 

"No failure ever" is an impressive record, especially 
since Allen-Bradley fixed and variable resistors have 
been used in Wilcox transponders for around ten years. 

The reason for this consistently high performance is 
the unique hot molding process developed and used only 
by Allen-Bradley. In fixed resistors, it produces such com­
plete uniformity that long term A-B resistor performance 
can be accurately predicted. Catastrophic failures don't 
occur with Allen-Bradley hot molded resistors. 

Use of the hot molded resistance element in the Allen­
Bradley Type G variable resistors assures very smooth 
operation-there are never any abrupt changes in re­
sistance during adjustment. The Type G controls have 

1065-lOAPQ 

Our experience shows no 
failure ever of an A-8 resistor 
unless subjected to overload caused 

by a tube or transistor failure 

Wilcox Electric Co., Inc. 

a very low initial noise factor, becoming lower with use .. 

Type R adjustable fixed resistors also have a solid 
molded resistance track. Adjustment of resistance is so 
smooth, it approaches infinite resolution. Settings will 
remain fixed under severe vibration or shock. The Type 
R molded enclosure is dustproof and watertight-it can 
be potted after adjustment. 

For more complete details on the full line of A-B 
quality electronic components, please write for Publi­
cation 6024: Allen-Bradley Co., 1344 S. Second Street, 
Milwaukee, Wisconsin 53204. In Canada: Allen-Bradley 
Canada Ltd. Export Office: 630 Third Ave., New York, 
New York, U.S.A. 10017. 

ALLEN-BRADLEY 
QUALITY ELECTRONIC COMPONENTS 
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You Can Get 
All These Microcircuits 
from Sprague Electric: 

*SERIES SU300, lU300 
UTllOGIC* 

K Package 

For use in commercial, in ­
dustrial, ground support 
applications. Available in 
two operating tempera­
ture ranges, -20 C to 
+85 C, and +10 C to 
+55 C. Propagation delay 
of 15 to 40 nanosei:onds. 

*Trademark of Signet lcs Corp. 
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UNICIRCUIT® 
RCTl LOGIC 

(Sx actual size) 

Sprague Series US-0100 ... a complete 
line of silicon monolithic digital building 
blocks featuring low power consump­
tion (2 mW typ .) 

ON READER-SERVICE CIRCLE 185 

DIGIT Al-TO· ANALOG 
CONVERSION CIRCUITS 

UT-1000-Four-bit ladder network 
UT-4001- ladder switch for driving 

resistor ladder networks 
UT-4024- Buffer amplifier 

ON READER-SERVICE CIRCLE 188 

*SERIES SE400, NE400 
LOW POWER LOGIC 

~ .... 
Operating temperature ranges : - 55 C 
to +125 C, and O C to +70 C. For use 
in Aerospace and other appl ications 
where low power drain is required. 
Optimized speed , noise margin. 

ON READER-SERVICE CIRCLE 183 

UNICIRCUIT® 
mW RTL LOGIC 
T0-5 Case 

Types US-0908 through 
US-0921 .. . Fully inter­
changeable mW digital 
building blocks featuring 
power consumption of 4 
mW/node and propaga­
tion delay of 40 nsec. 

ON READER-SERVICE CIRCLE 186 

*Series SElOO, NElOO, 
CS700, SU300, lU300, 
SE400, NE400, SESOO 

are all available 
from Sprague Eledric 

under technology interchange 
with Signetics Corp. 

SPRAGUE COMPONENTS 

INTEGRATED CIRCUITS PULSE TRANSFORMERS 

THIN-FILM MICROCIRCUITS INTERFERENCE FILTERS 
TRANSISTORS PULSE-FORMING NETWORKS 

CAPACITORS TOROIDAL INDUCTORS 

RESIStORS ELECTRIC WAVE FILTERS 
'4 SS · 6 120R 1 

10 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 
BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

*SERIES SElOO, NE100, US700 
DJl LOGIC (S ignet ics CS700) 

~ ..... 
Eighteen functions in two operating 
temperature ranges : - 55 C l,!l + 125 C 
and 0 C to + 70 C. Circuits include 
NANO/NOR gates, clock and line driv­
ers, gate expanders, RST and J K binary 
elements, one-shot multivibrator. 
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*SERIES SESOO 
LINEAR AMPLIFIERS 

, , K Package 

Operating temperature 
range: - 55 C to+l25 C. 
Two linear circuits avail ­
able in 10-lead low silhou ­
ette T0-5 case. SE501 K is 
a video amplifer, SE505K 
is a general purpose dif­
ferential amplifier. 
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UNICIRCUIT® 
CUSTOM HYBRID CIRCUITS 

Combine monolith ic silicon circuits with 
tantalum or Ni-Cr alloy resistors. Close 
resistance tolerances, low temperature 
coefficient. Resistor matching, ± \1 3 . 

ON READER-SERVICE CIRCLE 187 

For data sheets on the 

microcircuits in which you 

are interested, write to: 

Technical Literature Service 

Sprague Electric Company 

347 Marshall Street 

North Adams, Mass. 01247 

SPRAGUE® 
THE MARK OF RELIABILITY 

· O 
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ED News 
Communications gap exists in medical electronics PAGE 17 

New process boosts gallium arsenide devices PAGE 21 

Microwaves used to study rocket plumes PAGE 24 

Data and voice time-share a telephone system PAGE 22 

Focusing in on rocket exhaust ... 24 

L.ong·distance blood pressure . . . 17 Gallium arsenide-a " growing" business ... 21 
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~ ACTO* ~ 

100 MHz Prescaler Time Interval DVM ACTO* 2.96-8.2 GHz ACTO* 
512 MHz Converter Model 1979 Dual Measurement Model 1926A Preset Model 1936 500-3000 MHz Model 1254 8.2-12.4 GHz 

Model 1291 Model 1924 Model 1944 Model 1253 Model 1255 

Systron-Donner's system for direct readout of microwave 
frequencies from 0-15 GHz provides an unprecedented 
simple and low cost solution - features no other Ge 
counting system offers. Further, S-D's " think ahead" de­
sign provides even greater flexibility. As you can see, an 
ever-growing number of plug-ins can be used inter­
changeably in the basic 50 and 100 MHz counters. When 
your digital measuring needs change, you change plug­
ins, not counters. That way you always have a state-of-the­
art-counter. 

EXCEPTIONAL STABILITY-Another exclusive feature of 
S-D's counter line is a high stability oscillator with an 
aging rate of better than 

1 part in 109 per 24 hours! 

NEW INSTRUMENT STYLING-In addition to unmatched 
performance and flexibility in counting instrumentation, 
new styling refinements have been added to the entire 
line of S-D counters: die cast front panel, wrap-around 
cabinetry, tilt stand, and a simplified method for bench 
or rack installation. 

*ACTO: Automatic Computing Transfer Oscillator plug­
ins. For fully automatic microwave measurements with 
counter accuracy and instantaneous direct readout. 

SYS TRON 

10MHz 
Counter 
Model 1034 

5MHz 
Counter 
Model 1033 

300 kHz 
Counter 
Model 1013 

DONNER 
CORPORATION 

888 Galindo Street, Concord, California 94520 • Phone: (415) 682-6161, TWX: 415-687-3200 
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Adding fuel to fuel cell 

Army develops air-breathing fuel cell 

An air-breathing fuel cell for use by front-line 
troops was demonstrated by the Army at the 
recent Annual Power Sources Conference 
at Atlantic City, N. J. The cell uses the 
nitrogen-hydrogen compound hydrazine for 
fuel and extracts its oxygen directly from 
the atmosphere. 

The new power source was built by Monsanto 
Research Corp. under the technical direction 
of the U.S. Army Electronics Command. 
It weighs less than 12 pounds, has an output 
of 60 watts and can operate for 12 hours on 
one pound, or pint, of fuel. 

According to Army spokesmen, the cell's 
introduction into field use is expected to 
have a major impact on military portable 
electrical power equipment. This is because 
of the fuel cell's silent operation, simple 
maintenance, low operating temperature and 
high efficiency for converting fuel into current. 
In demonstrations, the cell has powered an 
Army AN/ VRC-12 vehicular radio, an Army 
AN / PPS-4 ground surveillance radar and a 
Marine Corps manpack radio AN/ PRC-47. 

Northeast Corridor may acquire branch line 
The state of Pennsylvania is investigating 
the feasibility of a high-speed ground 
transportation system that would link up 
with the Federally-sponsored Northeast 
Corridor high-speed rail system. An $80,000 
contract has been signed with the Westinghouse 
Air Brake Company to study the possibility 
of creating a Keystone Corridor, as the 
east-west rail link would be called. 

Westinghouse will investigate and analyze 
the effect of the various systems under 
consideration for the Northeast Corridor 
(ED 6, March 15, 1966, pp. 22-26) on 
a Keystone Corridor. The company will 
also study possible routes for 150-mph 
and 300-mph service across the state, 
as well as possible rates and schedules for 
both 150- and 300-mph service. 

The Westinghouse contract represents only 
part of the $200,000 that Pennsylvania has 
made available for transportation studies 
under the Urban Mass Transportation· 
Assistance Act. According to Pennsylvania 

June 7, 1966 

News 
Report 
Secretary of Commerce John K. Tabor, 
"This is a unique Pennsylvania accomplishment, 
and marks the first such state sponsored 
program in the nation." 

Thick-film transistor announced 
A new technique for manufacturing 
solid-state active devices has been announced 
by the National Aeronautics and Space 
Administration. The exploratory work, 
performed jointly at NASA's Langley Research 
Center and RCA's Defense Microelectronics 
Activity, involves the use of deposited thick 
films to produce majority-carrier field-effect 
transistors (FETs) . 

An array of 50 individual FETs, manufactured 
at RCA's Sommerville plant by this process, 
was recently evaluated at Langley. NASA 
physicist Robert Stermer reported that, though 
the devices did not have the performance 
of diffused FETs, the practicality of the 
process had been demonstrated and further 
research would be undertaken. Stermer indicated 
that the measured transconductance was 
greater then 800. 

He said that the devices were at present 
being made with a "wet spray" technique. 
Powdered cadmium sulfide is first doped 
and then made into a slurry with water. 
The slurry is sprayed on to an insulating 
substrate and deposition of insulating 
material and aluminum metallization follow. 
Stermer pointed out that the devices are 
actually formed by applying voltages to the 
metal electrodes and accumulating charge 
carriers along the surface. The cadmium 
sulfide's inherently high impedance was what 
made the technique possible, he said. 
The original idea was jointly conceived by 
Stermer and Dr. Franz Huber, Group Leader 
at the RCA Activity, but it was the RCA 
group that did much of the actual work. As 
a result, RCA was awarded a $35,000 contract 
to continue the materials investigation and 
further refine the fabrication technique. 

The first phase of the contract, Stermer 
said, will cvncentrate on study of the doping 
method (consistency, predictability, etc.) 
and the possibility of screening the 
semiconductor material into the substrate, 
rather than spraying it on. 
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News 
Report CONTINUED 

High-speed logic slows IBM production 

Production difficulties with their advanced 
solid-logic technology (ASLT) circuit packages 
will delay initial delivery of IBM's super­
computer, the System/ 360, Model 90. Deliveries 
of the Model 90, which is the largest and fastest 
member of the System/ 360 family, were planned 
to begin in 1967. According to the company, 
earliest shipments will now be delayed two to 
three months because of a "production 
bottleneck". 

The ASLT circuit packages (ED, Nov. 8, 1965, 
pp. 12-15) have delay-time speeds of 1.5 ns, 
compared with 5 to 30 ns for the solid logic 
technology (SLT) circuit packages used in the 
other models of the System/ 360. The increase 
in speed is achieved by use of current-steering 
circuitry and high packaging density. The 
ASLT packages are designed to be produced on 
the same automated production line used for 
the SLT packages. 

Klystron amplifier delivers 21 kW cw 

The most powerful klystron amplifier known to 
date has been successfully tested at Varian 
Associates. The tube puts out 21 kW cw at 18 
GHz over a band of 50 MHz with a gain of 60 dB. 

"I don't know what the power limitations of the 
tube are," designer senior engineer Bill A. 
James said. "100 kW cw seems extremely 
difficult, but not impossible, with present-day 
technology". He explained that cryogenic 
cooling and other improvements could boost 
the output power considerably. "There is no 
magic in the design. We simply optimized the 
well-known design of the beam optics and the 
electron gun," he added. 

The tube's power capabilities are especially 
important in plasma research, in space 
communications and in radio astronomy, James 
claimed. 

Nimbus 11 scores several firsts 

The Nimbus II experimental weather satellite, 
launched recently by NASA, embodies several 
features not included in any of the other 
weather satellites now in operation. The two 
most significant are its capacity for transmitting 
night-time infrared pictures to simple ground 
stations, and its inclusion of a code on each 
transmitted picture to allow ground stations to 
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determine the time it will be in position and 
angle to beam in the station's antenna. 

Besides photographing the Earth's cloud cover, 
Nimbus II will measure for the first time the 
heat balance budget (albedo) of the entire 
200-million-square-mile area of the Earth every 
day. Although the primary purpose of Nimbus 
II is research and development, data collected 
will be forwarded to the Commerce Department's 
Environmental Services Administration for 
operational weather-forecasting purposes. 

Sylvania will light up stamps 

A phosphor that has particles of unusually 
minute size has been developed by Sylvania 
Electric Products, Inc., and will soon be 
incorporated in the ink used to print all U.S. 
postage stamps. The phosphor will make it 
possible for machines to differentiate between 
regular stamps and air-mail stamps and thus 
facilitate the automatic processing of mail. 

Six different phosphors were tried during a 
two-year test by the Post Office Department at 
Dayton, Ohio. On the basis of this test, two of 
the phosphors were chosen for nationwide use: 
an orange-red phosphor for airmail stamps 
and a green phosphor for regular stamps. There 
are 204 machines, currently in use in 40 cities, 
capable of identifying the "tagged" stamps. 

Mariner IV back in range 

The Mariner IV spacecraft, which took the 
world's first close-up pictures of Mars last year, 
is again in contact with Earth, reporting on 
the space environment and its own operating 
performance after 18 months of flight. On 
October 1, 1965 telemetry contact with the 
spacecraft in its orbital path around the sun 
was lost at the then unprecedented distance of 
191 million miles. Since then NASA has put 
into operation its new 210-foot diameter 
antenna at Goldstone, California, and on May 
21, 1966 the 210-foot dish began receiving 
Mariner telemetry signals from a distance of 
197.5 million miles. 

The new signals indicate that all spacecraft 
systems are operating properly. Mariner IV is 
now transmitting over its low-gain antenna, 
since the high-gain antenna used during the 
Mars flyby is no longer pointing towards the 
Earth. 

A preliminary analysis of the signals received 
by the Goldstone antenna indicate that Mariner 
IV has exceeded its designed life by more than 
100 per cent. 

An updated "Who's who" in electronics 
manufacturing in the western states has been 
published by the Western Electronic 
Manufacturers Association (WEMA). Copies 
can be obtained for $5 from WEMA, 3600 
Wilshire Blvd., Los Angeles, California 90005. 

Speed Inquiry to Advertiser via Collect Night Letter ~ 
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Relay Reliability in 3-Gram Packages 
You can cut problems down to size with the Bourns TRIMPOT® 
Model 3100 SPOT and Model 3101 DPDT relays. These proven 
units give you MIL·Spec reliability .and 160 mw sensitivity in a 
package size of less than 1I20 cubic inch. Punish them with 
150G shock or 40G, 3000 cps vibration , and you still get 
the performance that's on the published data sheet. Features 
include highly efficient magnetic circuit, rotary balanced arma­
ture, hermetically sealed case and self-cleaning contacts. 
Environmentally they exceed requirements of MIL·R-57570. 
With these relays, there is little chance of " infant mortality" in 
your circuits. Bourns double-checks each unit with a 5000· 
operation run-in followed by 100% final inspect ion for all 
important characteristics, including mass·spectrometer leak 
testing. Furthermore, Bourns tests samples quarterly in the 
famous Reliability Assurance Program that it created for TRIM­
POT potentiometers. In short, you can trust the name TRIM POT 
in relays, too. 
Other TRIMPOT relay products available from Bourns: Model 
3105 subminiature AC DPDT and a full line of miniature adjust-

TRIM POT m ea n s BOURNS- BOURNS m ea n s QUALITY 
TRIM POT is a registered t rade mark of Bourn s, Inc. 

able time-delay and voltage-sensing relays and modules. Deliv­
ery is immediate. Write today for complete technical data. 

Size: 
Max. operating 

temp.: 
Contact rating: 
Pickup 

sensitivity: 

Standard coil 
resistances: 

0.2" x 0.4" x 0.6" 

125°C 
1.0 amp resistive, 26 voe 

100 mw (Model 3100) 
160 mw (Model 3101) 

50to 2000f! 
(Model 3100) 

65 to 2000n 
(Model 3101) 

M odel 3 100 (SPOT) 

Model 3 101 ( DPDT) 

units shown actual size 

BO U RNS , I N C ., T R IM POT DIV I SIO N , 1200 COLUMBIA AV E . . R IVERSID E , C ALI F . 
PH O NE 6 8 4 · 1700 • T W X : 7 14· 6 8 2 95 8 2 • CA BLE: B OU R NSlNC. 

TRIMPOT® AND PRECISION POTENTIOMETERS - RELAYS - MICROCOMPONENTS: TRANSFORMERS, INDUCTORS, RESISTORS AND CAPACITORS 
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All-silicon QSA Series: 12 models; regulation -+- .005%; response time 20 Jl-S· 

New Sorensen Modular 
Power Supplies 

The new Sorensen QSA Series offers the only modular 
power supply line in the 0 to 35 volt range that combines 
± .005% regulation line and load, 20 µ.s. response time, 
71 °C operating temperatures, 300 µ.V ripple-all at prices 
below other lines having lesser performance specifications. 
Sorensen's QSA Series modules are ideal for OEM, lab or 
system applications. They can be used as bench models 
(mounted in any position) or mounted in combinations of 
3 or 4 in an optional 19" (3%'' high) rack adapter. Other 
design features include: Load current vs. temperature, 
110% @ 40°C-100% @ 50°C-85% @ 60°C-66% 
@ 71 °C • Temperature coefficient 0.01%/°C • Stability 

0.025% / 8 hrs. • Models QSA l 0-1.4, QSA 10-2.2 and 
QSA l 0-3.7 permit operation of up to 20 units in series; 
other units permit operation of 2 units in series; All models 
permit operation of 4 units in parallel • No turn-on/ turn-off 
overshoots • Remote sensing • Remote programming • 
Ripple voltage peak to peak 3mV. All Sorensen power 
sources conform to proposed NEMA standards. For addi­
tional QSA Series details or for data on other standard/ 
custom DC power supplies, AC line regulators or frequency 
changers, call your local Sorensen representative, or write: 
Raytheon Company, Sorensen Operation, Richards Avenue, 
Norwalk, Conn. Tel: 203-838-6571, TWX: 710-468-2940. 

r---------------------SPECIFICATIONS --------------------~ 

MODELS (RANGES) 

SIZES (IN.) 

PRICES {U.S. list) 

QSA 1o.1.4 (0-1 ov I 1.4A) 

QSA12-1.4 (8-1 4V, 1.4A) 

QSA 18-1.1 (14-22V, 1.1 A) 

QSA28- .7 (22-35V, .7A) 

QSAl0-2.2 (0-lOV, 2.2A) 

QSA 12-2.2 {8-14V, 2.2A) 

QSA18-2.0 (14-22V, 2.0A) 

QSA28-1.3 {22-35V, 1.3A) 

7 x 3-5/ 16 x 3-7/ 8 7 x 3-5/ 16 x 5-1 / 8 

$89 $109 

QSAl0-3.7 (0-lOV, 3.7A) 

QSA12-3.7 (8-14V, 3.7A) 

QSA18·3.0 (14-22V, 3.0A) 

QSA28-2.0 {22-35V, 2.0A) 

10 x 3-5/16 x 5-1/8 

$129 

.___ ________ ,RAYTHEON)--------___. 
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Medical electronics: design deficiencies cited 

Communications gap between engineer and 
physician discussed at biomedical symposium 

aqueous solutions. Blood is princi­
pally an aqueous solution, but it also 
possesses the important and life­
saving property of clotting. A sur­
prising number of designers have 
neglected this well-known fact. 

Ralph Dobriner 
West Coast Editor 

Though the role of electronics in 
medicine continues to grow apace, 
so too does the communications gap 
between physicians and electronic 
designers. 

This apparent contradiction was 
evident at the recent Biomedical 
Sciences Symposium in Anaheim, 
Calif. There, a variety of new bio­
electronic monitoring systems, sen­
sory devices and specialized compu­
ter systems to aid in medical diag­
nosis and research were discussed. 
Yet, many of those present felt that 
much of the equipment-such as 
the large automated physiological 
monitoring systems-are expensive, 
rather complex to operate and often 
designed by engineers unfamiliar 
with medical requirements. 

Only 1 % of patients benefit 
Dr. David Davis, Professor of 

Surgery at the University of North 
Carolina School of Medicine, said: 
"In spite of fantastic improvements 
in instrumentation and considerable 
publicity attending the use of such 
instrumentation in patient care, it 
is doubtful that more than 1 % of 
patients deserving this 'improved' 
care actually receive it." 

"What could be done has not been 
done," he observed, adding that the 
number of people that benefit from 
modern instrumentation was ques­
tionable. The principal cause for 
this lack of clinical application of 
instrumentation, according to Dr. 
Davis, has been the failure of the 
clinician and designer to get togeth­
er on the design requirements. 

It is simply a lack of education, 
he said, noting that physicians, 
physical scientists and engineers 
simply do not speak the same lan­
guage: they don't think alike and 
there is no contact in the literature 
of each profession. 

The surgeon said that the average 
practicing physician, no matter how 
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skillful and successful, is absolutely 
unfamiliar with such terms · as 
strain gauge, spectrophotometer, 
analog or rectifier. On the other 
hand, the physical scientist and en­
gineer has usually had no exposure 
to biological systems, and, for ex­
ample, the variable responses of a 
cell, Dr. Davis said. 

Reasons for lack of use 
Why have so-called monitoring 

systems pot become widely used? 
Dr. Davi~ gave the following rea­
sons: 

• The >instrumentation is incom­
patible with clinical situations. The 
designers of medical instruments 
have no place to go to test their pro­
totypes. Mostly their hospital con­
nections are few and the family phy­
sician may be their only source of 
friendly advice. For example, many 
transducers function beautifully in 

• The instrument does not pre­
sent information in an intelligible 
or useful manner to the physician. 
The well-known electrocardiogram, 
for example, prov~?es the instrument 
designer with a signal relatively 
easy to obtain, 'being essentially 
nothing more than a low-frequency 
series of pulses in the millivolt 
range. But the recording represents 
only a brief period in the patient's 
life and marked and significant 
changes may ta~e place in seconds 
as well as over years. 

Techniques for the continuous 
display of the electrocardiogram on 
oscilloscopes have been developed 
and many devices are on the market. 
The information, however, is sig­
nificant only if observed and inter­
preted in a patient who is under 
constant surveill~nce by a physician 

! 

Microminiature temperature transmitter, designed to be implanted in a human 
body, is said to be capable of detecting temperature changes of 1/100 to 
1 I l000 °C. Developed by NASA's Ames Research Center, the transmitter con­
tains four hybrid integrated-circuit chips mounted inside a hermetically sealed 
can for protection from body fluids. The circular portion contains the battery 
and antenna and is usually left outside the body. 
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(biomedical, continued) 

trained in electrocardiographic in­
terpretation. 

What this means, then, is that, 
regardless of improved data collec­
tion techniques, better means of 
data storage and recall are needed 
and, more important, methods of 
cross-correlation data. Attempts 
have been made to use large multi­
purpose computers for this, but 
little has been done with small, 
specialized computers. 

• The information presented is 
not particularly important to the 
existing clinical situation. Many 
instruments have been developed 
which display information in which 
the physician is not particularly in­
terested. For example, few phy­
sicians require minute-by-minute 
measurements of body temperature 
in clinical situations. Also, many 
monitoring devices are developed 
around a physiological function that 
is easy to measure but which may 
mean little. 

• Many medical monitoring in­
struments are unreliable. The re­
quirements of instrumentation used 
in clinical care may exceed even 
those imposed by military specifica-

I 
I 
( 

tions. Any instrument the size of 
a cigarette package is surely, within 
a week, dropped on the floor, sent 
to the laundry or steam-sterilized. 
An instrument that cannot with­
stand these stresses is useless. 

Equipment must meet needs 
Drs. Stewart Wilber and William 

Derrick of the University of Texas 
cited the great need for reasonably 
priced instrumentation for simple, 
straightforward monitoring of pa­
tients in critical care areas, includ­
ing all major operating rooms. Ap­
parently, the only way to get this 
type of equipment, they said, is 
through a joint effort by the whole 
electronic industry and medical pr-0-
fession to establish standards. 

They referred to studies that 
show that there would be buyers for 
equipment that met the biological, 
clinical and economic needs of doc­
tors and hospitals. The medical­
care dollar will be spent on purchas­
ing instrumentation that is basic 
in function and adaptable to several 
uses. Hospitals and research insti­
tutes are not willing to pay large 
sums of money for eqmpment that 
does not fill medical needs, they said. 

Apollo bioinstrumentation system to be worn by astronauts records and radios 
~ack to earth physiological measurements, such as body temperature, respira­
tion and heart· rate. Developed by Spacelabs Inc., Van Nuys, Calif., the system 
is now undergoing qualification tests. 
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Another important consideration 
mentioned by the doctors is simplic­
ity and ruggedness of design. 

"There is not time for calibration 
and setting of the base lines and 
plate currents, especially in what is 
considered the minimum monitoring 
equipment required for clinical crit­
ical-care use. If this is necessary, 
the cause is lost and the equipment 
is not used," the physicians said. 

They also stressed the need for 
explosion-proof miniature electronic 
systems that are compatible with all 
types of biological signals and free 
from interference from X-rays, 
cauteries and ground loops of num­
berless variety. 

This includes telemetering sys­
tems for data-acquisitioning in the 
operating room. The doctors sug­
gested that wireless telemetry of 
data directly from the patient into 
the computer would be useful. 

The toughest instrument problem 
in clinical investigation, they felt, 
was that of transducers. These sim­
ple and sometimes delicate devices 
may be affected by noise created by 
the subject or the instrument itself. 

"The confounding noise created 
by modulation of the desired signal 
by other biological activity of sim­
ilar frequencies creates severe prob­
lems," the doctors said. 

Army studies biological armor 
Among the newest and most un­

usual applications of medical elec­
tronics discussed at the symposium 
was a current program sponsored by 
the Army Medical Material Div. to 
develop a transportable type of bio­
logical equipment. 

The instrumention, referred to 
as "biological armor" by Moses Ber­
lin of Syivania Electronic Systems, 
Needham, Mass., is designed to help 
the soldier to combat the exotic con­
dition he is liable to encounter in 
various parts of the world, such as 
weather extremes and endemic dis­
eases. 

Instead of using medical equip­
ment originally designed for fixed 
hospital uses-and therefore bulky 
and fragile--, the Army is focusing 
on the design of special-purpose, 
compact transducer and· telemetry 
gear. Equipment carried by the 
soldier would constantly radio back 
to a central computer the soldier's 
physiological responses to varying 

ELECTRONIC DESIGN 



SPRING-BACKED CUSHION-BACKED FIXED 

look for this watch out for this 

DC MICIOAMPllES 

SPRING-BACKED JEWELS (left above) dissipate much of the shock energy on a movement's 
moving part. This prevents damage to the jewel and avoids subsequent "stickiness" or 
inaccuracy. In contrast are the two constructions shown above right ... so-called cushion­
backed and fixed jewels. The fixed absorbs no shock at all. The cushion-backed protects 
a little, but still won't do the job under the rugged use to which most of us put meters 
and test equipment. • On the other hand, a spring-backed jewel permits full deflection 
with less than 20% increase in pivot pressure. Simpson makes a complete selection of 
spring-backed meter movements as well as fixed . The spring-backed type costs only about 
20¢ more than a cushion-back, and 40¢ more than a fixed jewel. Is the spring-backed 
jewel worth the small extra amount? You bet it is, say most of our customers. • Write for 
Stock Catalog No. 2073 which lists 1400 sizes and types. It may well be the cure for meter 
headaches and complaints in your equipment. 

SIMPSON ELECTRIC COMPANY 
5202 W. Kinzie Street, Chicago, 111. 60644 • Phone: (312) EStebrook 9-1121 
Representatives in Principal Cities . . . . . . See Telephone Yellow Pages 
Export Dept.: 400 W. Madison St., Chicago, Ill. 60606 Cable, Simelco 
In Canada: Bach-Simpson Ltd., London, Ontario 
In India: Ruttonsha-Simpson Private Ltd., Vikhroli , Bombay 

WORl..0'9 LARGEST MANUFACTURERS OF ELECTRONIC TEST EQUIPMENT 
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6 Reasons Why SPRAGUE is a 
Maior Resistor Supplier 

FILMISTOR® 
PRECISION FILM RESISTORS 

ACRASIL ®PRECISION/POWER 

j 
WIREWOUND 
RESISTORS 

silicone-encapsulated 
Combine the best features of 

metal-film, molded case 

Distinct l1m1ted temperatu re coefficients 
and low tolerances to meet exacti ng appl i 
cation requirements. Rugged end cap 
construction for long-term stability and reli ­
ability. Superior resistance to humi dity and 
mechanical damage. Surpass MIL-R-10509E 
requi rements. Send for Bulletin 7025B. 

===-l::J 
deposited-carbon, molded case 

Approach precision wirewounds in reliability 
and stability, yet are smaller in size and 
have lower self-inductance. Low, controlled 
temperature coefficient Dense molded case 
provides outstanding humidity protection. 
Send for Bulletin 7000A. 

deposited-carbon, conformal coated 

Full rated load operation at 70 C with no 
wattage derating. Assured uprated loads at 
lower operating temperatures. Ideal for cir· 
cu itry where small size, humidity resistance, 
and close tolerance ( ± 1 %) are required. 
Send for Bulletin 7005A. 

GLASS-JACKETED 
POWER WIREWOUND RESISTORS 

Ferrule terminals soldered to metallized ends of glass casing 
for true hermetic seal. Virtually failure-proof, even in ex­
tremely corrosive industrial and salt atmosphere. Standard 
and non-inductive windings. External meter-multipl ier types 
also available. Send for Bulletins 7350, 7420, 7421-

ON READER-SERVICE CARD CIRCLE 895 

For complete technical data, write for 
engineering bulletins on the resistors 
in which you are interested to: Tech­
nical Literature Service, Sprague 
Electric Company, 347 Marshall 
Street, North Adams, Massachusetts. 
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both precision and power wire­
wound types. Resistance toler­
ances to ± 0.05%. Unusually 
tough encapsulation protects 
against shock, vibration, mois­
ture, fungus. Meet MIL-R-26C 
requirements. Smaller than con­
ventional wirewounds, yet 
greater in stability. Send for 
Bulletin 7450. 

STACK OHM® 
POWER WIREWOUND 

RESISTORS 

Flat si lhouette permits 
stacking of resistor banks 
in close quarters. Alumi ­
mum thru-bar simplifies 
mounting and conducts 
heat from resistance ele­
ment. Vitreous enamel 
protective coating. Meet 
MIL-R-26C performance 
requirements . Send for 
Bulletin 7430. 
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conditions in the fie ld. The computer 
would analyze and interpret the in­
formation to help predict the sol­
dier's performance and to improve 
self-aid and first a id. 

Astronaut behavior monitored 
Berlin a lso described an unusual 

application of a computer that 
would determine the psychological 
reactions and behavior of astro­
nauts during long space voyages 
and so prevent fai lures that might 
jeopardize the trip. 

A preprogramed digital computer 
would be put aboard the spacecraft 
and, with adequate inputs derived 
from previous exper ience and 
known psychological behavior pat­
terns, help to predict the astronauts' 
reactions. The psychological envi­
ronment can then be programed to 
make the pi lot's adaptation easier 
and his performance more reliable, 
Berlin said. 

For example, he observed it may 
be necessary to provide a diur nal­
nocturnal cycle to simulate night 
and day in the space vehicle so t hat 
the pilot could sleep. The computer 
would program the duration of each 
phase of the cycle and control t he 
conditions which constitute n ight: 
darkness, less humidity, cooler tem­
perature, lower noise. 

The occurrence of fatigue in the 
astronaut could be determined by 
measurement of blood sugar content 
and periods of rest scheduled op­
t imally. If more t han one spaceman 
was aboard, the relative psychologi­
cal condition of each could be eval­
uated and an a lternating assign­
ment of command established. • • 

Accuracy 
The author points out that in 

"Bootstrap action yields high Z, 11 

wideband ampli fier" (ED 10, Apr. 
26, 1966, P- 93) t he last line of the 
third paragraph should read: " 
The Ll-µ.F and 33-µ.F (not 3-µ.F) 
capacitors." 

The two photographs appearing 
on PP- 21 & 22 of ED 11, May 10, 
1966, were wrongly captioned. The 
caption under photograph 1 applied 
to 2 and vice versa. 

ELECTRONIC DESIGN 
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New process boosts gallium arsenide devices 
Vapor phase growth makes possible GaAs devices 
that cannot be easily produced by other processes. 

Rene Colen 
Microelectronics Editor 

"Vapor phase growth will do for 
gallium arsenide what alloying did 
for germanium and diffusion did 
for silicon," said Dr. Fred D. Rosi, 
associate director of the Materials 
Research Program at RCA Labora­
tories, as he announced RCA's de­
velopment of a practical process for 
manufacturing gallium arsenide 
solid-state devices. 

He added t hat experimental de­
vices had already been made by this 
process that could not be made by 
any other. These devices are: an ex­
tremely bright photoemitting diode 
( red) ; a visible-light laser operat­
ing at room temperature; a high 
frequency Gunn-effect oscillator 
(up to 40 GHz) ; an electro-optical 
modulator for visible laser beam 
communications; and varactor di­
odes possessing high voltage and 
high cut-off frequency ratings. 

Process uses gaseous sources 
Rosi, speaking at an RCA news 

conference late last month, stated 
that this development involves the 
use of gaseous sources to form com­
plete semiconductor devices in crys­
tals of gallium arsenide and its al­
loys. 

Rosi pointed out that both the 
impurity doping and the crystal 
growth is accomplished simultane­
ously in a single continuous opera­
tion. Beside being inherently sim­
ple, he said, this process avoids the 
contamination that is often found 
in alloying and diffusion technolo­
gies, where processing is accom­
plished in a number of discrete 
steps. 

Describing the process, Rosi 
said that a gallium arsenide sub­
strate is placed in a glass tube 
through which the various vapors 
are passed. Connected to this tube 
are a set of gated inlets that pro­
vide any combination of gases de­
sired. The accompanying table sum­
marizes Rosi's description of the 
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gases used and their purpose. 
He pointed out that by adjusting 

the gas flows, any sort of growth 
may be accomplished: phosphide 
may be grown on gallium arsenide 
and doping may be changed from n­
type to p-type. In addition, he not­
ed, it is possible to control the crys­
tal concentrations very accurately 
as a function of time, and thus form 
graded impurity concentrations and 
alloy growths. 

This is highly desirable, he ex­
plained, since, in the former case, 
any sort of junction types may be 
made, and, in the latter case, the 
two crystal structures can be close­
ly matched at their interface to pre­
vent any crystal strain. 

Dr. James Tietjen, developer of 
the vapor-phase process, claimed 
that hyper-abrupt junctions, where 
the impurity concentration goes 
from high to low to high, could 
theoretically be manufactured by 
this process. He wistfully added, 
however, that such work had not 
been performed yet. 

Experimental devices produced 
Tietjen, and his supervisor, Dr. 

Leonard Weisberg, demonstrated 
and showed a riumber of the devices 
bui lt by this process. Among these 
were some of the photo-diodes, 
mounted in a standard pocket flash­
light case, which emitted a bright 
red light, even in the presence of a 
high ambient incandescent light. 
RCA specifications on these devices 
indicate that the measured bright­
ness at room temperature is over 
500 foot-lamberts (@6000A) with 
a current density of 1 amp/ mm2 • 

Weisberg pointed out that a number 
of these devices had been made and 
that by varying the dopant gra­
dient, a continuous improvement in 
efficiency had been achieved. 

Also shown were some cut-away 
samples of the varactor diodes that 
were made by this process. Weis­
berg pointed out that 1000 of these 
diodes had been made and that the 

over-all yield, including handling, 
had been about 40% . The diodes, 
composed of a 5-mil heavily doped 
(selenium ) N+ region, a 0.2-mil un­
doped N region, and a 0.5-mil heavi­
ly doped (zinc) p + region, have a 
breakdown voltage rating of 60-to-
100 volts, a cut-off frequency of 
120-to-220 GHz, and a junction ca­
pacitance of 0.3-to-0.7 pF. 

Rosi described the laser device as 
the first injection laser ever to emit 
visible light at room temperature. 
He claimed that the laser had a 
peak power output ( @7260 A) 
during a 20-ns current pulse of 60 
amperes. He noted that the device 
was made from a gallium arsenide­
phosphide alloy with a 33% phos­
phorus concentration. 

According to Rosi, the opto-elec­
tronic modulator has one basic ad­
vantage over already existing types 
of optical modulators: it can be 
transversely modulated. Since the 
quality of modulation varies in­
versely with length, the longer the 
crystal is, the better it is, he point­
ed out. By being able to modulate 
transversely, an extremely long 
crystal can be used without the need 
for inordinately high driving volt­
ages. Aside from this advantage, 
the device is also claimed to be 
rugged, insensitive to temperature 
and moisture, and to have a rela-

Chemicals used in growth process 

Chemical & use How formed 

Gallium (Ga)- Passing HCI 
Ga growth. vapor over 

molten Ga. 

Arsenic (As)- Cracking arsine 
GaAs growth . gas (AsH ,.). 

Phosphorous (P)· Cracking gaseous 
GaP growth . phosphine 

(PH 3). 

Selenium (Se)- Cracking gaseous 
n-dopant. selenide (H,Se). 

Zinc (Zn)- Cracking zinc 
p-dopant. vapor. 

Hydrogen (H,) - (ultra-pure) 
carrier. 
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Get immediate 
delivery on Vector 

2N3866 and 2N4012 
RF power transistors 

Vector's 2N3866 NPN silicon power transistor is available 
now in production quantities. This unit can also be ordered 
in a T0-18 alumina channel or stripline package. 

Also, Vector's new 2N4012 transistor is in stock for im­
mediate delivery in quantities up to 1,000 units. The 2N4012 
features a JEDEC T0-60 package with isolated electrodes, 
and stud mounting for maximum thermal capability. 

Vector offers a wide range of RF power transistors with 
guaranteed performances as shown in this chart. 

PERFORMANCE OF RF POWER TRANSISTORS 
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For additional information, price quotations, or immedi­
ate delivery, call Vector Solid State Laboratories (215) 
355-2700. TWX 510-667-1717. 

u Vector DIVISION OF UNITED AIRCRAFT CORPORATION 

SOUTHAMPTON, PENN SYLVANIA 18966 ~ 
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(gallium arsenide, continued) 

tively low dielectric constant. 
Rosi indicated that the answer to 

making high-frequency Gunn-effect 
devices is to make the middle layer 
of the three-layered device as thin 
as possible. He supported this by 
describing RCA's measurements on 
the devices they made: with a 10-µ. 
thickness, the diode oscillated at 14 
GHz; with a 5-µ. thickness, the 
diode oscillated at 25 GHz; and 
with a 1-µ. layer it went to 40 GHz. 
He added that these diodes had been 
pulse-operated with a 40 % duty cy­
cle and that he expected to have a 
continuous-wave device soon. 

Dr. Joseph Donahue, manager of 
RCA's Industrial Semiconductor 
Operations Dept., announced that a 
group of 15 people had been formed 
to handle the development work on 
these devices. He expects that the 
photo-emitting diodes will be made 
avai lable on the market by next 
fall. •• 

Data fits into I u lls 
in telephone talk 

A new system stores data, com­
presses it and then transmits it at 
high speed over telephone lines dur­
ing the pauses and silences in nor­
mal conversation. 

Studies have shown that lines 
carry signal only 36 % of the time 
in ordinary conversation. The re­
maining 64% is dead time. Silence 
between speakers accounts for 48 % 
of total transmission time, and nor­
mal speech pauses comprise 16% , 
according to ITT, New York, crea­
tors of the system. 

They call it Automatic Alternate 
Voice/Data. Its heart is a rotating 
magnetic drum. The telephone con­
versation is actually recorded and 
played back in transit between talk­
er and listener, but this takes place 
so rapidly that an utterance is de­
layed only a small fraction of a sec­
ond. 

The device detects an utterance 
during this delay and switches the 
line from its data channel to its 
speech channel. As soon as the 
speaker pauses, the data transmis­
sion is resumed. Speech is always 
given priority over data. • • 

ELECTRONIC DESIGN 



3 ways you can use the Raysistor® 
to improve your product, cut costs 

~-----2~d v + 15 v 470 

Audio 
Input 

.01 2 M 

CK! 103 

Audio 
Amplifi er 

Stage 

2M 

100 K 

0 .01 

Co~ : :t ..i0nt Level 
Audio Output 

+ 
20µ fd 

Input From Output Transformer 

1. Use .the Raysistor® as a simple remote or automatic vol­
ume control in SSB suppressed carrier receivers. Feeding 
part of the audio output into the control light source varies 
the resistance of the Raysistor 's photocell, making it usa­
ble in place of a normal volume control. 

Low 
Pa ss 
Filter 

CK l lO l CKllOl Feed back 
Ratio 

,--.....~Adjust 

DC 
C~thode 
Follower 

3. As a photochopper stabilized D-C micro'Joltmeter. Ray­
sistors, used as photochoppers in both modulator and de­
modulator circuits, enable d-c levels to be measured to a 
fract ion of a microvolt. They facilitate synchronous detec­
tion and demodulation with simple electrical coupling, 
have less noise than transistor choppers, while avoiding 
maintenance problems of mechanical choppers. Other 
photochopper applications: photochopper relay, series or 
shunt chopper, modulator circuit, and as a stabilizer to 
reduce long-term drift. 

2. As a remotely controlled linear potentiometer. The 
Raysistor can be used as a remotely controlled linear 
potentiometer when used in the circuit shown above. 
Here the Raysistor forms a voltage divider between the 
positive and negative voltages. 

Many more ways you can use the Raysistor. Send for The 
Raysistor Applications Manual which describes ways you 
can use this unique optoelectronic component as a photo­
chopper, variable resistor, solid-state switch , relay, volt­
age or signal isolator, nonlinear potentiometer, etc. For 
complete specifications and prices, call your Raytheon 
distributor or regional sales office. For a copy of this 28-
page manual , circle the reader service card or write 
Raytheon Company, Components Division , 141 Spring 
Street, Lexington, Mass. 02173. 

[RAYTHEON) 

Raytheon Components Division-A single source for Transistors/Diodes/Integrated Circuits/ 
lndustrlal Tubes/Control Knobs/Panel Hardware/Raysistors/Circuit Modules/Display Devices 
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VOLTMETER 
WITH A MEMORY 

... DC TO 20 MEGACYCLES 

• RANG£ 

MODE 30 100 rel 10. 00 3 10 00 

+ + 
RESET . .,,. 
lilAllllUAi. 

INPUT 

• 
The Model 5201 memory voltmeter is a de to 20 me instrument 
which measures and stores indefinitely the maximum peak voltage 
applied, including continuous or one shot pulses as short as 50 nano­
seconds. A memory reset-switch on the front panel allows the 5201 
to monitor peak values of a varying waveform, either positive or 
negative going. 

The solid-state 5201 is also available with a 4-digit in-line 
Nixie® tube readout. The voltage range may be extended to 30 kv 
with optional high voltage probes. For complete technical informa­
tion, contact the Micro Instrument representative near you or write 
directly to us. 
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VOLTAGE RANGE 

INPUT IMPEDANCE 

PULSE WIDTH 

OPERATING MODES 

READOUT 

PRICE 

Specifications 
0-3, 10, 30, 100, 300, 1000 volts. 
Can be operated up to 1000 volts above ground. 

100 k - 10 megohms (depending on range). 

DC to 50 (typically 30) nanoseconds. 

+. -, ± (DC or AC coupled). 

5" mirror-backed 1 % meter. 

$695.00. 

13100 CRENSHAW BLVD., GARDENA, CALIFORNIA 90249 

PHONES: (213) 323-2700 & 321-5704 I TWX (213) 327-1312 
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NEWS 

Microwaves used to 
study rocket plumes 

Microwaves are being employed 
to measure the intensity of radio 
interference and noise generated by 
rocket-motor exhaust combustion 
by-products. 

The work is being conducted at 
the new Microwave Interference 
Test Facility at Lockheed Propul­
sion Corp., Redlands, Calif. 

Interference caused by combus­
tion by-products may interrupt 
communications between a missile 
or spacecraft and ground control 
stations, according to a Lockheed 
spokesman. 

Two lens-corrected horn anten­
nas, built by DeMornay-Bonardi, 
Inc., Pasadena, Calif., focus the mi­
crowaves through the heart of the 
rocket exhaust plumes. 

The horns are mounted on oppo­
site sides of an equipment ring 
through which the exhaust is 
passed. One of the horns transmits 
the energy, concentrating it within 
a selected area, while the other 
horn acts as a receiver. The dif­
ference between the signal trans­
mitted and that received is detec­
ted by an interferometer. The 
effect of the exhaust upon the 
microwave signal helps to deter­
mine the degree of ionization of 
the exhaust plume. 

Other antennas, high-speed cam­
eras and infrared detectors are 
mounted on a movabl~ cart and 
propelled down the length of the 
plume. • • 

HORN HORN 

Lens-cor rected horns focus micro­
waves th rough solid rocket exhaust 
plume. 
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in stock ... in quantity 
x monolithic 

io e matrices Exclusive dielectrically 
isolated circuits and 
fusing techniques provide 
unlimited matrix designs 

flexibilit 
reliatii ity 

size a wei!ht 
All Radiation integrated circuits are dielectrically isolated. 

RADIATION 
INCORPORATED 

Radiation's highly flexible 6 x 8 matrix is 
available for immediate shipment in quan­
tity. These circuits contain 48 active de­
vices per chip. A fusible link in series 
with each diode permits unlimited ma­
trix patterns to be formed . In addition, 
matrices can be combined to provide an 
infinite variety of matrix sizes and con­
figurations-6 x 8, 6 x 16, 12 x 8, 12 x 16 
•.. n1 x n2! 

In addition to flexibility, Radiation ma­
trices provide other important benefits: 
System reliability is increased by mono­
lithic construction. Space requirements 
and weight are slashed through use of 
fewer packages. And, assembly of dis­
crete diodes is eliminated. 

Only Radiation supplies monolithic 
diode matrices. Write or phone for our 
detailed data sheets which include worst­
case limits and all information required 
by design engineers. Radiation Incorpo­
rated, Physical Electronics, Department · 

ED-05 , Melbourne, Florida 32901. Phone: 
(305) 723-1511, extension 554. 

Radiation RM-30 Diode Matrix* 
CHARACTERISTIC TYP LIMITS TEST CONDITIONS 

Forward drop (TA = + 25°C) 
V,!20l 1.0 v J, = 20 ma 
V,( ll 0.7 v ,, = 1 ma 

Reverse 
breakdown BV. 60 v I.= 100 µa 

Reverse current I. 7 na v. = 25 v 

Reverse f, = 10 ma to 
recovery t., 7 nsec I. = !Oma 

Recover to 1 ma 
Crosspoint 

capacitance Ccp 1.9 pf v. = 5 v, f = 1 Mc 

Coupling 
coefficient let 20 na 

qSupplied in T0-84 packages. 

Sales offices: Suite 622, 650 North Sepulveda Blvd., El Segundo, Calif. (213) 772-6371-Suite 438, 600 Old Country Road, Garden City, N. Y. 
(516) 747-3730-P.O. Box 37, Melbourne, Florida (305) 723-1511. 
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A BRUTE 
THE SIZE OF A MIDGET! 

( ) THIS 4 AMP, 100 AMP SURGE RECTIFIER 
HAS CONTROLLED AVALANCHE TOO 

READ HOW IT CAN SOLVE 

YOUR SPACE PROBLEMS 

CASE HISTORY 

Bob has the job of designing power supplies for his 
company, an electronic equipment manufacturer. 
Requirements vary considerably from one piece of 
equipment to the next, with ratings all the way from 
l to 10 amps in both single and three phase 
configurations. He had a dilemma--what should 
the physical arrangement of his bridges be: 

Th~·s • • I 
I 

Both were bulky, 

or this 

and--worse yet--each was a 
c ustom design requiring long vendor lead times, 

vendors were charging for special bridge assemblies 
... and the work stayed in-house. 

Also Bob could supplement his small laboratory stock 
by drawing on Compar's substantial inventory of 
Unitrode semi-conductors. No more weeks of 
waiting. Now he could instantaneously breadboard 
any bridge he needed. 

There were other bonuses from the Unitrode 
rectifiers: reliability, stability, ruggedness and 
. .. the controlled avalanche feature ensuring the 
diodes' ability to absorb reverse transient surges 
as high as 0. 8 joules. And Bob' s regulation 
problems were solved as well--with Unitrode 
5 watt zeners in the same small package. 

not to mention the expense. One day, a Compar salesman 
s ugges ted that if Bob used Unitrode UT 4000 series 
diodes, he could make his own bridges with 
only this comparative space required, , , 

• 

ACTUAL 

... TO GET 10 AMPS AT 500 VOLTS -----~ 
SIZE 

without additional heat sinking. 

Space and lead time were both saved. In addition, 
Bob's production department could produce the 
bridges using individual diodes for far less than 

YOU CAN SAVE SPACE AND TIME ON YOUR BRIDGE DESIGNS TOO 

Contact the factory, call your local Compar office, Daniel and Company office, or circle the reader service 
number on the magazine reply card . You will receive technical data and samples of Unitrode UT 4000 
series rectifiers plus a complete catalog on other Unitrode devices immediately. 

NEW 32 PAGE DIODE CATALOG 

• Technical Specifications 
• Mounting Data 
• Applications Information 
• Physical Drawings 
• Derating Information 
• Multiple Surge Ratings 

r----1 

~~ 
r----1 

-UNITRDDE® 
"better always / by design" 

UNITROOE CORPORATION 
580 PLEASANT STREET • WATERTOWN, MASS. 02172 • TELEPHONE (617) 926-0404 • TWX (710) 327-1296 

REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 

Speed Inquiry to .Advertiser via Collect Night Letter 
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Electronic system brings help 

Maryland tests Hoffman road alarm 
Hoffman Electronics is supplying equipment 
for an experiment that may lead to installation 
of a motorist-in-distress alarm system along 
all 41,000 miles of federal interstate highways 
within five years. 

The Commerce Department's Bureau of Public 
Roads has contributed 90 % of the $379,298 
awarded by Maryland's State Roads . 
Commission to set up the Hoffman Highway 
Emergency Call System and Safety Satellite 
alarm system. 

A total of 324 of the coded-signal transmitters 
will be erected along the 43-mile section of the 
Washington, D.C., Capital Beltway, 1-495, that 
lies in Maryland. The post-mounted, spherical, 
aluminum call boxes are powered by storage 
batteries recharged by solar cells. They each 
contain a transmitter that registers on a central 
emergency switchboard as soon as a distressed 
motorist touches a clearly labeled button. The 
signals are coded according to the type of aid 
needed, the location of the box and the side of 
the median on which it is located. 

The Highway Emergency Call System contains 
buttons for police, ambulance, fire or 
maintenance service. About 100 will be installed. 
The boxes of the Safety Satellite system contain 
only police and fire buttons. They will form the 
bulk of the call boxes, which are to be set up 
and operational by September. 

Hoffman also received a $96,000 contract to 
conduct a program of research into traffic 
patterns and the response time of the emergency 
equipment. The Baltimore Beltway, an 
interstate circumferential highway very 
similar to the Capital Beltway, will be used as 
a control. No automatic emergency devices will 
be erected on the Baltimore loop. 

Industry will bid for federal contracts 

A Department spokesman said the Maryland 
experiment may well be the forerunner of 
similar systems to be set up nationwide. He 
pointed out that, while Hoffman has an edge 
in this field, it will have to be opened up for 
competitive bidding from other firms. The 
Commerce Department or a new Department of 
Transportation will have to set standards and 
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washinaton 
Report ~,~~~~~:~~s;~~~ 
specify the system to be used. 

The Chairman-Director of Maryland's State 
Roads Commission, John B. Funk, said that 
highway alarm systems will have to be a 
government responsibility. "Private enterprise, 
operating on uncertain schedules and without 
public control, could make a farce of a motorist 
distress call system," he said. He also believes 
that, "states rights" notwithstanding, this is a 
field that must be governed by the Federal 
Government. The Federal Bureau of Public 
Roads would act jointly with state roads units: 
the Bureau to set standards, the states to award 
contracts. 

Hoffman outlines details of systems 

Hoffman has been circumspect about technical 
side of its systems, but some detail was 
revealed at the time that the Maryland contract 
was announced. 

The Satellite system boxes have no transmitters, 
but are wired to the nearest Highway 
Emergency Call System boxes. These generally 
use HCA-1 non-directional antennas; their 
silicon solar cells are HCS-1 models. 

Under the contract, Hoffman will provide a 
service engineer on 24-hour duty for one year 
and will train state maintenance engineers. 

Nike-X raises MOL issues 

As everyone in Washington except the 
Administration pushes for establishment of 
a missile defense system, the question of the 
real status of the Air Force manned orbiting 
laboratory (MOL) has again come up. In the 
competition for the limited funds available 
for military missile and space programs, the 
Army-developers of the Nike-X missile 
defense system-has won out over the Air , 
Force-rather uncommitted developers of a 
military MOL. 

The White House and Defense Department 
still insist that they do not want the money 
that Congress is pressing on them for missile 
defense. But they will probably spend more on 
engineering development and long-lead 
production than was planned when the budget 
for fiscal 1967 was originally taking shape. 
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Washington 
Raaort CONTINUED. 

A modified Nike-X system to cope with an 
accidentally fired ICBM or a small-scale attack 
from an "Nth Country" is beginning to look 
attractive to Administration advisers who a 
year ago opposed deployment of any system. 
If for budgetary reasons a choice has to be 
made, the MOL is the clear loser, they say. 
There is far wider popular and political sopport 
for a system that is billed as protection for 
the citizens than there is for a surveillance 
satellite, the mission of which seems ill-defined 
to the public. Defense Department officials 
concede that this is all the more true when 
an MOL looks as though it duplicates the 
work of NASA and the unmanned Samos 
reconnaissance satellites. 

Administration thinking is that a further 
advantage of an anti-missile system over the 
MOL is that development of the former would 
channel money into a much broader segment 
of the electronic industry than the MOL would. 

Yet despite the current upsurge of interest 
in a Nike-type system, the MOL was obviously 
in difficulties, despite assurances to the 
contrary from the White House. 

What of MOL's future? 

It would be facile to say that only the 
President or Secretary McNamara know what 
the future holds for MOL. But it would be 
misleading, for even they do not know. 
There is no question that MOL has already 
been greatly downgraded in size and mission. 
The next step depends upon the vagaries of 
war and the economy. But MOL appears to 
be heading for a merger with NASA 
post-Apollo projects and some other programs. 

The Office of the Director of Defense, Research 
and Engineering, an influential Pentagon 
power center, is on record as favoring a 
"multipurpose satellite" system. It would 
combine communications, navigation, early 
ICBM warning, weather surveillance and 
nuclear test detection. Daniel J. Fink, deputy 
DDR&E director for strategic and space 
systems, recently said: "We have concluded 
that these functions are compatible and 
could be married into a single, newly 
proposed satellite, thereby increasing 
the cost-effectiveness of any one alone. 
Consequently, during the past year we have 
reoriented each of these programs toward 
such a common goal." 

Fink did not mention intelligence-reconnaissance 
in the list of functions that an all-purpose 
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satellite would carry out, but it is understood 
to be included. Neither did he state whether 
the satellite would be manned or unmanned, 
nor whether it would substitute for MOL. 
Many observers believe, however, that it 
will initially be unmanned and use existing 
sensors. Later, they believe, any Defense 
Department manned space program may take 
the shape of a manned multipurpose 
satellite program. 

New DOD agency in the air? 

Yet another blow for the Air Force may 
come out of this sort of Defense Department 
thinking: "An Army company is pinned 
down and needs support from a missile 
battalion 85 miles to the rear. The C.0 . radios 
his request via tactical communications 
satellite." 

Whose should such a satellite be? Air Force 
because it is in space? Or Army because 
it answers an Army need? Is it a strategic 
system because it was originally launched 
half a world away by a large booster? Or 
is it tactical because it supports front-line 
elements? 

DOD is beginning to say it is both and 
belongs to neither. The Department has begun 
to take a very preliminary look at the 
possibility of a new DOD agency to serve 
all the services, rather as the Defense 
Communications Agency, Defense Intelligence 
Agency and Defense Supply Agency 
do. It would control intelligence-weather­
communications-navigation satellites, launch 
them and design them. The nucleus of 
such an agency would likely draw on major 
elements of the Air Force as well as some 
elements of the Army and Navy technical 
organizations. 

DOD publicly denies that this is in the offing, 
but officials privately admil that it is in 
the thinking stage. A high DOD official 
commented: "Some years ago I said 
categorically, but in good faith on my part, 
that the Army would never lose the 
von Braun team." 

Airlines communicate by satellite 

An airplane can now communicate to distant 
ground stations even while flying over open 
ocean. The transmission is received and 
rebroadcast by the Syncom s;::i,tellite. 

The system was recently displayed by its 
manufacturer, the Bendix Corp., at a 
Communications Satellite Seminar held at the 
U.S. Department of State. 

The simple, light equipment carried aboard 
the plane is powerful enough to reach 
ground stations directly if it is in direct line 
of sight with them. 
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you can buy 
this silicon 
power transistor 

with 
400 VvcER(sus) 

5 A lc(peak) 

15 Mc/sfr(min) 

probably the most"electrifying" offer you've had today 
Check into RCA-2N4240 further. It gives you big perform­

ance with real economy ... and it's in a quantity price class 
that's just right for mass-production applications. In high­

current, high-voltage, high-frequency designs, 2N4240 im­
proves circuit reliability-each transistor is 100 per cent 
tested to assure freedom from second breakdown in both 
forward- and reverse-bias conditions. 

Evaluate the new 2N4240 and its companion types 2N3583, 
2N3584 and 2N3585 for use in : 

• High voltage inverters and switching regulators 

• Line-operated or high-voltage amplifiers 

• Operational amplifiers 

• Electrostatic or magnetic deflection circuits 

*$1.75 each in quantities of 1000 and up. 

2N3583 2N3584 2N3585 2N4240 

hie @ le = 100 mA VcE = 10 V 40 Min 40 Min 40 Min 40 Min 
@ le = 1 A, VCE = 10 V 10 Min 25·100 25-100 
@ le = 0.75 A VC E = 10 V 30-150 

h1,@ 5 Mc/ s @ le = 200 mA, VCE = 10 v 3 Min 3 Min 3 Min 3 Min 

1sb @ VCE = 100 V 350 mA 350 mA 350 mA 350 mA 
Min Min Min Min 

V CER (SUS) @ le = 200 mA 250 v 300 v 400 v 400 v 
Min Min Min Min 

@ RsE = 50 ohms 

V CE (sat) @ Is = 125 mA, le = 1 A 0.75 v 0.75 v 
@ Is = 75 mA, le = 0.75 A Max Max 1.0 V Max 

le 5 A peak 5 A peak 5 A peak 5 A peak 
2 A con - 2 A con- 2 A con- 2 A con-
tinuous tinuous tinuous tinuous 

For full price and delivery information, check with your RCA Represen tati ve . 
For technica l data on specific types, write: RCA Commercia l Engineering, 
Section IG6-l Harrison, N . J . 

Also available through your RCA Distributor 

(.. "°' "'°'"°'" OOM"'""' "' '""" 
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... nearly everybody! 

For your next design where there's too little room for 
components and no room for compromise ... turn to "tiny 
but tough" TRW Type 608 Mylar* capacitors. 

Excellent electrical characteristics and exceptionally 
small size make the Type 608 ultra-miniature a good 
capacitor for exacting military and instrument applica­
tions. Add the remarkable record of space-proven reli­
ability and TRW Type 608 becomes a great capacitor! 

Look at these outstanding features! 
• 50% smaller than MIL-C-27287 
• 4X lb lead pull capability 
• Mylar-foil, tape-wrapped construction 
• Exceeds characteristics of many larger units 
• MIL-C-27287 performance 
• 50V and 1 OOV, .001 to 2.0 mfd 
•Temp. range -55 to +85°C; to 125°C with derating 
• Tolerance to ± 1 % avai I able 

Contact TRW Capacitor Division, Box 1000, Ogallala, Nebraska, or phone (308) 284-3611. TWX: 910-260-0321 
*DuPont's trademark for polyester film. 

TRW CAPACITORS 
ON READER-SERVICE CARD CIRCLE 13 
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EID EDITORIAL 

What's happening in 
computer-aided design? 

The digital computer promises to become one of the most 
powerful tools available to the electronic design engineer. Like 
any other tool, however, its functions, capabilities and limitations 
must be understood before the prospective user can employ it 
effectively and intelligently. 

Only a small proportion of the design community has made 
extensive use of this design aid to date, and as a consequence 
there is a paucity of general information about it. The designer 
looking for material written about it will not have an easy time. 

Why this lack of information? There are several reasons. For 
one, computer-aided circuit design-unlike circuit analysis-is 
still in its infancy. For another, many organizations engaged in 
research and experimentation are unwilling to publicize their 
work in this field. And perhaps most important, there has been no 
common meeting ground for engineers using the computer as a 
design tool. 

Time alone should take care of the first of these as the use of 
computers for designing becomes more widespread. To solve the 
second problem, we can only urge those organizations involved to 
bear in mind the crying need for some hard facts to be published 
on the successes-and failures-of computer-aided design. 

Happily, the first steps have already been taken toward elimi­
nating the third reason for lack of data. An initial exchange of 
ideas and experience took place at the Conference on Computer­
Aided Solid-State Circuit Design held at the University of Wis­
consin in early May. Dr. William W. Happ, Chief of the Design 
Criteria Branch at NASA's Electronic Research Center, Cam­
bridge, Mass., stressed to the delegates the need to discuss com­
mon problems and compare ideas. Happ believes that this engi­
neer-to-engineer communication is one of the most useful means of 
spreading knowledge of semiautomated. design techniques. And to 
help foster and supplement person-to-person exchanges, NASA is 
conducting a survey of available computer programs used for 
electronic design. The results of this survey can't come too soon. 

We believe it is time for engineering schools and institutions to 
follow the lead given by the University of Wisconsin and NASA. 
The continuing professional-studies courses of engineering 
schools would fill a great need by adding computer-aided circuit 
design to their curriculums. Industry, for its part, should boost 
in-house training in this field. 

The rapid pace of modern technology demands more effectual 
and accessible dissemination of information than has hitherto 
been the case. 

JOSEPH J. CASAZZA 
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HIS NEW 
COMPUTER QUALITY 
iJRANSISTORIZED 
DIGITAL READOUT 
COSTS YOU 

I 
LESS! 

FOR INTEGRATED OR DISCRETE 
COMPONENT CIRCUITS 

• Identical electrical characteristics, 
identical driver-decoder functions, iden­
tical I-inch mounting centers-yet these 
new digital readouts using NIXIE® tubes 
cost you 303 less than fully enclosed 
(with metal case transistors) TEC-LITE 
TNR-10 and TNR-30 Series models. New 
simplified single board design and use 
of plastic encased silicon transistors sub­
stantially reduce assembly time, allow­
ing this far lower price. 

TNR-40 Series- Provides decimal 
readout from decimal input sig­
nals of low level. Internal circuits 
of four standard models are con­
trolled by input signals as small 
as 3.5 volts. Special versions can 
be controlled with signals as small 
as 2 volts or less. High voltage to 
fire the neon tube's numeral ele­
ments is confined to the unit and 
to the panel area. 

Price (0-9 display) in 100-299 
quantities: $1 8 .85 less tube. 

For fully enclosed readout, re­
quest data on TEC-LITE TNR-10 
Series. 

TNR-50 Series-Decimal readout 
is available in 8 standard models 
to handle 8-wire and 4-wire binary 
coded decimal input as small as 
3.5 volts. A variety of other input 
codes and signal levels can be ac­
commodated on special order. 
All-transistor circuitry el iminates 
diode decoders to reduce the 
number of components and in­
crease reliability. 

Price (0-9 display) in 100-299 
quantities: $ 24. 90 less tu be. 

For fully enclosed readout, re­
quest data on TEC-LITE TNR-30 
Series. 

l~JLJITJEI ~D I ~ U R I I I IJlsl2I I 
INDICATORS DATA•PANEL READOUTS TEC-SWITCH 

INDICATING DEVICES 

Transistor Electronics Corporation Box 6191 • Minneapolis, Minnesota 55424 

ON READER-SERVICE CARD CIRCLE 14 
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SIGNETICS 
INTEGRATED CIRCUIT NEWS AND APPLICATIONS 

SIGNETICS USER-ORIENTED PACKAGING 

All integrated circuit users face the problem of reliably testing, 
sorting, and handling these products during assembly without 
incurring damage to the leads of the device. Endeavoring to 
ease this problem, Signetics provides device carriers which are 
designed with the user in mind. Ease of test, storage, and 
minimum carrier cost to provide the "throw away" feature are 
all part of this program. 

1 

The outcome of this program is a group of throw-away plastic 
carriers designed for each type of circuit package. The flat 
package carrier, Figure 1, will accommodate either the 114 by 
114 .inch 10-lead flat package, (T0-91), or the 114 by %-inch 
14-lead flat package (T0-88). The package body opening in 
this carrier is under-cut so that the package snaps in and is 
retained even if the carrier is accidentally turned over. The 
flat, ribbon-like leads are fully protected within the grooves of 
the carrier body which also serve to guide the wipers of a 
multi-point test head into contact with them. 

A similar approach was taken in designing the carrier for the 
familiar modified JEDEC T0-5 can . In this case the carrier is 
a grooved plastic cylinder. Carrier and circuit plug into a 
Signetics-designed test socket as shown in Figure 2. 

The carrier designed for Signetics' new "A" package, a solid 
plastic 14-lead dual in-line type, serves, as do the others, to 
protect the leads and guide the test head. It has one additional 
outstanding feature. This new carrier also serves as a throw­
away alignment jig for insertion of the circuit into a PC board. 
As indicated in Figure 3 a slight downward pressure on the 
package body is used to extend the leads slightly beyond the 
bottom of the carrier. The leads can then be easily registered 
in the hole pattern in the PC board. A final downward push 
seats the circuit in the board, Figure 4. The carrier is then 
discarded. 

This carrier is equally useful whether hand or machine inser­
tion is involved. It should be noted that for machine insertion, 
the normal shipping box for Signetics dual in-line packages 
serves as a throw-away magazine for loading automatic ma­
chinery. 

Shipping containers for each type of circuit package are shown 
in Figure 5. 

Signetics Data Circle 250 



SIGNETICS 
INTEGRATED 
CIRCUITS 

NEW SAGE I ELECTRONIC CALCULATOR 
USES SIGNETICS INTEGRATED CIRCUITS 

A new, low-priced electronic desk-top calculator designed for 
general purpose business and engineering use has recently 
been introduced by Dero Research and Development Corpora­
tion of Huntington, New York. Called Sage I, the 12-pound 
portable-typewriter-sized unit performs computations in frac­
tions of a second, in complete electronic silence. Featuring a 
simplified 10-key keyboard, the machine has a 20-digit capacity 
and displays results in 'l'8 -inch high numerals on a brightly 
illuminated screen. 
The self-contained Memory of Sage I permits storage and 
recall of entries and results, facilitating continuous calculations 
and the accumulation of products and quotients. A number 
need only be entered once for raising to powers or for re­
petitive use. The device has four registers - entry, answer, 
memory and accumulate- and its typical speed is 0.008 
seconds for addition and subtraction, and 0.25 seconds for 
multiplication and division. 
Sage I operates in the same sequence in which a normal 
problem is expressed and thus no special instructions are 
required to learn how to operate the machine. The unit " re­
members" both the last number and command entered, per­
mitting an automatic repeat of either or both. Sub-totals are 
automatically indicated and any result may be further operated 
upon without re-entry. Automatic reciprocal division is also 
possible. 
A special " double precision" feature of Sage I permits cal­
culation capacity to 20 digits on its 10-digit display, with the 
10 most significant digits presented first, and the remaining 
least significant digits presented when the "D" key is pressed. 
A second press of the " D" key returns the most significant 
digits to the display. 

SIGNETICS 
8-BIT MEMORY ELEMENT IN 
SOS SIGMA 7 COMPUTERS 
The remarkably high Input/Output rate of Scientific Data Sys­
tems' new Sigma 7 family of computers (up to 160 million 
bits per second) can be attributed in large measure to the 
liberal use of very high speed scratch pad memories assembled 
from Signetics 8-bit memory elements. These new monolithic 
I/C's incorporate 8 flip-flops, decoding and write networks, and 
an output buffer all on a single chip. 
The principle function of the scratch pad memories is to 
speed up system response to multiple inputs by reducing de­
pendence on the much larger and slower main memory. The 
basic scratch pad building block is a PC board carrying 16 of 
the 8-bit memory elements, and drive circuitry to form a 16 
byte module of 8 bits per byte. 
Sigma 7 features a total capability for both business and 
scientific data processing and is uniquely designed for real 
time computation while operating in time sharing, multiprocess­
ing and multi programing environments. Because of its extensive 
use of monolithic integrated circuits, Sigma 7 is considered 
a third generation computer. 
A 12-page reprint of an article describing the SOS Sigma 7 
and the function of the Signetics 8-bit memory element in it 
is available on request. 
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This advanced electronic desk calculator uses Signetics in­
tegrated circuits in the new easy-to-handle dual in-line plug-in 
package. The low cost of these units and the manufacturing 
economies they permit have helped keep the price of Sage I 
below $1000, which makes it less than the cost of many 
conventional mechanical calculators. 
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VITRO LABS TIMING AND CONTROL SYSTEM 
FEATURES SIGNETICS DTL IC'S 
High reliability, compactness and low cost are the major 
advantages of a new Event Control Sequencer manufactured 
by Vitro Laboratories of West Orange, New Jersey. Designated 
model 3219, this device was designed by Vitro to fill the need 
for more reliable data timing and control systems. It provides 
means for separate on-off control of three independent events 
to a resolution of 0.1 sec., operating on a time base of one 
hour. A seven-segment incandescent display indicates elapsed 
time in minutes, seconds and tenths of seconds. Outputs con­
sist of three independent relay closures. These have mercury­
wetted contacts rated at 28 volts, two amperes DC. 
The 514 "x 19"x 17" 30-pound unit, designed for rack mount­
ing, is assembled using Signetics DTL integrated circuits in 
the new dual in-line plastic package on standard Vitro micro­
circuit board assemblies. All components are mounted on one 
side of 3 x 5-inch epoxy-glass plug-in printed-wiring boards for 
standardization and ease of manufacture and maintainability. 
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INTEGRATED CIRCUITS 
REDUCE SIZE OF MINUTEMAN 
PORTABLE TEST SET 

DR IVER 
GENERATOR 

ANA LYSIS 

A portable automatic digital test set using Signetics integrated 
circuits has been designed by Sylvania Electronic Systems Di­
vision for part of the Minuteman ground electronic system. 
By using IC's, a volume reduction of 30 times and a weight 
reduction of 6 times has been achieved. If the test set were 
designed for conventional solid state printed circuit construc­
tion it would weigh 90 pounds and occupy 5 cubic feet of 
space. At 14 pounds, this set is light enough to be plugged 
directly into a rack connector, eliminating the need for cables. 
Designed to limit operator decision-making (and thus minimize 
personnel training requirements) the test set is an auto­
matic go/no-go readout unit capable of isolating a malfunction 
in a communications subsystem to one of seven drawers by 
simple indicator lamps. The unit automatically tests itself and 
then proceeds to program a series of tests on the subsystem. 
It is capable of performing the self test plus analysis of 42 
test points required to check the subsystem in 20 seconds. 
Two techniques are used for subsystem analysis. One is direct 
comparison of digital type signals from the subsystem with 
sim ilar signals generated by the test set. The second tech ­
nique is the checking of analog signals with a threshold level 
detector which indicates a no-go condition if signal voltages 
fall below a min imum preset level. 
A block diagram of the test set is shown in the accompanying 
figure. Test start and stop signals, gating functions and syn­
chronizat ion are provided by the " Test Set Control." Clock 
pulses and pulse rates are developed in the " Driver Generator," 
and the " Operational Programmer" provides duplicating and 
controll ing of the subsystem operations. The " Self Test" func­
tion checks for proper basic timing rates in the test set and 
assures that all analysis and readout circuits are capable of 
a no-go indication . 

SIGNETICS 
INTEGRATED 

CIRCUITS 

Signetics SElOO-Series DTL circuits in "G"-type package are 
used extensively in this test set, and are shown on a typical 
circuit board in the accompanying photograph . 
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SIGNETICS 
INTEGRATED 
CIRCUITS 

DUAL J-K FLIP-FLOP ADDED TO 
SE800-SERIES TTL FAMILY 

Signetics has added a 35 Mc dual J-K flip-flop to its TIL 
family. Introduced at the IEEE convention in March, the new 
monolithic element, designated SE826 provides opportunities 
for greatly reducing can counts in TIL systems. Each of the 
two flip·flops has independent Preset, J, K, Q, Q, and clock 
inputs. Average power dissipation is 40 mW per flip-flop, and 
l.O·Volt noise margins are typical. 
The 800 series also includes six different NANO gate con­
figurations, single, dual, triple and quad; a gate expander, an 
Exclusive-OR, and a 30 Mc single J-K Binary Element that 
offers unusually great input logic flexibility. 
The series is offered in Signetics glass-Kovar 14-lead T0-88 
flat package, and is available in two temperature ranges: the 
SE800 series for -55°C to +125°C application, and the 
NE800 series for a range of o•c to 70°C. 

SIGNETICS LINEAR FUNCTION SET 
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800 SERIES TTL 
Element Available In 
Catalog Package O'Cto70'C 
Number Description Type Range 

SE806 DUAL 4-INPUT EXPANDER J x 
SE808 8-INPUT NANO GATE J x 
SE816 DUAL 4-INPUT NANO GATE J x 
SE825 MASTER-SLAVE J-K FLIP-FLOP J x 
SE826 DUAL HIGH SPEED J-K FLIP-FLOP J x 
SE840 EXCLUSIVE-OR GATE J x 
SE855 DUAL 4-INPUT POWER GATE J x 
SE870 TRIPLE 3-INPUT NANO GATE J x 
SESSO QUAD 2-INPUT NANO GATE J x 
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As shown in the accompanying graph, Signetics SE500-Series 
Linear Function Set provides all of the most frequently re­
quired circuit functions over a broad spectrum of gain and 
bandwidth combinations. The most recent additions to Sig­
netics linear family are the SE506 Differential Operational 
Amplifier featuring an open loop gain of 17,000 and bandwidth 
of 170 KHz and the SE518 Analog Comparator which pro­
vides 5 MHz bandwidth and an open loop gain of 1700. All 
SE500 series elements are available in two temperature ranges 
(-55°C to +125°C and o•c to 70°C). 
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Scottsdale, 947-4336; CALIF. Compar Los Angeles, Glenda le, 245-11 72; Compa r San Francisco, Burl ingame, 697-6244; Jack Pyle Compa ny, Sa n Mateo, 
349-1266; Wesco Elect ronics, Pasadena, 684-0880; COLO. Compar Rocky Mountain, Den•1e r (Eng lewood), 781-0912; CONN. Compar New England, Ham­
den, 288-9276; DISTRICT OF COLUMBIA (see Balt imore, Md.) ; FLA. Compar Florida, Orlando, 855-3964; ILL. Compar Chicagoland, Ch icago, 775-5300; 
Semiconductor Specia lists, Chicago, 622-8860; MD. Compar Chesa peake, Baltimore, 484-5400; MASS. Compar New England, Newtonville, 969-7140; 
Cra mer Electronics, Newton, 969-7700; MINN. Compar Twin Cit ies, Minnea poli s, 922-7011 ; MO. Compar Ozark, St. Louis, 428-5313; N.J. Compar 
Philadelphia, Haddonfield, 429-1526; N. M. Com par Rocky Mountain, Albuquerque, 265-1020; N.Y. Com par Albany, Albany, 436-8536; Compar Albany, 
Endwell, 723-8743; Compar Albany, Depew, 684-5731 ; Compar New York, Cl ifton, N.J ., 471-6090; Terminal Hudson Electronics (Distr ibutors), New York, 
243-5200; N. C. Compar Southern , Winston Salem, 724-0750; OHIO Compar Ohio, Fairview Park, 333-41 20; Compar Ohio, Fairborn , 878-2631; PENN. 
Phi ladelphia (see Haddonf ield, N.J .) ; Western Pennsylvania (see Compa r Ohio, Fai rborn ); TEXAS Compar Southwest, Dallas, 327-4551; Compar South­
west, Houston, 926-4160; WASH. and ORE. Compar Northwest, Seattle, 622-0622. 

SIGNETICS SALES OFFICES: Eastern Regional Sales Office, 591 North Avenue, Wakef ie ld, Mass., (617) 245-8200; TWX (617) 245-8367. Middle Atlant ic 
Regional Office, 129 W. Mount Pleasant Ave., Livi ngston, N. J., (201) 992-3980. Southeastern Regional Sa les Office, 1761 Martha Lane, Clea rwater, Fla. 
Mid-Western Reg ional Sa les Office, 212 Skyl ine Drive, Barri ngton, Il l., (312) 463-5105. Western Reg ional Sa les Off ice, 8820 Sepulveda Blvd., Los Angeles 
45, Ca lif ., (21 3) 776-2295/2296; TWX (213) 670-4303. Northwestern District Sa les Off ice, 811 E. Arq ues Ave., Sunnyva le, Calif., (408) 738-2710. 

/ 
SIGNETICS INTERNATIONAL SALES REPRESENTATIVES: FRANCE, GERMANY, ITALY, BELGIUM, HOLLAND, LUXEMBOURG, SPAIN Sovcor Elec-
t ronique, 11, Chem in de Ronde, Le Vesinet S.-&-0., France. UNITED KINGDOM, IRELAND, SWEDEN, DENMARK, NORWAY, SWITZERLAND, AUSTRIA, 
PORTUGAL Electrosi l Ltd., Lakeside Estate, Coln brook By-Pass, Slough, Buckinghamshire, Great Bri ta in . CANADA Corn ing Canada, 135 Vanderhoof Ave., 
Toronto, Ontari o. (416) 421-1500. TWX: (610) 492-1300. AUSTRALIA Corn ing Australia, 1202 Plaza Bui ld ing, Australia Square, Sydney N.S.W. TWX: 
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Use ferrite phase-shifters for high-power 
phased arrays. The latching types operate without 
holding current and are efficient even at 1 GHz. 

For powerful, long-range phased-array radars, 
ferrite phase-shifters are a must. The efficiency of 
ferrite phase-shifters is greatly improved with 
latching, or digital, design. This approach does not 
use holding currents and makes possible efficient 
operation at frequencies above 1 GHz. 

The power levels of ferrite phase-shifters can be 
as high as 1000-W average and 100-kW peak. 
Diode phase-shifters do not even approach these 
power levels yet (ED13, May 24, 1966, p. 46). 
Another point favoring ferrites at higher fre­
quencies is the fact that the insertion loss of 
diodes increases with frequency. However, there 
is no firm demarcation line between diode and 
ferrite types-careful consideration must be 
given to each application. 

There are two ways to obtain phase shifts from 
magnetized ferrites in the geometry being con­
sidered: 
• Keep the direction of the magnetic field fixed 
and change the direction of the propagating RF. 
• Change the direction of the magnetic field and 
keep the RF field in the same direction. 

In each case, the phase shift is nonreciprocal , or 
differential. 

N onreciprocity limits the speed of operation. 
Switching time between transmit and receive 
states is limited by the time needed to change the 
direction of magnetization. Recognizing this limi­
tation, many companies are working on r eciprocal 
ferrite phase-shifters. Some success has been r e­
ported, but insertion loss of reciprocal types is still 
about double that of the nonreciprocal. 

Only nonreciprocal types will be di scussed, 
since reciprocal types have not achieved practical 
performance yet. 

The external magnetic fields may be eliminated 
by forming a ferrite toroid. The toroidal geome­
try1. u reduces the demagnetizing fields of the 
slabs in the direction of the magnetization and 
preserves the desired direction of magnetization 
for a phase shifter (Fig. 1). 

The operation of a ferrite phase-shifter is based 
on the ability of the ferrite or garnet to "remem­
ber" its past magnetization. The memory, defined 
as Br~manen t!Bma.r (the remanent magnetic moment 
divided by the maximum moment), is typically 
0.80 to 0.50 for a toroid. 

A portion of the magnetized toroid sees a circu­
larly or elliptically polarized magnetic field re­
sulting from the incident RF signal. The field is 
either positive or negative for one direction of 

Julian Brown, Jr., engineering section head , Sperry Mi­
crowave Div .. Clearwater, Fla. 
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magnetization of the toroid. Switching the direc­
tion of this magnetization reverses the sense of the 
polarized magnetic field and thus produces a 
differential phase shift. The switching field is 
generated by a current pulse in the wire that 
threads each core. 

The two remanent states of magnetization, 
represented by the top and bottom of the loop, are 
the normal operating positions. The difference in 
the RF permeability of the two states determines 
the amount of differential phase shift. 

To obtain digital phase shift, the toroids must 
be composed of good microwave materials, with 
square or nearly square hysteresis loops. 

Design with proper core-lengths 

By cascading appropriate lengths of toroids, 
each individually switched by current pulses, one 
can assemble a phase-shifter that has as many 
discrete values as required. For example, assume 
that a phase-shifter is needed to cover 360° in 
11.25° steps. One toroidal core, or bit, is required 
for each phase shift of 180, 90, 45, 22.5 and 11.25° . 
Each successive core is one-half the length of the 
previous one, since the length is proportional to 
the phase shift: 

6.cp = K 4 1T M ., R, L, 

where the symbols represent the following: 

FERRITE SLAB, SHOWING 
ORIENTATION OF ITS 

MAGNETIZATION 

APPLIED MAGNETIC FIELD t 

(1) 

© 

1. A single-slab ferrite, when magnetized, shifts the phase 
of an incoming RF field if either the direction of the mag­
netic field or the RF field is changed (a). Toroidal geome­
try does not need external magnetic field (b) to provide 
phase shift. 
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c.<f> = differential phase shift, 
K = a constant of proportionality for a given 

geometry, 
4 1T M , = saturation magnetization, 

R,. = remanent ratio = 4 7T Mr/ 41T M., 
L = length of core, and 

M, = remanent magnetization. 

Since the toroidal core exhibits a nearly square 
hysteresis loop, the switching current must produce 
a magnetic field greater than the coercive field of 
the material (Fig. 2). After the current pulse, the 
magnetization falls into the remanent state and 
holds. It is essential to drive the toroid beyond 
point 4 in Fig. 2. Otherwise the resulting rem­
anent flux depends too much on the exact value of 
the peak current. 

With this latching design, a command signal 
can establish a new phase state in 1 to 5 µ.s, and no 
holding current is required for either state. 

The short switching time and absence of hold­
ing current ensure low average power consump­
tion and low heating. Nevertheless, the materials 
must provide good phase-shift accuracy over a 
moderate temperature range and with a moderate 
variation in average power. 

Loss depends on material 

The ferrimagnetic materials used in the toroids 
determine the loss, the switching time and switch­
ing power, and the power-handling ability of the 
phaser. 

Insertion loss in the digital phase-shifter comes 
primarily from three mechanisms : magnetic loss, 
dielectric loss and wall losses in the RF structure. 
The first two can be minimized by proper material 
selection. In general, the dielectric loss tangent of 
the material should be as low as possible. Values 
less than 0.0005 have been achieved and these ma­
terials are acceptable for most applications. 

1-
z .... 
a:: 
a:: 
:::J 
u 

0 0 

TIME 

2 . Switching current changes with time (a) as one-half of 
the hysteresis loop (b) is transversed. The current must 
be large enough to drive the toroid beyond point 4 . to 
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Since the operating point in the digital phase 
shifter is one of the two stable remanent points of 
the hysteresis loop, the material is never complete­
ly saturated (single domain); therefore, the toroid­
al material is composed of a number of domains 
separated by domain walls. (Experimental results 
indicate that circular domains predominate.) In 
an unmagnetized, domain-filled ferrimagnetic ma­
terial, so-called low-field magnetic losses have been 
predicted, and it has been experimentally verified 
that they occur up to a maximum frequency given 
by: 

W ma:i: = y(Han·i.s+ 41T M, }, (2) 

where: 

y = gyromagnetic ratio in MHz/ Oe, and 
Ha,.;s = anisotropy field in Oe. 

The gyromagnetic ratio is nearly constant and 
equal to about 2.8 MHz/ Oe. The anisotropy field is 
due to the fact that it is easier to magnetize the 
crystal along certain directions than others. Along 
these so-called easy axes, the magnetization re­
quires the smallest amount of magnetic field. The 
hard axes are those directions that require the 
largest fields for magnetization. The anisotropy 
field is essentially the difference in the fields in the 
easy and in the hard directions. 

Magnetic losses in ferrimagnetic materials are 
generally confined to a narrow band of frequencies 
which is related to the linewidth of the material. 

Phase shifters operate off-resonance and in the 
case of most remanent phasers, above the resonant 
frequency. Sharpening linewidth cuts losses. To 
overcome linewidth broadening resulting from such 
factors as composition and porosity of the sample 
and the anistropy field, operating frequency should 
be well above the value given by Eq. 2. 

Magnetization is usually chosen so that the ratio 

@ 

make the value of the remanent flux somewhat inde· 
pendent of the exact value of the peak current. With 'this 
design, no holding current is needed for either state . 

35 



y 41T M ./ w is between 1/ 3 and 3/ 4 where w is the 
operating frequency. The phase shifter's high­
power limits must also be considered. 

Spin waves limit power 

As power increases, spin waves are beginning to 
oscillate at both the fundamental operating fre­
quency and at one-half of this frequency. 

Instabilities appear in the precessing motion of 
the electrons. The result is an exponential coupling 
of energy to the spin-waves and a concurrent line­
width-broadening and decrease in output power. 
Since the half -frequency waves have greater 
effects, the material should be selected to eliminate 
their influence. The power-handling capability can 
be increased and stabilized by selecting the ratio 
of y 4 1T M ./w to be less than about 0.4 by doping 
the garnet material with rare-earth substitutions. 
The latter step increases the resonant linewidth 
and the spin-wave linewidth. This also increases 
insertion loss of the device. Therefore, peak power 
can best be controlled by adjusting 4 1T M , . 

A high remanence ratio is desired in the materi­
al, because it reduces the magnetic losses and al­
lows the use of a larger saturation magnetization. 

The squareness of the hysteresis loop, Sn, is the 
ratio of 41T Mnv and 4 1T Mv (Fig. 3). 4 7T M,rn is 
the remanent magnetization at the drive field, and 
4 1T M 0 is the magnetization at the drive field, as 
shown in Fig. 3. 

Typical S" values for better materials are in 
the 0.85 to 0.9 region, and typical values for R , 
range from 0.5 to 0.8. 

The switching time and the needed switching 
energy also depends on the drive field and on the 
ferrimagnetic material. Switching, or reversal, 
time, in µ. S, is given by : 

B(47TM) 

H 
t. ( 47TMo 

3 . Hysteresis loop of typical ferrimagnetic material shows 
the magnetization , 47TM R, and the remanent magnetiza­
tion, 47rM Rn· at the drive field . 
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t = ~.4dA(l0· 2 ) , 

8g- M . (H,,,-H o) 
(3) 

where the symbols represent the following: 

d - mean distance from one domain wall to 
another, in cm, 

A = damping parameter of material, in sec·', 
8 = domain-wall thickness in cm, 
g = g-factor of material [g = y/ (e/2mc)], 

and 
H 111 , H 0 = drive and threshold fields in Oe. 

The threshold field is approximately equal to the 
coercive field of the material. 

The inverse switching time is a linear function 
of the applied switching field.4 

Sw = t(H111 - H 0 ), (4) 

wher e Sw is the switching coefficient, a constant 
at a given temperature; and H 111 - H 0 is the actual 
drive field in oersteds. Typical values of Sw range 
from 0.1 to 1.0 Oe-µ.s . 

To show how switching power depends on the 
magnetic properties of the material , assume that 
the magnetic material has a square hysteresis 
loop, is toroidal in shape, and is threaded with a 
single switching coil of N turns. (In many ap­
plications, the coil has only a single turn.) During 
the switching of such a core, its impedance is 
almost entirely resistive. 5 The needed switching 
current I is: 

I = (Sw + H ) 5D 
t 0 N ' 

(5) 

where D is the average diameter of the core in 
centimeters. Typical switching currents range 
from 5 to 15 A. Using this expression for I , the 
average resistance of the core can be computed . 
With a ll other characteristics the same, the fastest 

35V, 0.018 A 

4. Typical transistor driver can best satisfy switching re · 
quirements of 1 to 5 µ.s and switching rates of about 
5 kHz. Energy required depends on square of wavelength. 

ELECTRONIC DESIGN 



switching material will be the one having the high­
est resistance. 

The average power P dissipated by the core is 
given by: 

where 
A is the cross-sectional area of the core in square 
cm, 
B is the change in flux density (similar to t:i..Mr), 
and 
1· is the switching rate of the material in Hz. 

Equation 6 covers one complete trip around the 
hysteresis loop, which involves two switching 
actions. For a given core size and switching time, 
the driving power can be reduced only by choosing 
a material with a low Sw and small flux density. 
The energy dissipated in the core can become very 
high for large cores that require fast switching 
time or high repetition rates, and the resulting 
heat can change the properties of the material. 
The typical core loss should be less than one watt. 

Too many materials-be careful! 

For square hysteresis loops and low coercive 
fields, the particle size should be large. Large 
remanent magnetization usually requires thin­
walled toroids. 

A wide range of saturation magnetization 
values is available in good square-loop materials. 
Following are some general guidelines for selec­
tion of the proper materials. 

Aluminum substitution in yttrium iron garnets 
(YIG) produces a family of compositions having 
magnetization values from 1780 gauss (for YIG) 
down to 200 gauss (for 25 % aluminum substitut­
ed YIG). Gadolinium substitutions produce compo­
sitions having stable magnetization as a function 
of temperature. For increased peak power dyspro­
sium substitution is helpful in garnet materials, 
however lowering 4 7T M . with aluminum is the 
preferred way. 

Nickel zinc ferrites may have saturation mag­
netizations as high as 5000 gauss. 

Lithium ferrites that exhibit square hysteresis 
properties have been compounded. These materi­
als are particularly inviting because they have 
high Curie temperatures-in the neighborhood of 
680°C. (Beyond the Curie temperature, ferrite 
materials lose their magnetic properties). Al­
though their dielectric loss tangents are extremely 
high, they can be used for temperature compensa­
tion in composite toroids. Here, the active portion 
of the core is composed of a good microwave 
material, while the legs completing the toroidal 
geometry (outside the RF fields) are lithium 
ferrite. Nickel ferrites, too, have remanence ratios 
markedly lower than those of the garnets. 

ln applications where mechanical loads are 
expected, the selected material should have zero, 
or near zero, magnetostrictive constants. Other­
wise mechanical loads can alter the hysteretic 
properties of the material and affect the reproduc-
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5. Insertion losses of ferrites increase with increasing 
peak powers. Temperature-compensated materials show 
somewhat higher losses. 

ibility of the digital phase-shifter. In these areas 
some ferrite materials, in particular the magnesi­
um manganese ferrites, are usually preferred over 
garnet types. 

Efficiency depends on switching current 

The toroid can be switched in a short time by 
applying a high voltage, or in a longer time with 
lower voltage. The energy delivered to the toroid 
is essentially the same, but the difference in driver 
efficiency is proportional to the square of the 
current ratio. Typical energy, time, and rate 
requirements are best satisfied with a transistor 
driver (Fig. 4). The toroid energy requirements 
are approximately proportional to the wavelength 
squared. The magnitude of the current is related 
to the variable permeability of the toroid during 
switching. A large portion of the energy is con­
sumed during the last half of the switching cycle 
(mostly in the driver), but it is this part that con­
tributes least to the total amount of differential 
phase shift. 

Although most phasers will handle 10-kW peak 
power and work with average power levels from 
near zero to 100 W, some requirements will be as 
high as 100-kW peak and 1000-W average. In spite 
of these levels, each phaser must be insensitive to 
burn-out. Operation at higher power levels in­
creases the inherent insertion loss (Fig. 5) . The 
compensated curve in Fig. 5 represents the loss 
from a 60 % gadolinium material that provides 
maximum temperature stability. The designer 
must choose between lowest possible loss accompa­
nied by phase-shift variations as a function of 
temperature, or higher loss with relatively con­
stant phase shift as a function of temperature. 
The usual compromises lead to a material with a 
moderate amount of temperature-compensation 
characteristics and a loss of 1 dB or less. 

The presence of several ob.i ects-ferrimagnetic 
cores, dielectrics, and charging wires-in the 
waveguide can cause E-field arc-over if proper 
precautions are not observed. Arc-over is most 
likely to occur at the interface between the toroid 
and the waveguide walls and around the charging 
wires. 

How to build a phase-shifter 

The essential features of a ferrite phase-shifter 
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Spectrum for MAG 7 2 during first 5 secs. of warm-up test at -65°C. 

A clean spectrum within 5 secs. 
at a temperature of -65°C. 

Just one of the characteristics of the outstan­
ding range of GENALEX X-Band Rugged Mag­
netrons. The MAG 12 and MAG 1 5 are designed 
to operate through a wide range of adverse 
acceleration. vibration. pressure and tempera­
ture conditions and are. therefore. ideal devices 
for all military environments. 

MAG 12 MAG 15 

Missing pulse rate % 0.01 0.01 

Rate of rise of voltage kV/uS 90 150 

Frequency range Gc/S 9-10 9-10 

Va (pulse) (max) kV 2.5 6.1 

P out (pulse) kW 2.0 8.0 

Connectors - WG16 WG16 

Weight (max) 11b 2 4 

GENALEX X- BAND RUGGED MAGNETRONS 

PERFORM ANYWHERE 

Genalex 
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ON READER-SERVICE CARD CIRCLE 1 6 

WAVEGUIDE 

DIELECTRIC 
TRANSITION 

S BAND, 4 -BIT, DIGITAL PHASE SHIFTER 

DRIVER 
TRANSISTORS 

6. Typical S-band 4-bit phase-shifter uses dielectri'c transi ­
tions to match the ferrite section to the waveguide. A 
dielectric load may be placed inside the toroid , to in­
crease the phase shift. 

are shown in Fig. 6. The dielectric spacers be­
tween toroids eliminate magnetic interactions. 
Dielectric impedance transformers (steps) match 
the waveguide impedance to the ferrite-loaded 
section. Either two charging wires are used in this 
case for each toroid so that only positive current 
pulses are needed from the driver, or a single wire 
and a driver capable of supplying both positive and 
negative pulses is required. Although these wires 
.are at right angles to the E-field of the RF signal, 
some RF energy leaks on to them and must be 
removed by radiation suppressors or absorbers. 

Use a square waveguide 

The most efficient waveguide size, when loaded 
with toroids, is approximately square, measuring 
about one-third wavelength on each side. This 
small size makes it possible to contain the entire 
phaser, including the driver, in a square whose 
edge dimension is one half the free-space wave­
length of the operating frequency. Thus the phaser 
can be mounted in the array in line with the 
radiating elements-all about a half-wave-length 
apart. Present drivers are too large to implement 
this optimum size above 6 GHz, but only slight 
miniaturization of the drivers and microwave 
housings is required to reach the higher-frequency 
range. It is expected that it will be possible to 
fabricate a microminiaturized driver from inte­
grated circuits to allow half-wavelength stacking 
in the X-band or beyond. • • 
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Gain insight into FEY amplifiers. Learn 
which parameters govern performance and how 
to handle the design of low-noise and high-frequency circuits. 

Part 2 of a three-part article. 
Filling an amplifier need with a field-effect 

transistor (FET) no longer need be difficult or 
time-consuming. In all FET-amplifier applications 
just a few parameters are critical. Consult these 
first and you quickly determine both the FET's 
suitability for the job and the major portion of the 
circuitry required. 

Four major FET-application categories* re­
main in this theme of segregating governing 
parameters to facilitate selection. They are: 

• Low-noise amplifiers (where signal levels are 
a few millivolts or less). 

• High-frequency amplifiers (video and RF 
types). 

• Differential amplifiers (conventional and 
low-drift types). 

• Low-drift, single-ended amplifiers (including 
zero temperature coefficient operation). 

We will now consider the first two application 
classes. Part 3 will cover the final two circuits, 
which are generally lower frequency applications. 

The order of treatment for each application 
class will be first to consider the important' char­
acteristics peculiar to it; then to call out and use 
the key design parameters; finally to give the step­
by-step design procedure for a typical circuit. 

FET source for low-noise amplification 

A low-noise amplifier is but a variation of the 
general-purpose amplifier. De and ac design pro­
cedures are the same, except that amplifier noise 
becomes a paramount consideration. Signal levels 
are typically in the range below a few millivolts. 
A FET amplifier (shown at right) will be used to 
consider the audio- and sub-audio applications. 

The FET may be described by the noise-equiva­
lent circuit of Fig. la; it is characterized by an 
equivalent short-circuit noise voltage and an equiv­
alent open-circuit noise current referred to the 
input. 2 Both e,. and i,. are functions of frequency 
as shown in Fig. lb. The specified in includes the 
effect of gate-source capacitance in the equivalent 

*Consult ED 11, May 17, 1966, Semiconductor reference 
issue, pp. 94 ff., for a detailed background treatment 
of field-effect parameters. Part 1 of this article, "Take 
the fog out of FET design," appeared in ED 12, May 24, 
1966, pp. 38 ff. It covered three other major types of FET 
and MOS switching and amplifying applications. 

James S. Sherwin, Senior Applications Engineer, Siliconix 
Inc., Sunnyvale, Calif. 
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circuit. Thus, when making noise calculations due 
to tm C i ss is not included in the path of 4, (See 
Table 1). 

Noise figure (NF) measurements include the 
effects of both e,. and 1,., although the effect of In 
is usually insignificant when the generator re­
sistance is below several megohms. NF measure­
ments must always include a generator resistance 
(Ruen) specification, as well as frequency and 
bandwidth. Either e,. or t,, need include only fre­
quency and bandwidth specifications. NF should 
always be specified with an Ruen low enough to 
give an NF> 1 dB; otherwise, the NF measure­
ment is not of sufficient accuracy to be meaningful. 

The fact that the FET exhibits a minimum NF 
with a specific Ruen(Ropt ) at a given frequency 
does not mean circuit output noise is a minimum 
under these conditions. It simply means that for 
the specified R -0pt the FET contributes a minimum 
percentage of the total noise; the remainder is gen­
erated by the signal source and its internal re-

9oss 

SOURCE 

A FET RC-coupled amplifier (a) and its equivalent cir· 
cuit (b) are analyzed for noise sources in text. 
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sistance (R-0pt ). In fact, it is axiomatic that output 
noise increases with generator resistance. 

The important FET parameters for low-noise 
applications are NF, en. 1,., Ci••• g1, and c .... Any 
two of the three noise characteristics will describe 
FET noise performance. However, it is best that 
e,. be specified in the excess noise region for 
applications below several hundred Hertz. An addi­
tional specification at or above 1 KHz is important 
for audio-frequency applications. For the high­
frequency region, we take note of the curves of 
Fig. lb. At high frequencies, e,. becomes inde­
pendent of frequency. In the excess noise region 
below a few hundred Hertz, the noise power in­
creases as l/f, hence the name l /f noise. It is 
to be noted, although not the rule, that the noise 
power of FETs manufactured by some processes 
increases as l / f 2 over a significant portion of the 
spectrum. A single-frequency noise specification 
does not, therefore, necessarily provide adequate 
noise-performance information. It is only from 
curves of typical performance, such as those shown 
in Fig. lb, that the FET devices can be adequately 
descritie'd. 

In the l / f region, e,. increases as l /yf, and the 
equivalent noise resistance increases as l/f. FET 
noise voltage at any given frequency may also be 
expressed as an equivalent noise resistance, RN. 
This is because the noise produced by a FET may 
be equated to the thermal noise produced in a 
resistor. Thermal noise is plotted as a function 
of resistance · in Fig. 2a and is expressed by the 
relationship 

~112 = kTRB or ~n = \/kTRB, (1) 

where k is Boltzman's constant, T is the tempera­
ture in degrees Kelvin (usually 298 °K or 25 °C), 

Table 1. FET Noise Parameters 

Test cond1-
tions (must 

Parameter · be specified) Meaning of specification 

-
e. Vos Common-source equivalent 

Vos or lo short-circuit input noise volt-
frequency age. Measured at the output 
bandwidth with the input shorted, and 

referred to the input. Ex-
pressed as rms volts per 
root cycle, µV /\/Hz. A func-
ti on of frequency, so fre-
quency value must be stated. 

i. Vos Common-source equivalent 
Vos or lo open-circuit input noise cur-
frequency rent. Expressed as pA/ y Hz, 
bandwidth a function of frequency. 

NF Vos Noise figure. This represents 
Vos or In a ratio between input signal 
R generator to noise and output signal to 
frequency noise. NF is a function both 
bandwidth of frequency and of genera-

tor resistance Rs. Both must 
be stated or the specification 
is meaningless. When prop-
erly qualified , NF includes 
the effects of both e., and -i •. 
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L When FETs are used for low-noise amplifier applica­
tions, the noise equivalent circuit (a) must be consulted. 
The equivalent short-circuit noise voltage (en) and equiva­
lent open-circuit noise current (i 0 ), as referred to the 
input, are functions of frequency (b). 
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© 
2. Thermal noise in FETs can be plotted as a function 
of resistance (a) according to the relationship e0 

2 = kTRB. 
To obtain a specified noise-response characteristic, filters 
are used (b) , particularly in measurements of sound-re­
production equipment. Curve A is an ASA recommenda­
tion; Curve 8 is a standard used by the Radio Manufac­
turers' Association; curve C is a German standard (DIN 
# 45-405). All three display filter characteristics for noise 
measurements. 
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Table 2. Small Signal Characteristics of FETS 

Test Condi· Test Condi -
tions (must tions (must 

Parameter be specified) Meaning of specification Parameter be specified) Meaning of specification 

r d a(on) Vas Drain-to-source resistance g,, Same as g,,. . 
Vns = 0 or Is when biased to full ON con-
frequency dition (max operating In). You Common-source output ad-

mittance with input shorted. 
jy .. j Magnitude of common-source 

forward transfer admittance. gou Common-source output con-
Sometimes the magnitude ductance with input shorted . 
signs are omitted. Measured 

Re l Yoss I Vns & Vas Real part of yo.s . at Vas = 0 , unless otherwise Identically 
specified. Vna & In equal to goss . Sometimes 

v,, = 0 used instead of g0l:IN . 
lgr. I Magnitude of common-source g •• frequency Same as g ... . 

forward transfer con du c-
tance. Sometimes the magni· lm ly ... I Imaginary part of y ... . Out-
tude signs are omitted. This put susceptance b ... . ldenti -
is perhaps a more informa· ca I ly eq ua I to 1 / wC .... Some-
tive term than yr.. At 1 kHz, times used in lieu of c .... 
yr. = gr, . However, at high c, .. Common-source input capac-frequencies yr, includes the Vns 
effect of gate-drain capacity, Vas itance, output shorted . c, .. 
hence may be misleadingly v •• = O = C •• +c •.. (Fig. 6). 
high. The term gr, should c,. frequency Same as c,., if v •• = O. 
be used for all high-frequen· c ••. Same as c, ... 
cy measurements. 

g, .. Vns & Vas Same as gr. but a particular Crss Vns Reve r se transfer capaci-

or set of operating conditions Vas tance, input shorted . 

Voo & In is implied . c .. V.-=0 Same as C, ... 
frequency Match in gr. for differential c •• frequency 

Same CrH!f' actual value as g,,, pairs. Expressed as a frac- of drain-gate capacitance. 
g .. , tion. 

Match in g ... for differential 
c •. Values in Actual value of gate-capaci -

gru1 equivalent tance. 
F----- pairs. circuit not g, .. ,, c •. Actual value of drain-source 

measurable capacitance, essentia I ly 
grs. Same as gr .. but often used directly. header capacitance . 

to denote grs when biased 
for zero temperature coef- Cou Vns Common -source output ca-
ficient operation. Vas pacitance, input shorted . Cm 

~m Mutual conductance. Some-
v •• = O = C, .. +c •.. However, c •. is 
frequency essentially header capaci -

times used in lieu of gr •. tance. 

gmo Same as gm, but specifically c •. Same as c ... if v •• = O. 
at Vcs = O. c ••. Same as c .... 

y1 .. Common-source input admit- c .•. Vns Source-to-gate capacitance, 
tance with output shorted. Vas gate and drain shorted. c .•. 
Important for high -frequency v •• = O = C •• +c •.. 
operation. trequency 

g, .. Common -source input con- c ••• Voo D r a i n-to-gate Vns ductance with output short- capacitance 

Vos ed. This must be specified Vcs or ls= O with source open . c ••• = C, .. 

v •• = 0 for high -frequency applica· i.=0 + c •. c.,. 
> C ... , cut < C"•• · 

frequency tions as g,.,a: l/w'. frequency c •. +c •. 
c .•. Vcs Source-to-gate capacitance 

Re ly, .. ! Real part of y, .. . Identically Vos or ln= O with drain open . C.,o = C,. 
equal to g 1u. Sometimes i. = O c". c ... 
used instead of g, ... frequency + c ..• +c,,, > C.,, but < C •••. 

Voob 
A:::::gfs Ro 

RM Ro en . 0 

e ~ eo 
eo .. f ..... 

BJ 
/ ' 

, ~~ ' 
I Cs I RG in 

* 
I I 
\ es ' 

1 RG } ' ,, C in" Cis s+ (AlCrss ..... _ ... 
Rs MIKE 

CAPSU LE 
-0 

0 * @ Ci ss NOT USED FOR NOISE 
CALCULATIONS 

3. The FET can be put to advantage in capacitor micro­
phone preamplifier applications (a) . Referring to the equ iv· 

alent circuit (b). c in (across mike) must be minimized to 
provide high S/ N ratios. Capacitance at R, is C, . 
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H the resistance in ohms and B the bandwidth in . 
Hertz. 

As e,, is proportional to \jB, the units used are 
µ.V I 'I/Hz. The conversion from e,, to R.v becomes 
an easy one with Fig. 2a. The characterization 
of a FET by R .v is equivalent to specifying a NF. 
Thus, when a FET is said to have an equivalent 
noise resistance of 20 kn at 1 kHz, this is tanta­
mount to saying NF = 3 dB at 1 kHz with R ue•• = 
20 kn. 

How to spot noise in narrow bands 

Narrow-band NF, e;., and t,, are usually speci­
fied either as NB-noise or spot-noise measurements. 
This means simply that the bandwidth is sufficient­
ly small for a change in bandwidth not to affect 
the NF of en/ v'Hz. In a wide-band measurement, 
over a frequency range of 0.1 to 5 kHz for in­
stance, this may not be true. From Fig. lb it is 
seen that the integral of e,. in this band is a 
function of bandwidth. On the other hand, from 1 
to 50 Hz or from 10 to 100 kHz, the integral of 
e,, is essentially independent of bandwidth. For 
this reason, it is important to note the bandwidth 
specified for any noise measurement. Alternative­
ly, it must be stated that the parameter is a spot 
noise measurement. 

When selecting a FET for use in sound-repro­
duction equipment, a noise specification at or 
above 1 kHz is desirable. A noise specification at 
~O or 100 Hz for audio equipment will most often 
result in over-specification and will increase com­
ponent cost. As the ear is progressively less sen­
sitive to frequencies below a few kilohertz, noise 
measurements on sound-reproduction equipment 
are ordinarily carried out with wide-band equip­
ment possessing a certain specified response char­
acteristic. 

The characteristics of several filters used for 
this purpose appear in Fig. 2b. Curve A is 
recommended by the American Standards As­
sociation for low-level noise measurements. 2 •

3 

Curve B is most useful for noise analysis in offices 
and factories, although it is recommended by the 
Radio Manufacturers' Association for noise meas­
urement on sound reproduction equipment.4 Nei­
ther of these two curves is uni11ersally applicable 
as each was generated from single-frequency meas­
urements. Curve C, a standard (DIN 45-405) used 
for this purpose in Germany, appears to be more 
applicable, as it includes the effect of the high fre­
quency's masking of low frequencies. 

It is most meaningful, therefore, to specify 
noise measurement for sound-reproduction equip­
ment at a frequency from 1 to 5 kHz or over a 
broad band, regardless of whether one of the 
weighting curves (A, B or C) is used. 

Ciss affects signal-to-noise ratio 

Although NF, e,,, and I,, specify noise perform­
ance of the FET, there are those applications 
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where C; "'·' can significantly affect circuit signal­
to-noise ratio (S / N). For a given e,, and t ,. it is 
desirable to have a high y 1,, so that the output 
S / N is high enough to reduce the effect of second­
stage noise. Consider, for example, the capacitor 
microphone preamplifier, of Fig. 3. As the signal 
source is a small capacitor, C;,, of the amplifier 
and the microphone capacitance become a voltage 
divider. It is thus important to minimize Gin for 
a high S / N. Also, the gate-return resistor R u 
should be as high as practical to extend the low­
frequency cut-off; therefore, 7,. should be low to 
minimize current noise in Ra and Cs. Assuming 
a noiseless microphone, the noise performance of 
the preamplifier may be determined by a step-by­
step procedure. 

Referring to Fig. 3, we use the following cir-
cuit characteristics: 

• Yr s = 1000 µ.mhos at operating point. 
• e,, = 0.05 µ. V / y'Hz at 1 kHz. 
• 1-11 = 0.001 pA/\/ Hz at 1 kHz. 
• Ciss = 4.5 pF; 
• Crss = 1.5 pF; 
• C., = 27 pF; 
• Ra= 100 Mn 
• Ro = 10 kn 
• es = 1 m V at 1 kHz 

Note that R a is negligible in comparison to the 
1-kHz reactance of the Gin and C, combination. 
Also, the correlation between e,, and 1,,. is neglected. 

Now for the design: 
1. Determine amplifier gain: 

A = Yr s Ro = 10. 

2. Determine the input capacitance: 

Gin = Ciss + A c ... = 19.5 pF. 

3. Determine the input signal level at the fre­
quency of interest: 

( 
c,, ) 

e;11 = es C + C. = 0.6 mV at 1 kHz. 
S UI. 

(4) 

4. Determine the total equivalent input noise, to­
tal e,.. Observe that i,, divides between Z0, ,, and 
Z in in the same manner as does e .. Thus, 

c 2 i 2 

Total e"2 = [ e" C +• C. ] + [ w (C s +"Ac, • ., )] 
s tn 

"(5a) 

and 

Total e,, = 9.77 nV / y'Hz at 1 kHz. (5b) 

5. Determine S I N in the bandwidth 1-10 kHz. 
Assume e,, and t,, to be constant with frequency. 
Use no weighting function. Note that total e,. is 
due principally to "€:,. and not I,,. One may then 
assume total e,, is constant with frequency in the 
range of interest. Thus, 

e 
S/N = 20 log 

111 

t t l 
_ 

9000 
= 76 dB. ( 6) 

o a e
11 
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4. FETs are suitable for high-frequency amplifying appli­
cations. A cascode video amplifier (a), a 100-MHz neu­
tralized amplifier (b) and a 30-MHz cascode amplifier (c) 
all exhibit good gain, low noise and little harmonic dis­
tortion. 
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5. Maximum available gain (MAG) in FET high-frequency 
amplifiers is calculated from the master chart. It exhibits 
the conductance vs frequency relationship of FET devices 
now on the market." Shown are the input (gi ss), output 
(g0 •• ) and transfer (grs) conductances. 
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This completes the low-noise amplifier class of 
FET applications. We now turn to the high-fre­
quency type (FETs operated above 1.0 MHz). 

FETs suitable for RF operation 

A high-frequency amplifier is arbitrarily 
defined as one which is operating at frequencies 
above 1 MHz. Included in this definition are both 
video and RF amplifiers (Fig. 4). The small-signal 
FET characteristics are of prime importance (See 
Table 2). They establish the suitability of a parti­
cular FET and govern design of FETs in high-fre­
quency amplifiers. 

For the video designs the major parameters are 
Uts , C iss , C rss and C a.'8 · E ach of these terms is 
critical in RF amplifier design, where the values 
of g ; • ., Uoss and NF also exert a major influence. 
The video amplifier is characterized by its gain­
bandwidth (GB) product. This is expressed as 

GB= gfs 
W [ Gin + C out ] W [ C iss + ( 1 + A ) C rss J 

(7) 

For the cascode connection this becomes5 

GB= gfs 
w [ ciss + 2c,. •• ] 

(8) 

Note that C ass = Crs s and C iss = Gus + Crss· 
The GB is important for RF amplifiers; howev­

er bandwidth is ordinarily limited to a few mega­
hertz at most, rather than the tens of megahertz 
required of a video amplifier. An RF amplifier is 
limited in power gain by the real part of its input 
and output impedances. When these are matched 
to source and load, maximum available gain 
(MAG) is realized. For the FET 

MAG = /yfs/
2 

4giss goss 
(9) 

FET performance as a small-signal RF amplifier 
is also limited by its high-frequency noise charac­
teristics. The value of C;.,, is important, as its 
effect must be neutralized for stable amplifier op­
eration. 

An important advantage of the FET in RF 
circuitry is its almost perfect square-law transfer 
characteristic. Because of this, amplifier cross­
modulation figures are at least an order of magni­
tude better than those of bipolar transistor de­
signs. In most cases a substantial improvement is 
obtained even over vacuum-tube circuits. 2•

3 

FET transconductance remains essentially 
constant to several hundred MHz. Both Uiss and 
Uoss increase with a nearly square relationship to 
frequency. With available FETs, MAG is less than 
unity at that frequency where Ur.• begins to de­
crease. MAG can be calculated from the curves in 
Fig. 5-which represent the characteristic ob­
tainable with current FETs. 

Recent improvements in the control of device 
input and output impedances at high operating 
frequencies has made possible the production of 
both MOS and FET units with acceptable per-

ELECTRONIC DESIGN 



formance to 500 MHz. 6 The MOS has a very low 
value of U iss at high frequencies, thus permitting 
excellent hf operation. However, its output con­
ductance rises in the same manner as that of the 
FET, limiting the MAG obtainable. 

FET high-frequency noise figure (NF) for 
properly designed practical circuits is 2 dB or 
better at 10 MHz (with an Roen = 1 kn), and 
good noise performance extends to the vicinity of 
500 MHz. In contrast to bipolars, these same 
FETs exhibit a typical NF of 5 dB at 10 Hz (with 
an Roen = 1 Mn). MOS high-frequency noise 
performance is approaching that of the FET, with 
,at least one available unit specified with a NF of 
4.5 dB at 450 MHz. 

Designing a 100-MHz cascode amplifier 

FET amplifier circuits resemble the triode­
vacuum-tube types. Practical use of the cascode 
circuit is limited to about 100 MHz for good noise 
performance with maximum gain, unless cumber­
some circuitry is added. Here is the step-by-step 
design procedure for a 100-MHz amplifier. We will 
use a FET with the following parameters: 
• Uts = 3500 ,u.mho at 100 MHz • Ci••= 4.5 pF 
• Uiss = 100 µ,mho at 100 MHz • C,,, = 1.5 pF 
• UOBB = 15 ,u.mho at 100 MHz • f o = 100 MHz 

The procedure refers to the circuit of Fig. 4b. 
1. Calculate output-circuit component values. The 
network C0 , 8 + C0 and Ceo match the output 
conductance to the load conductance. The output 
conductance is the sum of Uoss plus the tuned­
circuit conductance, 1/ Zp. As 1/ g0 ,, = 67 kn, and 
the 100-MHz tuned-circuit Q is such that Zp=5 kn, 
the latter determines the actual output conduc­
tance at 100 MHz. Then, R 0 = 5 kn and RL = 50 n. 
If C0 = 1.2 pF, the matching capacitor value 
are determined by 

Coss + Co = Crss + Co = 2.7 pF' (10) 

1 
Ceo= = 3pF, 

wYR0 RL 
(11) 

l 
L 0 = 2 ( C C + C ) = 0.45 µ,H. (12) 

w oss + 0 co 

2. Input circuit calculations are similar. Assume 
input circuit Q is such that R; = 1 kn to achieve 
optimum noise figure. With R 0e11 = 50 n and C;= 
1.2 pF, C,,, is subtracted from C;,, to obtain actual 
FET input capacitance because C, •• is neutralized. 
Thus, 

C1.~s - Crss + C; = 4.7 pF, (13) 

1 
Cc; = ---;:::=::::::== = 1.3 pF' 

R;Ryen 
(14) 

w 

L - l = 0.42 µ,H . (15) 
1 - w2(Ciss -Crss + C; +Cc;) 

3. The circuit is neutralized using the "sloppy 
bypass" technique as follows: The fraction of 1J 0 

appearing out of phase on C2 is 
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FET geometries vary from unit to unit. Knowing which 
of the many parameters best reflect device suitability for 
high.frequency applications simplifies FET selection. 

(16) 

where Co,,1 is the sum of Cow C0 and Ceo· 
The fraction of v, appearing at the gate is ap­
proximately 

[ 
l/jwC1 ] 

Vy= I. c VJ' Rill+ 1 JW J 

(17) 

This must be set equal to the fraction of v0 ap­
pearing in phase at the gate. Note that the fraction 
is due to the feedback function of Crs•· The latter 
term is given bY. 

1/jwCrss 
V = ------ (vo). 

fb R 1/. C 
in + JW rss 

(18) 

Equating (16) and (17) and using Eq. 18 yield 

1/.iwC,.88 C0 ,,1 [ l/jwC 1 ] 
----- - - (19a) 
R;11 + 1/jwCrss - C2 Rtn + 1/jwC1 ' 

For all practical purposes, it is only the imaginary 
terms which must be set equal. Doing this estab­
lishes the relationship, 

Ci C2 = G out c,... (20) 
This wraps up the higher-frequency FET amplifi­
er applications. In Part 3 (ED 15, June 21) we will 
take up the low drift, single-ended and differential 
FET circuits. • • 
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5. FET Cascode Circuits R educe F eedback Cavacitance, 

Application Tip (Silicon ix Inc., Feb. 1, 1966). 

6. George Pierson, "A FET Operating at UHF?'', ELEC­
TRONIC DESIGN, XIV, No. 7 (March 29, 1966)' 48-53. , 
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Sonotone batteries spark portable power to action! 
Mite or might-if it's portable, the chances are it relies on 
Sonotone rechargeable sintered-plate, nickel-cadmium cells and 
batteries. That goes for everything from space satellites and 
missiles to cordless razors and toothbrushes, and even to small, 
delicate medical instruments. The reason is this: Sonotone pio· 
neered in the development of high-power /low-weight recharge­
able batteries. With more years of experience in this field than 
any other American company, Sonotone has built up an un­
matched record of reliability ... and an unmatched reputation 
for cooperation with design engineers. What new product are 

you working on? Let Sonotone help you solve your power prob· 
lem. Write today for technical data, stating your application 
requirements ... and we'll be happy to lend you a hand. 

Sonotone Batteries MM-13 have been used in U.S. ICBM Titan I 
and Sonotone Batteries MM-14 have been used in the emergency 
ground support. Many electric toothbrushes use Sonotone Sealed 
Battery S-113. These are just three of more than 300 Sonotone 
rechargeable sintered-plate, 
nickel-cadmium ce11s and Sanatane Batteries "0 
batteries available to you. portable power for progress bJ 

Battery Div ., Dept . Sonotone Corp., Elmsford, N.Y. • Aircraft, Missile and Satellite Batteries• Power Supplies • Battery Chargers• Audio Products• Hearing Aids 

Speed Inquiry to Advertiser via Collect Night letter 
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Semiconductor Report 11 
NEW PRODUCTS, DESIGN AND APPLICATION INFORMATION FROM MOTOROLA 

NEW MOTOROLA 
EPICAP* DIODES 
GREATLY SIMPLIFY 
ELECTRONIC TUNING 

If you've been struggling with 
cumbersome mechanical assemblies, 
or low Q electric tuning devices, and 
"living with" limited reliability in 
your tuning circuits - RELAX! 

Now, you can enjoy all the advan­
tages of automatic, electronic tuning 
- at about half the price you might 
expect to pay - with new, high Q 
EPICAP diodes from Motorola. 

For example, in Electronic 
Countermeasures (ECM) equip­
ment, the EPICAP diode can be 
used with a "saw-tooth wave" design 
to automatically sweep a broad fre­
quency range (200 to 400 MHz ) ; 
and, in the process, eliminate the 
need for a clumsy sweep generator 
motor. (Drop a note to our applica­
tions group if you'd like more infor­
mation on this one. ) 

You'll also find EPICAPS well­
suited for difficult tuning jobs in 
other RF applications such as FM 
tuning, aircraft radio, etc. In fact, in 
every application above 200 MHz, 
you'll get faster, more reliable per­
formance - the highest performance 
/ lowest cost combination in the 
industry, for applications up to 500 
MHz. 

Motorola EPICAP Diodes 1 N5139·48 & 1 N5139A·48A 

CAPACITANCE FIGURE Of 
VALUE (pf,) MERIT (Q) 
(1 MHz & (50 MHz & PRICE 

TYPEt 4Y Typ .1 4Ydc Min.) (IQO.up) 

1N5139 6.8 350 $3.90 
1N5140 10 300 3.90 
1N5141 12 300 3.90 
1N5142 15 250 3.90 
1N5143 18 250 3.90 
1N5144 22 200 3.90 
1N5145 27 200 3.90 
1N5146 33 200 3.90 
1N5147 39 200 3.90 
1N5148 47 200 3.90 J 

t "A" versions are priced at $4.30 (100· up) 

These new voltage-variable capaci­
tors feature improved fabrication 
techniques which yield a low leakage 
and a Figure of Merit (Q) that's 
specified at a minimum of 200 at 50 
MHz and a bias of 4 volts de. In 
addition, EPICAPS boast a 20 
nanoamp reverse leakage current, 
due to the good, "clean" surfaces 
you'd expect in a high quality diode 
- your assurance of maximum relia­
bility. And, the rugged, new Ram­
rod* (straight-through) D0-7 glass 
diode package adds another measure 
of increased reliability. 

ON READER-SERVICE CARD CIRCLE 162 

DC BLOCK DC BLOCK 

-J~~E-

RF BYPASS 
DC BIAS 

C= 
C, + C; 

FIGURE 1 - TWO EPICAP TUNED PARALLEL RESONANT CIRCUITS 

RFC 

DC BIAS 
FIGURE 2- EPICAP TUNED SERIES RESONANT CIRCUIT 

*Trademarks of Motorola Inc. 

- @-- -

"HOW TO TUNE 
RESONANT CIRCUITS" 
COVERED IN NOTE 

A comprehensive report that de­
tails a step-by-step design procedure 
and helps you select the optimum 
EPICAP for your specific applica­
tion is the subject matter of Motor­
ola Application Note 196. Circuit 
schematics, equations and a family 
of curves are used for determination 
of tuning range as a function of max­
imum EPICAP capacity to circuit 
capacity as a parameter. 

Figures 1 and 2 (left) show the 
most common forms taken by EPI­
CAP resonant circuits. The equa­
tions and graphs of the report apply 
to both. For example, a graph has 
been developed to predict tuning 
range, using the voltage tunable 
capacitance and external circuit par­
ameters. The discussion and use of 
that graph is the major thesis of AN 
196. You're sure to find this well­
written technical report a valuable 
addition to your semiconductor 
library. Write for it today, to Tech­
nical Information Center, Motorola 
Semiconductor Products Inc., P. 0. 
Box 955, Phoenix, Arizona 85001. 
ON READER-SERVICE CARD CIRCLE 161 

MOTOROLA Semiconductors 
Call your nearby Motorola Franchised Distributor for "off-the-shelf" delivery. 

Speed Inquiry to Advertiser via Collect Night letter 
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D/A converter uses thin-films to get 
high precision and maintain the flexibility needed 
for low-volume production. 

If your microelectronics application calls for 
high accuracy, look beyond the popular monolithic 
integrated circuits. Hybrid thin-film circuits offer 
greater advantages. 

One such application is in the digital-to-analog 
converter, where hybrid circuits provide the 
following: 

• High resistance accuracy. 
• Wide selection of active devices. 
• Well matched resistance values. 
• Improved temperature coefficients. 
• Design flexibility. 
• Economical low-volume production. 

Four-bit D /A converter requiries three I Cs 

An integrated digital-to-analog (D/ A) convert­
er can be made by connecting three integrated 
circuits (a buffer amplifier, a ladder switch and a 
ladder network) in series. If each of the integrat­
ed circuits is designed to handle 4 bits, the com­
plete circuit will perform as a 4-bit D/ A convert­
er. Two sets of each will form the 8-bit D/ A 
converter shown in Fig. 1, and three sets can be 
used to form a 12-bit converter. All the circuits 
are mounted in flat-packs, and their leads are ar­
ranged as shown to facilitate assembly. 

The converter interprets a set of digital input 
pulses and converts it to an analog output signal. 
The buffer amplifier (normally ON) is turned OFF 
by a positive input signal. As the output of the 
buffer amplifier goes more negative, a turn-on 
drive current is supplied to the pnp transistor of 
the next stage, the ladder switch. The complemen­
tary npn transistor is simultaneously biased off 
and the output of the ladder switch goes to the 
reference voltage level. This negative reference 
voltage feeds the ladder network where it is divid­
ed down to the correct analog output. The output 
of the ladder network represents the sum of the 
various input signals. 

With no input signals to the converter, the 
buffer amplifier is ON. This in turn sets the output 
of the ladder switch at zero volts (the offset volt­
age can be made extremely low) by driving the 
pnp transistor OFF and the npn transistor ON. 
With zero volts into the ladder network, the output 
of this stage also remains at zero volts. 

Richard D. Tatro, Applications Engineer, Semiconductor 
Div., Sprague Electric Co., Concord, N. H. 
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The circuits described here are available as 
standard catalog items (buffer amplifier-UD4025; 
ladder switch-UD4001; ladder network-UTlOOO), 
and thus do not necessarily represent the best 
approach to D / A conversion for all applications. 
They do, however, show a practical method of 
designing microelectronic converters that are 
compatible with present-day silicon microcircuits. 

Buffer uses individual transistor chips 

The buffer amplifier is used to convert the 
digital input signal ( 0 to V cc ) into positive and 
negative current drives to the ladder switch. 
Though the buffer is designed for a rather re­
stricted range of applications, the inherent design 
flexibility of thin-film circuits makes modifications 
simple to achieve when low-volume quantities are 
involved. Where large-volume use of a particular 
buffer circuit is indicated, a monolithic approach 
may be more practical. 

The typical buffer circuit, shown in Fig. 2a, 
drives the complementary-transistor-pair ladder 
switch. When the buffer transistor is turned OFF, 
the pnp-transistor-side of the ladder switch is 
turned ON. With V rc set to - 20 volts, approxi­
mately 1 mA of current will flow into this transis­
tor. To gurarantee turn-off, the input signal must 
be at least as positive as the Vr;B supply; i{ an 
input high level of 4 to 6 volts is anticipated, the 
VBr; supply should be set at + 4 volts. If the input 
signal is lower then V r;f; , the buffer amplifier will 
remain turned ON and thus drive the npn-transis­
tor-side of the ladder switch also ON. With V Bf; 

equal to + 4 volts, approximately 1 mA of current 
will flow into this transistor. The circuit can han­
dle input high levels as low as 1.5 volts if the V BB 

supply is correspondingly lowered. Base drive to 
the pnp transistor when VB F. = 1.5 volts is reduced 
to approximately 0.25 mA. 

A photograph of the actual buffer circuit is 
shown in Fig. 2b. The four input resistors and 
eight output resistors are nickel-chromium (Ni Cr) 
material deposited on silicon substrates. The use of 
two separate chips facilitates the internal wiring 
and allows for greater flexibility. These particular 
resistors were specified with a tolerance of -+-
10 % and a temperature coefficient (TC) of ± 100 
ppm/° C. However, NiCr resistors are available 
with a -+- 5% tolerance and a -+- 50 ppm/°C TC, in 
resistance values from 15 ohms to 150 kilohms. 

ELECTRONIC DESIGN 



DIGITAL 

INPUTS 
(0 T0+4V) 

BUFFER 

1. Eight-bit digital-to-analog converter uses three different 
types of integrated circuits: a buffer amplifier, a ladder 

r- ----------------------------------------, 
.-------~10 

6.7K 

6.7K 

3.3K 

6.7K 

IOK 

6.7K 

~----........ tyY--7""'\.6 

•-------------------------------------~~~--J 
0 

2. The buffer amplifier (a) converts the digital input sig­
nals to driving currents for the next stage, the ladder 

\ LOAD CURRENT 

"-+IE 

~D CURRENT 
/LO!IE 

3. Complementary transistor switch (a) is used to provide 
extremely low offset voltages. With the base drive at 1 
mA, both the pnp and npn transistors have an offset 

This buffer circuit was designed to accept 
inputs from most present digital monolithic 
circuits, and also to: 

• Accept low level input signals as high as + 0.5 
volts. 

• Accept a high level from 1.5 to 5 volts. Larger 
inputs could be tolerated but a new design would 
be required in order to limit power consumption. 

• Require only low levels of drive current or 
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LADDER LADDER 
SWITCH NETWORK 

..,. 

LADDER LADDER 
SWITCH NETWORK 

Vee 

-IE 

© 

ANALOG 
OUTPUT 

switch and a ladder network. Note that the circled num­
bers refer to the pins on each individual package. 

© 
switch. The base resistor network is the large block at 
the left in the photograph (b). 

2.0 40 

(ii 

30 ~ 

>~ ID 

9. 
+VEe 20 ~"' 

rs 10 

00 2 3 4 50 

l9(mAl 

© 
voltage of about 1 mV at cutoff (b). If the base current is 
increased (c), the offset voltage will also increase and the 
series resistance r, will decrease. 

sink current from the driving circuit. 
• Supply approximately ± 1 mA of base drive 

to the ladder switch. 
With the hybrid thin-film approach, it is easy to 

change either the base resistors or both collector 
resistors, or to change from a pnp to an npn stage. 
A circuit designer can make breadboard circuits 
with conventional discrete components knowing 
that the hybrid version will behave similarly. 
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4. Four-bit ladder switch uses four pairs of complementary 
transistors (a). The circuit is actually made up of eight 
individual transistor chips (b). The two sets of transistors 

7 6 

5K 

50K 50K 50K 

2 3 4 

5. Tantalum thin-film ladder network uses highly stable 
and precise resistors (a). An 8-bit network is made by 

This relationship holds because the individual 
semiconductor chips and the tantalum and NiCr 
resistors do not have the parasitic capacitance 
problems associf!.tPrl with monolithic devices. 

Complementary transistors make up ladder switch 

The ladder switch acts as a single-pole double­
throw switch, since the ladder converter-network 
requires inputs which are at ground potential or 
at the reference voltage. The ladder switch must 
have negligible voltage errors in both the ON and 
OFF conditions. To do this a complementary 
transistor switch, shown in Fig. 3a, is used. The 
complementary transistor approach is highly 
desirable, since both sides of the switch can be 
operated in the inverted mode, thereby providing 
a low offset voltage. In this arrangement the 
voltage-drop contribution of lsrs (where r , is the 
ON series resistance) is of opposite polarity to 
that of the offset voltage, and offset errors are 
minimized. The output emitter characteristics of 
the npn and pnp devices are shown in Fig. 3b. 

50 

(pnps are on the left) are each bonded to a conductive 
substrate to achieve a common collector connection with 
a low collector series resistance. 

connecting the output of one circuit (pin 6) to pin 9 of a 
second circuit. 

They each have an offset voltage of 1 mV and a 
series resistance of 10 ohms, which is typical for 
both devices when the base drive (I B) is 1 mA. 

Since the series resistance of the transistors 
varies as an inverse function of I B and the offset 
voltage varies as a direct function of l11, it 
is possible to choose the optimum base drive 
currents to the switches in anticipation of the re­
quired load currents. The curves in Fig. 3c show 
the typical variations of V on and r s with In for 
the transistors used. The characteristics of the 
npn and pnp transistors are similar enough for 
the curve to represent both. By adjustment of In it 
is possible to restrict the error of the ladder 
switches to -+- 2 mV, which in turn holds the error 
at the output to less than -+- 1 mV. For a 12-bit 
converter operating from a 10-volt reference 
voltage, this is equivalent to ± 1/ 2 least sig­
nificant bit (LSB), since 

1 LSB = 1 
-1096 

A 4-bit ladder switch is schematically sho\\·n in 
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Fig. 4a. Figure 4b is a photograph of the actual 
integrated circuit. Both the pnp and the npn sets 
of transistors have their collectors tied in com­
mon, each set on a single land area. The common 
emitters and bases of the npn-pnp pairs are inter­
connected and then brought out of the package. 

Ladder network has well-matched resistances 

The ladder network, shown in Fig. 5a, consists 
of five 50-Kn and four 25-Kn tantalum resistors 
deposited on a silicon substrate. Figure 5c is a 
photograph of the actual circuit. The network is 
mounted in a 0.160 in. x 0.265 in. flat pack by 
standard thermocompression bonding techniques. 
Each resistor is adjusted to a tolerance of + 0.5 % 
and can be matched within a 0.5 % spread. As a 
result, the maximum analog output error, due to 
the resistors, is + 0.25 % . In terms of least sig­
nificant bits this would be somewhat less than one 
LSB for an 8-bit converter. (The LSB in an 8-bit 
converter is 1/ 256, or 0.39 % of the reference 
voltage.) This maximum error, however, occurs 
only when the resistor at pin 5 is high and all 
other resistors are low, or vice versa. In actual 
practice, the resistors are randomly off tolerance 
and the bit accuracy is much better than this 
worst-case situation. Bit accuracy is typically 10 
to 11 bits (1 / 1024 to 1/ 2048) and results in ap­
proximately 0.05 % to 0.1 % error in the analog 
output signal. Twelve-bit accuracy devices are 
available on a selection basis. 

Ladder networks constructed in this configura­
tion with values as low as 10 Kn and 5 Kn per­
form nearly identically. The difference that exists 
is related to the temperature coefficient of the 
resistances. The circuit in Fig. 5 has a typical 
TC of - 150 ppm/° C, while the 10 Kn and 5 Kn 
networks, made with thicker tantalum, have 
a typical TC of - 20 ppm/° C. Temperature­
coefficient matching for the former is guaranteed 
to be within a spread of 25 ppm;oC. 

In actuality, the effective match of temperature 
coefficients for the entire circuit is much better, 
as in the case of resistance value matching, often 
reaching a few parts per million per degree cen­
tigrade; often, the steps in the output of the lad­
der network will vary less than 1 mV. over the 
- 55°C to + 125°C temperature range for a 10 
volt reference input. 

The settling time of the D/ A converter is ap­
proximately 4 to 5 µs. Unfortunately, since the 
storage time of good chopper transistors, such as 
the ones used in the ladder switch, is relatively 
long, it is difficult to construct a fast converter 
with low switching errors. As a result, both the 
npn and pnp transistors in the ladder switch will 
be ON at the same time for an interval of about 
1 µs. Duripg this time the switch may be at ground 
instead of V R E F' or vice versa, and causes spike 
at the output. Though these spikes are largely the 
result of this "storage time" error, some of this 
error is also due to the RC time constant of the 
ladder resistors and their distributed capaci­
ty .•• 
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Del#ran. 
ED SERIES (12 automatic crossover models) 
EA SERIES (12 current limiting models) 

You won't find a better value in lab power sup­
plies (voltage ratings up to 100 V ... current 
ratings up to 2 A) . . . with these important 
features. 

• 0.01 % regulation 

• ED units feature DUET twin amplifier system 
for continuous voltage or current control with 
automatic electronic crossover. 

• EA units have continuously adjustable current 
limiting 

• Completely protected and automatic recovery 
from overload and short circuit conditions. 

• PLUS floating output • • . no overshoot .. . 
remote sensing ... remote programming .. . 
automatic series and parallel operation 
and many other advanced features. 

FOR COMPLETE INFORMATION WRITE TO •• 

WISSAHICKON AVE., NORTH WALES, PA. 19454 
PHONE: (215) 699-9261 TWX: (510) 661-8061 

ON READER-SERVICE CARD CIRCLE 19 
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Little things do come in big packages. 
The circuits may be microscopic, but there's nothing 
undersized about this comprehensive and convenient 
reference book. Its 320 big pages offer you almost 90 
outstanding articles on all aspects of microelectronic 
design, compiled from the pages of Electronic Design 
magazine. 

MICROELECTRONIC DESIGN gives a ·thorough over­
view of the field in six sections: Theory and Basic Con­
cepts; Fabrication and Interconnection; Circuit 
Conversion; Prototype Planning and Fabrication; Test· 
ing Techniques ; Bibliography and Data Charts (covering 
over 500 devices) . # 5762, clothbound, $11.50. 

HAYDEN BOOK COMPANY, INC., NEW YORK 

·--------------------------------------------------
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also selected from electronic design 

400 IDEAS FOR DESIGN 

All tested and proved 
award-winners, written by 
and for electronic design 
engineers, #5537, cloth­
bound, $8.50 

-

HAYDEN BOOK COMPANY, INC. 116 W. 14 St., New York 10011 
Department ED-42 

Please send the book(s) checked below and bill me. At 
the end of 30 days, I will remit payment plus a few cents 
postage, or return the book(s). 

D 5762 D 5537 D Free 1966 Catalog 
Name ________________ ~ 

Company _______________ ~ 
Address ________________ _ 

City State ____ Zip __ _ 

D You pay the po5tage. I enclose --------
Same return privilege. 
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Design and Development activities in the 
field of Electronic Signal Processing and 
Display are rapidly expanding tod ay at 
HUGHES Aerospace Divisions . 

Advanced development is being acceler­
ated on high resolution pulse doppler 
radars and other sensors utilizing matched 
filter, synthetic array, pattern recognit ion 
and other exotic correlation techniques . 

Specialists will be interested in the many 
challenging and rewarding assignments 
now available in Project Engineering , Radar 
System Design , Performance Analysis , Sig­
nal Processing with emphasis on synthetic 
array, Information Display, System Simu­
lation and Human Factors ; in Circvit, Me­
chanical and Packaging Design . 
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Stimulating ass ignments are immediately 
available for graduate Engineers with 
accredited degrees and several years of 
applicable, profess ional experience in one 
or more of the following areas : 

1. Highspeed Timing & Sampling C ircuits 
2. Optical & Electronic Moving Maps 
3. Ultrahigh Speed Film Development 
4. Wideband Video & IF Amplifiers 
5. Mixers & Balanced Modulators 
6. High Precision CRT Circuitry 
7. Scan Converters Storage Tubes 
8. Aerospace System Simulation 
9. Multisensor Data Display 

10. Prec ision Film Transport 

All interested persons are invited to submit 
resumes in confidence. 

For immediate consi deration 
please wri te: 

Mr. Robert A. Martin 
Head of Employment 

HUGHES Aerospace Divisions 
11940 W. Jefferson Blvd. 

Culver City 9, Calif. 

Creating a new world wilh electronics ,-- --- ---- ---- -----, 
I I 

: HUGHES: 
I I 

L ---- - -- ----- -- --- - ~ 
H U GHES AIR C RAFT CO M P A NY 

AEROSPACE DIVISIONS 

An c.Qual opportunity c.mployer 

U. S. CITIZENSHIP REQUIRED 
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Interesting opportuni­

ties open f or Circuit 
Engineers with Design 

experience in integrat­
ed circuits, high speed 
switching circuits, and 
A/D-D/A circuitry. Each 
of these positions offers 
considerable responsi­
bility and growth poten­
tial. Your interest is 
invited. Send resume 
in confidence or call 
collect: Martin Dorfman 
(617) 235-6220. 

COMPUTER CONTROL COMPANY, INC. 
OL D CO NNE CTIC UT PATH , FRAMINGHAM , MASSACHUSETTS 01702 

An Equal Opportunity Employer 

ON CAREER-INQUIRY FORM CIRCLE 901 

Looking 
for a 

New Job? 
• Fill out one applica­

tion ... 
• Check off the com­

panies that interest 
you ... 

• We do the rest 

Contacting the job market takes 
only ten minutes with ELECTRON­
IC DESIGN's Career Inquiry Ser­
vice. To put Career Inquiry Service 
to work for you, fill in the attached 
resume. Study the employment op­
portunity ads in this section. Then 
circle the numbers at the bottom 
of the form that correspond to the 
numbers of the ads that interest 
you. 
ELECTRONIC DESIGN will be your 
secretary, type neat duplicates of 
your application and send them to 
any number of companies you se­
lect-the same day the resume is 
received. 
Career Inquiry Service is a fast, 
efficient way to present your job 
qualifications to companies re­
cruiting engineering personnel­
as confidentially and discreetly as 
you would in person. This service 
is the first of its kind in the elec­
tronic field , and one that engi­
neers have used effectively since 
its inception in 1959. 
We take the following precautions 
to ensure that your application re­
ceives complete, confidential pro­
tection 

• All forms are delivered un­
opened to one reliable spe­
cialist at ELECTRONIC DE­
SIGN. 

• Your form is kept confiden­
tial and is processed only by 
this specialist. 

• The " circle number" portion 
of the form is detached be­
fore the application is sent 
to an employer, so that no 
company will know how many 
numbers you circled. 

• All original applications are 
placed in confidential files at 
ELECTRONIC DESIGN and 
after a reasonable lapse of 
time they are destroyed . 
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USE BEFORE JULY 19, 1966 

After completing, staple, fold and mail career form to ELECTRONIC DESIGN, 850 Third Avenue, New 
York, N. Y. Our Reader Service Department will forward copies. to the companies you select below. 

(Please print with a soft pencil or type.) 

Telephone----------

Home Address------------- City -------- Zone __ _ State -------

Date of Birth --------- Place of Birth----------- Citizenship --------

Position Desired-------------------------------------------

College Dates 
Educational History 

Degree Major Honors 

Recent Special Training -------------------------------------

Company City and State 

Employment History 
Dates Title Engineering Specialty 

Outstanding Engineering and Administrative Experience -----------------------

Professional Societies 

Published Articles -------------------------------------

Minimum Salary Requirements (Optional)----------------------------­
Use section below instead of Reader Service Card. Do not write personai 
data below this lirie. This section will be detached before processing. 

Circle Career Inquiry numbers of companies that interest you 

900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921 922 923 924 



Fold here, staple and Mail. 

BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United State• 

POSTAGE WILL BE PAID BY 

ELECTRONIC DESIGN 
READER SERVICE 
850 THIRD AVENUE 
NEW YORK, NEW YORK 10022 

FIRST CLASS 
Permit No. 725 
New York, N. Y. 
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The Future Is At /lllCDONNELL 

AIRCRAFT CORPORATION 
MCDONNELL ST. LOUIS. MISSOURI 63166 

-------------------, 

These vital programs in the national interest, now underway at McDonnell, have 
created exceptional opportunities for engineers, scientists, physicists, mathemati­
cians, and other specialists in aerospace design, human factors, electronics, and data 
handling. For more information, complete the resume form below. For a compre­
hensive, immediate review of your qualifications, include your complete resume. 

MailThisFormTo: W.R. Wardle, McDonnell Employment, Dept. R-66, Box 516, St. Louis, Mo. 63166 

Name-------------------------Phon1e_ _______ Age, __ _ 

Home Address-------------------City & State•--------Zip•-----

Education: BS Date MS Date PhD·--D- a-te_ Major Field:. _________________ _ 

Primary Experience Area: ________________________________ _ 

Present Position '-----------------------------------

---------------Number of Years·---------1 would like to r eceive application form D 

Openings now exist in the following areas: 
Aerodynamics, Automation, Control and Structural Dynamics, Design, 

Electronics, Engineering Planning, Ground Support Equipment, Liaison, Materials, 
Mathematics, Metallurgy, Operations Analysis, Propulsion, Reliability, Research, 
Space Medicine, Structures, Systems Management, Thermodynamics. 

f An Equal Opportunity Employer . 

L---------------------------------------------------~ 
MCDONNELL 
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Challenge: 

Develop guidance, navigation and 
control systems for earth orbit, 
lunar orbit, lunar landing, lunar-orbit 
rendezvous, and return to earth. 
Our assignment for the Apollo program includes not only participation in completing these major goals, but 
added responsibilities for the Apollo optical and computer subsystems as well. A tall order? True. But it's 
typical of the long-range challenges you 'll meet every day in a career at AC Electronics. For instance, AC 
supplies the guidance/ navigation systems for Titan II and 111-C. In addition, we're working on a low-level 
navigation system for strategic aircraft . .. a fire-control system for a new battle tank ... on SABRE, the new 
self ·a lign ing boost and reentry guidance system ... and on a new self-contained navigation system for ships. 

That 's our business-guidance, navigation and control-and the career opportunities have never been 
greater. Interested? Check the list below for job openings at all three AC locations-Milwaukee, Boston and 
Los Angeles. Then write to : R. W. Schroeder, Dir. of Scientific & Professional Employment, Dept. #5753 J3, 
AC Electronics Div., Milwaukee, Wis. 53201. Minimum of B.S. degree required. 

MECHANICAL ENGINEERS 
STRESS/VIBRATION ANALYSTS 
CIRCUIT OESIGN ENGINEERS 
OPTICS SYSTEM DESIGN ENGINEERS 
SEMICONDUCTOR & MICRO-CIRCUIT 
SPECIALISTS 

DIGITAL COMPUTER ENGINEERS 
DIGITAL SYSTEMS ENGINEERS 
HYDRAULIC SERVO DESIGN ENGINEER 
TECHNICAL WRITERS 

SCIENTIFIC PROGRAMMERS 
s'YSTEMS ANALYSIS ENGINEERS 
SYSTEMS MECHANIZATION ENGINEERS 
GUIDANCE TRAJECTORY ANALYSTS 
GUIDANCE/NAVIGATION EQUATION ANALYSTS 
DIGITAL FLIGHT CONTROL ENGINEERS 
SYSTEMS PROGRAMMER 
SYSTEMS ENGINEERS 
SR. PROGRAMMER ANALYST 
SR. MATERIALS ENGINEER 

~-..., AC ELECTRONICS 
~ DIVISID.~.:i:..:::i.~~~~:MCTCRS 

ON CAREER-INQUIRY FORM CIRCLE 903 
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NASA Tech Brief 

Mount improves 
transducer accuracy 

Problem: Measure transient 
pressures in a hostile environ­
ment, such as the thrust chamber 
of a rocket motor. Such cases re­
quire remote transducers. Com­
plicating factors are introduced, 
ie., length, diameter and configu­
ration of the passage leading to 
the transducer. Heat transfer to 
the transducer and its connect­
ing passage and clogging by com­
bustion products are common 
problems in such systems. 

Solution : A new mount. 
The transducer is mounted in 

a body with a sleeve designed to 
provide precise volume between 
the transducer diaphragm and a 
small diameter passage leading 

FILTER 

GAS ... 

...... 

TRANSDUCER 
LEADS 

THRUST CHAMBER 

to the chamber where pressure 
transients occur. A control gas is 
fed through a filter into an annu­
lar space that leads through four 
minute slots to the volume and 
small passage. 

Thermal equilibrium is main­
tained by conditioning fluid 
circulated through an external 
pipe next to the transducer. Con­
ditioning fluid exits by an intern­
al pipe to compensate for heat 
passing through the chamber 
wall, or to obtain the chilling 
effect of a cryogenic regenera­
tive coolant. 

Contact: James Preston Lay­
ton, Princeton University, P.O. 
Box 172, Princeton, N. J. 

ELECTRONIC DESIGN 



Electronic Engi11eers: 

Instant Careers 

A vast array of assignments has 
opened at Boeing's Commercial Air­
plane and Supersonic Transport divi­
sions in Seattle. Partly because unprec­
edented jetliner sales have created the 
largest backlog in the history of com­
mercial aviation. And because the next 
generation of jets is on drawing boards 
and in the wind tunnels. Also because 
of the new $250 million facilities 

expansion in the Seattle area. 

If your present spot is static, the 
challenge and advancement opportun­
ities of new Boeing programs will 
warrant your immediate investigation. 

And be well worth your while. 

Life in the great Pacific Northwest is 

living at its finest. The Seattle area is 
famous for a climate so mild you can 
golf, fish or boat (both fresh and salt 
water) year-round. It's but an hour's 

drive from sea-level to ski-level. 

There's more. Seattle's Opera 
House, Repertory Theater, Pacific 

Science Center (next to the Space 
Needle on the World's Fair grounds) 

and Symphony have gained national 

acclaim. Seattle-area schools, too, are 
ranked among the finest. 

June 7, 1966 

Typical assignments include: elec­

trical/electronic design, electrical/elec­
tronic development, electro-optical 
systems, flight test instrumentation, 
navigation & guidance systems, radar 

technology, operations research analy­
sis, systems research analysis, mathe­
matical statistics and research, analog 

& hybrid flight simulation, and pro­
gramming & systems analysis incor­
porating commercial, manufacturing 

support, and engineering and scientific 

applications. 

Salaries are competitively commen­

surate with your experience and edu­
ON CAREER-INQUIRY FORM CIRCLE 904 

cational background. Moving and 
travel allowances are paid to newly 
hired personnel. Boeing is an equal 
opportunity employer. 

Please telephone (collect) or send a 
resume to the Boeing Employment 
Office nearest you: 
Chicago: (312) 726-8955, 120 South LaSalle 
St., Dept. CDB, Chicago, Ill. 60603. Phoenix: 
(602) 264-1238, Suite 1012, The Del Webb 
Bldg., Dept. CDB, Rosenzweig Center, Phoe­
nix, Ariz. 85012 . .. ~inneapolis :(612)338-5896, 
404 Roanoke Bldg., 109 South 7th St ., Dept. 
CDB, Minneapolis, Minn. 55402. San Fran­
cisco: (415) 434-0438, Suite 304, 16 California 
Street, Dept . CDB, San Francisco, Calif 
94lll . Houston: (713) RI 8-0305, Houston 
Siteman Bldg. , Holcumbe & Fannin Blvds., 
Dept. CDB, Houston, Tex. 77025. Detroit: 
(313) 962-5850, Suite 1157, The Guardian 
Bldg., 500 Griswold St., Dept. CDB, Detroit , 
Mich. 48226. New York : (212) 697-8838, 

Suite 1604, Dept. CDB, 535 5th Ave., New 
York City, N. Y. 10017. Seattle: (206) 
237-4659, Mr. Thomas Sheppard, Commer­
cial Airplane Division, P.O. Box 707-CDB, 
Renton, Wash. 98055. 

Join the 
world leader in 

jet transportation 

.llO~INC 
COMMERCIAL AIRPLANE DIVISION 
SUPERSONIC TRANSPORT DIVISION 
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IDEAS FOR DESIGN 

Vacuum photo-diode constitutes 
simple, accurat~ current source 

A vacuum photo diode, excited by a variable­
intensity light source, makes an excellent current 
source with almost perfect isolation between input 
and output. The system shows a negligible tem­
perature coefficient. 

A simple and accurate ( 5 % ) current source was 
needed, for a neuro-physiological application, to 
deliver a variable 0.1 to 3 µ.A de current to a stain­
less steel microelectrode for plating out iron onto 
neural tissue. Consideration had to be given to the 
load impedance, which might range from 1.0 to 100 
Mn during application of the current (5 s), owing 
to metal-issue interface changes. · 

The type 922 cartridge photo-diode used in the 
circuit (see schematic) exhibits a plate resistance 
on the order of 109 ohms over an anode-to-cathode 
voltage range of 40 to 400 volts. The unit has a 
maximum dark current of 0.005 µ.A (at 25°C) and 
a maximum average current rating of 5 µ. A. R s is 
a current-sensing resistor used to set the initial 
value of i with S, (low-leakage reed switch) 
closed. With S, open, current i is diverted into the 
probe. Less than a 5% change in a 2- µ. A current is 
observed when S, is opened into a 100 Mn resis­
tor placed across the probe terminals. Thus, no 

Rs IOOK 

TO PROBE 

TO HIGH 
IMPEDANCE 
VTVM OR 
SCOPE 

Vacuum photo-diode is used to form a current source. 
Excited by lamps, the diode has a negligible temperature 
coefficient and features excellent isolation. 

IDEAS FOR DESIGN: Submit your idea for Design describing a 
new or important circuit or design technique, the clever use of a 
new component, or a cost-saving design tip to our Ideas for Design 
editor. If your idea is published, you will receive $20 and become 
eligi ble for an additional $30 (awared for the Best of Issue Idea) 
and the grand prize of $1000 for the Idea of the Year. 
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feedback system is required to achieve the accura­
cy desired. 

The exciting lamps (GE #345) are mounted in 
a light-tight box with the 922 and their intensity 
is controlled with series rheostat R1. Battery B 1 is 
a nickel-cadmium type chosen for its fiat dis­
charge characteristic, portability and noise isola­
tion. 

Once a current-intensity calibration curve is 
obtained, R s may be eliminated and the entire 
photo-tube side of the two-port floated. Or, R s 
may be used in an operational amplifier circuit 
with the exciting lamps in the feedback loop for 
either precise current control or modulation. 

Many optical modulation techniques can also be 
implemented with this photo-diode current source. 
The frequency response of the system is mainly 
limited by stray capacity rather than transit time, 
as far as the impedance levels discussed here are 
concerned. 

Julius M. J. Madey, R esearch Engineer, Cali­
fornia Institute of Technology, Pasadena, Calif. 

VOTE FOR 110 

Diodes ensure start 
of astable multivibrator 

A simple. inexpensive diode arrangement pre­
vents an astable multivibrator from "locking-up" 
when starting power is applied. 

It is applicable to both silicon and germanium 
circuits. and is far le"'·S involved than competitive 
logic circuitry schemes designed to detect the lock­
up. The design (Fig. la) uses the diodes to force 
the multivibrator into an unstable condition. 

Given a collector current level at which the 
astable is to work, the value of R r.; is chosen, so 
that the sum of the V "" drop caused by the 
emitter current of one saturated transistor only 
and the base-to-emitter voltage of that transistor 
is slightly less than the forward drop of the silicon 
diode, CR, in its region of low conduction. V111: = 
0.3.V for a 2N404 where the base current does not 
exceed 0.5 mA. Hence, V n, ... is to be 0.2 to 0.25 V. 

At start-up time. if both Q, and Q" were to 
saturate, V n" would jump to 0.4 or 0.5 volt, 
and the base potentials of Q, and Q" above 
ground would be near 0.7 volts, a region where the 
diodes CR would sustain a current of several 
milliamperes. Hence, the base currents of Q, and 

ELECTRONIC DESIGN 



You con hove Cutler- Hommer positive action swi tches in ell standard pole configurati ons, in · mini ature and standard sizes. 

No"in between'' 
action here. 

ltS positive. 

We designed and built this line of military 
switches to give you the positive make-and­
break you must have. There's no "maybe" about 
the way they work. They've proven themselves. 
In projects Mercury and Gemini. 

You get butt-wiping contact action, too. Great 
for low-level switching circuits where the action 
wipes the contact clean first. 

There's more. High shock, high vibration, bet­
ter arc tracking resistance. And better sealing. 

Cutler-Hammer military switches give you 
the truly "big" reliability you must have in 
aerospace and ground support. The kind you 
can't get in standard MIL-S-3950 switches. 
Our positive actions are built to MIL-S-8834. 

You can choose exactly the military switch 
you need from the thousands we make. Jusfcall 
your local stocking distributor or local Cutler­
Hammer sales office. Or write us for a catalog. 

Cutler-Hammer 
Milwaukee, Wis. 53201 
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VERSATILE 

SERVO TESTERS 

• Measures transient and frequency response 
• Checks carrier and DC servos 
• For lab & development work 

103-A 
AN/TPM-8 

• Military-standard 
• Go, no-go test 
• Production test, Q.C. and field maintenance 

ON READER-SERVICE CARD CIRCLE 21 
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IDEAS FOR DESIGN 

01 
{Gel 

Vee 

I 
•CR 
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Vee 

Simple diode arrangement prevents astable multivibrator 
from "locking-up." Two diodes are required for german i­
um circuits (a); three diodes for silicon networks (b). 

Q2 would be mostly diverted in the CR diodes until 
the current contribution of Q, and Q2 through RE 
would reduce V n.E to a point where an equilibri­
um exists between base current, CR diode current 
and emitter current. However, this equilibrium 
point is out of saturation for Q, and Q2, and so is 
unstable. Therefore, oscillations are guaranteed to 
start. 

The same concept can be extended to a pair of 
silicon transistors by the addition of a germanium 
diode to compensate for the increase in V BE in 
these devices (Fig. lb). 

R . Couturier, S enior Project Engineer, STEL-
MA, Inc., Stamford, Conn. VOTE FOR 111 

ICs for bounceless 
push-button switching 

The effect of the mechanical bounce of push­
button switches can be eliminated from a system 
through the use of a portion of a readily available, 
inexpensive IC. This is achieved by isolating the 
output from the input during the interval when 
bounce occurs. 

Using positive logic and NAND/ NOR gates 
(see schematic), construct a "latch" flip-flop with 
two 2-input gates (many IC manufacturers put 
four 2-input gates in a 14-lead fiat pack). 

- - - -- - -------------- ----, 

N.C. 

N.O. 

- ------------ --------- -- _.J 
1/2 FLAT PACK 

IC gates form flip-flop to establish a bounceless, push­
button switching action. 

ELECTRONIC DESIGN 



When the switch is positioned as shown, the G, 
input is held at ground. When the button is 
depressed, the G2 input is held at ground, switch­
ing the flip-flop. However, when the contacts 
bounce from the NO position to an open-circuit 
condition, the flip-flop does not change state. This 
action provides a bounce-free switching action at 
either output (A or B). 

D. R. McTaggart, Consulting Engineer, D. 
Brown Associcites, Inc., Eau Gallie, Fla. 

VOTE FOR 112 

Tunnel-diode generator 
cal·ibrates f.requency counter 

A common method for calibrating frequency 
counters is to beat a harmonic of the 100 kHz 
timing-crystal output with a WWV (often at 15 
MHz) carrier. A simple tunnel-diode generator 
circuit can be used to generate the necessary har­
monics 

The circuit (see schematic) generates strong 
harmonics to at least 30 MHz when connected to 
the 100-kHz output of the frequency counter. The 
result is much more reliable reception of easily 
discernible beat notes. 

The harmonics are the product of a cyclic series 
of pulses generated by D ,. These pulses occur 

I K IOpF TO "IX' 
n---Nvv----------~11----00 TERMINAL 

R1 Ci OF RCVR 
100 KHz 
SIGNAL r---- -, 

iro1 !~~~~~~ L _____ J 

GND GND 

Tunnel diode harmonic generator uses 100-kHz frequency 
counter input to produce beat-frequency notes for cali­
brating receivers. 

once for each cycle of the input frequency as 
tunnel diode D1 switches from a low- to a high­
impedance state. The higher-frequency compo­
nents of these pulses are coupled to the receiver 
antenna terminals through C1 • 

Resistor R1 must be small enough to allow the 
input current to exceed !peak of the tunnel diode. 
R1 must also be large enough to prevent the 
continuous current rating of D1 from being ex­
ceeded. D, here has an !peak of 0.47 mA. For this 
value, a R, of 1000 n works well for signal inputs 
between 0.5 and 1 volt. 

Tunnel diodes with larger values of I,,ea1r may 
be used, providing the signal source can deliver 
pulse currents in excess of !peak of the diode. In 
most cases, the network may be left permanently 
attached to either the receiver or the counter. 

Kenneth G. Holmes, Chief Engineer, Magnetic 
Circuit Elements Inc., Montros e, Calif. 

VOTE FOR 113 

IFD Winner for March 1, 1966 
Larry Blaser, Senior Engineer, Fairchild Semi­
conductor, Mountain View, Calif. 

His idea, "Dual MOS-FET simplifies FM multi­
plex decoder," has been voted the $50 Most Valu­
able of Issue A ward. 
Cast Your Vote for the Best Idea in this Issue. 

June 7, 1966 

The Series JA is in all respects a high quality miniature 
4 PDT relay for AC or DC operation. This is borne out 
by the fact that our customers have reported 
40,000,000 mechanical operations without a single 
failure. The JA is excellent for computer, logic system 
and data processing applications. We could write 
an essay about its virtues but prefer to let the 
features and specifications speak for themselves. 

Complete information including 
specifications and prices available in 
Bulletin #45. 
LINE ELECTRIC COMPANY 
Division of Industrial Timer Corporation 
205 U.S. Highway 287, Parsippany, N.J. 
In Canada: Sperry Gyroscope Ottawa Ltd., Ont. 
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3 Tektronix Portable oscilloscooes 
Choose one for your own measurement requirements 

Bandwidth 

Qef1ection Factor 

Delay Une 

sweep QelaY.____-, 

Height 
Width Size 

o e pt:_h_ --i---

0 tyPE 422 

22 

0 'TYPE 32\A 

OC-6 MHz 

\O mV/div to 
20 V/div 

Single 

No 

No 

\4 

C DC or Battery A. 
Weight (pounds~)_i-----

C 
DC or Battery 

A · =-~--I~ No p 0 wer 
Requirements 

Rack Mount 
Available 

probes and. 
Accessories 
Included 

Price 

Yes 
(1 " Rack Height) 

Yes 

Yes 

$2050 

1'(P£ 422 

\#I. -

A TEKTRONIX PORT ABLE will fit your specific requirements. Your Tek­
tronix field engineer will be happy to demonstrate any of these oscilloscopes 
at your location. Just call him, or write Tektronix, Inc., P. 0. Box 500, Beaver­
ton, Oregon 97005. 

ON READER- SERVICE CARD CIRCLE 24 
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1't'P£ 321A 

U.S. Sales Prices f.o.b . Beaverton, Oregon 

Tektronix, Inc. 
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ED Products 
Breadboard brings IC assembly to the bench PAGE 66 

Plotter programs 127 steps with single command PAGE 82 

Pnp switches in 20 µ. s in the 10 µ. A region PAGE 84 

One instruction, 127 increments ... 82 Swift-switching pnp . .. 84 

11111 
u [ii] 

11111 11111 
Instant, inexpensive ICs ... 66 
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COVER FEATURE READER SERVICE NO. 350 

IC breadboard allows simple bench assembly 

of custom circuits with the drop of a dot 

Integrated circuit design and evaluation need 
no longer be expensive and involved. Custom or 
prototype units can be produced right on the 
bench with the WSl 77 Insta-Circuit. The Insta­
Circuit is a monolithic 124- x 86-mil silicon die, 
packaged in an open 1/4- x 1/ 4- inch, 14-lead 
(T0-86) flat-pack. It contains eight planar tran­
sistors, five zener diodes and four sets of 11 
diffused silicon resistors. A "road map" with 
keyed call-outs and values is supplied to ease 
component selection. 

On the surface of the chip is a set of aluminum 
conductors and component bonding pads. This 
interconnection pattern has a constant 1-mil 
separation. A single ball or wedge bond acts as the 
shorting bar across appropriate pairs of conduc­
tors and components to complete the desired 
circuit. This technique holds jumper bonds to a ' 
minimum, thus eliminating the conventional un­
reliable bird's-nest wiring. The bond is made with 
a pigtail attached. Removal of this unwanted 
pigtail does not impair the bond's solidity. 

All that is required in the way of capital equip­
ment is a ball or wedge bonder. The relative econ­
omy of the bonder ( $2000 and up) provides a 
quick, cheap technique for IC design and produc­
tion. 

Insta-Circuits are supplied in open packages 

Component/conductor geometry and design are shown 
on the basic lnsta·Circuit die. The aluminum interconnec· 
tion pattern has a constant l·mil separation. 

66 

with a solder preform and lid. Lid sealing may be 
accomplished with a simple hot plate or soldering 
iron in the absence of commercial sealing equip­
ment. For production runs, the dice should be 
cleaned with alcohol or similar agent, baked in an 
inert gas atmosphere at 200 °C for eight hours and 
held in a desiccator until sealed. 

Each set of resistors ranges from 20 n to 20 kn 
in a binary-coded relationship. Appropriate series 
connections yield any resistance value from 20 n 
to 46 kn in 100-n increments and parallel combi­
nations provide intermediate values. Absolute 
values vary less than 20% and temperature 
coefficients are approximately 2000 ppm!°C. 
Tracking between two resistors over the normal 
temperature range is 0.2 %. Capacity to substrate 
of the 20-kn resistor does not exceed 7 pF. 

The eight transistors are non-gold doped npn 
epitaxial planar types. Beta is typically 40 to 120 
at 25°C. Cut-off frequency exceeds 200 MHz. 

The remaining components are five zener 
diodes. Two 5.8-V zeners are connected to the 
substrate, and two are floating. The fifth is a 
floating 8.2-V zener. All are rated less than -+- 5% 
at 25°C. The entire die dissipates no more than 
250 mW. 

The flexibility of the die is typified by the design 
of a summing amplifier circuit (see below). 

33K 400 

400 

400 400 

21K 

The capacitor and diodes for the summing amplifier are 
formed from a parallel resistor combination and tran­
sistor base-emitter junctions. 

ELECTRONIC DESIGN 



Component characteristics (25 ° C) 

Resistors (±20% +5% match) 

4 - 50 n (tapped at 20 n) 

4 - 100 n 4 - 2000 n 

4- 200 n 4 - 4000 n 

4 - 400 n 4 - 8000 n 

4- 800 n 4 - 10,ooo n 

4 - 1000 n 4 - 20,000 n 

Transistors 

/3=40 - 120 VcE SAT=0.25 V 

VcEo> 30 V CoBo<3 pF 

VcBo> 60 V fT> 200 MHz 

VEno=8.2 V±5% f3 1rn1,=0.05 (parasitic) 

Zener diodes (±5%) 

2 - 5.8 V (to substrate) 

2 - 5.8 V (floating) 

1 - 8.2 V (floating) 

Two 8.2-V zeners are required and only one is 
available. A ball bond shorts the collector-to-base 
junction of an unused transistor and utilizes its 
8.2-V emitter-to-base voltage. Signal diodes to 60 
V may be obtained by the same techniques. The 
turn-on characteristics of every diode are the 
same. The designer's limits are stretched well past 
those seemingly imposed. 

Using the Insta-Circuit, the designer may now 
evolve an IC from schematic to prototype in a few 
hours, with the inherent advantages of in-house 
design. 

The devices are also available in a 12-pin 
modified T0-5 header with the same price struc­
ture. 

P&A: $39.50 (1 to 9), $29 (50 to 499); stock. 
Westinghouse Electric Corp., Molecular Elec­
tronics Div., P. 0. Box 7377, Elkridge, Md. Phone: 
( 301) 796-3666. 

Circle No. 350 

Typical ball bond is circled in completed amplifier. The 
bond may short a component and conductor or compo­
nent pairs. 

June 7, 1966 
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yours to command! 
Specify COMMAND PERFORMANCE by Conductron: wide 
bandwidth / low power consumption / fast rise time /sol id state/ 
integrated power supply/ pulse operation / high voltage output. 
Broaden your display capabilities either for test purposes or 
for reliable long-term continuous use. 

C-300·15 C-401 
Ripple ± .5 db (200 eps-50 mes) ± .5 db (200 eps-160 mes) 
Bandwidth ~i 3 db 50 eps-50 mes, minimum JOO eps-200 mes 

j Voltage Gain 50 db 30 db 
Impedance-in 50 ohms 50 ohms 

! Impedance-out 50 ohms JOO ohms 
Voltage-out J5.0v P·P l.Ov P·P 
Noise-rms 70 microvolts 40 microvolts 

Rise time 6.5 nanoseconds < 2.5 nanoseconds 
Weight 4\12 lbs. 3.5 oz. _I 
Dimensions 3" x 6.5" x 8" 1.75" x 2.75" x 2.75" J 
Power Required J05-125v 12.0v de· 

@ 60·400 cps ~· 60 ma 

Specifications for two of the many types of amplifiers available. I 

Conduclron 's line of wideband amplifiers are another product of its MRC Divi­
sion , long a recognized leader in the development and production of magnetic 
modulators. Conductron invites inquiries. For your particular Wideband/ Pulse 
Amplifier requirements write to Conductron-MRC Division, 2311 Green Road, 
Box 614, Ann Arbor, Michigan 48107 or call (313) 665-9741. 

an equal opportunity employer 

.. ,, ..... ,-. CONDUCTRON • /MR C Dl.,lslon .., • ON READER-SERVICE CARD CIRCLE 25 
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~OTHER~'ADVANCED"CONCEPT FROM JaS'E 

~NOUNCING ... A NEW MULTIRANGE 

ANALOG-TO-DIGITAL CONVERTER 

The Model 820 Series AUTOVERTER -designed and developed 
by DSE- is an automatic ranging, general purpose, solid state, 
analog-to-digital converter. It is especially ideal for a broad spec­
trum of applications requiring the conversion of raw information 
into computer input data. Application requirements of wide dy­
namic ranges , such as , testing and checking out laboratory equip­
ment, monitoring aircraft on the flight-line, measuring public 
utility system data, converting geophysical field expedition data , 
on-board airborne telemetry systems, and others. 

The DSE AUTOVERTER exhibits an input dynamic range in 
excess of 160 db. Providing an actual reading accuracy and 
resolution ± 0.1 %. over a dynamic range in excess of 100 
db, the Model 820 Series offers the equivalent range and 
resolution of a 26 binary bit converter- using only 16 bits 
of data. 
Available in four models, with a dynamic range from ± 10 
mv to ± 327.7 V, the DSE AUTOVERTER is convenient for 
measuring a single test parameter which has a wide dynamic 
range, or measuring many channels of analog data which 
together have an extremely wide range. 
The AUTOVERTER is another "state of the art" original con· 
cep" from DSE to add to its data conversion capabilities in 
the GSE and airborne fields . Complete information and spec­
ifications are available upon request. Simply write, wire or 
telephone today. 
Engineers: If your field is data conversion, an exceptional opport11nity 
is available at DSE. Write to personnel director. An equal opportunity 
employer . 

DYNAMIC SYSTEM ELECTRONICS 
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COMPONENTS 

Power divider 
HHP-50 power hybrids handle up 

to 500 W cw and up to 1500 W peak 
envelope power. Four ports with 
type N connectors exhibit 25-dB 
min isolation between the two input 
arms and between the sum and 
difference arms. Insertion loss is 0.5 
dB max, phase balance between in­
put arms is 5° max, amplitude bal­
ance is 0.2 dB max and vswr is 1.3. 

P&A: $325; stock. Adams-Rus­
sell Co., 280 Bear Hill Rd., Wal­
tham, Mass. Phone: ( 617 ) 899-
3145. 

Cirele No. 262 

Time-delay switch 
A 2-oz, hermetically sealed time­

delay switch provides 150 ms delay 
at 22 to 36 Vdc and up to 0.5 A. The 
model M-501-1-2 functions on the 
first eYent at the specified time in­
terval. 

Time interval may be modified 
from 0.01 to 10 s. The 2-pole device 
features line-transient protection 
and built-in suppression for induc­
tive loads. 

Planautics Corp., 410 S. Cedros 
Ave., Solano Beach, Calif. Phone: 
(714) . 755-1181. 

Circle No. 263 
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Mix these signal, 
power and coax leads in 
any combination. 

BurndyTrim Trio Connectors-available 
in many shapes-accept three contact 
styles, all crimp-removable, for signal and 
power leads # 16 thru # 24, twisted pair 
#24 and #26, and subminiature coaxial 
cables. 

Changing conductors is fast and simple, 
whether for lower voltage drop or better 
shielding or mechanical reasons. This 
makes Trim Trio Connectors ideal for 
breadboard and prototype work as well as 

production . For large production runs you 
can take advantage of the economies of­
fered by the automatic Burndy Hyfematic'" 
with a crimp rate of up to 3000 contacts· 
per hour. 

Get more details on how you can take 
advantage of the Burndy Trim Trio 
System-THE ACCEPTED METH OD OF INTER­
M IXl NG CONTACTS. 

INTERNATIONAL SALES H EADQUARTERS AND MANUFACTURING FACILITIES: rr 
CAN ADA : Scarboro, Ontario / ENGLAND: St . Helens, Lanes. / BELGIUM: Mechelen /MEXICO: Na ucalpan de Juarez / BRAZIL: Sao Pau lo / JA~AN: Tokyo I Sales Offices in Other Major Cities ... 11 



COMPONENTS 

Digital readout 

Series TNR-50 digital readouts 
consists of 8 models handling 8" 
wire BCD input in 1, 2, 4, 8 code 
with input signals of 3.5 V. Supply 
voltage of 180 ±10 Vdc at 2 to 12 
mA is confined to the panel areas. 
The transistorized decoder-driven 
circuitry eliminates diode decoders. 
Nixie tubes have a 100,000- to 200,-
000-hour life expectancy. Other in­
put codes and a variet~ of signal 
voltages are available. 
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Transistor Electronics Corp., P. 0. 
Box 6191, Minneapolis. Phone: 
(612) 941-1100. Circle No. 264 
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Graphs A and B show typical characteristics of Potter signal line filters. These filters are 
used on systems which must meet Defense Communications Agency criteria and pro· 
vide maximum attenuation above the pass band with less than Yz db attenuation in the 
pass band.• Write for further information on these and other Potter filters. 

THE POTTER COMPANY 
Pioneering in Imagination Since 1925 

7351 North Lawndale Avenue • Skokie, llllnols 
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Pentode 
The PL-8582/267 ceramic beam 

pentode has a third-order inter­
modulation distortion level of at 
least -40 dB at 350 W useful power 
output. Plate dissipation rating is 
300 W. The external-anode, forced­
air cooled tube is 2.16-in. long by 
1. 75-in. in diameter and uses a 
vane-type suppressor grid and an 
oxide-coated unipotential cathode. 
Required filament voltage is 26.5 V 
at 1.0. Plate voltage is 200 V max 
and plate current is 350 mA max. 
Transconductance is 0.04 mhos. 

Price: $87 ( 1 to 5). Machlett 
Labs., 312 N. Nopal St., Santa Bar­
bara, Calif. Phone: (805) 965-4581. 

Circle No. 265 

Operational amplifier 
Model 115D differential op-amp is 

designed as an amplifying black­
box for PC cards with 0.1-in. hole 
spacing. Output is ±10 V at 4 mA 
and unity gain bandwidth is 1 MHz. 
Voltage drift is 25 µ, V /°C and cur­
rent drift is 5 nA/ ° C. Narrow band 
input noise is 10 µ, V peak. Package 
is 0.8-in.3 molded epoxy. 

P&A : $19 (1to9); stock. Zeltex, 
Inc., 1000 Chalomar Blvd., Concord, 
Calif. Phone: ( 415) 686-6660. 

Circle No. 266 

ELECTRONIC DESIGN 



IF YOU CAN'T AFFORD TO DESIGN WITH 
FAIRCHILD DTµL, YOU CAN'T AFFORD TO DESIGN. 

Industrial IC's at about $1.00 per Function: Fairchild Diode­
Transistor Micrologic® Integrated Circuits are now available 
at prices you can afford. Take your pick of dual in-line pack­
aging for production line use (at about $1-00 per function at 
distributor quantities) or Mil spec rated % " x lf.i" Cerpaks. 
Either way you get high performance monolithic logic elements 
for a wide variety of applications. 
Complete, versatile line: Fairchild DT µL circuits offer unique 
design features: A complete line which includes both binary 
and gate elements, completely compatible with one another-/ 

v" 

CP 

s, 

•2 

Co 

GNO 

Gates may be wire OR'ed at the output./Expander inputs can 
be used with 930, 932, and 944 elements-flow input current 
leakage./High noise immunity. 
We can deliver: Fairchild DT µL circuits are available now, in 
production quantities, on distributors' shelves. You can get 
immediate delivery on virtually any 
number. Don't take our word for it. 
Call any Fairchild Distributor, now. FAIRC::HIL.C 
Or, ask for our complete data sheets. 
MICROLOGIC : A FAIRCHILD TRADEMARK SEMICONDUCTOR 

v" v" 

c, 

c, 

So 

Dual gate Clocked flip-flops Dual buffer - DT µL 932 
Dual power gate - DT µL 944 DT µL 930, DT µL 961 

Dual four-input extender 
DTµL933 

DTµL 931, DTµL 945, DTµL 948 

Quad two-input gate 
DT µL 946, DT µL 949 

Triple three-input gate 
DT µL 962, DT µL 963 

FAIRCHILD SEMICONDUCTOR/A Division of Fairchild Camera and Instrument Corporation • 313 Fairchild Drive, Mountain View, California (415) 962-5011 • TWX: 910·379-6435 
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MOL Resistors 

... is just one reason why all major TV manufacturers 
use Mallory MOL film resistors. On 10,000-hour load­
life test, resistance changed less than 5% . Other reasons: 
temperature coefficient of 250 PPM/°C; proved flame 
resistance, stability in humidity. Plus prompt delivery 
from expanded production capacity. Write for data 
and quotation. Mallory Controls Company, a division 
of P.R. Mallory & Co. Inc., Frankfort, Indiana 46041. 

5EJ MALLORY 
ANNIVERSARY 

ON READER-SERVICE CARD CIRCLE 29 
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A lifetime of 106 cycles is 
claimed for this 28-position numeri­
cal accumulator. Series · rno-2532 
adds and subtracts ·by single counts 
from 0 to ·28. Count may .be stopped 
at any number and reset one step at 
a time or completely reset to zero. 
Pulsing rate is 350 to 400 
counts/ minute. Solenoid operating 
voltages are 12 to 115 Vac or de. 

P&A: $7.50 (1 to 9)°; stock to 3 
wks. Chicago Dynamic Industries, 
1725 Diversey Blvd., Chicago. 
Phone: (312 ) 935-4600 . 

Circle No. 267 

Heat sinks 
Two series of low-profile heat 

dissipators accommodate press-fit 
diodes, rectifiers and SCRs, and 
transistor cans. Both feature a 10-
sided, formed-fin configuration for 
max heat transfer. Series 606 for 
press-fit devices has a controlled 
press-fit aluminum expansion jack­
et. Series 600 is available with hole 
patterns for T0-3, T0-6, T0-8 and 
T0-36 cans. 

P&A: From $0.42; stock. Alpha 
Components Corp., 4222 Glencoe, 
Venice, Calif. Phone: (213) 398-
7773. 

Circle No. 268 
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(/jp® has them . . . already developed . . . already de-bugged 
Designing and fabricating cathode ray 
tubes for out-of-the-ordinary require­
ments is a specialty at ETC. We thrive 
on challenges. 
Each of the different tube types that 
make up our "standard" line was de­
signed to answer a specific customer 
need. They range from small electrostatic 
CRTs to a twelve-gun multiple-display 
model, from fibre optic screens to di'stor.­
tionless rear windows. And they're all 
deliverable, saving you the expense of 
prototype development and de-bugging. 
The same design ingenuity that turned 
these custom-engineered tubes into 
standard items can be applied to the 

modification of an existing tube, or the 
development of an entirely new one, if a 
stock answer doesn't fill the bill. What­
ever it takes, we've got the know-how 
and skills to do it ... including over 
three decades of experience in multi­
layer phosphors, multi-gun structure, 
non-linear spiral bandings, hybrid deflec­
tion, shielding and potting. 

Whether your needs involve data display, 
radar, mapping, or any other exacting 
application, you can be certain that an 
ETC tube will give you light output, de­
flection sensitivity and spot size criteria 
equaling or exceeding those available 
elsewhere. And you'll find our service to 

be prompt, efficient, courteous-no mat­
ter how simple or complex the assign­
ment. 

We can't promise you a scientific break­
through. But we will provide you with 
the right tube for the job ... even if we 
have to stretch the current art bound­
aries to do it. Find out why this kind of 
"total CRT capability" is your assurance 
of the greatest value in display. Write 
today for our latest catalog. 

GENERAL 
ATRDNICS 
ELECTRONIC TUBE DIVISION 
PHILADELPHIA • PENNSYLVANIA 19118 



When you demand 
maximum temperature 
stability in a 
miniature size . .. 

® 

PAK TRON 
FILM/FOIL 

POLYCARBONATE 
capacitors 

are your answer! 

When your design calls for stability in a 
capacitor operating temperature range of 
-65° C, to + 105° C, then PAKTRON 
polycarbonate film/foil capacitors are 
your answer. Hot or cold, the inherent 
stability of polycarbonate will provide 
you with consistent reliability over the 
entire temperature range. PAKTRON 
polycarbonate capacitors are tough, too. 
You'll find them highly resistant to 
moisture, shock, vibration and contam­
ination. Available in two lines. The epoxy 
dipped (shown above) line for values up 
to 0.5 mfd. and 400 WVDC and the 
molded line (not shown) for values to 0.1 
mfd. and 200 WVDC. 

PAKTRON dimensions are precise. 
Capacitance ranges are broad and toler­
ances exacting. See for yourself, ask for 
full details and free samples-no obli­
gation. 

"Rem.em.bet, q()U'te nR-llet mote Eb a, 

f'w Feet away Ft0m °' produet or rrw•® 

DDPAKTRON 
~ DIVISION ILLINOIS TOOL WORKS INC. Mil 1321 LESLIE AVENUE • ALEXANDRIA, VIRGINIA 22301 
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Differential preamp 

Servo/ differential relay 

A hybrid solid-state/ nuvistor 
preamplifier, LRA 045, has a de to 
100-kHz bandwidth. The driven 
common-mode circuitry in the input 
stage provides independence of 
common mode rejection from source 
impedance variations. Common 
mode rejection at 1 kHz is 140 dB 
and noise is less than 8 µ. V p-p. In­
put impedance is 20 Mn and gain is 
10,000. 

Price: $265. Argonaut Asso­
ciates, Inc., P. 0. Box 273, Beaver­
ton, Ore. Phone: (503) 292-3149. 

Circle No. 269 

Model 15 servo/ differential relay 
incorporates a high-gain silicon am­
plifier requiring a primary power 
source and a derived phase sensing 
signal source. The relay output con­
sists of dry reeds with 15-W ac or 
de switching capacity. Current am­
plification factor is 108 • Signal in­
put impedance is 20 kn. 

Price: $31.95. Sensitak Instru­
ment Corp. , 531 Front St., Man­
chester, N. H. Phone : ( 603) 627-
1432. 

Circle No. 270 

·---------------· I Department ED-01 I 
I HAYDEN BOOK COMPANY, INC. I 
I 116 W. 14 St., New York, N. Y. 10011 I 

I Gentlemen: I 
I I don't need a lengthy sales talk to realize the idea- I 
I provoking reference values of almost 90 articles on I 
I microelectronics, compiled I 
I from Electronic Design. All I 
I I need is this coupon to I 

order a 30-day approval 

I copy. After 30 days, I'll I 
I either pay $11.50 plus a I 
I few cents postage, or re· I 
I turn the book. Send my I 
I copy of MICROELEC· I 

TRONIC DESIGN, Edited 

I by Howard Bierman, to: I 
I I 
I Name I 
I Company I 
I Address I 
I I City State Zip __ 

I D Enclosed is a check for $11.50. You pay the post- I 
I age. I'll retain the same return guarantee. I 

·---------------· ELECTRONIC DESIGN 



ROUGH \NITH A REASON 

Unique GVB finish cuts care winding casts 
GVB encased cores mean fewer production delays 
because GVB does much more than seal the core box 
against potting material. Its matte finish provides a 
resilient, non-slip base for winding, and the tough epoxy 
skin prevents the wire from cutting through to the core 
box. Guaranteed not to fail, even when wound with 
heavy #6 wire, GVB surface also eliminates abraded 
wire problems. No prior taping of the core is required, 
so another winding operation is wiped out. 

Magnetics doubles the nornial guarantee on core box 
finishes by expressing it in this unique way: The guar­
anteed voltage breakdown (GVB) finish seals the box 

and is capable of withstanding at least 1,000 volts at 60 
cycles between a bare winding and lhe aluminum case. 
Quality control monitors the application and curing 
of GVB to assure dimensional and voltage breakdown 
fidelity. Performance characteristics are maintained 
between -65 and 200 degrees C. 

To reduce production costs on your winding opera­
tions, try Magnetics' tape wound cores with GVB. 
Eight material types, in a wide range of sizes from 
0.375" to 4.0" inside diameter, are stocked for immedi­
ate delivery. More information? Write Magnetics Inc., 
Dept. ED-27, Butler, Pa . 

••• mRIJRET/t:S Inc. 

June 7, 1966 

_._,.. ® 

Speed Inquiry to Advertiser via Collect Night Letter 
ON READER-SERVICE CARD CIRCLE 31 
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When your specifications 
call for quality 
performance at a 
modest price . .. 

capacitors 

are your answer! 

Do your design specifications call 
for low voltage capacitors that are 
really miniature in size, perform 
with consistent reliability under 
rugged application conditions, and 
are modest in price? PAKTRON 
Hl-WHITE-50 capacitors are your 
answer. Demanding industrial ap­
plications have proven PAKTRON 
Hl-WHITE-50 capacitors are the 
perfect subminiature, economy 
capacitors for circuits requiring up 
to 50 WVDC. Standard values 
through .5 mfd. available. Special 
PAKTRON construction tech­
niques assure smallest size, su­
perior moisture resistance and ex­
acting tolerances. See for yourself, 
ask for full details and free samples 
-no obligation. 

'Rem.ember, 'fou.'re nJUJer more lMn °' 
Few fed OW01J (tGM. a, producl of ITW'® 

DDPAKTRON 
flrft DIVISION ILLINOIS TOOL WORKS INC . 
~ 1321 LESLIE AVENUE • ALEXANDRIA, VIRGINIA 22301 
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Control transformers 

Plastic pot 

These "Versatile" control trans­
formers are designed for multi­
voltage and/or current require­
ments. · Transformers have 117 V 
50/60 Hz primary and 3 isolated 12-
V secondaries, one with center 
tap. Four sizes are available with 
secondaries of 100, 150, 250 and 
500 mA. Secondaries of 6, 12, 18, 
20, 24 and 36 V may be obtained. 

Essex Wire Corp., 3501 W. Addi­
son St., Chicago. Phone : (312) 
'463-7 400. 

Circle No. 271 

A conductive plastic track is inte­
grally molded with the Model · CP-
36's slip rings, terminal and case 
for improved reliability over wire­
wound pots. Linearity is better 
than 1 % with essentially infinite 
resolution. Standard resistance 
range is 500 n to 100 n. Multi­
gang cups and servo mounts can be 
provided. 

Keltron Corp., 223 Crescent St., 
Waltham, Mass. Phone: (617) 894-
0525. 

Circle No. 272 

fHUMBWHEEl 
SllTCHE 

0 COMPACT 
0 POSITIVE OPERATION 
0 SIMPLE, CLEAN 

INSTALLATION 

0 MODULAR 
0 WIDE RANGE OUTPUT 
0 EDGE LIGHTING 

AVAILABLE 
0 ECONOMICAL Send for further information 

TECH LABORATORIES, INC. 
Palisades Park, New Jersey 

Phone: 201 - 944·2221 • TWX: 201 - 947·4730 
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Infinite resistance at null to 1100 volts is 
one feature of our new solid state differential 
voltmeter. Accuracy to +0.0025% of dial 
setting is another. Price of $1095 doesn't hurt 
our cause either. Ratio measurement lets 
you compare two external sources with 
a resolution of 0.0001%. In the TVM mode, 
input resistance is 100 megohms. Reference 
regulation is 0.0002%. Stability is 13 ppm 
peak-to-peak per 60 days. 
Of course, that's not the whole story. Other features include 6 digit inline 

readout with a dial resolution of 1 ppm. The recorder output is well 
. isolated and linear to within 0.53 of end scale. Ten percent 

overranging minimizes range changing and offers increased resolution on 
the lower end of each range. A continuously adjustable last digit 

allows exact null and eliminates meter interpolation for resolution. 
The half-rack Model 895A weighs 16 pounds. 

FLUKE• Box 7428, Seattle, Washington 98133 •Phone: (206) 776-1171 •TWX: (910) 449-2850 



When you need a wide 
capacitance range and 
high performance in 
a small size . .. 

® 

PAK TRON 
MOLDED AND DIPPED 

CAPACITORS OF 

MYLAR 
are your answer! 

·---r· 
~ L\;'\ f !(()JI/ 
I i . 

When your capacitor needs require you 
to think broadly in relation to capaci­
tance and voltage range, then PAKTRON 
epoxy molded {shown above) and 
dipped capacitors of MYLAR• film/ foil 
are your answer. They are designed to 
provide the widest possible capacitance 
range and most useful voltage ratings in 
the smallest practical sizes. 

The PAKTRON molded line (shown) 
offers values through 0.1 mfd. and volt ­
age ratings through 200 WVDC. The 
dipped line (not shown) provides values 
through 0.5 mfd. and voltage ratings 
through 600 WVDC. 

Unique PAKTRON construction tech­
niques and high grade epoxy coatings 
insure stability under severe environ­
mental conditions including shock and 
vibration. 

See for yourself. ask for full details 
and free samples - no obligation. 

*A DuPont Registered Trademark 

'Remetnber, u()U'te n.ever MDte di.art a, 
., . • ® 

Few feeJ, awo.y From°' ftodud oF ITW 

DDPAKTRON 
mil DIVISION ILLINOIS TOOL WORKS INC. li6I 1321 LESLIE AVENUE • ALEXANDRIA, VIRGINIA 22301 
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MICROWAVES 

Dual TR-limiter The MA-3813Z combines a gas 
TR tube and a solid-state limiter 
to provide protection from spike 
leakage energy for crystal receivers 
and tunnel diode amplifiers. The de­
vice operates up to 16-to-17 GHz 
with a peak power of ·40 kW max. 
Vswr is 1.3 max and insertion loss 
is 1.0 dB. Recovery time is 2 µ.s and 
spike leakage is less than 0.05 
ergs/pu lse. 

Rotary joints 

Microwave Associates, Inc., South 
St., Burlington, Mass. Phone: (617) 
272-3000. 

Circle No. 273 

A new family of circular wave-· 
guide rotary joints is designed for 
L, S, C, X, Xb, Ku and Ka band op­
eration ." 

The joints handle full waveguide 
power over a 7% band with a max 
vswr less than 1.15 and an insertion 
loss less than 0.1 dB. Typical wave­
guide sizes used are in the category 
of WR770 through RG-96/ U. 

Diamond Antenna & Microwave 
Corp., 35 River St., Winchester, 
Mass. Phone: ( 617) '729-5500. 

low-cost 
bi-directional 
variable speed device 

rv:v 
100 RPM CLOCKWISE THROUGH 0 TO 100 RPM COUNTER-CLOCKWISE 

't.JV 

Circle No. 274 

Globe a.c. and d.c. differentials offer torques up to 
1000 oz. in. with top speeds of from 10 to 100 rpm in 
either direction. Smooth transitions from top speed 
in one direction through 0 rpm to top speed in the 
opposite direction at full torque are possible. Motor 
options: to 115 v.d .c.; to 230 v.a.c., 50/60 and 400 
cps. Antenna drives, tracking devices, positioning or 
servocontrol systems are typical applications. For 
further information, request Bulletin DI. 

Globe Industries, Inc., 2275 Stanley Ave., 
Dayton, Ohio 45404. Tel.: 513 222-3741 

ON READER-SERVICE CARD CIRCLE 35 
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Vswr bridges 
Two bridges enable vswr and re­

t urn loss measurement in fixed or 
swept set-ups. Model RB-1 covers 
0.5 to 50 MHz and RB-3 covers 3 to 
1500 MHz. Accuracy of the RB-1 is 
1 % fo r vswr to 1.5 and 2% at vswr 
of 2. Max vswr error of the RB-3 is 
1.5 % below 1 GHz, and 2.5 % at 1.5 
GHz fo r vswr up to 1.5. Both have a 
shor t-circuit termination and a ta­
ble conver ting return loss to vswr. 

P &A : $360 ; stock to 4 wks. An­
zac Electronics Inc., Moody's Lane, 
Nor walk, Conn. Phone: (203) 838 
8451. 

Circle No. 275 

Top wall coupler 
DBH-S-879 dua l top wall wave­

guide coupler handles 30 kW cw 
with a 0.05-dB insertion loss . It is 
designed for water-cooled opera­
tion and pressur ization to 60 psig. 
F orward coupling is 65 dB and re­
verse coupling is 35 dB . Directivity 
is typically 35 dB across the band. 
Vswr is 1.05 max in the ma in arm 
and 1.03 max in t he coupling arms. 

P &A: $595 ; stock to 4 wks. De­
Mornay-Bernardi Div. of Data­
pulse, Inc., 780 S. Arroyo, Pasa­
dena, Calif. Phone : (213) 681-7416. 

Circle N o. 276 

June 7, 1966 

rattle ancl. roll ... 
When they made the 1912 Simplex, the art of 
vibration control was virtually unexplored - if you 
go by the theory of what you don't know can 't 
hurt you, fine! Today's engineers are a little differ· 
ent (thank heavens) they design every shock and 
vibration problem possible out of a product. A 
good example is Rolls - Royce, they just installed 
16 of our all ·metal Met-L-Flex mounts. They will 
now become a production standard. 

Rolls-Royce chose Met-L-Flex because it's the 
only mount that completely resists all elements­
extreme high or low temperatures, oils, chemicals, 
fuels etc. You see Met-L-Flex mounts are all -metal 
-they incorporate a resilient cushioning material 
of fabricated, knitted stainless steel wire. It iso­
lates your product from vibration and shock and 
we're the only ones that make it! 

Met-L-Flex unit isolator for 
Airborne, Vehicular and Indus­
trial applications. 

We also have a complete line of elastomeric 
mounts to meet vibration and shock problems­
so whether you're mounting engine and exhaust 
systems, electronic gear, industrial equipment, or 
computer systems, we have the mount to solve 
the problem. 

High Frequency engineered 
mounting systems for missile 
applications. 

VibraShock 
ROBINSON TECHNICAL PRODUCTS, INC. 
3310 Vanowen Street, Burbank, California 91504 

Teterboro, New Jersey 
(213) 849-7181 TWX 910-498-2217 
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,; STANCOR STANDARD 

Jffil f.J~~~:.~~~.~l 
to 10,000 of over 100 types. 

Specification Ranges 

• Primary Voltage 115-230 volts 50 / 60 cycle and 400 cycles 

• Secondary Voltage 2.5 ta 25.2 volts 
• Secondary Current 0.6 ta 51 amperes 

USE STANCOR STANDARDS* 
AND BE ASSURED OF • • • 

Immediate Availability: Sold by Industrial Electronic Distribu­
tors in major marketing areas - AT OEM PRICES IN ANY 
QUANTITY. 
Highest Quality: Millions of standard transformers, time-tested 
and field-proven far over 35 years. 

Competitive Prices: Mass production facilities - to supply its 
extensive distributor organization - enable Stancor to manu­
facture at lowest costs. 

Stack In Depth: Over 300,000 transformers stocked in our 
warehouses strategically faceted throughout 
the country. 

Service Replacement: Available from over 1,000 
Industrial and Service Parts Electronic Dis­
tributors located in over 500 cities. 

W. Addison Street • Chicago, Illinois 60618 
ON READER-SERVICE CARD CIRCLE 37 

ARNOLD /TOROIDAL COIL WINDER 
sets up quickly ... easy to operate ... 

takes wide range of wire sizes 

SPECIFICATIONS: 

• Min. finished hole size: .18 in . 
• Max. finished toroid O.D.: 4.0 in. 
• Winding speed: 1500 turns/min . 
• Wire range: AWG 44 to AWG 26 
• Dual , self-checking turns 

counting system 
• Loading (wire length) counter 
• Core range: 9/32 " l.D. to 4" O.D. 

to l'h" high 

LABORATORY USE 

• Change wire and core size 
in 45 sec. 

PRODUCTION USE 
• 1500 turns per minute 
• Insert core and load 

in 20 sec. 

$890.00 includes all rings, counters and accessories 

80 

immediate delivery. literature on request 

ARNOLD MAGNETICS CORP. 
6050 W. Jefferson Bl vd., Los Angeles, Calif . 90016 

(213) 870-6284 

ON READER-SERVICE CARD CIRCLE 38 

SOLDERLESS TERMINALS 
now! 
from 

ZIERICK 

ELECTRICAL 

PARTS FAST delivered 

Lugs • Clips • Terminals. 
Send for your copy of the 
new Zierick Solderless Ter­
minal Brochure TODAYI 

ZIERICK MANUFACTURING CORP. 
96 Beechwood Ave., New Rochelle, N. Y. • (914 ) NEw Rochelle 6-8520 

ON READER-SERVICE CARD CIRCLE 39 
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MICROWAVES 

Waveguide circulators 
Waveguide circulators covering a 

20.0 to 36.0 GHz range are offered 
in 3 models in RG-53/ U and RG-
96/ U waveguide. Featured are 2.0 
GHz bandwidths with 20 dB min 
isolation, 0.5 dB max insertion loss 
and 1.2 max vswr. The millimeter­
region units are designed for du­
plexing and paramp systems. 

They can be modified for use as 
low-loss terminated circulators and 
switches. 

E & M Labs., 7419 Greenbush 
Ave., North Holloywood, Cali f. 
Phone: (213 ) 875-1484. 
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X-band amplifier 
Series SAX-4700 X-band cw am­

plifier tunes over 500 MHz and has 
a 1-dB bandwidth of 40 MHz. The 
bellows-type tuners allow remote­
gang tuning. The 8-kW cw unit 
covers 7.9 to 8.4 GHz with a gain of 
45 dB. Beam voltage is 14 kV and 
beam current is 1.7 A. Heater volt­
age is 10 V and heater current is 
5 A. Solenoid power required is 1.1 
kW. 

Electronic Tube Div. of Sperry 
Rand Corp. , Gainsville, Fla. Phone: 
(305) 372-0411. 

Circle No . 278 

June 7, 1966 

5% TIME DELAY 
RELAYS 
Shown here is one of a family of Beta­
mite solid state time delay relays. The 
RT-175 pictured waits from 0.050 
second to 22 minutes after application 
of B+ to the input. Timing accuracy is 
± 5 % . Fixed or adjustable delay models 
are available, with either relay or solid 
state contacts. The unique termination 
header shown features insertable/re­
movable environment-free crimp contact 
terminals. Send for details on this and 
other Betamite solid state devices. 
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SYSTEMS 

Digital plotting system The "Delta" digitai incremental 
plotter is designed to self-program 
Up to 100 steps from a single input 
command via punched cards. One 
command from computer or tape 
will also produce up to 127 increm­
ental plotting steps. The control 
unit is available with IBM 360 soft­
ware. Either a magnetic tape or a 
card reader is included. 

Benson-Lehner Corp., 14 761 
Califa, Van Nuys, Calif. Phone: 
(213 ) 781-7100. 
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GENT APE -where great ideas are generated 

When Moving Miniature Parts is a Particular Problem ... 
or Driving Fine Instruments Demands Dimensional Stability, 

GENTAPE 
CONVEYOR and DRIVE BELTS DELIVER 
REMARKABLE QUALITY and FLEXIBILITY 

Highly sophisticated electronic 
components seemingly become 
more minuscule by the minute 
- while precision standards 
soar. And assembly line meth­
ods and materials must keep 
pace. 

Gentape's T0-412 Series of 
conveyor and drive belts fully 
take the measure of today's de­
manding miniaturization. They're 
available in widths as meager 
as Ve" up to 6" - in any color -
with or without sprocket holes. 

Highly flexible, dimensionally 
stable, they're more accurate 
and last longer. 

SPLICE - AND GO! 

In addition, T0-412 Series loops 
may be quickly, easily spliced 
- cuts downtime - secures the 
exact loop length right on the 
job. 

Have we conveyed to you why 
you should check into Gentape 
without delay? 

GE/llT~PE CORPORATION 
A DIVISION OF GENERAL PLASTICS CORPORATION 
51A LA FRANCE AVE., BLOOMFIELD, N. J. (201) 748-5506 

Mfrs. of Precision Printed Tapes, Lighted Dials, Masks and Other Critical Instrumentation Part~ 
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Vhf receivers 
Series 500 vhf receivers cover 

AM, FM and cw in the 54- to 260-
MHz range and are tunable in a sin­
gle band. A tape dial, a 115/ 230-Vac 
power supply and built-in BFO are 
standard. IF bandwidth of 10 or 
300 kHz is front-panel selectable. 
Video bandwidth is adjustable to 1, 
3, 10, 30 or 150 kHz. 

P&A: $1600 to $1750; stock to 30 
days. Communication Electronics 
Inc., 6006 Executive Blvd., Rock­
ville, Md. Phone: (301 ) 933-2800. 
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Communications buffer 
Series MCDL sequential access 

buffer, designed as a magnetic core 
delay line, has a 1386-bit capacity. 
The basic bit serial in / bit serial out 
unit contains the 1386-bit array se­
lected on 4 coordinates by mutually 
prime ring counters. Each stage 
provides the shift and core drive 
function in each circuit. A bit serial 
in / bit parallel out model is obtained 
by adding a magnetic core rope card 
which will accommodate up to 16 
parallel bits. 

Di / An Controls Inc., 944 Dorches­
ter Ave., Boston. Phone: ( 617 ) 288-
7700. 

Circle No. 281 
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New value-priced sweeper ... 

•• ..... 
~ 

l ~ 
~---···-· 

with a de offset plug-in for your 
Hewlett-Packard 3300A Function Generator 

Here's a low cost ($210) plug-in, 3304A, for the Hewlett­
Packard 3300A Function Generator that provides internal 
sweeping, up to ± 16 v of de offset on qll functions, plus saw­
tooth and offset square-wave outputs. 

This is an instrument package you need to use on your 
bench ... it provides more flexibility than words can describe. 
The new plug-in sweeps internally over a decade. The sweep 
starts at the main frame frequency setting and is controlled at 
the top end by the "Sweep Width" control. Any function can be 
offset with stability of ± 50 mv over 24 hours. The 3304A plug­
in sawtooth is independent of the 3300A main frame frequency 
and can be used for driving external systems. The offset square 
wave clamps the top or bottom of the waveform either to the 
de offset voltage or to ground potential. 

The plug-i n provides the offset with coarse and vernier con­
trol , a 15 v sawtooth (adjustable) and the square wave over 
the same frequency range as the main frame. The main frame, 
the 3300A itself, is the first plug-in function generator to offer 
variable phase, phase-lock capability with accurate sine, 
square, triangular output, amplitude controlled, 0.01 Hz to 

100 kHz. It offers linear voltage programmability, single-cycle, 
multi-cycle, free-run operation, external trigger capability. It 
provides isolated dual output amplifiers, plus a sync pulse 
output for oscilloscope or recorder. 

All this for just $570, plus the cost of one of these plug-ins: 
3301A Operational Plug-in, $20; 3302A Trigger/ Phase-Lock 
Plug-in, $190; 3304A Offset Plug-in, $210. 

Ask for a demonstration. Have your Hewlett-Packard field 
engineer turn it on and show you what this remarkably versa­
tile instrument can give you. Or write for a special chart show­
ing all the outputs available from this instrument and its 
plug-ins: Hewlett-Packard , Palo Alto , California 94304, Tel. 
(415) 326-7000; Europe : 54 Route des Acacias, Geneva. 

Data subject to change without notice. Prices f .o.b. factory. 
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MAGNETIC SHIELDING':==: 
MADE EASY 
APPLIED IN SECONDS 
Cut to any size or outline 
with ordinary scissors 
Co-Netic and Netic foils are ideal for initial labora­
tory or experimental evaluation ... also for produc­
tion applications and automated operations. Dra­
matically enhance component performance by 
stopping degradation from unpredictable magne­
tic fields. When grounded, foils also shield electro­
statically. They are not significantly affected by 
dropping, vibration or shock, and do not require 
periodic annealing. Available in thicknesses from 
.002" in rolls 4", 15", and 19-3/8" wide. High atten­
uation to weight ratio possibilities. Every satellite 
and virtually all guidance devices increase reliability 
with Netic and Co-Netic alloys, saving valuable 
space, weight, time, and money. 
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WHICH DEFLECTION YOKE 
FOR YOUR DISPLAY 
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Consult SYNTRONIC 

YOKE SPECIALISTS 
Syntronic's team of experts knows more about yoke design, engineering and 
quality control than anyone else. A solid 10-year record of leadership­
acknowledged throughout the industry. Benefit from it. 

• syntrontc INSTRUMENTS, INC. 
100 Industrial Road, Addison, Illinois 
Phone: Kingswood 3-6444 
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SEMICONDUCTORS 

Capacitance diodes 
Ratings of 80 and 100 V de are 

combined with a 50-MHz Q as high 
as 300 in these voltage-variable 
capacitance diodes. The SV-4500 to 
SV-4800 and SV-5500 to SV-5700 
series utilize an abrupt junction 
epitaxial structure to achieve mini­
mum capacitance ratios of 5.6 and 
6.4 for 80 and 100 V. Capacitance 
ranges from 10 to 4 7 pF at 4-V bias 
with 10 % tolerance. 

P&A: From $5.00; stock tp 2 
wks. Somerset Electronics Corp., 
P.O. Box 115, Manville, N. J. 
Phone: (201 ) 722-2340. 

Circle No . 282 

Pnp transistor 
Typical switching time of the 

TW-300 pnp silicon planar transis­
tor is better than 20 µ,s at a collector 
current of 1 µ,A. Switching speed 
stems from t he small geometry epi­
taxial base. Collector-to-base break­
down voltage of the si ngle emitter 
device is 45 V and emitter-to-base 
breakdown voltage is 30 V. Beta is 
greater than 30 at 1 µ,A and V ce of 
0.5 v . 

P&A: $13.50 ( 1 to 99 ), stock. 
Sprague Electric Co., 347 Marshall 
St., North Adams, Mass. 

Circle No. 283 
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Fast 4-way relief for inventory headaches ... mix your own! 
Ordering and stocking a different connector con· 
figuration for each new product design require· 
ment can be a real headache. If this is your 
problem, aspirin won't help you. But, our pin and 
socket connector housings will-four ways! 
These housings, available with or without die-cast 
aluminum shells, now accept four types of size 
16 contacts-including coaxial. Which means you 
can bring both power and shielded circuits through 
the same connector in any desired combination, 
up to 160 positions. 

All four contacts are crimp snap-in types for fast, 
dependable termination with AMP's matched ap­
plication tools. Three types of pin and socket 
contacts are available; type 11 is a precision screw­
machined contact meeting applicable require­
ments of MIL·C-8384, types Ill and Ill(+) are 
continuous strip formed contacts for high pro· 
duction at lowest installed cost. 

For your low-level signal lines, our new subminia· 
ture COAXICON* contact is ideal. It's applied by 

AM P's exclusive single-stroke crimping technique 
which simultaneously crimps center conductor, 
braid and cable support. And, it snaps into any 
connector cavity just like the pin and socket 
contacts. 

So take a tip, not a pill. Minimize your inventory 
problems by selecting A-MP* Series M, D, DD, W 
or WW connector housings in the materials and 
sizes you'll need . Then, mix your own contacts 
in whatever configuration the application calls 
for. Sound good? Write today and get the complete 
story. 

•Trademark of AMP INCORPORATED 

INCORPORATED 
Harrisburg, Pennsylvania 

A-MP* ~roducts and en1ineerin1 assistance available throuah subsidiary companies in: Australia• 
Canada • Enaland • France • Holland • Italy • Japan • Mexico • Spain • West Germany 

Speed Inquiry to Advertiser via Collect Night Letter 
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SEMICONDUCTORS 

Silicon rectifiers Series R plug-in silicon rectifiers 
are available in full- and half-wave, 
doubler, center-tap, open-bridge and 
three-phase types. 
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The octal socket devices contain 
double diffused passivated controlled 
avalanche junctions in a cold case 
configuration. Voltage ratings range 
from 50 to 5,000 V PIV and cur­
rents from 100 mA to 6 A. 

Edal Industries, Inc., 4 Short 
Beach Rd., East Haven, Conn. 
Phone: (203) 467-2591. 
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Another First by Weston-Rotek: 
Wideband True RMS To DC Converter 

True Model PR840 

RMS to 0.053 
from your DVM 
For use with existing DVM's and other precision de measuring 
instruments, this unit provides accurate, reliable 
and automatic true rms measurements of sinusoidals, 
square, triangular and other complex wave forms. It 
eliminates errors caused by distortion in "average 
computing" precision voltmeters. 

Features: .05% Accuracy 
.01 % Repeatability 
30 mv to 1000 volts 

full scale 
10 Hz to 100 KHz 

10 volts de full scale 
output 

7 :1 Crest Factor 
All Silicon 
Guarded and Isolated 

Ask for Bulletin 840. Weston Instruments, Inc., Aotek 
Division, ff Ga/en Street, Watertown, Mass. 02112 

WESTON® 
prime source for precision . .. since 1888 
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High-gain amplifier 
The TQN-0030 transistor am­

plifier operates at 30 MHz with a 2-
lVIHz bandwidth and provides a 
gain of 100 dB min. Actual noise 
figure is 2.5 dB max and quiescent 
current drain is 6 V at 1.5 mA. The 
gain characteristic has a stability 
of ±3 dB at an operating range of 
-25 to + 75°C. Input and output 
both have 50-n connectors. 

Micro State Electronics Corp., 
152 Floral Ave., Murray Hill, N. J. 
Phone: (201) 464-3000. 
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Switching diode 
A subminiature high-speed ger­

manium gold alloy junction switch­
ing diode is 1/3 the volume of com­
parable units. The hermetically 
sealed diode is 0.07-in. in diameter 
and 0.16-in. in length. Character­
istics include a 100-ps reverse re­
covery time with resistance load of 
120 n. PIV is 1 V to - 25 V at 50 
µ,A. Forward current is over 200 
mA at 1 V. 

P&A: $0.85; 2 wks. International 
Diode Corp., 90 Forrest St., Jersey 
City, N. J. Phone: (201) 432-7151 

Circle No. 286 

SC Rs 
Series 22RC of SCRs has PRV 

ratings from 25 to 700 V (800 V 
non-repetitive transient rated). 
Maximum current rating is 22.3 A 
average, 25 A rms at up to 70 ° C 
case temperature. Junction temper­
ature capability is 150° C. The SCRs 
are packaged in T0-48 cans. 

P&A: $10.80 to $51 (1 to 9); 2 
to 4 wks. International Rectifier, 
233 Kansas St., El Segundo, Calif. 
Phone: (213) 678-6281. 

Circle No. 287 
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RFl/EMI 
TEST, MEASUREMENT, 
ANALYSIS, & CONTROL 

SERVICES 

F&M SYSTEMS CO. can dispatch an RFI I 
EMI Test Crew to your job-site within 24 

hours to provide ... 

• MILITARY SPECIFICATION 
TESTING 

• INTEGRITY MEASUREMENTS 
OF SHIELDED ENCLOSURES 

• RFl/EMI SOURCE 
LOCATION 

• INTEGRITY MEASUREMENTS 
OF SECURE COMMUNICA­
TIONS SYSTEMS 

• GENERAL RFl/EMI 
CONSULTATION SERVICES 

Measurements and analyses over the RF 
spectrum of 30 cps to 15 gc are accom­
plished by F&M . .. even under the most 
undesirable field conditions. Write for 
F&M Systems' RFl/EMI Services Brochure. 

@ 
F&M SYSTEMS CO. 

A DIVISION OF FISCHBACH AND MOORE, INCORPORATCD 

P. 0. BOX 20778 DALLAS, TEXAS 75220 
Career opportunities for competent engineers 
... with an equal opportunity employer 
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TEST EQUIPMENT 

Impulse noise counter 
Noise pulses on voice frequency 

circuits are counted by the 74258-A 
impulse noise counter. An internal 
register records all pulses exceeding 
a pre-set amplitude between 0 and 
- 60 dB. Counting time can be ad­
justed in steps up to 60 minutes 
with max count of 9999. All pulses 
separated by 125 ms or more will 
record. The instrument operates 
from dry cells or a de supply. 

Standard Telephones & Cables 
Ltd., Newport, Monmouthsire, Eng­
land. Phone: NE : 72281. 
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Resistance test set 
Model UTS-4 takes low-range de 

resistance measurements from 2-
terminal or complex multi-position 
devices. A constant 10 or 100 mA 
passes through the test resistance 
and the drop is measured with a 
high-resistance volt-meter. Con­
stant currents are regulated at 
± 1 % over an ambient temperature 
range of 60 ° to 90° F. 

Sparton Corp., P .O. Box 1784, Al­
buquerque, N. M. Phone: (505 ) 
898-1150. 

Circle No. 289 
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Need a small 1, 5 
or 10 me crystal 
oscillator for use 
in synthesizers, 
timing systems, 
counters, 
communication systems, 
time-code generators, 
tape systems, or 
some other small black 
box? 

Think TRACOR® 

Shown half actual size 

Volume 19.1 in.3 

That's about the 
size of it. 

TFA 766 

For further information: 
TRACOR, Inc. 
General Sales Office 
6500 Tracor Lane 
Austin, Texas 78721 
Phone: 512-926-2800 

SULZER 
DWISION 

REPRESENTATIVES IN PRINCIPAL CITIES 
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We are looking for EE's, ME's and 
Physicists for design consultation 
or systems development in ASW 
and undersea problems-experi­
ence in penetrations aids-design 
studies, tests, analysis and reports 
on electronic and mechanical sys­
tems. Your reply strictly confi· 
dential. 
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TEST EQUIPMENT 

Coulometer; 
The VT-1176 coulometer incorpo­

rates a 6-digit counter with manual 
reset and a front-panel switch. Any 
of four scales may be dialed with 
the last counter digit set to read in 
0.01, 0.1, 1.0 or 10 coulombs. Accura­
cy of 1 % ± one digit is not affected 
by over-ranging up to 250 % . The 
coulometer can be adapted with ap­
propriate transducer to measure 
any physical parameter which can 
be converted to a varying voltage. 

P&A: $350; stock. Vari-Tech Co., 
546 Leonard St., N.W., Grand Rap­
ids, Mich. Phone: (616) 459-7281. 
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Resistance system 
A guarded Wheatstone resistance 

measuring system, model 232, has 
± 0.01 % accuracy. The 5-dial 
bridge has 6-place resolution on 11 
ranges from 1.2 n to 12,000 Mn full 
scale. The null-detector has 5-µ. V 
sensitivity, 70-dB ac rejection and 
5-s overload recovery. The complete­
ly guarded generator provides up to 
200 V at a variable 0 to 1 W. 

P&A: $1045; stock to 30 days. 
Electro Scientific Industries, 13900 
N.W. Science Park Dr., Portland, 
Ore. Phone: (503) 646-4141. 
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VECO 

THIN 
FILM ~ 

THERM(G{ORG 
SUBSTRATE BACKED THINISTORS are 
available with a st~ndard film thickness 
of 5 microns on substrates of nickel foil, 
silicon, barium titanate, beryllium oxide, 
quartz and commercial alumina. 

FREE STANDING THINISTORS have a 
standard thickness of 20 microns for 
lead mounting. 

LOW HEAT CAPACITY 

FAST THERMAL RESPONSE 

LARGE SURFACE-TO·MASS RATIO 

SENSITIVITY PLUS ACCURACY 

STANDARD NEGATIVE TEMPERATURE 
COEFFICIENTS OF RESISTANCE 

THINISTOR® APPLICATIONS 

• Microcircuitry- Micromodule, inte· 
grated circuitry and circuit chip tech­
niques. Temperature compensation af 
semiconductor devices, microminia­
ture temperature control, monitoring 
and telemetry. 

• Pulse Circuitry - Fast response and 
high thermal sensitivity make Thinis­
tors suitable for pulse circuitry and 
in computer elements such as multi­
pliers, amplifiers, oscillators. flip­
flops, triggers, counters and shift reg­
isters. 

• Gas Chromatography - Low heat ca­
pacity of Thinistors permits small 
volume samples. Rapid response pro· 
vides detector possibilities previously 
unobtainable. 

• Micro Calorimetry- Thermal energy 
determinations where minute amounts 
of heat are involved and low heat ca­
pacity and fast, thermal response are 
essential. 

• Vacuum Manometry- High surface­
to-mass ratio, low heat capacity and 
high sensitivity permit extension of 
thermal conductivity techniques for 
low pressure gas measurements. 

• Medical Electronics - Low heat ca­
pacity, rapid response, high dissipa­
tion constant and extreme sensitivity 
for temperature and flow measure­
ments. Clinical thermometers, thermal 
dilution studies and area skin tem· 
perature measurements. 

• Infrared Energy Detection-Thinistors 
permit an intimate bond by sintering 
the thermistor film directly to its sub­
strate eliminating distortion and at­
tenuation properties of cement 
normally used in bonding. 

Write for Technical Bulletin MFN171 

VECO First in Progress • First in Service 
J ·6904 

VICTORY ENGINEERING CORP. 
124 Springfield Ave., Springfield, N.J. 07081 
Tel: 201 • 379-5900 TWX: 710·983-4430 
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New standard 
of performance . 

• Contact resistance 0.0015 ohm -
change less than 0.001 after life, rota· 
tional and salt spray tests 

• Low thermal emf 
• Space-age performance ••. designed 

to MIL specs 

The low contact resistance means 
you can even switch microvolts without 
signal loss. So if you have a problem of 
switching at low signal levels, this is the 
answer. There's no other switch in this 
class. 

Low stable contact resistance and long 
life go side by side in the design. Switch 
body constructed of diallyl phthalate. 
Gold-plated terminals. Solid silver alloy 
brush and contact design. Stainless steel 
hardware. Unique hex shaft for multiple 
positioning of brushes. 

The switches have long life under 
difficult conditions of temperature, vi­
bration and shock -100,000 rotations 
minimum at 125 C. Exceptionally low 
thermal emf-less than 0.01 microvolt 
per degree C change in temperature. 

They're a smooth-acting series of 
switches, available in a large number 
of configurations to meet your exact 
needs. We build them with 1 to 6 poles, 
each pole with 12 terminals (11 active, 
1 collector) . Price: moderate for a 
switch of this quality. 

To learn more about the switches and 
how to order, write or call Components 
Division, Leeds & Northrup, North 
Wales, Pa. 19454. (215) 699-5353. 

LEEDS & NORTHRUP 
Philadelphia 44 • Pioneers in Precision 
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APPiication 
Notes 
Current integration 

"Using the Electrometer Voltme­
ter as a Current Integrating or 
Charge Measuring Instrument" is a 
6-page application note discussing 
circuit considerations for these 
measurements. This technique is 
used in measurements of capacitors, 
random current pulses, laser ener­
gy, ion and electron beams, current 
integration as a timing device a nd 
dosimetry. Circuits and equations 
involved in these applications are 
g iven. Two techn iques are de­
scribed. Keithley Instruments. 

Circle No. 292 

Af amplifier design 
A 12-page application note deta ils 

design of a 4-output af amplifier. 
The circuit uses germanium tran­
sistors in the push-pull output stage 
and si licon transistors in the input 
and driver stages. Complete with 
schematics, charts and graphs, t he 
bulletin gives power supply data and 
a modified Laitery-operated circuit. 
American Elite Inc. 
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Generator calibration 
A 12-page application note 19 de­

:;cribes the IF substitution tech­
nique for attenuation measurement 
as applied to calibration of signal 
generator controls. Procedures for 
calibration of cw and pulse-modu­
lated signal generators to accura­
cies of ±1 dBm are given. The 
method of measurement, operation 
of the manufacturer's substitution 
receiver, error summation and 
equipment necessary to perform the 
measurement in a + 10 to - 110 
dBm range are discussed. PRD 
Electronics. 
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SCR motor controls 
Open-chassis SCR motor controls 

for OEM applicat ions are described 
in a 4-page bulletin. Complete spec­
ifications, configurations and di­
mensions are given . Also included 
are typical performance curves and 
a list of standard and optional ac­
cessories. Gerald K. Heller Co. 

Circle No. 295 

this is not a 
CAPACITOR! 
It is available with all these 
standard specs: 

• 0. 01% Tolerance 
• o ± 1 ppmj°C TC 

(0° to+ 60° C.) 
• Guaranteed 25 ppm shelf 

life stability for one year 
•Non-measurable noise 
• Non-measurable 

inductance 

With these standard specs, it 
could only be a Vishay Preci­
sion Resistor . . . not wire­
wound ... not conventional 
evaporated metal film . . . 
but a totally new kind of re­
sistor, with a totally new 
order of precision! 

How it got its unique small 
size . • . how it delivers its 
unequalled performance 
without parameter trade-offs 
. . . and where it can solve 
problems for you, are ex­
plained in this new, complete 
DAT A CATALOG. Send for 
your free copy today. 

VISHAY RESISTOR PRODUCTS 

® 
a division of 

Vishay Intertechnology, Inc. 
63 Lincoln Highway 
Malvern, Pa. 19355 
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What is reall1 
important when 
evaluating 
crystal frequency 
standards? 

Bow much can 
you find out 
from aging-rate 
data? 

SELECTION 
OfA _ 

FREQUENCY 
STANDARD 

TFA-1166 

Two reports will be of 
special help if you want 
to know the fine points in 
evaluating a crystal 
frequency standard. 

One is "Selection of a 
Frequency Standard", 
Application Report 1266. 

The other is a National 
Bureau of Standards report 
on a specific oscillator of 
this type. 

Both are yours via the 
reader-service card in this 
magazine - or for faster 
response write directly to: 

TRACOR, Inc. 
General Sales Offices 
6500 Tracor Lane 
Austin, Texas 78721 

Phone: 512-926-2800 

SULZER 
DIVISION 

REPRESENTATIVES IN PRINCIPAL CITIES 
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New 
Literature 
Stator winder 

A two-page, two-color bulletin 
describes the Link-Possis automatic 
stator winder, model ST-W-4B. 
Model ST-W-4B winds one to five 
coils per pole for 2, 4, or 6 pole sta­
tors. It winds 2, 3, or 4 poles simul­
taneously . Possis Machine Corp. 
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Spark gaps 
A 20-page brochure di scusses a l­

most 300 types of 2-electrode and 
triggered spark gaps. Drawings, 
curves and application notes aid in 
presenting operation and perform­
ance data on both types. Catalog in­
formation and mounting methods 
are given. Signalite Inc. 
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Force transducer 
Major features, specifications and 

typ ica l applications of the "micro­
probe" are detailed in a new data 
sheet. The transducer is fully de­
scribed as a force probe comprising 
a rigid mechanical system acting on 
a pair of semiconductor strain 
gages. Endevco Corp. 
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Infrared detector 
A 2-page bulletin covers the 

manufacturer's infrared detector. 
Test conditions, electrical charac­
teristics, application notes, dimen­
sions and a general description are 
included. Borg-Warner. 
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HIGH-VOLTAGE 
CABLE INSULATED 

WITH G-E 
SILICONE RUBBER 

SURVIVES 3 
TOUGH 

CONDITIONS 

One, it carries high currents at 7,000 
volts rms. in an airborne power supply. 

Two, it withstands temperatures that con­
tinuously fluctuate between -55°C and 
125°C. 

Three, it operates at altitudes as high as 
70,000 feet. 

Of all the cable insulating materials 
checked by the manufacturer, G-E sili­
cone rubber proved reliable under every 
condition. Resisting ozone and corona, it 
extended cable life to at least 1,000 hours. 

Saves $2.00 per unit 

By using silicone rubber as both a di­
electric and a potting sealant for a stand­
ard connector, the manufacturer got a 
bonus - a void-free, all silicone system 
with a minimum of labor. 

Compared to installation of individual 
insulating sleeves for connector contacts, 
cost savings amounted to $2.00 a unit. 
And reliability was improved. 

FREE NEW DATA BOOK 

'• <'?! ,/ I .. 
SILICONE .. RUBBER 

hr wirt n• 
u~I• 1fpliuti11 

,. 

'• U llll l·fl,.l!Hlltt 

For more ways on how G-E silicone rubber can 
save money, get Technical Data Book CDS-592, 
a comprehensive 36-page guide ta high per­
formance wire and cable. 

Write to Sect. L6204, Silicone Praducts Dept., 
General Electric Ca., Waterford , N. Y. 12188. 

GENERAL. ELECTRIC 
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Test equipment 
A review of scientific and test in­

struments is the subject of catalog 
PD-602. The 20-page brochure con­
centrates on strain gage devices and 
high-speed strip chart recorders. 
The catalog encompasses photo­
graphs of each unit, as well as 
drawings, specifications, dimen­
sions and graphs. Ba ldwin-Lima­
Hamilton Corp. 

Circle No. 300 

Photo-sensitive FET 
A 12-page brochure explains the 

operation of t he photo-sensitive 
FET. Examples of circuits using 
t hi s FET as a light amplifier and aR 
a switch a r e provided. Applications 
described include chopper, modula­
tor, multiplexer, servo, relay, logi­
cal and computer uses. Performance 
data for these and other applica­
tions are supplied. Teledyne Inc, 
Crystalonics Div. 

Circle No. 301 

Photo choppers 
Bulletin PC-118 provides infor­

mation on ac and de drive photo 
choppers. Internal schematics and a 
typical application of a photo chop­
per in a modulator circuit are pro­
vided. The bulletin includes scope 
traces of output waveforms and di­
mensional drawings. Airpax Elec­
tronics Inc. 

Cfrcle No . :w2 

Tunnel diode amplifiers 
Low noise figure t unnel-diode am­

plifiers are listed with principal 
specifications in a short form cata­
log folder. The two-color brochure 
lists 68 standard models ranging 
from 250 MHz to 20 HGz in the uhf, 
L, S, C, X and K bands. Micro State 
Electronics. 

Circle No. 303 

Potentiometer catalog 
The 60-page potentiometer cata­

log P-3 provides detailed engineer­
ing information and includes 15 
different resistance curves, nomen­
clature, test methods, attenuator 
circui ts and attenuator calcu lationR. 
Quick reference charts list seven 
basic pots from 0.1 to 4 W. Centra­
lab, Div. of Globe-Union Inc. 

Circle No. 304 

June 7, 1966 

Unreg ulated-Series " S" 
Output, 1 KV to 50 KV up ro 1 0 MA DC 

input , 115 V, AC-60 / 400 cycles 
from Stock 

Regulated-Se rie s " TRHV " 
Output, 1 KV to 30 KV up to 5 MA DC 

Input, 115 V, AC-60 / 400 cycles 
from Stock 

Both Del models represent the ultimate in quality. Their design and manufacture 
incorporate only the finest materials and workmanship to assure reliable and de· 
pendable service. 

Other instrumented 
power supplies ovoilobl e 
up to 250 KV rating s. 

WRITE FOR DAT A 

Applications 
• Missile Ground Support • Electron Optical Devices 

Equipment • Nuclear Applications 
• Radar Displays • CRT Applications 
• Image Intensifiers • Electrostatic Precipitation 
• Storage Tubes Equipment 

DEL EL E c TR 0 NI cs c 0 R p 0 RAT I 0 N 
250 E. SANDFORD BLVD., MOUNT VERNON, N .Y. • (914) 699-200,0 
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Low Cost • High Performance • Wide Application 

14 CONTACT DUAL-IN-LINE SOCKET 
for testing and packaging Monolithic Circuits 

Accepts packages with flat or 
round leads. Has large contoured 
entry holes for easy insertion. Gen­
tle wiping action of spring contacts 
prevent lead damage. 

Can be used in panel mount or 
printed circuit applications. Wire­
wrap® termination also available. 

Fast, easy, damage-free release 
of circuit. Unique ejector key, as 
integral part, speeds up testing 
programs. Simple extractor tool facilitates handling in close packaging production. 

Unit has molded diallyl pythalate body with gold-plated, berryllium copper con­
tacts. Dimensions: .SL x .5W x .37H. 16 and 20 OIL sockets under development. 

Write for Data Sheet 166. Qt Trade Mark Gardner-Denver co. 

AU6AT.NC. 
31 PERRY AVE., ATTLEBORO, MASS. 02703 
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NEW LITERATURE 

Fluidics 
An explanation of fluidics technol­

ogy is given in a new 12-page fo ld­
er. In an applications section, the 
illustrated pamphlet cites such typi­
cal fluidic functions as binary logic, 
computing, counting, timing, digit­
al switching, amplification, infor­
mation handling, sensing and other 
control techniques. A page of sym­
bols for use by designers is a lso 
contained. 

Devices covered include flip-flops, 
an OR/ NOR gate, an AND gate, 
single and staged binary counters, 
proportional amplifiers, a pneumat­
ic timer and fluid resistors . A lan­
guage section includes 39 definitions 
of terms, including functions, uses 
and operating principles of various 
types of fluid amplifier s. Cornin g 
Glass Works. 

Circle No. 305 

Vibratory systems 
"How to Analyze Vibratory Sys­

tems" is the title of the 4-page, 2-
color design monograph No. 5. Es­
sential information to classify and 
analyze linear single-degree-of-free­
dom system vibrations is given. 
Formulas with definitions, charts 
and graphs are used. Lord Corp . 

Circle No. 306 

Subscription Policy 
ELECTRONIC DESIGN is circu lated 

free of charge to qualified design 
engineers in the U.S ., Western 
European Continent and Brit a in. 
To establish you r qu alifications, 
send ELECTRONIC DESIGN the fo l­
lowing information on your com­
pany's letterhead: Your name, en ­
gineering title, description of your 
design duties and a list of your 
company's major products. The let­
ter must be signed by you per­
sonally. 

Subscription rates for nonquali­
fied subscribers-$25 a year in the 
U .S. , $35 in all other countries. 
Single copy, $1.50. 

Change of Address 
An address change for a subscriber 
requires a restatement of his quali­
fications. To expedite the change, 
and to avoid missing any issues, 
send along a label from a back copy. 

Microfilm copies of a ll 1961, 1962, 
1963, 1964 and 1965 issues of 
ELECTRONIC DESIGN are available 
th rough University Microfilms, I nc., 
313 N. First St reet, Ann Arbor, 
Mich. 
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Design Data from 

New Continuous Plating Saves 40% I 
. . ·· · ~ ' 

--
New continuous reel-to-reel precious metal plating 
(gold, silver, Rhodium, etc.) on strip reduces 
materials cost up to 40%. Provides extremely 
accurate depositing to specifications, allows 
selectiqn of plated area (i.e.: 20 microinches one 
side, 100 microinches on opposite side). 
Process also permits plating of pre-die cut inte­
grated circuits for semi-conductors, etc., and 
allows forming after plating. 

Burton Research Laboratories. Inc. 
Division of 

Burton Silverplating Co. 171 

Reliable Fastener Seals Described 
,- 11~-~~C?"'-

Parker Seal Company's Fastener Seals are 
well-known for their superior reliability in me­
chanical sealing. These famed "seal-for-sure" 
designs are described in a new catalog-handbook 
containing sizes, dimensions, engineering data, 
etc. It includes their new Thredseal, an extremely 
reliable, easy-to-use seal for sealing directly 
against threads as well as information on Stat-0-
Seals, Lock-0-Seals, etc. 

. m:nn t~· 'll 1 ~ IEm 

Parker Seal Company 
10567 Jefferson Blvd. 173 Culver City, California 90230 

Rotary Power Tap Switches 

ROTARY POWER TAP SWITCH 

• 

~~1~-~~ 
• f. :J. : \5-

Bulletin DS-158 describes the Model 10 Rotary 
Power Tap Switches, which are available in three 
types to meet a variety of switching require­
ments. The Model 10 Tap Switches incorporate 
a break before make, non-shorting switching 
movement, with switching positions indexed at 
30°. The switches a re "Underwriters' Labora­
tories, Inc. Listed." The bulletin fully describes 
these three different types and furnishes all spe­
cifications, dimensions, ratings, and prices . .................. 

Curtis Development & Mfg. Co. 
3236 North 33rd Street 

Milwaukee, Wisconsin 53216 175 
ELECTRONIC DESIGN 



Manufacturers 
Advertisements of bookl.ets, broch:ures, catalogs and data sheets. To order use Reader-Service Card. 

White Noise Loading Tests Systems 

~ 
~ 

A new paper entitled "White Noise Loading of 
multi-channel Communications Systems" by W. 
Oliver is available from Marconi Instruments. 
Under a number of general headings, the paper 
deals with Noise Power Ratio measurement, 
measurement of intermodulation distortion and 
crosstalk together with other noise and distortion 
criteria of multi-channel systems. 

-~---J 

MARCONI INSTRUMENTS 
111 Cedar Lane 

Enqlewood. New Jersey 172 
The Multireed Relay 

Thermosen. Inc. 
375 Fairfield Avenue 

Stamford. Conn. 

This highly explicit pamphlet provides full techni­
cal data on Thermosen's Multireed Relay. The 
Multireed Type A has 4 to 8 contact groups con­
trolled by a single coil; Type B has up to 3 inde­
pendent DPDT relays; and Type C has up to 5 
SPDT relays. True Form C switching and indi­
vidual contact adjustment make this unit adapt­
able in a wide variety of applications. For further 
information write: 

174 
Complete Line of Non-Linear Resistors 

"" , This llO-page engineering guide covers the most 
complete line of heat-, light-, and voltage-sensitive 
resistors available today. Prepared by the Compo­
nents Division of Amperex, the book describes physi­
cal principles, measurement techniques and the elec­
trical and mechanical properties of the non-linear 
resistors in the Amperex line. These fall into four 
broad categories: negative temperature-coefficient 
thermistors, positive temperature-coefficient thermis­
tors, voltage-dependent resistors, and light-dependent 
resistors. Applications data, including circuits and 
selection criteria, are given for each type. 

Amperex Electronic Corporation 
Components Division 

Hicksville, Lonq Island. N. Y. 11802 

June 7, 1966 
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Switch Form C 
with 1/2" rnd. cap 

Matching Indicator 
with 3/ 4" rnd. cap 

l' Matching Indicator 
with 1/ 2" sq. cap 

R ....... ~.I.\, """"N ..... j 

Subminiature 

ILLUMINATED 
PUSH BUTTON 

SWITCHES 
and matching 

Indicator Lights 

DIALCO Switches and Indicator Lights provide al· 
most limitless applications-are flexible in ar· 
rangement-economical in price-and feature 
high reliability. 
Switches are the silent, momentary type-requir· 
ing 24 oz. (approx.) operating force. Contact 
arrangements are: S.P.S.T., normally open or 
normally closed; S.P.D.T. two circuit (one normally 
open, one normally closed). Ratings: 3 amps, 125V 
A.C.; 3 amps, 30V D.C. (non-inductive). The switch 
is competely enclosed and independent of the 
lamp circuit. The light source is the T-1% incan· 
descent lamp, available in voltages from 1.35 to 
28V. Units are made for single hole (keyed) mount· 
ing in panels up to 3/ 16" thick and mount from 
back of panel in 1/2" clearance hole. Switch 
f.orms for dry circuits are also available. 
Other features include: 1/2" or 3/4" interchange­
able caps, round or square, rotatable or non· 
rotatable, in a choice of 7 color combinations. 
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INTRODUCING 
DELTA BOND 
152 THERMALLY 
CONDUCTIVE 
ADHESIVE 
... To be used: 

For bonding thermally , yet isolating electrically, 
semiconductors to anodized or hard-coated chassis 
heat sinks. 

As a general adhesive. i.e. fabricating thermal lfoks. 

For bonding when a thermally conductive interface 
.is required. 

Being 1003 solid adhesive. it is effective on porous 
and non-porous surfaces. Features ... high thermal 
conductivity. excellent dielectric strength, a coefficient 
of thermal expansion s imilar to Al and Cu, and 
produces a rigid high strength bond to most materials 
when cured . 

Available in 4 oz. kits or 15 lb. cans ... from author­
ized WAKEFIELD Electronic Distributors. 

Write for BULLETIN 152. 

WAK E·F IE LD ~ 
OIVISION ENGINEERING, INC . 

I 39 FOUNDRY ST. I WAKffl£lO . MASS . C617) 245 5900 • TWX 617 245 921 J 
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The Standard Reference Far 
Electronic Test Instruments 
DIRECTORY OF TECHNICAL SPECIFICATIONS 

5 FREQUENCY METERS 

upper fwwctuency lbnlt I. 15Mc 

Pholo MANUfACTIMEI MOO!l 
Set ,.,. 

FREQUENCY l!NllTIYITY OUTPUT 
Humber Meas M" Inlet· 

Min M" ol '" • pol11tion Main . .. 
M< M< lands s Freq 

MI LLEN 90619 JSOkc 1.5 NIA NIA NIA NIA 
(A) 

SELL-TRON IC 401A !Ocps '"' '"' '" 
29 GENERAL RADIO 1142-A 

"' 
Jcps 1.5 •t:0.2 ~a~ full 

scale " GENERAL RADIO 1106-A lOOkc rcO, l '"' '" 
HILLEN 90611 1.5 3.5 

"' 
MEASUREMENTS 59LF lOOkc 

(A) 

AIRCRAf7 RADIO H-37A 

HILLEN 90625 
(A) 

MILLEN 90612 
(A) 

TECHNICAL MATERIEL "'0-5 
(A) "'0-6 

MILL.EN 90682 
(A) 

MTITF.M CIOM~ 

CONVENIENT TABULAR FORMAT 
PROVIDES QUICK AND EASY 

MODEL-TO-MODEL COMPARISONS 

One look at the specimen pages will show you-better than 
words-the extent of the information furnished by the DIREC­
TORY OF TECHNICAL SPECIFICATIONS and the comparative 
arrangement of the data. These convenient tables are designed 
for rapid and accurate point-by-point comparison of instru­
ments having similar functional capabilities. By providing a 
thorough across-the-market analysis, all alternatives can be 
considered in selecting the right instrument for any application. 

SAVE HOURS OF ENGINEERING TIME 

The Directory eliminates once and for all the necessity of 
searching catalogs, sales literature and periodicals to find 
suppliers, specifications, performance characteristics and 
prices. It provides in one comprehensive source, arranged and 
indexed for convenient use, all the information you need to 
keep completely up-to-date on available instruments, to evalu­
ate competitive products and to select the best instrument at 
the best price. 

NO NEED FOR CATALOG FILES 

Keep ing and maintaining your own files of manufacturer!. 
catalogues, brochures and loose data sheets is completely 
unnecessary. The DI RECTORY OF TECHNICAL SPECIFICA-

TIONS gives you all the required data to select and specify 
electronic test instruments-all in one compact and easy to 
use reference. No other reference source is as complete or 
efficiently organized. The six-volume Directory lists approxi­
mately 14,000 instruments of more than 500 manufacturers 
and comprises 46 sections, each covering a different type of 
instrument. 

ALWAYS COMPLETE ANO UP·TO·OATE 

The constant changes in specificat ions and performance of 
electronic test instruments is making it increasingly difficult 
to keep abreast of the latest developments. The Directory is 
kept continuously up-to-date by the mailing of section revisions 
to subscribers at the rate of approximately one each week. The 
information in the entire Directory is completely revised in less 
than a year. 

AVAILABLE ON FREE 30-DAY TRIAL 

The DIRECTORY OF TECHNICAL SPECIFICATIONS may be 
obtained on a FREE 30-DAY TRIAL BASIS for your examination 
and use. A one-year subscription includes the six-volume set of 
46 sections plus the up-dating service to keep all information 
complete and current. 

PRICE ... $300. per year 
For further information write or telephone , .. 

TECHNICAL INFORMATION CORP. 
P. 0. Box 514, Smithtown , N. Y. (516 234-0100 
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for people like you ... 

&ORE RIBBON CABLES 
solve problems 

likelhisl 
CHALLENGE -------

Carrv 140 RG/196/U coaxial cables across a 
hini e point then along the inner wall of a cabinet 
in a space only lf.t" deep. 

.-----SOLUTION! __ _ 
® 

Fourteen MULTl-TET ribbon cables were used by 
Burroughs engineers to solve this packaging prob­
lem in their D-825 computer. Each cable contains 
ten coaxial leads. Besides meeting the space and 
flexibility requirements, the ribbon cables made 
lead identification easy and accurate. Since the 
ribbon cables were self supporting in the short 
lengths used, the only extra hardware required 
was a clamp at each end. 

Cft) 

Write for a sample of this MULTl-TET ·cable and information 
on other Gore products. 

Challenge our cablebility with your packaging problem. 

~ W.L.GORE &ASSOCIATES.INC. 
555 PAPER MILL ROAD NEWARK, DEL. 19711 
PHONE (302) 368-0651 TWX (302) 737-1060 
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Designer's 
Datebook 

JUNE 
SMTWTFS 

I 2 3 4 
5 6 7 8 9 10 11 

12 13 14 15 16 17 18 
19 20 21 22 23 24 25 
26 27 28 29 30 

June 13-14 

JULY 
SMTWTFS 

I 2 
3 4 5 6 7 8 9 

10 11 12 13 14 15 16 
17181920212223 

l~t 25 26 27 28 29 30 

Filmed Data & Computers Seminar 
(Boston, Mass.) Sponsor: United 
States Air Force, Electronic Sys­
tem Div.; Dr. H . L. Kasnitz & G. M. 
Shannon, MIT Lincoln Lab., Lex­
ington, Mass. 

June 15-17 
1966 IEEE Communications Con­
ference (Philadelphia, Pa.) Spon­
sor: IEEE, Philadelphia Section ; 
William H. Forster, Philco Corp., 
Communication Electronics Div., 
Philadelphia, Pa. 

June 15-17 
1966 IEEE Solid-State Device Re­
search Conference (Evanston, Ill .) 
Sponsor: IEEE; Dr. B. J. Rothlein, 
National Semiconductor Corp., 
P. 0. Box 443, Danbury, Conn. 

June 15-20 
Xlllth International Scientific 
Congress on Electronics (Rome, 
Italy); Secretariat of the Congress, 
Via Crescenzio 9, Rome, Italy. 

June 21-23 
Conference on Precision Electro­
magnetic Measurements (Boulder, 
Colo.) Sponsor: Institute for Basic 
Standards of the National Bureau 
of Standards; John Cronland, Uni­
versity of Colorado, 328 University 
Memorial Center, Boulder, Colo. 

June 27-29 
2nd Annual Conference & Exhibit 
on "Exploiting the Ocean" (Wash., 
D. C.) Sponsor: Dr. James H . 
Wakelin Jr.,Scientific Engineering 
Institute, Waltham, Mass. 

July 6-9 
Annual Meeting of the National 
Society of Professional Engineers 
(Minneapolis, Minnesota) Spon­
sor: National Society of Profes­
sional Engineers; Kenneth E. 
Trombley, 2029 K Street, N .W., 
Washington, D.C. 
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~ PROBLEM-SHRINKERS - THE 
~~APPLICATION-ASSISTANCE PEOPLE 
AT RCA - WENT ON TO DEVELOP AND PR.OVE 
NEW VERTICAL DEFLECTION CIRCUITS, MADE 
POSSIBLE BY THE A40607C, 
FOR BOTH LOW B+ AND HIGH B+ 
OPERATION. 

,, 

r 

. THE CASE OF 
VERTICAL DEFLECTION. IT WAS A 

MAJOR. PROBLEM- UNTl.L THE PROBLEM­
SHRINKER5 AT RCA DESIGNED THE 

A40607C. THIS NEW DEVELOPMENTAL 
BEAM POWER TUBE HAS AN INTEGRAL 

DIODE, AND WITH ITS RECOMMENDED 
CIRCUITRY PROVIDES A MINIMUM 

OF INTERACTION BETWEEN THE HEIGHT 
AND LINEARITY CONTROLS IN THE 
VERTICAL DEFLECTION CIRCUIT. 

~~THE PROBLEM 
VIRTUALLY EVAPORATED WITH 
THE A40607C IN A FEEDBACK­

STABILIZED VERTICAi: OUTPUT 
CIRCUIT DEVELOPED BY RCA 
APPLICATION ENGINEERS. 
THIS CIRCUIT CAN OEL\VER 
PERFORMANCE FEATURES NOT 
FOUND IN CONVENTlONAL 
CIRCUITS USING MORE 
COMPONENTS: 

•EXCEPTIONALLY GOOD LINEARITY 
eTRUE HEIGHT CONTROL (EQUAL EFFECT 

ON TOP AND BOTTOM OF PICTURE) 
•GREATER. INDEPENDENCE FROM 

VARIATIONS IN TUBE 
CHARACTERISTICS 

• OUTPUT STAGE DEVELOPS ITS OWN BIAS 
• NO LONG RC TIME DELAY DURING 

ADJUSTMENT OF HEIGHT AND 
LINEARITY 

Take advantage of RCA's complete package-dependable products and painstaking service-when choosing your color-TV receiving tube components. Get in 
touch with your nearest RCA District Office or, for technical information on RCA Receiving Tubes, write to RCA Commercial Engineering, Harrison, N. J. 07029 • 

RCA DISTRICT OFFICES-OEM SALES, EAST, 2075 M;llbum Ave., Maplewood, N . J . 
07040, (201 ) 485·3900 • MID-ATLANTI C, 605 Mmlton P;ke, Haddonfield, N . J . 08034, 
(609 ) 428-4802 • MID-CENTRAL. 25 11 East 46th St., Bldg . 02, Atk;nson Square, lnd;on­
opoi;s, Ind . 46205, (317) 546-4001 • CENTRAL , 446 East Howard Ave., Des Plo;nes, Ill. 
oOOlB, (312) 827·0033 • WEST, 6363 Sunse t Blvd . , Ho llywood, Col. 9002B, (213) 461·917 1 • 
INTERNATIONAL OPERATION S, RCA Int erna ti onal Division: Ce ntral and Terminal Aves., 
Cl o'rk, N . J . 07066, (20 1) 382·1000 • 118 Rue du Rhone , Geneva, Sw;tzerlond , 35 75 00 . 

• The Most Trusted Name in Electronics 



Now-a complete line 
of heat handlers ... 

Dale thru-chassis PH wirewounds 
When you see design advantages in mounting through the 
chassis-specify Dale PH Housed Precis ion Wirewounds. 
They handle more power-up to 100 watts-and give you 
exceptional stability plus other important design features. 

NON-INDUCTIVE/SINGLE TERMINATION 
Dale's expanded PH line includes the new PH-10-5 and 
PH-25-8, both non-inductively wound and designed to ground 
the housing to the chassis. This combination provides both 
reduced assembly time and faster cycle time. It makes these 
PH models extremely valuable in high speed core memory 
systems where they are used as drive line resistors in mod­
ules of up to 256 units. 

NAME YOUR SPECIAL 
Built to the electrical and environmental requirements of 
MIL-R-18546, PH Wirewounds can be quickly adapted to 
your special requirements. Special terminals, resistances, 
tolerances and matching are only a few of the modifications 
readily available. 

PH RESISTOR SPECIFICATIONS 

DALE RESISTANCE RANGES (OHMS) 
DALE RATING '. STANDARD 
TYPE WATTS .05%, .1 %, .25% .5%, 1%, 3% HEAT SINK 

PH-10-1 10 1 to 12.7K .1 to 47.lK 4x6x2x.040 

PH-10-5 10 .5 to 6.3K .1 to 23.5K aluminum chassis 

PH-25 25 .5 to 25.7K .1 to 95.2K 5x7x2x.040 

PH-25-8 25 .25 to 12.8K .1 to 47.7K aluminum chassis 

PH-50 50 3 to 52K .1 to 75K 12xl2x.125 

PH-100 100 5 to 35K .1 to 50K aluminum panel 

Temperature Coefficient: ±50 PPM, ± 30 PPM, ±20 PPM, 
depending on value and tolerance 

Operating Temperature: -55° C to + 275° C 
Construction: Extruded aluminum housing with steatite 

or alumina core and tinned copperweld 
or 180 alloy terminals, depending on 
physical size. Covered by U.S. Patents. 

•Power Rating based on 275"C max. internal hotspot 
temperature with resistor mounted on standard heat sink. 

For complete information on thru-chassis 

an~ chassis-mounted housed resistors, c3) DALE ELECTRONICS INC. 
write for Catalog A or call Dale: DALE ' 
564-3131 Area Code 402 ® 1328 28th Avenue, Columbus, Nebraska 

' · In Canada: Dale Electronics, Canada, Ltd. 

Speed Inquiry to Advertiser via Collect Night Letter 
ON READER-SERVICE CARD CIRCLE 103 


