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A maser designed for radar: page 115
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RF output: 1/2 watt

Type 1026 Standard-Signal Generalor, $6500 in U. S. A,

‘I-’GTI

‘\

AT005

We've used an ordinary pilot lamp to
prove apoint:OQurnew Type 1026 Standard-
Signal Generator puts out lots of power
— Y% watt inlo 50 ohms, 70 volts behind

50 ohms (6 volts when modulated). It also
puts out as little as 0.1 uV and anything
in between these limits.

The 1026 also has true single-dial tuning
over its entire 9.5- to 500-MHz frequency
range. There is no output trimmer control
to adjust every time you change frequency.
Output of the 1026 is automatically leveled,
you can change frequency within a range
or even switch ranges and maintain
output level within 0.2 dB to 110 MHz
and within 2=0.5 dB to 500 MHz. The
carrier is leveled whether modulated or
unmodulated. Amplitude modulation

up to 959% can be imposed on the carrier
from an internal, highly stable 1-kHz
oscillator or from an external audio
source. There are also provisions for
external modulation to 1.5 MHz and for
pulse modulation.

Other specifications are as much as an
order of magnitude better than those of

RF OUTPUT
Z, = 500HMS

any other signal generator you can buy.
For example, envelope distortion is less
than 1% for 1-kHz, 50% modulation;
incidental fm accompanying this a-m is
less than 1 ppm, peak; residual fm is less
than 0.05 ppm, peak; residual a-m is at
least 70 dB below carrier level in CW,
internal 1 kHz, and external audio modes.

This instrument is made to order for a-m
receiver lesting, and ils high-level output
makes it most suitable for antenna-
pattern and impedance measurements,
receiver overload and cross-modulation
tests, and measurements of large insertion
losses. The ease of operation and outstand-
ing performance of the 1026 in the most
critical applications must be experienced
to be appreciated.

For complete information or a demonstra-
tion of the 1026, write General Radio
Company, W. Concord, Massachusetis
01781, telephone (617) 369-4400;

TWX (710) 347-1051.

GENERAL RADIO




ADVANG

new X-Y

offers
unique
recorder
flexibility

accessory

The new 17005A Incremental Chart Ad-
vance turns your Moseley X-Y recorder
into a more flexible lab and production
tool. It provides this added versatility
and high performance by converting
your X-Y into a strip-chart recorder. It
offers incremental advance for muiti-
channel pulse height analysis with reso-
lution between channels—and accepts
both positive- and negative-going sig-
nals to advance the appropriate incre-
ment in the advance mode.

Designed for remote control operation.
Will adapt to most 11x17 Moseley Re-
corders. Powered by the recorder itself.
Uses roll chart or Z-fold paper. Price:
Model 17005A, $895.

For complete information, contact your
local HP field engineer, or write Hewlett-
Packard, Palo Alto, California 94304,
Europe: 54 Route des Acacias, Geneva.

<—Circle 900 on reader service card

SPECIFICATIONS:

Incremental advance mode
Plot density (plots/inch):
200, 100, 50, 20, 10

Increment size (in./advance):
0.005", 0.01”, 0.02",
0.05", 0.10"

Frame advance mode
Advance distance: 24"
Accuracy:

+0.005"” (non-accumulative)
Advance time: <14 sec.

HEWLETT
PACKARD

Time base mode

Chart speeds:

1,5. 10, 50. 100 sec/in.
Accuracy: +2%

Major division advance mode
Advance distance:

Major divs. in 3" increments
Accuracy:

+0.005” (non-accumulative)
Advance time: 2 sec.

Other advance increments availabie

MOSELEY
DIVISION

Circle 1 on reader service card

1



N\
=

Tud
¢ >

L 4
w
7 t $ens
- e - - - . . o ——— -~ - ;- - - _ — — —
& o¥ 11 @ 7418 AC-0C DIFFERENTIAL VOLTMETER/OC STANDARD -
.............
’
RANGE FUNCTION DC OVERLOAD
3 \ 2 [ a LINE
Ly i Y suss awtre
£
i .
it ¢ @ ‘
----- $ i
oc INPUT SO
m o 5 ®
VOLTAGE SET
@ SENSITIVITY
STO. VERNIER CURRENT LiMiT
« O » O » O » O
© O, ? @O
AC INPUT y i
~ uine war 3 y
1]
o loN
L'”“ - - —
-~
e e =l

New Lo-vgvlcc;jsz‘ AVM | DC Standard Gives
0.01% FOR 90 DAYS

...and five multi-purpose functions as well, for less
than you normally pay for a single-function instru-
ment! Reason for the superior stability of this all-solid-
state calibrating tool: use of precision hp wire-wound
resistors in the decade and range dividers, plus a
temperature-compensated Zener diode reference
supply. Other advantages include an input impedance
greater than 10° ohms in DCAVM, and VM inde-
pendent of null, 5-digit resolution, automatic decimal
point, floating input, recorder output, plus overload
and short-circuit protection. Calibration labs save
high-cost time with 90-day calibration cycle, and
simple two-step calibration from DC to 20 kHz.
Compare price ($1675) and specs:

DC STANDARD, 90-DAY CYCLE, +=0.01% or 0.001%
FS (whichever is greater) from 0-1000 volts. Output
resolution is 1 ppm on any range. Short-term sta-
bility typically better than 20 ppm/mo. Remote
sensing permits output regulation at point of meas-
urement. Temperature coefficient is less than 3
ppm/°C from 0-50°C.

AC DIFFERENTIAL VOLTMETER, 90-DAY CYCLE
+0.02% -+ 0.01% of range from 400 Hz to 5 kHz
{with reduced accuracy to 100 kHz). TC is less than
20 ppm/°C, 20 Hz to 10 kHz, 5-40°C. Input capaci-
tance of less than 5 pf reduces loading errors and

2 Circle 2 on reader service card

circuit instabilities during measurement. Input im-
pedance is 1 megohm.

DC DIFFERENTIAL VOLTMETER, 90-DAY CYCLE
+0.02% or =0.002% FS (whichever is greater) from
0-1000 volts. Input impedance is greater than 10°
ohms on all ranges independent of null —an ideal
characteristic for drift measurements when null can-
not be maintained. TC is less than 3 ppm/°C from
0-50°C.

AC-DC VOLTMETER/POWER AMPLIFIER provides
greater than 10° ohms input on all DC ranges plus
high AC input impedance (10¢ ohms shunted by less
than 5 pf). In addition to the five functions shown,
this calibration lab instrument provides a =0.02%
unity-gain amplifier from 0-1000 volts.

DC DIFFERENTIAL VOLTMETER OPTION 741B 01
provides #=0.01% DCAVM, and +0.02% DC stand-
ard. Other specs identical. Ask for a demonstration
or contact Hewlett-Packard, Palo Alto, California,
94304. Tel. (415) 326-7000. In Europe: 54 Route des
Acacias, Geneva. “
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An extra measure of quality

HEWLETT |
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Solid state 82

Advanced 91
technology

Solid state 97

Circuit design 102
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Computers 111

Microwaves 115

Technical Articles

l. Design

Gallium arsenide FET's outperform conventional

silicon MOS devices (cover)

Silicon nitride insulator makes possible families

of new devices for higher frequencies
Hans W. Becke and Joseph P. White,
Radio Corp. of America

GaAs bulk oscillators stir millimeter waves
Diodes operating in the limited space charge
accumulation mode should be able to handle
watts of power in the millimeter-wave range
John A. Copeland, Bell Telephone Laboratories

R-f breakdown phenomenon improves

the voltage capability of a transistor

Cutoff is turned into an advantage when a
device is operated above its frequency limits,
because breakdown limits are nearly doubled
Peter Schiff, Radio Corp. of America

Designer's casebook

s Single transistor protects power supply
from overload

w Current feedback enhances phototransistor
sensivity

m R-f signals actuate transmit receiver switch

a2 1009 amplitude modulation with two
transistors

a Two diodes remove pulse-width limitation

One transistor sweeps clean

Simple generator produces linear sweeps for
timing or control subsystems

Sumner Weisman, Raytheon Co.

Il. Application

A logical next step for read-only memories
Using memories to generate Boolean algebra
changes conventional computer concepts
John L. Nichols, Fairchild Camera &
Instrument Corp.

A maser that works in radar by avoiding
saturation

A frequency-shifting technique prevents
saturation of a maser so it can be used

in radar systems

Simpson B. Adler, Radio Corp. of America
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Readers Comment

Why they come

To the Editor:

As a “brain drain” engineer, 1
would like to comment on vour
editorial “Engineers abroad flee
.7, [March 20, p. 23; also Com-
ment, April 17, p. 4].

You opine that the solution to
this problem lies in remedying the
lack of technical scope and the
backward attitudes of management,
ete., in brain-drain countries. But
why does this sorry state of affairs
exist? Might it not be that it is ex-
actly the ideology which refuses to
recognize the individual’s right to
his own life, liberty and the pursuit
of happiness—and seceks the solu-
tion to every problem by means of
force, by the wiclding of a legisla-
tive club (and eventually a literal
onc)—that is responsible for the
condition of which a brain drain is
but one symptom?

The imnlication of these discus-
sions is that engincers are the prop-
erty of the governments of their
respective countries of origin: and
indeed, what those governments
are in effect clamoring for is a Ber-
lin Wall, to prevent their produc-
tive cattle from escaping. The issue
here is none other than that of
human slavery, camouflaged by
cuphemisms and equivocation.

What engineers come to America
for is to live and function in a coun-
trv founded on the ideals and prin-
ciples of the American constitution
and the political philosophy of such
men as Thomas Jefferson, whether
they are aware of this (the minor-
ity), or only of its effects (the ma-
jority) in the form of wider profes-
sional opportunity, a more coura-
geous attitude toward progress, and
a higher standard of living.

Bernard S. Super

Elmhurst, N.Y.

Skeptic

To the Editor:

The article “Back Talk” [May 15,
p. 37] describes a marvelous inven-
tion. A machine that “accepts type-
written, spoken, and hand-printed
answers~ for $450? Your reporter
should go back and get a feature-
length article! Be sure to find out

Electronics | June 12, 1967




Now from_ Sprague!

All the aclvanfages of tantalum
in one LOW COST capacitor!

EPOXY- O IA N i} ,
For industrial, commercial, and entertain-
ment electronic applications where tantalum
capacitors were previously too expensive!

—1=Type 196D Solid-electrolyte Tantalum
Capacitors have special epoxy-dip coating
which keeps costs down without sacrifice
in dependability. Positively seals capacitor
section while providing excellent electrical
insulation. Protects against mechanical dam-
age in handling.

~{{~Radial lead design for plug-in mounting
on printed wiring boards. The .250” lead
spacing will fit standard .125" grids.

SPRAGUE COMPONENTS

CAPACITORS PULSE TRANSFORMERS
TRANSISTORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS
INTEGRATED CIRCUITS TOROIDAL INDUCTORS
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS

43C-4138R2

Electronics | June 12, 1967

f

CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

T High stability—very little capacitance
change, even at outer limits of operating
temperature range.

~1ELow dissipation factor of these capaci-
tors permits higher ripple currents.

Meet environmental test condiiions of
Military Specification MIL-C-266558.

“Prime capacitance and voltage ratings.
Based on rating popularity of other types
of solid tantalum capacitors,

Designed for continuous operation at
temperatures from —55C to -85 C.

For complete technical data, write for Engineer-
ing Bulletin 3545 to Technical Literature Service,
Sprague Electric Company, 35 Marshall Street,
North Adams, Massachusetts 01247,

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and @ are registered trademarks of the Sprague Electric G,

Circle 5 on reader service card 5



Niegpated
RCA CA3001 Video and

Communications Dl{ferentlal

Amplifier -
=

O—

VEE

« DG, IF and Video Ampl « Modulator
« Mixer o Schmitt Trigger

PUSH-PULL IN AND OUT VOLTAGE GAIN 19dB Typ.

AGC RANGE 60dB Typ. INPUT OFFSET VOLTAGE 1.3mV Typ.
-3dB BANDWIDTH 16MHz FULL TEMPERATURE RANGE

INPUT RESISTANCE 50K< Typ. ~93 G T0 +125°C OPERATING
OUTPUT RESISTANCE 70< Typ. PRICE $4.00 (1000+)

Versatility is the middle name of the RCA CA3001 —with wideband capabilities from DC to 16 MHz, ambient temper-
ature operation range from —55° to 125° and ability to be gated or employ automatic gain control. Technical Bulletin
is available from your nearest RCA Representative, or write to Commercial Engineering, Section ICN6-2, RCA Electronic
Components and Devices, Harrison, N.J. 07029. CHECK YOUR RCA DISTRIBUTOR FOR HiS PRICE AND DELIVERY

RCA ELECTRONIC COMPONENTS AND DEVICES
The Most Trusted Name in Electronics
Circle 6 on reader service card 5




how “an indefinite number of
words” are represented in an eight-
bit code.

Steve Sells
Kansas City. Mo.
» In the Dorsett machine. the num-
ber of words to which the eight-bit
code responds is “indefinite” be-
cause the coding doesn’t have to
distinguish every word in the Eng-
lish language. but only among
those that make sense as a response
in the context of a given program.
For example, the machine may ve-
spond in the same way to the words
“potato” and “transformer”. How-
ever, only one of these words is apt
in a programed course in elec-
tronics.

Dim view

To the Editor:

Your editorial on the “dim pic-
ture” for color television in Europe
[May 29. p. 23] assumes that Euro-
peans will disregard the problems
which Americans uncovered during
the early davs of color receiver de-
sign and broadcasting in the States.

We Frenchmen have generally
repudiated our famous M. Chauvin.
who held that anything not Freach
was not good and that what is done
in France should be the model for
other countries. There is a mistake
from which Americans can profit.
You seem to assume that foreigners
will retrace the technical steps of
their American counterparts, re-
peating the same flaws in the color
fidelity of broadcasts and in the
crude early methods of tuning tele-
vision sets. However innocently
arrived at, this assumption is offen-
sive.

The American  techniques and
equipment, while first to reach com-

I SUBSCRIPTION SERVICE

Please include an Electronics Magazine address
I Iab_el to insure prompt service whenever you
write us about your subscription.

| Mail to: Fuifillment Manager

Electronics
| P.0. Box 430
l Hightstown, N.). 08520

To subscribe mail this form with your payment
| and check [ new subscription [J renew my
| present subscription

I Subscription rates: in the U.S. year $8; two
years, $12; three years, $16, Subscription rates
| for foreign countries ava:labie on request
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mercial success. are not the ulti
mate. May T remind yvou that the
French Secam syvstem is superior
to the American NTSC system in that
it avoids phase distortion problems
during transmission of color sig-
nals. Another example of European
improvement in television technol-
ogyv is the British color-television
cammera. reported on page 16S of
vour Dec. 26. 1966 issue.

Of course prices for the first Eu
ropean receivers will be high and
the amount of color broadcasting
will be Tow. since a large sales vol-
utne would take time to establish.
but not enjoving a billion-dollar
market at the outset is no tragedy.

The slim schedules of color pro-
grams may inhibit the general sale
of sets. but Europeans, like Amer-
icans. who can alflord this new
status svinbol will buy a color tv
set and enjov the programs that do
come in color, Our black-and-white
television broadeasting  schedules.
for example. are only a fraction of
those in the United States but that
hasn’t kept Europeans from buyving
tv sets and enjoving what is avail-
able to them.

Paul Rion
Lille, France

Army aid

To the Editor:

In “Computer aided design: A
model approach to1c’s™ [May 1. p.
36], T neglected to point out that
the research reported was spon-
sored by the U.S. Army Picatinny
Arsenal under contract number DA-
28-017-AMC-3187(A\).

Gerald J. Herskowitz
Associate Professor
of Electrical Engineering
Stevens Institute of Technology
Hoboken, N.J.

CHANGE OF ADDRESS

if you are moving, please let us know
five weeks before changing your address.
Place magazine address label here, print
your new address below.

ATTACH
LABEL
HERE

name

address

MEASURE

transient response

output impedance

loop stability

proper regulation

microvolt ripple

short and
long term drift

of your power supply

WITH ONE (1)
INSTRUMENT

Now you can perform a complete check
on all important parameters of your
power supply . . . in a fraction of the
time you used to take . . . with one small
instrument instead of a bank of equip-
ment.

PM’s new Model 1004 Power Supply Test
Set contains an electronic load capable
of pulse loading a supply up to 20A and
70V. Operates in pulse or DC mode. Con-
tains a regulation monitor for precise
drift and regulation measurements. The
meter is calibrated directly in % regu-
lation. 10%, 1%, .1%, and .01% full
scale. Accuracy is 3PPM;/min. and 10-
PPM/8 hrs.

PM 1004 — $1100.00

PM 1003 («~ithout reguiation monitor)$750.00

TeM PACIFIC

MEASUREMENTS
INCORPORATED

940 INDUSTRIAL AVENUE
PALO ALTO, CALIFORNIA
415’ 328-0300
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CONNECTORS

If your design requirements need printed circuit connectors of
exceedingly high quality, but your design application is such
that you do not need connectors made to military specifications
... talk to METHODE.

We stock a full line of dependable Reli-acon printed 'circuit .
connectors from the argest to the smallest sizes with a variety
of contact designs. And all Reli-acon connec.tor~s.are made Lo
rigid quality standards that give you the rtlallnabahtyc Zg:er;zrs -

i i ices that mil spec.
i aying the premium prices
:Jc;tmh;uatn% yHogwever, Methode's MIL-C-210978 fully approved

connectors are available to meet
your military requirements.

Write for illustrated

catalog with full
ifications-

engineering spec

Connector Division

Circle 8 on reader service card

People

Less than a week after winning the
samM-D missile contract from the
Army, the Raytheon Co. appointed
the program’s —
project mana-
ger, 45-year-old
Floyd T. Wim-
berly, to the
post of vice
president. It
was Wimberly’s
design package
for the missile
that beat out the Hughes Aircraft
Co. and the Radio Corp. of Amer-
ica for the advanced development
order.

According to Wimberly, the new
ground-to-air missile will take a
new approach to guidance and
make heavy use of integrated cir-
cuits. In fact, he adds, some degree
of large-scale integration will be
applied. By the time the sam-p
work gets into the engineering de-
velopment stage, Wimberly ex-
plains, Raytheon will have had
enough experience with Ls1 to use
it in hardware prototypes.

Winning the contract could mean
as much as $2.5 hillion to Rayvtheon
if the decision is made to move
into production. Raytheon’s prime
contract for the Hawk missile sys-
tem has brought in more than $1.5
bhillion over the past 13 vears. The
company also produces the Spar-
row 3 for the Navv.

Other uses. While saxr-p is pri-
marily intended for defense of field
forces in the 1970°s against high-
performance aircraft and short-
range missiles, it also has a poten-
tial application for continental air
defense. Because some components
of the system conld also be used
for air defense aboard ship, the
Navy is participating in the devel-
opment program.

Playing a significant role in Ray-
theon’s victory, Wimberly says,
was the company’s development of
ferrite arrays [Electronics, Jan. 9,
p. 172]. The company-funded pro-
gram was begun after Army studies
indicated the need for multitarget
multifunction arravs. saz-n will
be capable of simultancously ac-
quiring. tracking, identifying, and
destroying multiple targets.

“What we learned in our ferrite

{a.

-

Floyd Wimberly

Electronics | June 12, 1967




Check these Machlett planar triode
advantages for microwave applications.

0,000 Miniature — Grid-Pulsed
0,000 | .o I

000 i !

Sulbminiature - Gﬁd-Pulsed
|

Miniature -CW

Subminiature — CW

0 4 5
FOWE PAUE DME DIC3 < Or Qria-p Jo
0 pperatio

Electrical Advantages Mechanical Advantages Cost Advantages

Superior frequency Small size Lower initial cost

Sty Very low weight Lower develop-

igi i I
M bleaRhashg Greater ruggedness meftal cost
problems

Lower replace-

Comparable or sup- ment cost
erior efficiency

Low plate voltage
Low noise : g
] »

Faster warm-up

Write us now for application information on Machlett planar triodes: subminiature,
miniature and standard. The Machlett Labs.,Inc., 1063 Hope St., Stamford, Conn. 06907

The Machlett Laboratories, Inc.,welcomes resumes from engineers and scientists.

THE MACHLETT LABORATORIES, INC.
A SUBSIDIARY O F RAYTHE ON COMPANY
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You Can Get
All These

Microcircuits

from
Sprague Electric

*<SERIES SU300, LU300
UTILOGIC*

K Package

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

*KSERIES SE500
LINEAR AMPLIFIERS
S} . K Package

Operating temperature
range: —55 C to +125C.

Two linear circuits avail-
ablein 10-lead low silhou-
ette TO-5 case. SES01K is
a video amplifer, SES05K
is a general purpose dif-
ferential amplifier,
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DtoA
CONVERTER CIRCUITS

s

Expandable to 12 bits with < ¥; bit error

4-BIT J 5-BIT

SERIES | SERIES
UT-1000|UT-1001
UD-4001| UD-4036
UD-4024UD-4037

Ladder Network
Ladder Switch
Buffer Amplifier

Circle 508 on readers service card

*KSERIES SE100, NE100, US700

ignetics CS700)

DTL INTEGRATED CIRCUITS

Two operating temperature ranges:
—~55Cto+125Cand 0 C to 470 C.
NAND/NOR gates, clock and line driv-
ers, gate expanders, RS/T and J-K
binaries, one-shot multivibrator.

Circle 503 on readers service card

*KSERIES 400 low-power TTL
INTEGRATED CIRCUITS

)
//%
///

All dual or quad function devices . . .
reduces can count and minimizes equip-
ment size. Available in two package
styles, three temperature ranges.

Circle 505 on readers service card

*kSERIES SE800, NE30O
TTL LOGIC

J Package

Designed for high-speed avionics sys-
tems. Eight high level circuits including
four NAND Gates, Power Gate, Exclusive-
OR Gate Input Expander, J-K Flip-Flop.

Crcle 507 on readers service card

[ —
*Series SE100, NEL0O, €S700, SU300, LU300,
SE400, NEA0O, SE500, SEB00, NEBOC are all
available from Sprague Electric under tech-
nology interchange with Signetics Corp.

For data on the microcircuits in which you are
interested, write Technical Literature Service,
Sprague Electric Company, 35 Marshali St.,
North Adams, Massachusetts 01247

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and *(@° arg registered trademarks of the Sprague Electric Co,

People

array work is being applied to
saai-p,” Wimberly savs, “The tech-
niques have been proven, so they
involve a low level of technical
risk.”

Wimberly joined Raytheon in
1946 after World War IT service
with the Army Signal Corps. He
worked in radar altimetry and dop-
pler navigation. Later he took part
in initial design work on the Spar-
row 3 missile guidance system and
in production design of Hawk. He
later served as Hawk program
manager.

“To expand our role in electronic-
and antisubmarine-warfare  svs-
tems. we'll investigate digital com-
putation and
clectro - optical
techniques,”
savs Simeon E.
Watson, new
vice  president
for research
and engineering
at the Loral
Corp.’s Elec-
tronic Systems division. Watson’s
position is a new one for Loral.
Moving over from Teledyne Inc,
he brings to his new job a doctor-
ate in clectrical engincering and
the experience gained from his pre-
vious associations with the Me-
Donnell Aircraft Corp. [now the
McDonnell Douglas Corp.] and the
Collins Radio Co.

The 44-vear-old Watson will
push for large-scale integration to
upgrade Loral’s computer capabili-
ties. His plans call for purchasing
logic chips and then interconnect-
ing and packaging them in-house to
generate a hybrid 1si-circuit family.
He envisions small special-purpose
digital computers for use in signal-
recognition and digital-control ap-
plications. First units could be op-
erating in a ycar.

According to Watson, electro-
optics research, although directed
toward military-sensor  applica-
tions. might eventually bolster the
company’s existing display capa-
bility. Loral now sells general-pur-
pose and asw situation display
systems.

Simeon Watson
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AC line

regulation

problems

—check
the

Precision Regulation Required? -Need =0.01°, ... maybe |
only =0.1°,2—Sorerser’s broad line of ‘off-the-shelf' rege-
ators can provide it.

-

Sorens_en
line.

Size and Weight Important? — ACR uniis are less than half
the size and we'ght of convent:onal units.

Stringent Distortion Requirements? —FR models maintair |

ess than 0.25°, —even with an inpui line having 10°% |

distortion.

|

Need Quick Response? — Al models of our FR Series re- |
spond to line and load charges within 50 ws—less than 1
cycle.

S N N RN

Delivery/Price a Factor? — each standard model is avail-
able off-the-shelf.

However demanding your AC regulator checklist, the Sorensen
line can bear a good hard look. Whatever your needs, chances
are Sorensen has a unit for your application. We offer ¢ broad
range of off-the-shelf line regulators to choose from in the
range 150VA to 15kVA. Our ACR Series, for example, feature
silicon controlled rectifier regulation, printed circuit mairtain-
ability, and require minimal rack space. The .01 Series provides
high precision regulatior, =0.01%, for applications demand-
ing the strictest accuracy and stability. Where fast resoonse is
an important considerat;on, the FR Seriesisursurpassed. Soren-
sen's magnetic-amplifier S Series offers excellent low-cost reg-
ulation for a veriety of applications.

Electronics | June 12, 1967

Each Series is a carefully designed combination of power,
performance and packagirg,—to fill your spec'fic requirements.
Sorensen’s AC regulation capability spans 25 years of experi-
ence in the design and production of regulators. Our standard
product technology provides the firm basis for an outstanding
custom design capability. Whatever your AC regulator prob-
lems, — check with Sorensen.

For details on Sorensen AC regulators, or for standard/cus-
tom DC power supplies or frequency changes, contact your
local Sorensen rep. or: Raytheon Company, Sorensen Opera-

tion, Richards Ave., Norwalk, Conn. 06856.
Tel: 203-838-5571.
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ONE POUND hE "

EN 2369 . ‘3‘_“* '. -_;
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There are 712 epoxy TO-5's to a pound; 1,516 epoxy
TO-18's. Armed with this basic knowledge you are
now ready to assimilate a few more facts about Fair-
child epoxy devices.

Full line: We have epoxy PNP's, epoxy NPN's, epoxy
FET's, epoxy anythings.

Metal-can performance: Our new EN epoxy transis-
tors are equivalents of their metal-can counterparts,
up to 70°C. (For example, an epoxy EN 2369A is the
equivalent of a metal-can 2N 2369A.)

This coupon is good
for 25¢ at your neighborhood
Fairchild Distributor on purchase
of one pound of Fairchild

epoxy transistors.
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Get them
by the pound.

Fast delivery: We make more silicon epoxy devices
than all the rest of the industry put together. (We can
ship 2 to 3 tons per week — 5,000,000 devices to be
exact.)

Low Prices: Our low epoxy prices are even lower
now, while our special one pound discounts are in
effect.

Call a Fairchild Distributor: Ask him to deliver a
pound of your favorite transistors. And don't forget to
redeem your coupon.

b i1 ]
FAIRCHILD
—————amn
SEMICONDUCTOR

|
|
=

—— e e e e e e — ot e . e b

A Division of Fairchild Camera and
instrument Corporation m 313 Fairchild Drive,
Mountain View, California 94040

(415) 9625011 m TWX: 910-379-6435
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ERRORS

make
us
angry!

that's why we
manufacture
variable
attenuators

with error of less
than 0.05 db”

Think attenuators...say the words ‘‘Pre-
cision Performance’’...and you must
conclude Jerrold ATV-Series Turret Atten-
uators. Small, compact, they cost far less
than you might expect.

Jerrold attenuators set the pace with
intrinsic quality like coin-silver contacts
for maximum conductivity, finest-quality
deposited carbon disc and rod pad re-
sistors for extreme accuracy, and positive
spring-loaded detent mechanism for
faultless resolution—in fact all the elec-
trical features of ‘‘pull-and-turn” atten-
uators at one third the cost!

Model ATV-1," 0-0.9 db in 0.1 db steps

{Fixed Attenuation 3 db), Accuracy +0.05 db at
max, attenuation. $275.00
Model ATV-9, 0-9 db in 1 db steps,

Accuracy 0.1 db at max. attenuation. $250.00
Model ATV-50, 0-50 db in 10 db steps,

Accuracy +0.5 db at max. attenuation. $195.00
Group this with 50 ohm impedance,
VSWR of 1.06:1 at 1000 MHz (1.1:1 at
1200 MHz), low insertion loss .1 db max-
imum, and you come up with THE BEST
BUY IN THE INDUSTRY! If you're oper-
ating DC to 1200 MHz...send for com-
plete specs today,

JE MEASUREMENT AND
HH[”A TEST INSTRUMENTATION
JERROLD ELECTRONICS CORPORATION

Government and Industrial Division
Philadelphia, Pa. 19105
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Meetings

Conference on Broadcast & Television
Receivers, |IEEE; O'Hare Inn,
Des Plaines, IIl., June 12-13.

National Electronic Packaging
Conference, Electronic Packaging
Engineers; New York Coliseum,
June 13-15.

Aerospace !nstrumentation Symposium,
Instrument Society of America; Hotel
Del Coronado, San Diego, Calif,,

June 13-16.

International Science and Technology
Exhibition, Geam Exports; Earls Court,
London, June 14-24,

Seminar on Basic Research &
Development Management; Pennsylvania
State University, Nittany Lion Inn, Penn
State University Park Campus, Penn.,
June 18-23,

Conference & Education Exhibit,
American Society for Engineering
Education; Michigan State University,
East Lansing, Mich., June 19-22.

San Diego Biomedical Engineering
Symposium, American Institute of
Aeronautics and Astronautics; Hilton
Inn, San Diego, Calif., June 19-21.

Symposium on Microelectronics, |EEE;
Colony Motor Hotel, St. Louis,
June 19-21.

international Scientific Congress on
Electronics, Italy’s Post & Telegraphs
Ministry and Higher Posts &
Telecommunications Inc.; Rome,
June 19-23.

International Conference & Business
Exposition, Data Processing
Management Association; Boston,
June 20-23.

International Symposium on
Bioastronautics & the Exploration of
Space, Southwest Research Institute;
San Antonio, Texas, June 24-27.

American Society for Testing and
Materials Meeting, American Society for
Testing and Materials; Statler-Hilton
Hotel, Boston, June 25-30.

Seminar on Computerized Imaging
Techniques, Society of Photo-optical
Instrumentation Engineers, Marriott
Twin Bridges Motor Hotel, Washington.
June 26-27.

Aerospace Systems Conference &
Engineering Display, Society of
Automotive Engineers, Statler Hilton
Hotel, Los Angeles, Calif., June 27-29,

Symposium on Electromagnetic
Compatibility, IEEE; Shoreham Hotel,
Washington, July 18-20.%

Short Courses

Hybrid computation; University of
Wisconsin's College of Engineering,
Madison, Wis.; June 19-23; $150 fee.

Modern theory of communications;
Ohio State University’s Department of
Electrical Engineering, Columbus;
July 10-21; $275 fee.

Modeling of industrial processes for
computer control; Purdue

University’s Schools of Engineering;
Lafayette, Ind.; Oct. 16-25; $250 fee.

Call for papers

International Electron Devices Meet-
ing, IEEE; Sheraton-Park Ilotel,
Washington, Oct. 18-20. Aug. 1 is
deadline for submission of abstracts
to Burton McMurtry, technical pro-
gram chairman. 1967 Electron De-
vices  Meeting, Sylvania  Electronic
Svstems., P.O. Box 205, Mountain
View, Calif. 91040

Hybrid Microelectronics Symposium,
International Society for Hybrid Mi-
croelectronics;  Boston, Oct. 30-31.
July 31 is deadline for submission of
abstracts to Paper Selection Commit-
tee, International Society for Hybrid
Microelectronies. P.O. Box 11091,
Palo Alto, Calif. 94304

Asilomar Conference on Circuits &
Systems, Naval Postgraduate School,
University of Santa Clara; Asilomar
Hotel, Pacific Grove, Calif., Nov. 1-3.
Sept. 1 is deadline for submission of
abstracts to S.R. Parker, Department
of Electrical Engineering, Naval Post-
graduate School, Monterey, Calit.
93940

* Meeting preview on page 16.
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Even though Fluke differential voltmeters feature dc accuracies high as 0.0025%,, ac accuracies
of 0.05%, and 100 microvolts full scale sensitivity, they are so well designed that use is both simple and
easy. Solid state bench top models are adaptable for half- or full-rack mounting... Many are offered
in both line and rechargeable battery operated versions. Vacuum-tube models are available in
cabinet or full-rack configurations. Thetre are many accessories, too. All the fine features of
Fluke differential voltmeters should surprise no one familiar with the Fluke line.
For uncommon standards laboratory performance in portable instrumentation has
always been and continues to be standard.
For particulars, write Fluke, Box 7248, Seattle, Washington 91833.
Phone: (206) 774-2211. TWX: (910) 449-2850. In Europe address Fluke
International Corporation, Sophialaan 2, The Hague, The Netherlands.

Count ’em. It’s the world’s largest, most
sophisticated line of differential voltmeters.
And what a line! You can buy a solid

state dc, ac/dc, or true rms voltmeter.

Or our vacuum tube version. You’d think

Fluke invented the differential voltmeter.,
(Well, we did.)

DC DIFFERENTIAL VOLTMETERS
ACCURACY INPUT MAX. METER
MODEL INPUT VOLTAGE % OF INPUT IMPEDANCE RESOLUTION PRICE NOTES
8018 0-500 VDC =0.05% 50 uv $ 485.00
825A 0-500 VDC *+0.02% Infinite at nuil 5uv $ 590.00 2 +$20 for rack models
821A 0-500 VDC =+0.01% 5uv $ 795.00
871A* 0-1100 VDC *0.02% ! infinite at nuli 10 wv $ 565.00 ) +$130.00 for
881A* 0-1100 VDC +0.005% ~ to =11V 10 Meg 1w $ 825.00 ; rechargeable
8854 0-1100 vDC #+0.0025% ‘ above == 14V 1uv $ 965.00 battery pack
895A* 0-1100 vDC +0.0025% Infinite at null 1uv $1,195.00
. to *1100v
AC/DC DIFFERENTIAL VOLTMETERS
8038 0-500V AC or DC +0.05% DC, *0.2% AC Infinite atnull o S0 uv $ 875.00
803D 0-500V AC or DC =0.02% DC, *=0.1°% AC 1 Meg, 35-50 pf AC Suv $1,055.00 ¢ +$20 for rack models
823A 0-500V AC or DC =0.01% DC, *0.1% AC & p 5 uv $1,215.00
873A*  0-1100V AC or DC =0.02% DC, —0.2% AC Infiniteat nullto 10 10 uv $ 875.00 { -+ $160.00 for
883A"  0-1100V AC or OC =-0.005% DC, *0.1% AC Meg above 11 VDC 1 uV $1,215.00 rechargeable
887A*  0-1100V AC or DC  =-0.0025% DC, #0.05% AC)Y1 Meg, 40 pf AC 1uwv $1,375.00 battery pack
TRUE RMS DIFFERENT{AL VOLTMETER
931A* 0-1100V AC =*0.05% AC 1 Meg, 8 pf with 20 ppm  $ 895.00 -+-$ 50.00 for
BNC Input of dial permanent probe ) ;
; 1 Meg, 5 pf with setting +$100.00 for recharge- Circle 15 on reader service card
*Solid State probe able battery pack




4654 DIGI

400 SERIES
INTEGRATING DC

DIGITAL VOLTMETER

Extended Range Measurements: Fifth digit

over-range.

Precise Measurements: With accuracies to

0.05%.

Input Flexibility: Four voltage ranges and a
micro-current input for measuring in “Engineer-
ing Units” (psi, degrees, etc.)

System Compatibility: BCD Outputs and Re-

mote Programming.

High Noise Rejection: Differential input and in-
tegration techniques provide common mode re-
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jection greater than 120 db at 60 Hz.

Economical: 3 and 4 digit models range from

$349.50 to $495.50.

These DVM's are not only NEW, they're AVAILABLE
from Janus representatives from coast to coast!

CALL OR WRITE FOR A DEMONSTRATION.

JANUS CONTROL OIVISION | DNCO

296 NEWTON STREET - WALTHAM - MASSACHUSETTS 02154 - TEL: (617) 891-4700
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Meeting preview

Noise and IC's

Although integrated circuits reduce
the volume of electronic devices,
they also compound electromag-
netic compatibility (Extc) problens.
Their small size make themm more
snsceptible to external electromag-
netic fields and increases the
chance of interaction hetween cir-
cuits and elements within circuits.
This aspect of 1c’s will be one of
the major topics at this vear’s IEEE
Symposium  on  Electromagnetic
Compatibility at the Shoreham Ho-
tel in Washington, July 18 to 20.

A paper on electromagnetic com-
patibility in 1c’s will be delivered
by A.R. Valentino. research engi-
neer with the 1t Research Insti-
tute in Chicago. He will outline his
work with logic circuits, such as
diode-transistor logic and transis-
tor-transistor logic, describing how
to predict the effect of spurious
electromagnetic fields on the logic
operations of modules and individ-
ual circuits.

Such data, Valentino says, is use-
ful in the design and packaging of
systems by helping the engineer
to decide on the most eflective wir-
ing routes and methods for distri-
bution of power.

Two of the symposium’s 10 ses-
sions will deal with the prediction
and analvsis of EMC. At one ses-
sion. John Sell. an engineer with
the institute’s Electromagnetic
Compatibility Analysis Center. An-
napolis, Md., will deseribe his work
to define and identify spurious re-
sponse. In the second session. Maj.
Anthony F. Albright. chief of the
Army's data rescarch branch ot the
frequency management directorate,
will discuss an attempt to better
utilize the overcrowded electro-
magnetic spectrum.

After the 1EEE symposium. the
Defense Department will hold its
two-session  electromagnetic  com-
patibility conference. An unclass-
ified meeting is scheduled for the
afternoon of July 20, at which rep-
resentatives from the Army, Navy,
Air Force, and Electromagnetic
Compatibility Analysis Center will
discuss electromagnetic compatibil -
ity  specifications required  for
equipment, and how they get these
specifications.
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These are some of the
relatively unexciting
components that make
Trygon’s new Liberator
power supplies possible.

]

- |
5 “ = "‘ &
- e a‘.;ﬁ. i‘

+ » -

e

Here’s the extraordinary,
almost impossible system

job it can do for you.

= . . . . 3 - - i e — e e -
Trygon’'s Liberator Series is engineered to provide the ultimate in high i |
power system performance, in a minimum size, at lowest possible cost. | f’ S coe i
Output current levels of 40 amperes (3%2"), 70 amperes (5%"). .005% regulation/ I oM - - - I
.5mv ripple/3mv peak to peak noise/.01% stability/extremely low output impedance/ - - |
MIL Spec. performance compliance/ integral slide mounting/ automatic load share paral- : TRYGON POWER SUPPLIES I
leling/ overvoltage protection/wide adjustable voltage range. I EEEASANT AVEWIROOSEVELT, (L. 1 (N1Y. I
32" units:  2.5-4.5V/40A; 4.8-6.8V/40A; 6.5- 5% units: 2.5-4.5V/70A; 4.8:6.8V/70A; 6.5- | SENO ME PROOF OF LIBERATOR PERFORMANCE |
9.5V/25A; 8.5-11.5V/25A; 11-14V/ 9.5V/50A; 8.5-11.5V/50A; 11-14V/

25A; 13.5-19.5V/20A; 18.5-26.5V/ 50A; 13.5-19.5V/40A; 18.5-26.5V/ | NAME__ S|
15A; 24-32V/ 15A. Priced from $420 30A; 24-32V/30A. Priced from $535 | i

to $445. 0-8V/25A with overvoltage to $550. 0-8V/50A with overvoltage COMPANY _— ——
protection—$525. protection; 0-15V/30A; 0-36V/15A: | !
0-60V/10A. Priced from $55010$650. | ADORESS — |
LIBERATOR: the most precise system power supply available—at the highest possible | cirv STATE zip |
power output—in the smallest possible package —at the lowest possible price. MAKE “————————=——————— -

US PROVE |T! ‘TTRYGON

ELECTRONICS, INC,,
Roosevelt, N.Y. 11575
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Complementary
Silicon Power—-
Direct-Couple Your
Servo Drivers

At Low Cost

(and in less time) !

Use these six new, 5-ampere Motorola complementary
silicon power transistor pairs to achieve enormous econo-
mies in the push-push, push-pull driver portions of your
medium-current, industrial/computer servo amplifier de-
signs . .. you'll save two ways:

1. You get all the circuit-simplifying advantages of
direct-coupled, complementary symmetry plus re-
alize a higher degree of frequency stability in both
ac and dc-driven loads WITHOUT the addition of
expensive, impedance-matching driver transformers.

It’s easier than ever to eliminate costly over-design
by plugging in 87.5 watts of TO-3 power-handling
capability — a “power gap” area up to now neces-
sarily filled by higher-priced, higher-current units
— for only a few cents more than the price for
power-limited (25 W) TO-66 devices!

And you now have the choice of 5-ampere silicon
NPN or PNP polarity for your power switching, series
and shunt regulator driver and output stage, dc -to-dc
converter, inverter and hammer driver designs.

Eighteen Motorola complementary silicon power
transistor pairs ranging from 1 to 15-amperes and 5 to
150 watts are immediately available from your franchised
Motorola distributor for the broadest range of cost-cutting
PNP/NPN applications possibilities in the industry.
Investigate them today!

1o

Complement your Design Know-How . . .

with a series of three informative Application Notes on
complementary silicon power audio/servo amplifier cir-
cuits. How to reduce phase shift and accompanying prob-
lems plus easy conversion to transformerless operation
are discussed at length. Send for them.

Type Polarit Po le | Veeo (m?:@ t (183.61,6;)
’ Y1 @25°C | (cont) | (sus) ) mim | 0
2N4913, 14, 15|  NPN $1.50
2N4904, 05 06|  PNP 10,60 | B @254 595
g75wW | sa | g% 4 MHz |—
2N5067. 68, 69|  NPN 0@ A 1.20
2N4901 02, 03| PNP HAL 184

—WW Z‘A@Ibl'n%” MZZ]&Z 23'(2 %/ '?
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How To Convert
High-Frequency
Power 1o DC in 100
Low-Cost nsec.

In no time at all you can accelerate the performance
and efficiency of your high and low speed dc inverter,
chopper, free wheeling and charging diode. sonar supply
and ultrasonic system circuit components to outstanding
levels. It takes just 100 ns for Motorola’s new. 1N3879,
-3889, -3899, -3909 and -4993, 3, to 30-ampere, fast
recovery rectifiers to switch from a forward conducting
to reverse blocking mode in all these applications.

This nimble new device line now broadest in the
industry - offers unequalled 50 to 600-volt Vix capa-
bility and two speed ranges for maximum cost/perform-
ance flexibility: 200 ns max (100 ns typ) and 1 uS max
(0.5 us typ) recovery times for 250 to 500 kHz and
50 to 100 kHz applications. respectively. Besides agile
switching and less power dissipated in the reverse mode,
these diodes hold RII and transient voltage generation
to a minimum, reduce the size, cost and weight of power
conversion and filter components in the output circuit
and slim down the required input power source, since
voltage drops are lower in the output circuitry.

Time-proven, reliable packaging is included: all 3 to
30-ampere fast recovery devices utilize the unique “basic
cell” fabrication technique and 3; and 1-ampere units
are cased in silicone-polymer Surmetic* packages
long-noted for high-temperature, high-humidity case
integrity.

A quick point about price. You can design in
Motorola fast recovery rectifiers for as little as $.45
each (100-up) . . . little more than the moderate cost
for similar, standard speed Motorola rectifiers.

Now’s the time to see your franchised Motorola
distributor about them.

Frequency | T.. | Motorola Preferred
Requirement Yo | 3 (@)_ Rectifier Line |
250 to 500 [ 50 to 600 | % to 30 | 100 58 High-

kHz volts amps ns Speed Units
50 to 100 | 50 to 600 | 34 to 30 0.5 30 Medium-
kHz volts | amps #S | Speed Units |
10 to 15 |50 to 1,000 | 1 to 1,000 5 284 Standard-
kHz volts amps us Speed Units

MOTOROLA

Semiconductors
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i i i i itches, potentiometers, motors, microelectronics
... the leading name in cable, connectors, assemblies, RF switches, \ .
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WHO'LL

make the next
breakthrough
iIn EDP design?

Could be YOU: with
Mosaic's Fiber Optics!

EDP systems design engineers are only
beginning to tap the potential of fiber
optics. Yet, after a brief acquaintance with
this broad, new technology, they have
made breakthroughs already . . .
obsolescing “standard’ EDP design
solutions. Advances like greater speeds.
Design freedom. New capabilities.
Reliability and lower costs.

Did you hear about the osciliograph
equipped with a fiber optic cathode ray
tube? The CRT tube’s electron beam is the
writing device. Printout is nearly 100
times faster (1 million inches per sec.)
than any direct-writing system in existence!
Do you know the story on Mosaic's Fiber
Optic systems? In new EDP readers,
printers, punched tape and card verifiers

. in keypunch and teletype equipment,
they're more dependable, less
complicated, less costly and over 4 times
faster than heat, wear and friction-prone
mechanical systems!

Mosaic's fiber optics can help you make
breakthroughs to advance the EDP
state-of-the-art, too. Give those specific
design problems of yours a hard look
now. Then get going with the solution.
Start by contacting Mosaic Fabrications,
the people who know fiber optics inside-
out ... the largest single source of fiber
optics technology, capability and
productivity on earth!

Mosaic will work with you to solve

your EDP design problems now . . .

will help you design and develop,

- from prototype to
production, the
specific EDP
fiber optic hard-
ware to put you
way ahead!

Call or write for descriptive literature, today!

Bendi Mosaic
Fabrications,lnc GALILEO PARK, STURBRIDGE, MASSACHUSETTS 01518 (617} 3470191
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How Jo Convert
High-Frequency
Power 1o OC in 100
Low-Cost nsec.

In no time at all you can accelerate the performance
and efficiency of your high and low speed dc inverter,
chopper, free wheeling and charging diode. sonar supply
and ultrasonic system circuit components to outstanding
levels. It takes just 100 ns for Motorola’s new, 1N3879,
-3889, -3899, -3909 and -4993, 3, to 30-ampere, fast
recovery rectifiers to switch from a forward conducting
to reverse blocking mode in all these applications.

This nimble new device line now broadest in the
industry offers unequalled 50 to 600-volt Vu: capa-
bility and two speed ranges for maximum cost/perform-
ance flexibility: 200 ns max (100 ns typ) and 1 s max
(0.5 us typ) recovery times for 250 to 500 kHz and
50 to 100 kHz applications, respectively. Besides agile
switching and less power dissipated in the reverse mode,
these diodes hold RFI and transient voltage generation
to a minimum, reduce the size, cost and weight of power
conversion and filter components in the output circuit
and slim down the required input power source. since
voltage drops are lower in the output circuitry.

Time-proven. reliable packaging is included: all 3 to
30-ampere fast recovery devices utilize the unique “basic
cell” fabrication technique and 34 and 1-ampere units
are cased in silicone-polvmer Surmetic* packages
long-noted for high-temperature, high-humidity case
integrity.

A quick point about price. You can design in
Motorola fast recovery rectifiers for as little as $.45
each (100-up) . . . little more than the moderate cost
for similar, standard speed Motorola rectifiers.

Now’s the time to see your franchised Motorola
distributor about them. I

Frequency | T. | Motorola Preferred
Requirement Yo B - (typ) |  Rectifier Line |
250 to 500 [ 50 to 600 | % to 30 | 100 58 High-

kHz volts | amps [ ns | Speed Units
50t0 100 | 50to 600 | % to30 | 05| 30 Medium-

kHz violtsi amps | ps | Speed Units
10 to 15 (50 to 1,000 | 1 to 1,000 5 284 Standard-

kHz volts amps us Speed Units

MOTOROLA

Semiconductors
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Miniaturization. Amphenol can
give you rack and panel connectors
with envelope dimensions of less
than 2%" by %£". With positive lock-
ing devices, too.

More Contact Density. .100” con-
tact centers to .050” in standard lines
for 24-, 26- or 28-gauge wire—with

no loss of dielectric strength. En-
vironmental or non-environmental.

Greater Shielding Use. To provide
protection through the connector,
Amphenol gives you shielded con-
tacts in key product lines.

Wide Selection—Fast Delivery.
Chances are most distributors have

what you need in stock. If not, call
your Amphenol Sales Engineer or
write Amphenol Connector Division,
1830 S. 54th Ave., Chicago, I11. 60650.

AMPHENOL

Specify Amphenol . . . the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics
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WHO'LL

make the next
breakthrough
iIn EDP design?

Could be YOU: with
Mosaic's Fiber Optics!

EDP systems design engineers are only
beginning to tap the potential of fiber
optics. Yet, after a brief acquaintance with
this broad, new technology, they have
made breakthroughs already . . .
obsolescing “‘standard™ EDP design
solutions. Advances like greater speeds.
Design freedom. New capabilities.
Reliability and lower costs.
Did you hear about the oscillograph
equipped with a fiber optic cathode ray
tube? The CRT tube’s electron beam is the
writing device. Printout is nearly 100
times faster (1 million inches per sec.)
than any direct-writing system in existence!
Do you know the story on Mosaic's Fiber
Optic systems? In new EDP readers,
printers, punched tape and card verifiers

. in keypunch and teletype equipment,
they're more dependable, less
complicated, less costly and over 4 times
faster than heat, wear and friction-prone
mechanical systems!

Mosaic’s fiber optics can help you make
breakthroughs to advance the EDP
state-of-the-art, too. Give those specific
design problems of yours a hard look
now. Then get going with the solution.
Start by contacting Mosaic Fabrications,
the people who know fiber optics inside-
out . . . the largest single source of fiber
optics technology, capability and
productivity on earth!

Mosaic will work with you to solve

your EDP design problems now .

will help you design and develop.

— | from prototype to
production, the
specific EDP
fiber optic hard-
ware to put you
way ahead!

Call or write for descriptive literature, today!

endi Mosaic
Fabrications,Inc
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Editorial

The near miss

There’s a neat bit of irony connected with the develop-
ment of the first practical gallium arsenide transistor
[page 82]. The sponsor of the research gave up on it
because it looked futilc, only to see it achieved success-
fully a couple of months later.

Working under an Air Force contract to create a gal-
lium arsenide transistor, engincers at the Radio Corp. of
America’s Princeton Research Laboratories built struc-
ture after structure in vain. During a routine review of
the work, Air Force contract officers bluntly asked the
engincers how chances for success looked. When the dis-
heartened engineers replied, “not very good,” the Air
Force ended its support, to put its money on something
that might prove more fruitful.

A few months later, working and thinking on their
own, the same engineers hit on the idea of trying silicon
nitride as an insulator instead of the traditional silicon
dioxide. Bingo! Success. Now the rca accomplishment
promises to lead to families of new discrete devices and
integrated circuits capable of handling higher power
and higher frequencies than silicon ones can.

There may yet be a happy note for the Air Force,
however. Rca engineers are telling Air Force contract
officers about their work this week, and the Air Force
may sponsor some of the next steps.

... and how to avoid it

But for many research and development projects there
is no happy ending. Either they go on interminably and
unsuccessfully, with good money following bad, or they
are shut off too soon, and a competitor takes the next
step and grabs the market.

With all their shiny new scientific management tools,
executives still have not learned how to manage a re-
search and development program efficiently. Nobody
seems sure how to answer two fundamental questions:
when do you shut off a project that looks as if it’s headed
nowhere? And how do you motivate researchers to reach
into a new vein, out of the ordinary stream of technology?

Ten years ago company executives felt sure they
would reap a harvest of exciting new products merely
by pouring large sums into rescarch and development
programs. Unhappily, they found that r&p expenditure
showed up only as expenses—few worthwhile products
resulted—so today some large companies have cut back
their spending. Their rationale is this: if R&p cannot be
managed wisely and efficiently, with guaranteed suc-
cesses, at least the company will waste fewer dollars
if the effort is smaller.

A critical ingredient that has been missing in the
management of many R&p programs has been serious
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participation by top executives. The best advice that
can be offered sounds like a cliché: successful manage-
ment of R&p takes alert, imaginative exccutives prepared
to learn the fundamentals of technology, the technical
direction of the research effort, and how the company’s
efforts fit in with what has been done before.

Too few managers are willing or able to do this diffi-
cult homework. It is not easy for the average president
of a corporation to wrestle with the logic organization
of his company’s computer product line or the details
of dielectric isolation used in his semiconductor products
or the design of an active filter his products should use.
Most executives like to tell you that these are details
to be worked out by the engineers, while the executives
are concerned with policy and the big picture.

Yet top management’s intimate understanding of the
details can make or break an r&p program. It cannot be
delegated, even though industry is full of bright young
engineers who have risen to vice-presidential level be-
cause they can translate technology to the president and
board of directors.

The average top executive doesn’t feel comfortable
in a meeting that delves deeply into technology. Rarely
do company presidents expand their technical knowl-
edge. Often they feel their role in the company demands
a concentration on financial matters, organization, and
occasional visits to the company’s biggest customers.

Although the president of a large company may spend
weeks working with accountants and lawvers to sct the
stock price for an acquisition, he’ll give his vice presi-
dent for research and development only 20 minutes to
explain the company’s technological plans for the com-
ing year, even though these plans might involve two or
three times the money spent on the acquisition.

J. Northcote Parkinson, the noted satirist, spotted
this phenomena years ago. In his book “Parkinson’s
Law,” he wrote that a board of directors will spend
hours discussing whether to give the men an extra five
minutes for tea time but will approve the purchase of
a multimillion dollar nuclear reactor in five minutes.

In such an environment, technology has leaped far
ahead of management’s ability to cope with it.

This deficiency shows up in more ways than just
poor management of R&p. It causes companies to lose
markets they have dominated for years, to introduce the
wrong new product, to misunderstand the servicing
technically oriented customers require, and to suffer
with problems within the company when the difficulties
could be solved by the application of new technology.

Even in the electronics industry, where the stakes
are greater because almost every move requires techni-
cal understanding, most top executives are only a little
more willing to do their technical homework than their
counterparts in less technically based fields.

New techniques in communications, integrated clec-
tronics, and computer-aided design are changing the
structure of the industry. In this atmosphere, a thor-
ough knowledge of technology is essential for top ex-
ecutives not only to evaluate rR&p programs, but to assure
the company’s very continuance,

23



ELECTRONIC COMPONENTS FOR COMPUTER USE
F-111 AIRCRAFT

SERVO AMPLIFIERS USED
ON VARIOUS AIRCRAFT

SERVQ ASSEMBLY
F-111 AIRCRAFT

AUTOMATIC STABILIZATION ACTUATOR
CHA7A HELICOPTER (SEA KNIGHT)

We have been designers and manufacturers of
flight controls and special aircraft devices for the
past 10 years. A great many engineers and pur-
chasing people think of Clifton only as a leader-
manufacturer of rotating components, synchros,
servo motors and resolvers. We would like to
point out that we also develop, design and pro-
duce servo sub-assembiies, to the most exacting
requirements. These precision-engineered mod-
ules are now flying, or will soon fly, in our coun-

CLIFTON

DIVISION OF LITTON INDUSTRIES
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Check CLFTON for Servo Packages
gas

BOOSTER AMPLIFIERS, COMPONENTS OF
THE NAVIGATION AND BOMBING COMPUTERS
F-111 AIRCRAFT

SERYO ASSEMBLY
F-111 AIRCRAFT

-

AUTO-PILOT SYNCHRONIZER
A7A AIRCRAFT

TACAN RANGE AND BEARING COUPLERS
NAVIGATIONAL USE ON VARIOUS AIRCRAFT

All units shown Y3 actual size.

try's most important aircraft.

These packages are built to Clifton synchro
standards of reliability and accuracy . . . and in
production quantities. While we can hand build
models for you, we excel in “‘in-line” quantity
and quality production,

Give us the opportunity to discuss your nexk
servo package need! Do it now, today!

Call 215 622-1000 and ask for Mr. E. Fisher,
or TWX 215 623-1183.

[H
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Surging microwave
semiconductor sales
forecast for 1970's

Air-traffic device
snarled in traffic

Collins, RCA get
Tacsat contracts

U.S. seeks
overseas site
for seismic array
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The over-all microwave semiconductor market should climb to $25
million by 1970, more than 12 times the current sales level, says a Texas
Instruments marketing forecast. And by 1977, TI adds privately, sales
should reach $410 million. Of this figure, $300 million would go for
integrated circuit assemblies, $80 million for IC’s, and $30 million for
discrete devices.

TI plans to be selling microwave IC’s off the shelf by the end of 1967
and already has been marketing custom models for nearly a year.

Also gearing up for the expected sales spurt is Sylvania Electric
Products, which is now developing a custom microwave IC capability
at its Woburn, Mass., plant. Marvin Groll, product manager, says Sylvania
cxpects to be selling an X-band (5.2 to 10.9 gigahertz) mixer by year’s
end. The concern will double its microwave device production space with
Ahe opening of a new plant in Woburn in August.

The FAA’s air-traffic control beacon system for commercial aircraft,
which is just getting under way, has run into a traffic jam of its own.
Ground transmitters, other than the agency’s, are interrogating airplanes
as they pass overhead, resulting in FAA control centers being overloaded
with extraneous beacon responses. Aircraft beacon signals provide such
information as a plane’s identification, altitude, bearing, and heading.

A major violator is the Government itself, through its Nike missile
installations, which use interrogators to identify friendly aircraft. Also
creating problems are the manufacturers of interrogators because they
test the gear at full power in open fields. Now the FAA is calling for
limits on interrogator transmitting power.

Under the agency plan, enroute air-traffic centers and Air Defense
Command radar would cut peak power to about 175,000 watts—enough
to transmit for about 200 miles. Nike sites with shorter range radar would
go lower than that, and airports would dip to 200 watts maximum for
50-mile-radius coverage.

The Air Force and Army have awarded separate contracts for terminals
in the nation’s first tactical satellite communications system. Collins Radio
will get $7.2 million from the Air Force Electronic Systems Division for
43 ground, shipboard, and airborne terminals operating in ultrahigh-
frequency bands, while RCA won the Army Electronics Command’s $3.4-
million contract for 18 superhigh-frequency terminals. Both contracts
call for first deliveries early next year.

The U.S. is negotiating with an overseas nation for a site for a second
LASA (large-aperture seismic array). The installation would be similar
in concept to the 525-sensor array in Montana [Electronics, Sept. 19, 1966,
p. 25]. Officials at the Defense Department’s Advanced Research Projects
Agency explain that LASA can’t be used fully to distinguish between
seismic events and man-made nuclear detonations until a second large
array is available to provide corroborating data. Even detection of low-
magnitude seismic and nuclear events by LASA can’t be verified by any
existing network of stations.
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Cloudcroft project .
to make comeback

How to find a cop
when you need one

Solid state, 3-axis
accelerometer
planned for missile
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The Air Force will invest another $2 million to $3 million and two to
three years in an electro-optical satellite tracking system that barely
worked after $5 million and five years was spent on development. The
Electronic Systems Division has requested a proposal from RCA for
revival of the FSR-2 program at Cloudcroft, N.M. RCA’s Aerospace Sys-
tems division, Burlington, Mass., was prime contractor in the original
effort to develop an optical sensor capable of operating beyond the range
of radar. The Cloudcroft facility has been shut down for almost two
years.

In addition to further development of image tubes for the system
[Electronics, April 3, p. 168], the Air Force wants substantial advances
in the fiber optics used to transmit light from the collecting telescope to
the tubes. The design calls for 12 curved optical-fiber bundles, each
nearly 114 inches square and about 20 inches long. An attempt will be
made to build flexible bundles so that they can be tuned to the telescope
at one end and the image tubes at the other.

New York City’s Police Department is hot on the trail of a computerized
command and control network [Electronics, May 1, p. 105] even though
a major question has yet to be answered: How can patrol cars be moni-
tored constantly for computer assignment? A scientific task force attached
to the President’s Commission on Law Enforcement and Criminal Justice,
which urged highest priority for computerized networks, has dubbed four
car-location schemes “technically feasible.”

Most promising, says the task force, is a plan to equip each car with
an acoustic or electromagnetic device emitting signals to receivers in
police and fire call boxes, which would be linked to a control center via
land lines. Inspector William Kanz, in charge of communications for the
New York police, leans toward that scheme. In fact, he explains, “we’re
planning to extend our emergency call system by adapting 14,000 fire
call boxes for police use. We might just be able to add a location system
at the same time.”

The three other plans include the use of radar transponders, radio
direction-finding equipment, and a simplified inertial navigation system
that would keep track of a car’s location.

A solid state, three-axis accelerometer is about to be delivered for a classi-
fied missile application by Conrac Corp. The device uses six diffused sili-
con strain gauges instead of conventional electromagnetic pickoffs and
can measure accelerations as large as 500 G’s with 0.25% to 1.0%
accuracy.

All three axes pass through a single point, thus eliminating the need
for compensating electronics. Three rods are drilled and passed through
each other at right angles to form a cross with arms in x, y, and z axes;
strain gauges support the ends of each rod.

The strain gauge device has no moving parts and requires no servo
loops for operation. Most electromagnetic accelerometers detect accelera-
tion by measuring the current needed to keep a captive pellet or pen-
dulum in position. With the Conrac device, the resistance of the strain
gauge changes under acceleration, giving an analog voltage proportional
to the rate of change of velocity. The whole accelerometer package,
including 12 integrated circuit amplifiers and one IC differential amplifier,
is only 3 cubic inches.
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We cross examine every 1C al 14 points...
and that’s just the beginning.

Barly in production, every Sylvania IC is 1009,
D( tested on our fully automated 14-point probe.

At the end, cach Sylvania IC must pass final
operational tests in four consecutive, tempera-
ture-controlled chambers from —55° (" to 125° ('

And there’s no let-up in testing in between. All
bonds are air-blasted and mechanically tested
prior to package scaling. All packages are baked at
300° ' to insure absolute dryness before scaling.

After sealing. all units are aged at 300° C for

60 hours. Then all 1(''s are temperature cyeled
from —65° to 200° C, centrifuged at 20,000 Gs in
the Y, plane. and all packages are 1009 leak
tested for hermetic seal.

These tests are far more comprehensive and
thorough than any performed by our competitors.
And we minimize errors in the first place with our
fixed production process.

Sylvania Semiconduetor Division, Eleetronie
Components Group. Woburn, Mass. 01801.

SYLVANILA

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS GT{EZE
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WE WILL PAY SUBSTANTIAL
FINDER'S FEES TO YOU

if you alert us to a private company for which we manage

a public offering of securities.

We are a 63-year-old Investment Banking Firm,
Member of the New York and American Stock Exchanges,
and we want to go to work on your suggestions.
Aside from our limitation of one fee per transaction,
the more fees we pay the happier we will be.

D. H. Blair & Company is an aggressive, rapidly-
expanding investment banking firm which combines
the advantages of young management with

63 years of investment banking experience. We are
ready to act quickly on your suggestions of firms
interested in going public.

We are particularly interested in companies with
several years of impressive growth in rapidly expanding
industries. We are well-equipped to manage initial
public offerings ranging in size from $2 million
to $15 million. Further, if after examination we feel
that a particular situation is not yet ready for a
public offering, we will suggest and implement
alternative methods of financing while working with
the company to ready it for its objective of
having a public issue. If we are enthusiastic enough
about a situation, we may invest our own capital
as an interim means of financing preparatory to a
Targer public offering.

We are looking especially for firms which have the
potential for listing within 1.3 years on the
American Stock Exchange and subsequently on the
New York Stock Exchange. We are definitely not

interested in small Regulation A offerings.

What role can you play? You can alert us to a
company which you believe meets our specifications
and whose owners you think would like to see a
public market for their stock. All you have to do to
be eligible for a finder's fee is to be the first to
write us in detail about a particular firm. Of course,
your chances of getting us to give priority to
your proposal will be enhanced if you do some advance
spadework, e.g., sounding out the owners for a
definite indication of interest, assembling and
submitting to us product and financial data on the
companies you propose, and indicating your ability
and willingness to introduce us to the principals
should we show interest in your submission.

We believe this offer is both unusual and generous.
We hope you will find it intriguing enough to search
your mind for companies you know which may
meet our specifications. If you do, please submit
information about these companies, in writing, to
J. Morton Davis, Senior Partner, Investment Banking.

The financial rewards to you could be very
substantial.

D.H.BLAIR & COMPANY

Serving investors since 1904

New York Stock Exchange -

5 Hanover Square, New York, N.Y. 10004
Los Angeles, California 90024

10889 Wilshire Blvd.

American Stock Exchange

212-WH 3-5800

ACQUISITIONS 0 MERGERS

J UNDERWRITING

PRIVATE PLACEMENTS + SECURED LOANS : SHORT TERM FUNDS

CORPORATE PLANNING & DEVELOPMENT ADVISORY SERVICES
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No matter what the thermometer might read,
Heinemann circuit breakers think for themselves.

They don’t trip when the ambient
temperature goes up, or fail to trip
when the mercury drops. They’re not
affected by ambient extremes. Hot or
cold. You get consistently predicta-
ble, temperature-stable overload
protection.

The reason: magnetic actuation. A
Heinemann breaker senses only the
actual load current. Not current-
produced heat. Calibrated trip-points
don’t shift with ambient temperature
changes. The breaker can’t be fooled.

Magnetic actuation also makes it
practical to produce current ratings
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precisely to customer specifications.
We can give you the exact rating you
need. Calibrated out to three signifi-
cant figures, if you like. You can also
choose a time delay response curve
that closely matches the inrush
characteristics of the protected
equipment. And we can give you a
non-time-delayed response for those
applications where you can’t tolerate
any appreciable overcurrent.
Heinemann breakers are available
in a broad range of models, from sub-
miniature on up. Most can be had in
current ratings as small as 0.010 amps

with voltage ratings comprising the
most commonly used supply volt-
ages, AC and DC.

Our Engineering Guide, Bulletin
202, will give you complete technical
information, along with some inter-
esting insights into ways circuit
breakers can be used for control as
well as protective functions. A copy
is yours for the asking. Heinemann
Electric Company, 2600 Brunswick
Pike, Trenton, New Jersey 08602.

HEiNEMANN
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Just when we’ve solved your synchro problem,
somebody comes up with a new one.

Designing and producing Autosyn®
Synchros to fill the everyday needs
of our customers isn’t enough. We
also specialize in meeting the unique
need and solving your specific
requirements.

Fact: engineers needed smaller,
lighter-weight synchros for space-
critical designs. Solution: the new
series of 16 Size 08 Autosyn Synchros.

Fact: supersonic aircraft applica-
tions demanded synchros that could
consistently operate at ultra-high
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temperatures. Solution: eleven
different Autosyn Synchros will per-
form accurately at temperatures up
to 800°F.

Fact: we’ve built many of them to
be corrosion- and radiation-resistant.

AUTOSYN® SYNCHROS

Max. Typical No.

Size | Diameter | Weight ‘ of
(In) (0z.) Models

08 0.750 13 16

10 0.937 1.7 25

1 1.062 32 29

15 1.437 47 2

2 2.161 18 5

Bendi

And we’re able to provide synchros
with tolerances as close as 50 mil-
lionths of an inch.

Meeting all needs has been our way
of business since we began business
in the 1920’s. That’s why the Bendix
line of Autosyn Synchros (and Mil-
Spec synchros) is the most extensive
you can find. And it’s why we're
ready to solve your synchro problem,
For complete details, write for our
42-page catalog. Flight & Engine
Instruments Division, Montrose, Pa.

Aerospace
Products
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Advanced technology

Sliced laser

Most  of today’'s high-powered
crystal lasers are cooled by water
flowing around the circumference
of the laser rod. but cven so the
crystals  often overheat before
reaching their full potential output
powers and repcetition rates. At
best, excess heat reduces laser
efficiency; at worst, heat can de-
stroy the laser rod.

But there’s a better way. sayvs
Edwin Matovich. a rescarcher at
the Autonetics division of North
American Aviation Inc. Autonctics’
trick is to slice the ruby or glass
rod into several slices as small as
Vs inch long and place them in a
double-walled quartz tube. Teflon
spacers separate the faces of the
slices, allowing coolant to flow
across the faces rather than around
them. The inner quartz  tube
doubles as the plumbing needed to
get coolant from face to face.

Since the slices are cooled on
their faces rather than their rims.
the temperature gradients no
longer cause thermal  distortions
that can result in internal focusing.
This can melt small areas within a
solid slice or reduce efficiency by

defocusing the laser cavity.

Bit by bit. Use of small crystals
to build large lasers is an advan-
tage in the push toward higher out-
put. Large solid crvstals are nearly
always flawed by bubbles, mis-
aligned molecular lattices. or 1un-
even dopant concentration. Tligh
optical quality is casier to attain in
cheaper. smaller ervstals. By string-
ing small slices together. laser
builders can produce systems with
lower thresholds and narrower ont-
put beams simply because each
inch of the laser can be selected
for optical guality.

Auatonetics has found that for
5 inches of ruby. 3 inch in diam-
eter. a Y4-inch sliced laser requived
only 1 kilojoule of pump enerav
to reach threshold while a solid
crystal required 1.5 kj. Beamwidth
was only 1 milliradian for the sliced
ruby. but 3 mrad for the solid
cryvstal. Even the best commercially
available lasers specify about 1.5
mrad beam divergence. Matovich
attributes the boost to the better

over-all  optical  characteristices
achieved  through  slice-by-slice
construction.

The ruby device has produced
100 megawatts peak power with
no loss of efficiency due to heating
and. according to Matovich, at 100
mw, it was nowhere near the limit

of its thermal dissipation capa-
bility. This laser will replace a
standard type in a digital range
finder at the Naval Ordnance Test
Station, China Lake. Calif.

Autoneties has  already  begun
working with necodymium doped
glass and plans to start experi-
ments with 13g-inch thick slices of
Nd-doped vttrium alominum  gar-
net. An experimental Nd glass laser
is expected to develop 4.23-joule
pulses at 20 pulses per second:
average power should be about 90
watts. Matovich claims a solid Nd
glass laser of the same active length
would vield only 12 to 15 watts
without rod damage.

Communications

Out of the past

Ficld-sequential color television is
muking a comeback. The css ap-
proach that in 1953 lost its place
as the national standard to the
compatible svstem has bheen ap-
plicd by css Laboratories to the
design of an S-pound. low-light-
level color camera. Tronically, the
man who pushed the Coluinbia
Broadcasting Svstem to return to

WATER IN ___— TEFLON SPACERS
kt-. :
\ .
| LASER CRYSTAL

s

MIRROR

MIRROR

OUTER QUARTZ

> INNER QUARTZ

WATER OUT

Cut up laser. Autonetics replaces the usual long laser rod with shorter sections allowing coolant to run over the rod’s
faces rather than around their circumference. The result is more efficiency and power. The inner quartz tube
doubles as a crystal positioning jig and coolant pipeline.
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Light and colorful. CBS's new miniature
color television camera uses the same
color-wheel-and-vidicon technique
proposed for network tv in the early
50's. Its size, weight, and price

suit it to applications in medicine,

on the battlefield and in space.

ficld-scquential techniques and de-
signed the new camera is one of
the engincers who helped develop
the National Broadcasting Co.’s
version of the color compatible
system.

With onlv one vidicon and a
third as many components as a
standard color camera, the new
unit is inexpensive; there is no
color registration problem and no
need for heam splitters or prisms
to feed separate vidicons in the
lightweight camera.

The camera cBs proposed for
network tv in the early 50’s had a
wheel with red, blue, and green
fields that was spun before a vidi-
con. Color information was trans-
milted in sequence as the color fil-
ters passed in front of the tube.
But because this setup required
home sets to have color wheels too,
the Federal Communications Com-
niission opted for the three-vidi-
con compatible-color system, which

34

could transmit pictures to sets al-
recady in the home.

Full cycle. NBC’s color system
was partly designed by Renville
McMann, who moved to css Lab-
oratories in 1935, And now Mec-
Mann, currently vice president and
director of engincering at the css
division, has dusted off the field-
sequential approach.

Though developed with cns
funds, the camera was designed
with a University of Pennsvlvania
medical program in mind. It will
initially be used to view internal
parts of the human body through
fiber-optic probes. Othier applica-
tions for the low-light unit could
come in tactical command-and-
control networks, night snrveil-
lance, and perhaps weather satel-
lites.

The camera uses either a Plumbi-
con tube or a new secondary emis-
sion conduction (sec) vidicon
made by Westinghouse Electric
Corp.—both highly sensitive, small
tubes with aperture sizes of less
than 1.5 inches.

The camera has been designed to
deal with problems that plagued
the original cBs svstem. One of
these is color lag—faulty color in-
formation transmitted by the tube
because slow decay time caused
the retention of image data from
scan to scan.

The fast decay times of the
Plumbicon and sec vidicon reduce
this lag, but to minimize it, Mec-
Mann uses noninterlaced scan. In
this technique. the tube scans the
same raster lines on each cvcle,
erasing anv data that hasn’t de-
caved.

To further clean up the signal,
glass acoustic delay lines store the
information in the raster lines ad-
jacent to the onc being scanned.
Other circuits compare this data
with the content of the line heing
scanned, and gencrate and amplify
a difference signal that accentuates
line-to-line variations. A threshold-
sensitive  amplifier sharpens  con-
trast by responding only to signals
above a given strength.

Low cost. The whole transistor-
ized package, including synchron-
izer, costs about $10,000. The only
competition in this country would
come from three-vidicon color

systems built by the Packard Bell
Electronics Corp. and Cohu Elec-
tronics Inc. and costing $18,000 to
$25,000 excluding sync and en-
coding equipment.

The cBs camera’s price makes it
a natural for closed-circuit color
applications, bhut even more inter-
esting are the jobs it might do for
the military and the National Aero-
nauntics and Space Administration.
According to McMann, the system
might be used to detect camou-
flaged soldiers at night. Css has
found it possible to tell the differ-
ence between live and dead foli-
age by noting the difference in
absorption at red wavelengths; the
same sort of detection technique
could probably be applied to cam-
ouflage.

The space agency is interested
in satellite applications for the
camera, according to John Man-
nicllo, marketing vice president
for css Laboratories. Aboard a
weather satellite, the color camera
could give a better representation
of storm severity, occan turbulence,
or river pollution than black and
white tv, he says.

With the little camera, field-
sequential color might cven find
its way back into the national tv
networks. Cns will probably use the
camera as a ‘“creepy-peepy’  to
cover the 1968 political conven-
tions. The company has already de-
veloped a scan converter to change
field-scquential signals to the na-
tional standard. With the scan con-
verter and six  “creepy-pecpies,”
McMann says that on-the-spot floor
coverage could be accomplished for
only $100,000. With standard three-
vidicon cameras, the cost would
double.

Military electronics

Lighter link

It takes two dozen huge vans,
crammed  with  air-conditioning
equipment and large power gen-
erators, to control batterics of sur-
face-to-air missiles. In addition to
tying up a considerable amount of
heavy equipment, the control links
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create  maintenance and  repair
problems — qualified  technicians
and a large supply of spare parts
are required in the field to support
the svstem. In a move to streamline
such an operation. the Army has
awarded Litton Industries Inc. a
$10-million contract to bnild 12§-
pound digital processors to replace
the 2-ton control units now in use.

The new unit, called ax/asa-77
and commonly referred to as bat-
terv terminal equipment, is about
the size of a small steamer trunk,
consumes 170 watts, and employs
integrated circuitry.

What makes the terminals partic-
ularly attractive to the military is
their self-testing, fault-location, and
quick-repair capabilitv. Litton esti-
mates that an unskilled operator in
the field will be able, with a few
instructions, to find and repair a
fault in less than 15 minutes.

Whiz bang. The svstem antomati-
cally tests itself every three minutes
by cirenlating loop test messages in
parallel. Should a failure be de-
tected, a horn alarm sounds. warn-
ing lights go on, and the unit shuts
itself off. The operator opens the
front panel of the processor to view
20 failure lights and a decal show-
ing the circuit card numbers that
correspond to the lights. After locat-
ing the failure, he checks the cards

with a pistol-grip tester: there are
leads from each card so that they
do not have to be removed for
testing. Two  blocking diodes on
cach card isolate the card from the
rest of the svstem during fault loca-
tion. Another arrav of lights indi-
cates the status of the card being
checked and signals, for example, it
a microcircuit is fanlty or if the
operator has made a testing error.
Spare circuit cards are stored in a
tier at the rear of the control unit.
Four standard digital cards make
up 809% of the circuitry. Mean
time hetween failure for the unit
is rated in excess of 2.500 Lhours,

Self-healing. Hawk. Tercules,
and Nike missile installations will
he linked by the new control unit
and. should certain batteries or the
control center be knocked out. new
communication routes for control of
the svstem will bhe automatically
established. Usually, the control
center coordinates a group of bat-
teries, but if it should be damaged,
the new processors will automati-
ally switeh to establish communi-
cations with cach other,

The contract for the processors
came from the Armyv Missile Com-
mand in TTintsville. Ala. Prototvpes
from Litton and the Acrospace
group of the Martin-Marietta Corp.,
the only other bidder for the con-

Quick repair. Malfunctions in the Army’s new lightweight command link
for surface-to-air missiles are quickly isolated by checking
circuit cards with a pistol-grip tester.

~
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tract, were tested by the Army for
more than a year. Litton’s units
hettered many of the Army specifi-
cations and that apparently was a
factor in winning the order. For ex-
ample, the Litton  processor
weighs 172 pounds less than speci-
fied. is more than 2 cubic feet
smaller. consumes 330 fewer walts,
and can be repaired more rapidly.

Circuit design

On line

Engincers at Autonetics have come
up with the first practical, large-
scale svstem for computer-aided
design used by a major aerospace
company. The system is based on
a dual set of computer codes for
circuit analvsis developed at the
division of North American Avia-
tion Inc.

The two codes—scax (for sys-
tem of codes for analvsis of circnits
and systems) and TtRye (for trans-
ient radiation analysis by compu-
ter)—stem from the firm’s extensive
commitments to icroelectronics
in such programs as the Mark 2
avionics svstem for the F-111 air-
craft and the Minuteman 2 guid-

ance  computer. The advent  of
large-scale  integration  has  pro-
vided further impetus for engi-

necrs to turn to computer methods
of circuit analysis. according to
Walter Hochwald. chief of the
product analvsis section in the di-
vision’s advanced analvsis and ap-
plications rescarch departmment,

A year ahead. Tochwald bhe-
lieves the codes have put Auto-
netics as much as a vear ahead of
others in the industry in circuit
analvsis “not because we're any
smarter. but becanse we’ve had
Minuteman contracts that have
given us both the money and the
need” to predict the performance
of microcircnits thronghout their
lifetime. Company officials claim
the codes—developed by C.T.
Kleiner. E.D. Johnson. and I..R.
MceMurrav—give them desien data
in one-tenth the time of codes used
elsewhere in industry.

Normal tolerance variations of
circuit components through use of
the digital computer codes are be-
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ing sought. The capability ranges
from an evaluation of a steady-
state condition of an integrated cir-
cuit to an evaluation of an entire
system subjected to transient phe-
nomena. “For example,” Hochwald
says, “we can simulate fairly large
portions of the Minuteman 2 guid-
ance computer.”

At each step, the conditions
cranked into the computer are com-
pared with behavior of circuit mod-
els stored in the computer’s mem-
ory. The engineer gets both a
printout and a graphic representa-
tion, on a cathode-ray tube, of the
waveform he’s analyzing.

He may, for example, want to
find out what happens to the circuit
he’s studying if noise is introduced.
He then tells the computer mathe-
matically the value of the noise
he’s adding, and the computer
compares the noise figure with the
acceptable noise tolerance for the
circuit model under investigation.
The engineer has only to compare
the waveform he gets back from
the printout with the model to pre-
dict how the noise affects the cir-
cuit. ‘

Quick services. The crt is situ-
ated at the central computer—an
International Business Machines
Corp. System 360 model 65. If the
problem is urgent enough, the en-
gineer can go to the computer and
enter his data, and in a relatively
short time get a display of the
waveform that describes the condi-
tions he’s introduced. In practice,
however, this is rare at Autonetics.
Direct access is reserved only for
those cases in which security might
be compromised by sending the
problem from a remote location.
Standard procedure is for the com-
puter to batch-process the prob-
lems.

The engineer generally feeds his
problems to the computer at the
end of the workday, and has the
solutions—both computer printout
and crt plot—the next morning.
This turnaround time can be re-
duced to three or four hours during
the workday if the problem is ur-
gent enough. If the computer was
used solely for circuit analysis,
says Hochwald, the delay could
be reduced even further.
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The codes can accommodate
nonlinear circuit models. For ex-
ample, Hochwald picked a free-
running flux oscillator with nonlin-
ear transformer cores and nonlinear
transistors. With such a model, he
says, “you rule out all but about 10”
computer programs in existence,
including ~er-1 (network analysis
program) and Ecar (electronic cir-
cuit analysis program). Of the
remaining programs, he says, the
scaN-TRAC family is the fastest by
a ratio of between 3 and 10 to 1.
Circuit analyses that would take
between two and three hours with
other programs have been run off
in five to 10 minutes, Hochwald
points out.

After receiving numerous queries
about the codes from industry and
Government, Autonetics toyed with
the idea of developing a sales pro-
gram. But the plan has apparently
been dropped for now. At present,
says W.H. Hafstrom, a company
vice president and head of the com-
mercial development office, there
are no plans for any commercial-
ization of the codes.

Avionics

3-D radar, continued

At the Government’s sprawling avi-
onics test facility at Atlantic City,
N.J., stands a 165-foot-high monu-
ment to the frustrating search for
an air traffic control system capable
of keeping pace with the tremen-
dous growth in air travel. It’s an
experimental three-dimensional ra-
dar built in 1961 at the behest of
the Federal Aviation Administra-
tion; the project was subsequnently
dropped in favor of a system now
becoming  operational  requiring
commercial aircraft to carry trans-
ponders that signal the plane’s iden-
tity, bearing, altitude, and other
data to ground controllers. But the
company that built the tower, the
Maxson Electronics Corp. of Great
River, N.Y., hasn’t given up. It’s
now trying to sell the Faa on the
idea of using improved 3-D radar
to complement the beacon trans-

ponder system.

Not good enough? Maxon
agrees the beacon transponder con-
cept is good—but only when there
is a lot of airspace around the craft
being tracked; in crowded skies—
like over busy airports—even the
best computer-operated systems,
which gather the beacon signals
and process them, often confuse
one plane with another nearby.

Whether this is a problem seri-
ous enough to warrant the use of
3-D radar in addition to the beacon
technique is for the raa to decide.
But thus far the agency has main-
tained that the beacon system is
sulliciently accurate for present
needs.

Despite this apparent lack of in-
terest by the raa, Maxson is push-
ing the 3-D concept, claiming that
it nced operate only around the
major airports. Maxson says the
sizec and price would be sharply
reduced by the application of solid
state techniques developed since
the first tower was designed. The
company’s engineers contend the
size could be cut by a third, but
they decline to speculate on the
price.

Coarse and fine. Under the pro-
posed system, the 3-D radar sig-
nals would provide coarse intorma-
tion on a plane’s bearing and alti-
tude; this data would then be used
to dircct the computer to lock onto
the plane’s beacon signal—eliminat-
ing the possibility of the computer’s
confusing signals of nearby planes.

Components

Another Nixie challenger

Two companies are now challeng-
ing the supremacy of gas-discharge
digital readout tubes for small com-
puters by turning to unique varia-
tions of the cathode-ray tube.

The Tung-Sol division of Wag-
ner Electric Corp., Bloomfield, N.J.,
showed a pilot model of its new
Digivac at the Society for Informa-
tion Display meeting in San Fran-
cisco just as Japan’s Ise Electronics
Corp. was announcing its new in-
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In-depth software...

...at your fingertips
for the finest 24-bit
[/C computer buy
.DDP-124

it o
L

Every -COMP DDP-124 includes 253 field-proven
software programs, FORTRAN IV compiler with Boolean
capabilities, compatible symbolic assembler . .. and
more. That's a lot of 24-bit software strength at your
fingertips to help solve your programming problems.

Hardware? DDP-124 features I/C p-PAC logic modules
for high reliability, high performance, high speed at low
cost . .. and its specs make it an ideal computer for
flight simulation, message switching, physics research,
radar tracking, data acquisition, scientific computation,
missile tracking, impact prediction.

Interested in the finest 24-bit |/C computer? Write today
for new DDP-124 brochures with complete software
listing. Honeywell, Computer Control Division, Old
Connecticut Path, Framingham, Massachusetts 01701,

Honeywell

COMPUTER CONTROL
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side-out Digitron [Electronics, May
29, p. 212].

Both tubes are small, cheap, re-
quire little power, and offer good
contrast under high indoor lighting.
Unlike gas-discharge tubes, the
crt’s provide single-plane character
generation and their numbers don’t
“dance.” Wagner’s tube, measuring
1.125 by 0.5 inch, is smaller than
Ise’s 1.7 by 0.5 inch, and has alpha-
numeric capabilities (it can display
11 letters).

The two devices differ in the way
they aim the electrons. Ise’s Digi-
tron turns the crt around so that the
viewer looks through the front-
mounted filamentary cathode to see
the numbers on the rearward phos-
phor segments,

Back up front. Wagner’s Digivac,
however, puts the numbers up front
in more conventional fashion. By
using grid control, Wagner acceler-
ates the electrons from the rear-
mounted cathode through a nickel
mesh anode. The electrons are
slowed and then speeded back to
the anode’s front side, which has
phosphor coating on discrete areas.

To prevent random electrons
from lighting the wrong number
segments, Wagner places a trans-
parent conductive barrier electrode
in front of the target area, which
lets only the right -electrons
through. Basically, the device be-
comes two diodes with glowing
anodes in which electron flow in
the diodes is controlled by small
grid control biasing signals.

Wagner is after part of the mar-
ket held by the Burroughs Corp.’s
Nixie gas-discharge tube. And
Wagner spokesmen conceded they
were dismayed and surprised by
the announcement of the Ise de-
vice. Plans call for the Digivac to
be marketed before year’s end, at
a price comparable with that of the
Nixie tube,

The Digivac is a planar ceramic
device of eight triodes with mesh
targets (21 elements), eight control
grids, and one anode. Each grid
controls a separate segment or line
to form part of a number or char-
acter. Ise’s Digitron, which uses the
older principle of anode switching,
has multiple diodes, one grid, and
eight anodes.

Turn to glass tubes. Wagner
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houses the package in cheap and
reliable glass tubes, a standard
Compactron (12-pin) stem with a
bottom-off configuration in a T-9
bulb.

The fixed anode voltage doesn’t
exceed 200 volts and grid-switching
voltage is not more than —6 volts
d-c.

Without ambiguity, the Digivac
can generate the letters a, c, e, f,
g, h,j, 1 p, u, and y. By adding
eight more grids the whole alpha-
bet and about 64,000 characters
more can be generated.

A company spokesman pointed
out that the present glass package
is a space waster; package height

could be reduced to ?* inch by
using a windowed, rectangular
metal case.

Consumer electronics

The IC push

Manufacturers of television receiv-
ers and other consumer electronics
products will be buttonholed this
week by representatives from the
integrated circuit industry. The
first major move to replace vacuum
tube and discrete semiconductor
stages with 1C’s is now under way.
Independently, four 1c makers,
Texas Instruments, Motorola Semi-
conductor Products, Fairchild Semi-
conductor, and General Electric
unveiled new linear 1C’s for con-
sumer applications at the Chicago
1eeE Spring Conference on Broad-
cast & Television Receivers, which
runs from June 12 to 13.

T1 is displaying five hybrid 1c’s
—one for television f-m sound sys-
tems and four audio output cir-
cuits for driving speakers.

Motorola introduced a mono-
lithic 1c for video r-f and i-f stages,
and Fairchild has come up with
three monolithics—one for tv
sound i-f systems and two general
purpose high-frequency amplifying
units.

Gk is introducing five monolithic
circuits for tv and radio applica-
tions.

Each 1c firm claims the 1C’s are
the first products of their kind

priced to compete with devices
now occupying tv sockets and
boards. Few 1c’s have found their
way into tv receivers, primarily be-
cause of prohibitive prices. To ac-
celerate the invasion, the new lin-
ear 1C’s will retail for a few dollars
each in production quantities; some
will sell for under $2. None of the
four vendors gave evidence that a
large consumer electronics contract
is in the wings.

The new 11 tv hybrid contains
monolithic active elements, thick-
film resistors and conductors, and,
inverted discrete chips (flip chips).
The inverted elements include bi-
polar small-signal and power units,
field effect transistors and zener
diodes. Designated the HC1001,
the 1c contains a wideband i-f am-
plifier, an f-m detector and an au-
dio preamplifier. It accepts 4.5 Mhz
i-f signals and directly drives vac-
uum tube or transistor audio power
stages in tv sets.

The other four new hybrids are
audio-output amplifiers with up to
1-watt capabilities for a-m radios
and f-m radios and phonographs.
Pricing of the five IC’s is in the $2
range. One of the chips is rated
for direct operation in standard 130-
volt lines.

Easily aligned. Motorola’s 1c will
ease alignment problems in black-
and-white and color-tv’s at the as-
sembly-test line, and will prevent
detuning when the user switches
channels. These benefits are trace-
able to the chip’s high isolation
and a built-in, modified automatic
gain-control (agc) action.

Jerry Robertson, manager of
Motorola’s 1c applications engi-
neering, credits the chip’s combina-
tion of cascoded input stage and
Darlington  configurations  with
higher isolation than discrete
stages can offer. Agc is applied at
the collector of an internal tran-
sistor instead of at its input—pre-
venting the input impedance of
tuned stages from changing with
agc bias—a cause of detuning.

The linear 1c contains multistage
high-frequency amplifiers, an agc
stage, biasing networks, and an
output stage; tuning elements are
outboarded. Other applications for
the circuit include stagger-tuned
amplifiers, wideband and narrow-
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How to get more satisfaction
from your metal film resistors —

without switching brands its easy.

Just ask your supplier to incorporate
his resistors into packaged networks
or assemblies.

With pre-assembled networks, you
can obtain packaging densities far
greater than those obtainable with
individual metal film resistors. In
fact, volume savings of up to 80%
can be achieved.

Pre-assembled and tested discrete
resistor networks also offer reliability
levels many magnitudes higher than
those achievable with individual as-
semblies.

Another important advantage of
networks is that manufacturing and
performance cost factors can, in
most cases, be surprisingly reduced.

As we noted above, these advan-
tages (and others) will accrue no

matter what brand of metal film re-
sistor you happen to be using. On the
other hand, we would be remiss not
to remind you that our Jeffers
Electronics Division's JXP resistor
has a definite edge over every other
brand. Which means that networks
incorporating this “white room” pre-
cision resistive element can really
give you something extra in the way
of increased satisfaction.

We therefore suggest that you
don’t just investigate metal film re-
sistors networks, but that you investi-
gate our JXP precision networks
specifically. Mail us the coupon—
and discover just how satisfying re-
sistor satisfaction can be.

Please try to ignore the surplus
performance that components
sometimes deliver

You probably read the editorial on
this subject that one of the industry
magazines published not long ago.
Nevertheless, the message is worth
repeating:

A component designed to meet
one set of specifications may also
test out to more rigid specifications.
And engineers have been known to
cut costs by designing such a com-
ponent into equipment for which it
wasn’t intended.

The only trouble is—they’re putting
themselves out on a limb (not to
mention their supplier). Subsequent
lots of the component may very weli
turn out to perform much closer to
the claimed specifications—for a
variety of reasons.

Speer components are among
those that sometimes deliver this
surplus performance. (The operative
word here is “sometimes,” inciden-
tally. There are also areas in which
our components always outperform
their specifications. But that’'s an-
other story—one we’ll get into in a
future issue.)

Your continued cooperation in this
matter of under-specifying is much
appreciated. We suspect that it's a
little chilly out there on that limb.

Typical Error #8 in the testing
of inductors

We're referring specifically to the
testing procedures for measuring in-
ductance and Q, as outlined in MIL-
C-15305.

We heartily recommend these pro-
cedures for afl commercial, industrial
and military users of inductors (even
users of our superb Jeffers induc-
tors). But, as our headline suggests,
there are more than a couple of com-
monly made test errors to watch out
for.

There are eight.

Error #8, for example, consists of
extreme variations in test area en-
vironment. Solution? Make sure that
your measurements are made at
room ambient temperature, relative
humidity and pressure.

In future issues, we’ll cover the
other seven errors and indicate how
to avoid them also.

So watch this space.

~SPRews oo (a7

Speer Carbon Co. is a Division of
Air Reduction Company, Inc.
JEFFERS ELECTRONICS DiVISION
DuBois, Pennsylvania 15801

Rush complete information on your metal
film resistor networks,

Name
Title
Company
Street
City.

Zip

Rl a=o
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band tuned amplifiers, a-m systems

and general-purpose radio and
communications equipment.

Back to tubes

While television-set makers rely in-
creasingly on solid state devices to
pare their product prices, the Gen-
eral Electric Co. is suggesting a
return to vacuum tubes. GE claims
that a black-and-white 16-inch re-
ceiver designed around a new kit
of its Compactron tubes can be
priced below $50, against the cur-
rent low of about $100 for such
sets.

A demonstration GE television
set will be shown at the IEFF’s
Conference on Broadcast and Tele-
vision Receivers, June 12 and 13.
Besides the customary tuner tubes,
the set emplovs four Compactrons
and a standard miniature tube to
perform 12 circuit functions. The
five tubes, in kit form, are being
offered by the company to tv set
makers.

New work. In fact, so optimistic
is ¢E in the tube concept that it’s
investing a considerable sum in the
development of a new kind of Com-
pactron tube, called the Module-
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CERAMIC SUBSTRATE

A hybrid IC
built by Texas
Instruments
combines
various semi-
conductor types
for consumer
products.

EXTERNAL PINS

tron, which should lower a tv’s
cost even more. According to James
Holeman, a director of marketing
at c¢e’s Owensboro, Ky., facilities,
the Moduletron will contain from
20 to 23 passive elements, reduc-
ing the number of external wiring
connections.

Two of the tubes in the kit, the
33GY7A and 17BF11, have been
in use for some time; the 33GY7A
is employed in a seclf-oscillating
circuit in the test receiver and
serves as the horizontal output
amplifier, while the 17BF11 func-
tions as an f-m discriminator and
audio output amplifier. Two other
Compactrons are developmental
models—the Y1607B acts as a com-
bined video i-f amplifier and video
output stage, and the Y1699B is
used as the vertical output ampli-
fier in a self-oscillating circuit, as
the svne separator and amplifier,
and as the keyed automatic gain
control. The miniature tube, the
1BC2, is used as the high-voltage
rectifier.

A GE spokesman savs that ex-
cept for a small deterioration in
sensitivity due to the use of a
single i-f amplifier stage, the pilot
sct is comparable in quality to sim-

ilarly sized receivers contairing

twice as many tubes.

Tuningintv

Tiny printed circuits may soon re-
place the bulkier wire-wound coils
in tuner assemblies for television
receivers. Developed by the Oak
Manufacturing Co., Crystal Lake,
IIl, a division of Oak Electro/
Netics Corp., the printed induc-
tors are expected to be included in
the firm’s standard tuner line in the
near future. Oak, a major supplier
of tuners to the tv industry, expects
the printed units to provide in-
creased reliability without in-
creased cost.

Printed inductors have long been
possible, says Walter Meyer, an
engineering section manager at
Oak, but the precise dimensions
necessary were difficult to achieve
inexpensively. Oak has turned to
a silk-screen process, however, to
produce spiral-type inductors hav-
ing a =0.001-inch line-width toler-
ance.

The printed coils would control
interstage coupling when the tuner
is switched from channel to chan-
ncl. The wire coils now used must
be adjusted during final assembly.
“With printed inductances,” says
Meyer, “more of the adjustments
are built in.” The technique also
reduces the amount of hardware to
about half that in wired assemblies.

Meanwhile, Motorola Inc.’s Mo-
torola Semiconductor Products Inc.
subsidiary unveiled a diode-tun-
ing technique for a-m radios.
Using voltage-variable-capacitance
diodes, radios could be built with-
out the large “butterfly capacitors”
now found on most a-m chassis.

Quiet playback

Less than a year ago, Ray M.
Dolby, an American engineer work-
ing in England, introduced a de-
vice for reducing noise in audio
systems; he called it a signal-to-
noise stretcher. Dolby designed it
for professional recording studios,
using attenuation and amplifica-
tion circuitry to get rid of tape
hiss, recording rumble, and other
noise. The system has been rede-
signed by Dolby and is now being
applied to home-entertainment de-
vices by a 10-year-old U.S. com-
pany specializing in high-perform-
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Everyone knows that to make
a Triac to control 720 watts
you have to use an expensive
press-fit package

Well, everyone is wrong!

RCA designed the low-cost two-lead 40485
TO-35 package to control 720 watts when used
with an associated heat spreader!

The 40485 Triac is designed for 120V line operation for
the phase control of ac loads in applications such as light
dimming, universal and induction motor control, and
heater control. It sclls for only $1.50%, The 40486 Triac
can control 1440 watts, 240V line operation, and it sells
for only $1.98°,

Both new Triacs are delivered in hermetically sealed,
all-welded, tin-plated modified TO-5 packages which
offer the advantage of small size where space restrictions
are a primary consideration. And because they are tin-
plated, they can be soldered directly to a heat spreader
as illustrated. This allows the use of mass produced, pre-

®

Electronics | June 12, 1967

punched parts, and batch soldering techniques, and sim-
plifies mechanical mounting and heat sinking. The proc-
ess is a simple one. RCA salesmen are ready to demon-
strate in your own office just how easy it is.

So save the money you'd spend for a comparable press
fit unit, and take advantage of the small size and superior
performance of RCA 40485 and 40486 Triacs. Your RCA
Field Representative can give you all the information,
including delivery. For additional technical data, write
RCA Commercial Engineering, Section RN6-2, Harrison,
N.J. 07029. See your RCA Distributor for his price and
delivery. ®Prices in quantities of 1,000 up

RCA Electronic Components and Devices

The Most Trusted Name in Electronics
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LIGHT-WEIGHT
COMPACT
HIGH RESOLUTION

ACTIVE
BANDPA
FILTER

S

~'MODEL ABF 207

NEOTEC INTRODUCES a series of AC-
TIVE BANDPASS FILTERS in three
models featuring:

M Extreme High Center Frequency Sta-
bility

M Very Low Bandwidth Variation

M Wide Operating Temperature Range

All these advantages available in a com-
pact, light-weight component expressly
engineered for systems use in close
quartered printed circuit board applica-
tions. Unit prices range from $140 to
$249 depending on type and quantity.

NEOTECQC
CORPORATION

640 Lofstrand Lane, Rockville, Md. 20850
Telephone (301) 762-8909

NEOTEC CORPORATION
640 Lofstrand Lane, Rockville, Maryland 20850

Specification sheet and detailed price list avail-
able immediately by mailing this coupon to the
above address.

Name .. = R
Title
[0 ]11 1 1.1 e —————————
Address ... -
City ...
State ...
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ance stereo systems.

At the Consumer Electronics
Show in New York this month, xLH
Research and Development Corp.
of Cambridge, Mass., will demon-
strate a new tape recorder that
incorporates the Dolby signal-to-
noise stretcher.

Henry M. Morgan, kLu president,
savs the company also plans to
market a “black box” that can be
added to existing recorders and
home audio systems. With Dolby’s
aid and by computer simulation
methods, the Cambridge company
was able to achieve a considerable
price reduction of the original de-
vice.

Cost savings. The Dolby device
that was developed for professional
recorders costs about $2,000. But
for the consumer market, kit plans
to include it in a recorder that will
sell for considerably less than $500;
less than $100 represents the price
of the Dolby device. As a black
box that can be added to other re-
corders, it will retail for under $200.

The Dolby unit boosts low-level
audio signals in four separate fre-
quency ranges during recording,
and reduces them to their original
levels  during  playvback.  Noise
added by the recorder is reduced
by the same amount as the boosted
signals, thus effectively obliterat-
ing tape hiss, print-through echo,
cross-talk, hum, and other forms
of noise, according to kui. The
minimum amount of noise reduc-
tion claimed is 10 decibels.

Morgan says that the success of
the Dolby system lies in the abso-
lute symmetry of its operation and
in its processing of only the lowest
audio-signal levels. Symmetry is
achieved by connecting networks,
identical to those used for record-
ing, in the feedback loop of the
plavhack amplifier.

Low volume. The signal-to-noise
stretcher operates only on signals
of very low volume, those ap-
proaching the level of tape hiss or
residual noise in the recorders. Sig-
nals  of higher amplitude pass
through the device untouched.
Faint signals are boosted by 10 db
as they pass through the system
on the way to the recorder; on
playback, these signals are reduced
to their original relative volumne.

But tape hiss and other unwanted
noise in the recording are also re-
duced, giving the low volume sig-
nals a 10-db edge over the noise.

The device is connected between
the microphone and tape machine
for recording and between the tape
head and amplifier on playback.
Thus, only the noise added by re-
cording electronics is alfected, not
the recorded matter. Also, by di-
viding the frequency spectrum into
four sections, the Dolby device can
operate on any scction with a low-
level inpnt, high levels in any of
the remaining three channels can’t
prevent noise reduction in a chan-
nel that needs it.

Solid state

Raising the noise barrier

Most integrated-circuit manufac-
turers are content to supply the in-
dustrial market with low-cost plas-
tic-packaged versions of  their
standard military 1€’s. But Motorola
Semiconductor Products Inc. isn't;
it has evolved a family of industrial
iICs with electrical characteristics
tailored to the noisy environments
prevailing in some industrial appli-
cations.

Called high threshold logic
(wnrL) circuits, the new 1c’s—dual
four-input gates and two flip-flops
—feature noise-immunity levels on
the order of 6 volts, They also
have a wide operating-temperature
range (—30 to +73°C), high fan-
out (10) and wide logic swing (12
volts ).

Tradeoffs. Speed is modest (85
nanosecond  propagation  delay)
and power needs (30 milliwatts per
gate) are slightly higher than those
of diode transistor logic (p1L)
units, for example. However, NMo-
torola engineers believe that in in-
dustrial applications the wide noise
tolerance—six to seven times as
high as p1L circuits—more than off-
sets the secondary speed and power
characteristics.

The high noise immunity s
achieved bv using a zener diode
instead of the offset diode priiC’s
emplov. Flre, basically an offshoot
of prL, is an improvement over an

Electronics  June 12, 1967
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This new DVYM from
Trymetrics proves—

v ()
.
q @
1
%o
AN ]
] Q
b
!; @
3 .

Eleven
(plug-in)

heads are
hetter
than one!

A
-~
TR T DELIVERY FROM STOCK
e ON MOST MODELS
1@} Models 103—104—105
slr\mfle range plug -in heads
- - 1V, 100
8O

St MR
3

Models 300A~400A-500A (o)} 3 -3
3, 4 and 5 automatic range - @
pibg-ins; 104V—1000VDC .

Models 300M—
400M-—500M

3, 4 and 5 manual
range plug-ins;

10 uV—1000VDC

90@

Check these Trymetrics features:

| Full 4 digit resolution. B Accuracy
+0.019% of reading =1 count. Automatic
polarity and overscale indicator. @ High
common mode rejection. @ Complete range
of plug-in heads for optimum flexibility. All
silicon solid state circuitry. @ Operation up
to 50°C. m Sampling speeds up to (10)
samples/second. ® Sensitivity to 10 uV.
BCD printer output. m Crystal controlled
osciltator guarantees ultra stable voltage-to-
time conversion system.

Check this Trymetrics price:

Model 4000 DVM $840 with Mode! 103 10V
Range Plug-In. For complete information
and prices, write to:

TRYMETRICS

Corporation

204 Babylon Tpke., Roosevelt, L.I.,, N.Y.
Phone 516—378-5020 Zip 11575
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earlier Motorola entrv. variable-
threshold-logic  (vrr). Introduced
in 1966, v was designed for in-
dustrial applications and situations
requiring a variable logic swing.
But the circuits require two power
supplies, are relatively diffienlt to
fabricate, and occupy a larger chip
than nre 1c’s. Noise immunity is 3
to 5 volts, depending on the bias
used. VTL never quite caught on;
it's now available only on demand
and isn’t a catalog item.
Predecessors. TITw is a late-comer
of sorts; it closelv resembles cir-
cuits introduced in 1966 by the
Amelco Semiconductor division of
Teledyne Inc. and Telefunken ol
Germany. NMotorola’s new 1€ are
20% slower than Amelco’s plastic-
packaged devices. but have a
slightly higher immunity to noise.

For the record

Doctoring the illness. A glass-
fiber torso at the George Washing-
ton University Medical Center in
Washington is helping medical stu-
dents learn how to diagnose ill-
nesses. Called Terry, the latex-
covered dummy has ecight small
speakers from which recorded
sounds of the heart and hings are
heard. The teaching aid is con-
nected to a console that contains
an eight-channel tape recorder and
a transistorized printed-circuit card
for each speaker.

Venus visit. Mariner 5, scheduled
for launch this weck, will pass
within 2,000 miles of Venus and
peer into the dense shroud cover-
ing the planet to gather environ-
mental data. The 540-pound craft
differs from Mariner 2, which
passed Venus in 1962, in that it
will carry a new high-gain antenna
and a system to reduce experiment
results to a common digital form.

Better red. A simple technique
for achieving a truer red from elec-
troluminescent displays has been
developed by a team of engineers
at North American Aviation Inc.
Red phosphors—the usual red
source—are dispensed with and
replaced by a constant red gener-
ated from an outside source. Called
chromatic biasing, the technique

balances the intensity of blue-green
EL cmission against a constant red
light—much like biasing electric
current.

On the move. As part of its
master plan to become a major fac-
tor in the semiconductor business,
rr Semiconductors is wooing high-
level engineering officials to its
fold. Latest to sign on are Ray-
mond Warner, Texas Instruments’
metal oxide semiconductor opera-
tions manager, and Jack Belove.
Fairchild Semiconductor’s manager
of proprictarv integrated-circuit
production. Warner becomes the
firn’s technical director for the U.S.
and Belove becomes operations
manager at the West Palm Beach,
Fla., facilities.

Picking your spots. Most of the
more than 200 process-control com-
puters installed by 1t have been
delivered within the last year. One
1)1 official ascribed the sales spurt
to the growing practice of using
computer control only to handle
critical process variables. The dif-
ference is illustrated by a system at
a Mobil Oil refinery where 250 var-
iables are monitored but only ana-
log loops in the catalytic cracker’s
reactor and kiln are computer-con-
trolled. Even without total process
control, Mobil spokesien report an
efliciency gain of more than 10%.

Business ahead. The Electronics
Industries Association is predict-
ing total 1967 clectronic-equipment
sales of $22.4 billion. up 10% from
the 1966 level and higher than
Electronics magazine’s 1967 fore-
cast [Electronics, Jan. 9. p. 129] of
$21.5 billion. However, Robert Gal-
vin, the E1s president, says the out-
look for color television sales isn’t
so bright as it was in January.
The official put 1967 volume at 6
million to 6.3 million sets, oft from
industry estimates six months ago
of 7 million to 8§ million. bnt still
about 1 million above last vear’s
total. Component sales are seen
climbing 12% from a vear before
to $6.3 billion, while replacement
component volume is expected to
edge up 1.6% to $650 million. The
cin predicts an 11% gain in indus-
trial electronics sales, and attrib-
utes this mainly to continued ex-
pansion of the market for com-
puters.
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TWO0 NEW FET IDEAS FROM MOTOROLA!

+v
2N4352
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“Zero Power” Switching
Complementary MOSFETSs

Now, you can design ultra low-power complementary
switching circuits, or circuits with switching times in
the nanoseconds region using Motorola types 2N4351
(n-channel) and 2N4352 (p-channel) MOSFETSs. In
addition to exhibiting leakage currents of only 10 pA,
they also show very low capacitance values. The com-
bination provides a very high input impedance resulting
in a large fan-out capability and almost no loading of
the driving source. Both units are designed for enhance-
ment-mode, or normally “off” operation.

Available in the standard TO-72 package, each
device is 100-up priced at just $4.50 (compared with

MPFI02 281 g w500
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Lnsvac

L=32" TURNS, #18 TINNED WIRE; 1D»3/8";
LENGTHe!%2" (TAPPED AT 1'% TURNS
FROM DRAIN)

Low-Cost, Low-Noise
Plastic RF FET

Here’s a new low-cost junction FET (type MPF102)
that’s priced at just 45 cents each (1000-up), making it
economical for FM-tuner front-ends, yet with such high
quality performance it’s also well suited for a variety
of sockets in industrial communications equipment —
for both mixer and amplifier applications! The MPF102,
housed in Motorola’s reliable Unibloc* plastic package,
combines a low 200-MHz typical noise figure of only
2.5 dB with exceptionally high gain — prime qualities
for all RF applications! Here are other top specs that
show the all-around performance of the MPF102:

prices in the $7.00 range for most of today’s MOSFETS) . [ CHARACTERISTICS sYyMBOL | MIN | max | umiT
Here are more detailed specifications for these two (MPF102)
new state-of-the-art devices: Gate Reverse Current loss = 2.0 nAdc
Zero-Gate-Voltage i Ipss 2.0 i 20 mAdc
CHARACTERISTICS SYMBOL MIN MAX uNIT el ]
(2N4351-2N4352) . | Input Capacitance s — 7.0 pF
Switching Time t — 270 ns Reverse Transfer Cras — 3.0 pF
}ML_ Capacitance
Forward Transfer 'yts 1000 umhos Forward Transfer |yes] 2000 — umhos
Admittance | Admittance
Reverse Transfer Crss — 1.3 pF Noise Figure NF %'5 dB
Capacitance | | i (typ) -
Input Capacitance Ciss — 5.0 pF I
““ON" Drain Current b on) 3.0 — mAdc A
= . - - Write for complete data sheets on the MPF102 and
g 60 (L6150 e £G5S - A pAdo 2N4351-52. We’ll also send you our latest application
éerq-the-Voltage boss — 10 nAdc notes on complementary FET switching and RF FET
etio ) circuit design. Then, for sample devices vou can try
Drzlatin-Source HON”! Vs on) 1.0 vde right now, contact your nearby franchised Motorola
Voltage _ Semiconductor distributor or district sales office.

*Trademark of Motorola Inc.

~ whene the priceless ingrediont i cane!

MOTOROLA

Semiconductors

MOTOROLA SEMICONDUCTOR PRODUCTS INC. /7 P. O. BOX 955 7/ PHOENIX, ARIZONA 85001
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" One watt at 70°C!

_Sealed for pennies extral i -

2 very good reasons why Dale sells so
many Commercial Wirewound Trimmers

PERFORMANCE: Dale’s 2100 and 2200 series
are the commercial counterparts of RT-11 and
RT-10 respectively. They can be sealed for just a
few cents per unit, yielding mil-level performance
in all areas except temperature.

PRICE: Competitive and thensome! Check Dale’s
new lower commercial prices. They were made
possible through an extensive value analysis pro-
gram which actually improved overall unit quality.

DELIVERY: New automated production facilities
plus a factory stocking program combine to put
your order in your plant without delay.

Simplify trimmer ordering —a call to Dale will do it.
Phone 564-3131, Area Code 402

Write for Catalog B

Circle 46 on reader service card

SPECIFICATIONS

2100 2200
.28 high x .31 wide .18 wide x .32 high
EASERDVERSIUNS x 1.25 long x 1.00 long
STANDARD 2187 —printed 2280 —printed
MODELS circuit pins, 21 AWG circuit pins, 22 AWG

gold plated.

2188 -28 AWG
stranded vinyl leads.
2199 —solder lug,

goid plated.

2292 —solid wire,

26 AWG gold plated.
2297 -28 AWG

gold plated. stranded vinyl leads.
POWER RATING 1 watt at 70° C, derating to O at 125° C
OPERATING s 2 195
TEMPERATURE RANGE G5 C eI 1ENE
ADJUSTMENT TURNS | 25 + 2 15 ~ 2

RESISTANCE RANGE

10 ohms to 100K ohms

10 ohms to 50K ohms

STANDARD TOLERANCE

+ 10% standard (lower tolerances available)

DALE ELECTRONICS, INC.
1300 28th Avenue, Columbus, Nebraska
In Canada: Dale Electronics, Canada, Ltd.
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Systems approach
knocked as panacea

Minuteman scare:
cheaper parts
prove too costly

Worldwide retrieval
system proposed by
Commerce aide

FCC okay seen near
for over-air pay tv
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Most everyone these days touts systems engineering as the answer to such
complex nonmilitary problems as pollution, crime, and mass transporta-
tion. But a report to Congress from the National Academy of Science sug-
gests that it won’t pay off. The study was made by the academy’s influen-
tial committee on science and public policy for the House Committee on
Science and Astronautics, whose chairman, George Miller (D., Calif.), is
a backer of the systems approach to civilian problems.

In the report—to be released next month—Hendrik W. Bode, a vice
president of Bell Telephone Laboratories, says the “gap between military
systems engineering and proposed civilian applications” is greater than
most people realize. Systems engineering is “unlikely to contribute any-
thing that wouldn’t have been discovered anyway,” he adds, and—in the
civilian sphere—perhaps amounts to “little more than a decision to do a
careful and thorough engineering job.”

High reliability requirements were relaxed temporarily last year on Min-
uteman 2 components, and what happened cast doubt for a time on the
reliability of the entire strategic missile system. Two test launchings
failed—one due to a faulty resistor and the other because of a bad capaci-
tor. A frantic search revealed that the faulty components hadn’t gone
through the normal high-reliability process—burn-in and lifetime tests,
documentation, and strictly controlled production. The Air Force then
started a crash program to replace all suspect components with units pro-
duced to original requirements.

The cheaper components were in a modification kit being installed to
improve the Minuteman’s guidance system. The problem came to light
last October in the Long Life 2 project, an attempt to launch a firststage
burn missile from an operational silo near Grand Forks, N.D.

Plans for an ambitious, worldwide scientific and technical data retrieval
system may be pushed if the top science job at the Department of Com-
merce goes to Chalmers W. Sherwin, deputy assistant secretary of com-
merce. Sherwin now seems the most likely candidate to succeed J. Her-
bert Hollomon as assistant secretary for science and technology. Hollo-
mon, after an active and controversial tour of duty, goes to the University
of Oklahoma in August as president.

Growing out of a yet-to-be-released study, Sherwin’s plans call for a
machine-language-compatible system capable of linking all independent
information systems in the world. He says it would drastically cut the cost
of local libraries and of extensive literature searches. Such a decentralized
system, with 2,000 stations and a major international center, would cost
about $200 million annually, Sherwin estimates.

FCC approval of over-the-air pay television is finally in sight. Indications
are that the FCC’s subscription television committee will send its recom-
mendations to the full commission in 30 to 60 days, and Robert E. Lee,
one of the three commissioners on the panel, sees a “good chance” for a
go-ahead. Regarding pay tv by cable, it’s doubtful that the FCC will press
its claim of jurisdiction.

Zenith and two other firms petitioned 15 years ago for an amendment
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ARPA sees system
of billion elements
drawing few watts

Assault ship pact
no guarantee of
automated yard

U.S. renews effort
for patent system

Addenda

Washington Newsletter

of FCC rules to include pay tv, but the commission declined to make a
ruling until experiments had been carried out. Tests, using Zenith equip-
ment, have been conducted over the air in Hartford, Conn., for six years
by an RKO General subsidiary. With trial data in its hands, Zenith last
year again petitioned the FCC.

A system with a billion active elements and a power consumption of only
a few watts is potentially attainable with techniques developed in work
for the Advanced Research Projects Agency. The development came to
light in recently released Congressional testimony by Charles M. Herz-
feld, ARPA director. He said the nanowatt circuits, being designed for
use in special sensor instrumentation, will have transistors with a collec-
tor area of 3 square microns each, resistors with a linewidth of less than 1
micron and length of less than 100 microns, and a sheet resistance as high
as 100 megohms per 100 square microns.

A new U.S. automated shipyard doesn’t scem to be in the cards for the
Navy when it awards a “total package” contract to build five to 10 multi-
purpose assault ships (LHA) next year. The Pentagon had expected to
get an automated yard by contracting with one company for a substantial
number of identical vessels. But Congress recently turned down the 30-
ship Fast Deployment Logistics (FDL) program which would have been
large enough to make this possible. The LHA program—expected to cost
from $300 million to $600 million—is not a large enough order, although
the winning company may be persuaded to modernize an existing yard.

The Navy will pick two or three bidders to compete in a contract defini-
tion beginning next month and running through January. The winner will
be chosen in mid-1968.

The Johnson Administration, determined to get a universal patent system
for as many as 77 nations, this month unveiled a proposed international
patent treaty. But the treaty will be academic unless Congress first goes
along with U.S. patent reform. However, the reform bill appears dead for
this session of Congress [Electronics, May 29, p. 60]. One of the stumbling
blocks is a change from “first to invent” to “first to file” criteria for grant-
ing patents, something necessary for an international system since nearly
all other nations have such a standard.

First operational air communications centers for the Marine Corps Tac-
tical Data System will be built by Philco-Ford’s Western Development
Laboratories. Cost of the four AN/TYQ-1 centers—one for each Marine
air wing—will be around $20 million . . . One of the four traveling-wave-
tube amplifiers on Comsat’s Intelsat-2 Pacific satellite has failed. That
leaves the satellite without a backup tube. The tube failure, plus the fact
that the communications satellite is operating at capacity, has prompted
Comsat to spend $7 million to put another Hughes-built Intelsat-2 satel-
lite over the Pacific . . . Two new counter-infiltration systems are now
being deployed in Vietnam. The AN/PSR-1, using four buried geophones
and a control unit having an audio readout, has an 800-foot range; the
AN/GSS-9 is a breakwire system. Expected later this year is a third sys-
tem—the AN/PSS-5 pulse doppler radar, which has a three-mile range.
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FET CHOPPERS ARE THE ONLY ANSWER

Part ELEVEN of a Series On The State of The Chopper Art.

MODEL 8000 A FET Chopper-...
3
Input
:| |
4
Square » ———— O
glrc::: Output
Booze is the only answer at my house, but they 02 ]
frown down at the office when | suggest there is
more than one way to solve problems. They should : 5
have my mother-in-law — they'd stick to booze, -

not electronics.

It turns out that an FET chopper is a distinct im-
provement over photo-choppers, what with 6 volts
being enough drive instead of a couple hundred. O —

Now the photo-chopper was better than the transistor } 30 !
choppers, because it looked like a resistor instead +o0—1+-Qn I
of a diode. So there ain’t any voltage drops that have ﬂcuf“g“‘" . '
to cancel out. Mostly they don't. (Cancel, that is.) g S

! 0
As matters stand on noise and offset — and we sell 0——+-02 5Q[L‘ vt
choppers for only one purpose, which is to allow O — R =

in a modulator circuit...

D.C. amplifiers with very little offset — the best
of FET choppers are only two to three orders of mag-

nitude worse than the best of mechanical choppers. with an inverter to drive it...
Which is real progress. Last week it was three to
four orders — before we invented this model 8000 R
FET chopper. The offset available is below 10 micro-
volts at 10,000 ohms, and would be lower if there

weren’t such wierd alloys inside the FET that have 20- [ £ = F !
to come out eventually to copper. &J Saa

So today's best mechanical choppers reach down

below some 50 nanovolts, the FET chopper gets I D Seu56

to about 5 microvolts. That's two orders of magni-
tude and crowding. Good thing we make solid-state

choppers too. is pretty low noise.

Speaking only of offset, and anyway, what else is
speakable about a chopper? | suppose you could say 20 =
Mechanical Choppers < < FET Choppers < Photo
Choppers < Transistor Choppers.

o
T

10K OHM LOAD
10K Hx BANOWIOTH
6V RMS GATE ORIVE

NOISE [N uV RMS
S

AIRPAX ELECTRONICS | -
Cambridge, Maryland 21613 | ™ L -
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15 ohms ON resistance with only 8.0 pf drain to gate
capacitance solved critical FET switch applications

SPECIFICATIONS —TYPE 2N4977

e ON Resistance: 15 ohms max * Breakdown Voltage Drain to Gate:

e Drain to Gate Capacitance: 8.0 pf max 30v min

¢ Drain Current, Zero Gate Voltage:
50mA min

e Pinch-off Voltage: 10v max

* Input Capacitance: 35 pf max

e Reverse Transfer Capacitance:
8.0 pf max

e Gate Leakage Current: 0.5 nA max
e Temperature Range:

Operating —55°C to 150°C
Storage —55°C t0 200°C

Price: 1-99 100-999
21.50 14.00

Available from stock in TO-18 package

AMELCO SEMICONDUCTOR

DIVISION OF TELEDYNE, INC. « 1300 TERRA BELLA AVENUE * MOUNTAIN VIEW, CALIFORNIA * Mail Address: P.O. Box 1030,
Mountain View, California * Phone: (415) 968-9241 « REGIONAL OFFICES: East — Westwood, Mass., 805 High Street, (617) 326-6600;
Melville, L. I, N.Y., (516) 692-4070; Syracuse, N.Y. (315) 437-8343; Paterson, N.J., (201) 696-4747; Gienside, Pa., (215) 887-0550; Towson,
Md., (301) 825-3330; Oriando, Fla., (305) 423-5833 « Midwest — Des Plaines, Il{., 650 W. Algonquin Rd., (312) 439-3250; Cedar Rapids, lowa,
(319) 366-0635; St. Louis, Mo., (314) 427-7200; Farmington, Mich., (313) 474-0661; St. Paul, Minn., (612) 488-6634; Columbus, Ohio, (614) 299-4161;
Dallas, Texas, (214) 631-6270 = Northwest — Home Office, Mountain View, Calif.; Los Altos, Calif., (415) 941-0336; Seattle, Washington, (206)
323-5100 « Southwest — Los Angeles, Calif., Suite 213, 8621 Bellanca Ave., (213) 678-3146; Los Angeles, Calif., (213) 870-9191; San Diego, Calif., (714)
298-4711; Phoenix, Ariz., (602) 277-9739; Albuguerque, N.M., (505) 268-0928; Littleton, Colo., (303) 798-8439 - Canada—Montreal, P.Q., (514) 384-1420.

- - »
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Power gain greater than 12 db @ 400 mc
from our FET RF Amplifier

SPECIFICATIONS —TYPE 2N5078

e Power Gain @ 400 mc: 12 db min ¢ Drain Current, Zero Gate Voltage:
¢ Noise Figure @ 400 mc: 4.0 db max PHHCleSER
« Input Capacitance: 6.0 pf max * Pinch-off Voltage: 8.0v max
» Reverse Transfer Capacitance: e Gate Leakage Current: 0.25nA max

2.0 pf max * Temperature Range
e Breakdown Voltage Drain to Gate: Operating —55°C to 150°C

30v min Storage —65°C to 200°C

Price: 1-99 100-999
5.00 3.35

Available from stock in TO-72 package

AMELCO SEMICONDUCTOR

DIVISION OF TELEDYNE, INC. * 1300 TERRA BELLA AVENUE * MOUNTAIN VIEW, CALIFORNIA * Mail Address: P. 0. Box 1030,
Mountain View, California » Phone: (415) 968.9241 < REGIONAL OFFICES: East — Westwood, Mass., 805 High Street, (617) 326-6600
Melville, L. 1., N.Y., (516) 692-4070; Syracuse, N.Y., (315) 437-8343; Paterson, N.J., (201) 696-4747; Glenside, Pa., (215) 887-0550; Towson,
Md., (301) 825-3330; Orlando, Fia., (305) 423-5833 < Midwest — Des Plaines, HI., 650 W. Algonquin Rd., (312) 439-3250; Cedar Rapids, fowa,
(319) 366-0635; St. Louis, Mo., (314) 427-7200; Farmington, Mich., (313) 474-0661; St. Paul, Minn,, (612) 488-6634; Columbus, Chio, (614) 299.4161;
Dailas, Texas, (214) 631.6270 <+ Northwest - Home Office, Mountain View, Calif.; Los Altos, Calif., (415) 941.0336; Seattie, Washington, (206}
323-5100 - Southwest — Los Angeles. Calif., Suite 213. 8621 Bellanca Ave., (213) 678-3146; Los Angeles, Calif., (213) 870-9191; San Diego, Calif., (714}
298-4711; Phoenix, Ariz., (602) 277-9739; Albuquerque, N.M., (505) 268-0928; Littleton, Colo., (303) 798-8439 « Canada—Montreal, P.Q., (514) 384-1420
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New FETs, UJTs and
SCRs from TI to optimize
your circuit designs

Improve vour products, create new
designs with these “firsts” from
Texas Instruments: ¢ six new fami-
lies of FETs e six unijunctions e
four low-cost SCRs.

Most of these devices are avail-
able in the exclusive SILECT™
package with TO-18 pin-circle lead
configuration. SILECT transistors
are backed up by more than
10.000.000 hours of testing. A pre-
liminary report concludes that
SILECT transistors are capable of
meeting military specifications and
are as reliable as metal can devices
tested under the same conditions.

Circle 281 for Reliability Report.

New low-cost, high-voltage
FET replaces vacuum tubes

The new TIXS78 silicon n-channel
FET offers a 300-volt minimum
breakdown voltage, making it a one-
for-one replacement for vacuum
tubes in such applications as high-
voltage switching and large-signal
amplification.

The new FET is priced for com-
puter, industrial, communications
and entertainment usage.

Circle 282 for data sheet.

New tetrode FET

features industry’s

highest transconductance to
capacitance ratio

The TIXS80 is a high-frequency
metal-can tetrode FET that has a
minimum transconductance of 5,000
pmhos  with a maximum reverse
transfer capacitance of 0.8 pF.
A second gate simplifies biasing,
AGC. and oscillator injection cir-
cuitry. The TIXS80 is designed for

Electronics | June 12, 1967




Power gain greater than 12 db @ 400 mc
from our FET RF Amplifier

SPECIFICATIONS —TYPE 2N5078

e Power Gain @ 400 mc: 12 db min ¢ Drain Current, Zero Gate Voltage:
q ’ 4 to 25mA

¢ Noise Figure @ 400 mc: 4.0 db max
* Input Capacitance: 6.0 pf max * Pinch-off Voltage: 8.0v max
* Reverse Transfer Capacitance: e Gate Leakage Current: 0.25nA max

GORTEK * Temperature Range
¢ Breakdown Voltage Drain to Gate: Operating —55°C to 150°C

30v min Storage —65°C to 200°C

Price: 1-99 100-999
5.00 3.35

Available from stock in TO-72 package

AMELCO SEMICONDUCTOR

DIVISION OF TELEDYNE, INC. « 1300 TERRA BELLA AVENUE « MOUNTAIN VIEW, CALIFORNIA « Mail Address: P. 0. Box 1030,
Mountain View, California ¢« Phone: (415) 968-9241 « REGIONAL OFFICES: East — Westwood, Mass., 805 High Street, (617) 326-6600
Melville, L. 1., N.Y., (516) 692-4070; Syracuse, N.Y., (315) 437-8343; Paterson, N.J., (201) 696-4747; Glenside, Pa., (215) 887-0550; Towson,
Md., (301) 825-3330; Orfando, Fla, (305) 423-5833 « Midwest — Des Plaines, Ill,, 650 W. Algonquin Rd., (312) 439-3250; Cedar Rapids, lowa,
(319) 366-0635; St. Louis, Mo., (314) 427-7200; Farmington, Mich., (313) 474-0661; St. Paul, Minn., (612) 488-6634; Columbus, Ohio, (614) 299-4161;
Dallas, Texas, (214) 631-6270 « Northwest — Home Office, Mountain View, Calif; Los Altos, Calif., (415) 941-0336; Seattle, Washington, (206}
323-5100 + Southwest — Los Angeles. Calif., Suite 213, 8621 Bellanca Ave., (213) 678-3146; Los Angeles. Calif., (213) 870-9191; San Diego, Calif., (714}
298-4711; Phoenix, Ariz., (602) 277-9739; Albuquerque, N.M., (505) 268-0928; Littleton, Colo., (303) 798-8439 « Canada--Montreal, P.Q., (514) 384-1420
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DTS 413

IN1767

r

E N=330V- 350V
(nominal 330V)

A

1K 5W

2N 3439

— O—

High-powered
regulation

doesn’t have
to carry a
high-powered price!

The simple DC regulator shown supplies 290
volts to a load of 50 to 600 milliamperes. Regu-
lation is better than + .05 percent with an
input voltage variation of 159,. Delco high
voltage silicon makes this possible with just
one series transistor—the DTS-413—priced at
Jjust $3.95 each in 1000-and-up quantities.
This circuit also can be scaled to the capa-
bilities of any of the other cost saving Delco
DTS transistors, including the new DTS-424
and DTS-425. And no matter which Delco high
voltage transistor you use, reduction of weight,
size, and component cost is part of the bargain.
Circuit complexity and number of components
are reduced and so assembly costs go down, too.
And fewer components mean higher reliability.

Right now, Delco silicon power transistors
are adding these benefits in such high energy
circuits as: DC-DC converters, ultrasonic power
supplies, YLF class C amplifiers, off-line class
A audio output and magnetic CRT deflection
(several major TV manufacturers use them in
bigscreen horizontal and vertical sweepcircuits).

How soon can you get Delco silicon power
transistors? How soon do you need them?
With our experience and new plant facilities,
samples or production quantities can be shipped
promptly. Call one of our distributors or a
Delco sales office now.

For full details on the DC regulator circuit,
ask for application note number 38.
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Application of Delco high voltage silicon power transistors: a DC voltage regulator.

2N2711

ﬂ

IN4735A

56009
E guy=290V, = <0.5%

(Load=50-600mA)

x

IN4734A

2N2712

191K
1w

2N2712

h_rz

min.

max. | Vee=5V
@ Ic

Veeo L
(sus) g
min.

A

DTS-413 26V | 208 | 15@ 108
DTS-423 25V | 354 | 10@ 25A
DTS-424 30V | 354 | 10@ 254
DTS-425 | 400V | 358 | 10@ 25A
DTS-430 | 300v | 10@ 35A

DTS-431 | | 325V 10 @ 3.5A
NPN silicon transistors packaged in solid copper TO-3 case.

Field Union, New Jersey*® 07083 Oetroit, Michigan 48202

Sales Box 1018 Chestnut Station 57 Harper Avenue

Offices (201) 687-3770 (313) 873-6560
Syracuse, New York 13203 Chicago, llinois* 60656
1054 James Street 5151 N. Harlem Avenue
(315) 472-2668 (312) 775-5411

“Office includes field lab and resident engineer for applications assistance.

Electronics | June 12, 1967

MARK OF ENCELLENCE

PRICE
1000-and -up
[ QUANTITIES

——

Santa Monica, Calif.* 30401

726 Santa Monica Blvd.
(213) 393-1465

General Sales Office:

700 E. Firmin, Kokomo, ind. 46901
(317) 459-2175

DIVISION OF GENERAL MOTORS « KOKOMO, INDIANA

Circle 53 on reader service card
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New FETs, UJTs and
SCRs from TI to optimize
your circuit designs

Improve your products. create new
designs with these ‘firsts” from
Texas Instruments: ¢ six new fami-
lies of FETs e six unijunctions e
four low-cost SCRs.

Most of these devices are avail-
able in the exclusive SILECT™
package with TO-18 pin-circle lead
configuration. SILECT transistors
are backed up by more than
10,000,000 hours of testing. A pre-
liminary report concludes that
SILECT transistors are capable of
meeting military specifications and
are as reliable as metal can devices
tested under the same conditions.

Circle 281 for Reliability Report.

New low-cost, high-voltage
FET replaces vacuum tubes

The new TIXS78 silicon n-channel
FET offers a 300-volt minimum
breakdown voltage, making it a one-
for-one replacement for vacuum
tubes in such applications as high-
voltage switching and large-signal
amplification.

The new FET is priced for com-
puter, industrial, communications
and entertainment usage.

Circle 282 for data sheet.

New tetrode FET

features industry's

highest transconductance to
capacitance ratio

The TIXS80 is a high-frequency
metal-can tetrode FET that has a
minimum transconductance of 5,000
pmhos with a maximum reverse
transfer capacitance of 0.8 pF.
A second gate simplifies biasing,
AGC. and oscillator injection cir-
cuitry. The TIXS80 is designed for
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mixer and automatic gain-control
applications.

In rf amplifiers. it provides high,
stable gain at frequencies of 30
to 300 MHz without neutralizing.

Circle 283 for data sheet.

Industry’s first
plastic-encapsulated MOS FET

. The TIXS67 is a
p-channel silicon
enhancement-mode
field-effect transis-
tor. It is the first
such device to be
encapsulated in plastic.

The unit features high transcon-
ductance (3500 to 6500 pmhos), low
feedback capacitance (4 pF), and
the lowest leakage characteristic to
be found in a plastic-encapsulated
device (50 pA). These character-
istics make it suitable for switch-
ing and high-input-impedance am-
plifier applications from de through
medium-frequencies.

Circle 284 for data sheet,

New economy matched-pair FETs

Here is a low-cost matched-pair
FET assembly for analog computers.
comparators. and differential ampli-
fiers. The n-channel TIS68 pair,
similar to the 2N3819, is matched
for gate-leakage current and gate-
source voltage, I, and transcon-
ductance are matched within 5¢.
Minimum transconductance is
1000 xmhos, maximum input capac-
itance is 8 pF. and reverse-transfer
capacitance is 4 pF maximum.

A metal clip is furnished for
banding devices together,

Circle 285 for data sheet.

Matched dual FETs have high
common-mode rejection capability
This is the first dual FET having
matched output admittances as well
as matched transconductances for
improved common-mode rejection
capability. Designated 2N5045, this
TO-18 type metal-can dual is ideal
for general-purpose differential
amplifier applications. Qutput ad-
mittance differential is within 1
umho; transconductance and Ipgg
are matched within 5¢. The
2N5045 is priced below comparable
pairs which are matched to a
lesser degree.
Circle 286 for data sheet.

Nine new FET switches feature
lowest on-resistance

Here are industry’s first low on-
resistance switching FETs. The
TIS73-75 series is offered in the
SILECT package, while a metal-
case TO-18 series is designated
2N 1856-61.

Low on-resistance (25 to 60 ohms
max.) and extremely low leakage
(0.25 and 2.0 nA max.), make these
devices unusually versatile,

Circle 287 for data sheet.

New planar UJTs
offer optimized characteristics
for specific applications

The 2Nd4892-91 series of planar
silicon UJTs in SILECT packages
and the 2N947-49 family of metal-
case equivalents are the first such
devices on the market which are
characterized for specific applica-
tions. They are designed for use as
long-time-delays. SCR triggers. or

high-frequency relaxation oscillators.

Leakage is typically 0.1 nA ...

one-thousand times lower than com-
parable alloy types. Other advan-
tages are low base-emitter satura-
tion voltage and high pulse-output
voltage.

Circle 288 for data sheet.

Smallest, lowest-cost SCR

TI's new TIC44-17 SCRs are priced
only one-third as much as the metal-
can equivalents. They are also the
smallest SCRs available. The series
is rated for 600 mA continuous dc¢
current at 30, 60, 100 and 200 volts.
A maximum gate-triggering cur-
rent of 200 ,A provides high
turn-on gain.

Applications include motor speed
controls, ignition systems, light
flashers, light dimmers and a-c¢
phase control systems.

Circle 289 for data sheet.

Call your nearest TI sales repre-
sentatives or authorized distributor
for more information. If -
vou prefer, write us at J
P. O. Box 5012, Dallas,
Texas 75222,

\{/

TEXAS INSTRUMENTS
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NEW RELAY

+100,000 OPERATIONS AT 5 AMPS

The completely NEW Hi-G BN series meets all appli-
cable requirements of Mil-R-5757, weighs .95 oz. in a
875" x .800" x .400" crystal can. All standard configu-
rations and header styles are available for fast delivery.

Write or call Hi-G for new bulletins which provide full
details on this high quality line of 5 amp. crystal-can
relays. Test data and performance capabilities are
available on request, Tel: 203-623-2481

SPRING STREET & ROUTE 75 /| WINDSOR LOCKS, CONNECTICUT 06096

INCORPORATED
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Now Westinghouse has a
pin-for-pin replacement for
the industry-accepted TTL.

But don’t think of us only
as a second source.

There's a very good reason why you should make
Westinghouse TTL your first source.

Because this is the TTL line that is available now.

it's a direct mechanical and electrical replacement for the
industry-accepted SUHL |l. And all circuits are available in
industry-standard dual-in-line and flat packages.

They include: 6G260 Single 8-input NAND/NOR Gate,
6G241 Dual 4-input NAND/NOR Gate, 6G221 Quadruple
2-input NAND/NOR Gate, 6G210 Dual Expandable OR/
NAND Gate, 6G250 Quadruple Expandable OR/NAND
Gate, 6G130 Dual 4-input Driver, 6G270 Dual OR
Expander, 6F251 AND input JK Flip-Flop, 6F261
OR input JK Flip-Flop.

In fact, it makes good sense to make Westinghouse first choice for
all your IC's. Because our goal is to help keep your products competitive
now and into the 1970's.

For evaluation quantities, contact your Westinghouse Electronic salesman.
Or phone Westinghouse at (301) 796-3666. Or write Westinghouse
Molecular Electronics Division, Box 7377, Elkridge, Maryland 21227.

You can be sure if it's Westinghouse

J-09142

Circle 57 on reader service card



New...
3 Instruments
In 1

for
$950

DIGITAL VOLTMETER
ELECTRONIC COUNTER
ANALOG INTEGRATOR

0o’ s -
semmor

i

5000 |
DIGITAL METER MODEL DM :

DIGITAL METER Model DM 5000

1. Five operating modes: (1)
0.1% DC digital voltmeter;
(2) analog integration; (3)
rate and frequency measure-
ment; (4) period and interval
measurement; and (5) elec-
tronic counter.

2. Four-digit buffered display:
with automatic polarity, 100
1V resolution, no flicker, over-
range and mode indications.

3. DC voltages in five ranges:"

=+.1000 V, +1.000 V, +10.00
V, +=100.0 V, and == 1000, V;
calibrated over-range t0 40%.

4. Integration: five full scale
ranges—1, 10, 100, 1000, and
10,000 CPM/volt.

5. Rate and frequency: four
full scale ranges—10, 100,
1000, and 10,000 kHz.

6. Period: four full scale
ranges—99.99 ms, 999.9 ms,
9.999 sec., and 99.99 sec.

7. Counter: from 0 to greater
than 250 kHz with 1 count in
104 resolution.

Other features: no adapters
or plug-ins required . . . 10
megohm floating input.

Write today for free Bulletin 701-A.

[eavl] TECHNOLOGY INCORPORATED
| | 7400 Colonel Glenn Highway, Dayton, Ohio 45431
| Phone: (513) 426-2405

Circle 60 on reader service card
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Now Westinghouse has a
pin-for-pin replacement for
the industry-accepted TTL.

But don’t think of us only
as a second source.

There's a very good reason why you should make
Westinghouse TTL your first source.

Because this is the TTL line that is available now.

It’s a direct mechanical and electrical replacement for the
industry-accepted SUHL Il. And all circuits are available in
industry-standard dual-in-line and flat packages.

They include: 6G260 Single 8-input NAND/NOR Gate,
6G241 Dual 4-input NAND/NOR Gate, 6G221 Quadruple
2.input NAND/NOR Gate, 6G210 Dual Expandable OR/
NAND Gate, 6G250 Quadruple Expandable OR/NAND
Gate, 6G130 Dual 4-input Driver, 6G270 Dual OR
Expander, 6F251 AND input JK Flip-Flop, 6F261
OR input JK Flip-Flop.

In fact, it makes good sense to make Westinghouse first choice for
ali your IC’s. Because our goal is to help keep your products competitive
now and into the 1970’s.

For evaluation quantities, contact your Westinghouse Electronic salesman.
Or phone Westinghouse at (301) 796-3666. Or write Westinghouse
Molecular Electronics Division, Box 7377, Elkridge, Maryland 21227.

Circle 57 on reader service card

You can be sure if it's Westinghouse
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“One reason is:
year-around sports
and recreation assure
a full, rewarding

life for all.”

“Why do more and
more executives
say MICHIGAN

has more of

For executives and their families who relocate in Michigan, the state offers
a wonderland of enjoyment. The abundance of outdoor activities throughout the
year enhances family living. Inland lakes and rivers and 3,000 miles of Great
Lakes shoreline provide fishing, swimming and boating — besides assuring a
wealth of fresh water for industrial use. For labor, as well, Michigan’s superb
sports and recreation facilities contribute to contentment.

Interested in moving to where the good life is? Contact Consumers Power for
detailed, confidential information on plant sites in Michigan’s Lower Peninsula.

Cp Consumers Power Company

216 West Michigan Ave. Jackson, Michigan 49201 Area Code 517 - 788-0502
W.N.McClellund, Director of Area Development

Ask for
- your
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Tracks down envelope delay...

Undetected envelope (or group) delay can easily derail a digital
data transmission. Bit-by-bit that pristine formation crumples,
Down the line, someone ends up with a mess instead of a message.
To keep the data train properly coupled, you need precise infor«
mation about phase-shift-versus-frequency characteristics of your
carrier. The kind of information you can get express from a Sierra
Model 340B Envelope Delay Test Set.

Model 340B pinpoints relative delay to £20,000 psec on a big,
direct single-range digital counter. Resolves it to 1.0 yusec. On a
second digital counter, it displays frequency with 10-Hz resolution.
Range of 300 Hz to 110 kHz spans voice channel through group
frequencies. Measurement modes include end-to-end, loop-back,
or end-to-end with return reference path.

Modulation frequency of 25 Hz, usable over full range, resolves
fine-grain deviations separated by as littie as 50 Hz. Alternative
250-Hz modulation resolves delay to 0.1 psec. Price, with one
modulation frequency, $4,750.

Ask for more data, and watch us pour on the coal. Write Sierra,
3885 Bohannon Drive, Menlo Park, California 94025,
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clears the track for
digital data wave trains

PHILCO

PHILCO-FORO CORPORATION
Sierra Electronic Operation
Menlo Park, Calforma « 94025
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New...

'DIGITAL VOLTMETER
ELECTRONIC COUNTER
ANALOG INTEGRATOR

3 instruments

DIGITAL METER MODE
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DIGITAL METER Model DM 5000

1. Five operating modes: (1)
0.1% DC digital voltmeter,
(2) analog integration; (3)
rate and frequency measure-
ment; (4) period and interval
measurement; and (5) elec-
tronic counter.

2. Four-digit buffered display:
with automatic polarity, 100
1V resolution, no flicker, over-
range and mode indications.

3. DC voltages in five ranges:
=+.1000 V, +=1.000 V, +10.00
V, ==100.0 V, and = 1000. V;
calibrated over-range to 40%.

4. Integration: five full scale
ranges—1, 10, 100, 1000, and
10,000 CPM/volt.

5. Rate and frequency: four
full scale ranges—10, 100,
1000, and 10,000 kHz.

6. Period: four full scale
ranges—99.99 ms, 999.9 ms,
9.999 sec., and 99.99 sec.

7. Counter: from 0 to greater
than 250 kHz with 1 count in
104 resolution.

Other features: no adapters
or plug-ins required . . . 10
megohm floating input.

Write today for free Bulletin 701-A.

TECHNOLOGY INCORPORATED

‘@ 4% 7400 Colonel Glenn Highway, Dayton, Ohio 45431
il Phone: (513) 426-2405
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Series 2-Pin 4-Pin 6-Pin 8-Pin

750 (1 Resistor) | (3 Resistors) | (5 Resistors) | (7 Resistors)
Total
Module

Load 0.5 Watts 1.0 Watts 1.5 Watts 2.0 Watts

— - — —_— - —_—— —-(.— —_—— = —

o | I7€ | 18¢ | 21¢€ | 26¢
10,000

cost ke~ Sl T84T Bhaeces s =30

STANDARD MODULE SPECIFICATIONS

FOR ALL SIZES

Resistance Range
Resistive Tolerance
TC

50 Qto 100K
+5.0%
+300 ppm/°C

The data speaks for itself. Examine and judge its
value for your application:

Load Life: 0.1 W per resistor at 70°C, 1000
hrs. (Over 4,000,000 resistor hours)

+0.40% A R max.
+0.20% A R av.

Moisture Resistance: .1 rated wattage at
70°C, 90-98% humidity, 1000 hrs.

+0.50% A R max.
+0.20% A R av.

Insulation Resistance: measured wet after
moisture resistance test, 200 VDC

500 meg. Q

Extreme Stability and Reliability

High Power Capability: (Up to 1 watt per resistor)

Thermal Shock: 5 cycles, —63°C to +125°C,
no load

+0.10% A R max.
+0.03% AR av.

e Space saving—a single module replaces up to 7 discrete
resistors.

e Available in an infinite number of circuit combinations.

o Custom-built to your exact requirement.

o ldeally suited for cost-saving automatic handling.

e Cover coating unaffected by solvents.

Electronics | June 12, 1967

Short Time Overload: 2.5 times rated volt-
age, 5 sec.

+0.25% A R max.
+0.05% AR av.

Low Temperature Exposure: —63°C, 4 hrs.

+0.10% A R max.
+0.04% A R av.

Terminal Strength: 5 1b. tensile & compres-
sion, 30 sec.

+0.10% A R max.
+0.03% A R av.

Effect of Soldering: 63/37 solder, 246°C,
2 sec.

+0.10% A R max.
+0.05% A R av.

Circle 61 on reader service card 61



Nobody but AE makes
a Class E relay with all

these terminals. []

Take your plck

1 Solderless Wrap
Terminals eliminate

the hazards of soldering. ,
No splashes, heat or
clippings. Faster, easier
connections. And the
technique is easy to

learn
3" 2 Taper Tab Termi- “
nals accept solderless,
slip-on connections
which are crimped to
~| each wire lead. Easy
lk ‘ to connect or discon-
’ nect. Simplifycircuit
changes and relay
substitutions,

PR
H

3 _ AN
Solder Termznals—

the conventional way. /
For chassis and rack
mounting where
quick-connect meth-

ods aren’t needed.
N\

4 Printed Cir-
cuit Terminals can  +*
be inserted directly
“into PC cards or boards.
+ All terminals are sold-
‘ ered at one time by
“flowing.” This process can be
automated.

You can get AE Class E relay
with several types of plug-in
sockets, too—that further in-

crease the number of mount-
Ing options.

But don’t select the Class E
relay because of wiring con-
venience alone. This is a min-
iaturized version of the pre-
mium-quality Class B—with
most of its best features. Per-
fect contact reliability exceed-
ing 200 million operations is
common. That’s why, even
with ordinary solder termin-
als, the Class E is the most
popularqualityrelayofitssize!

Forhelpful information on the
full line, ask for Circular 1942.
Just write the Director, Relay
Control Equipment Sales,
Automatic Electric Company,
Northlake, Illinois 60164,

AUTOMATIC ELECTRIC

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS

62 Circle 62 on reader service card
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DURANT’'S NEWEST!

. .. In a growing line of coum‘/ control instruments

49600 UNISYSTEM®

New, single-level predetermining count/control system
developed to meet the need for a small, inexpensive
digital counter or timer. It provides direct digital read-
ing, eliminating dial interpolation. Ideal for installation
on control panels for machine tools, textile machinery,
wire, machinery, metering and scaling equipment. This
exceptionally compact unit is available as a standard unit
equipped with 2, 3 or 4 Unipulser decades. Design per-
mits it to be used equally well as a desk or panel mount
without change. Important advantages include ease of
presetting and resetting (panel or remote) . . . set-up and
wiring simplicity . . . pre-determined visual setting is
always retained. Count life and reset life proven for over
100 million counts. Count speed up to 30 cps. 115V —
230V, 50-60 cycles.

For more information circle No. 491 on Reader Service Card

6 YE SERIES ELECTRIC COUNTERS

These new 6 figure electric units have been developed for
instrument or control systems, office machinery, data
processing equipment where long life and high count
speeds are required. Reset is optional, manual push-
button or electric, with entire mechanism housed within
the case. The 6 YE Series is available for base or panel
mounting, providing permanent tamper-proof installation
without extraneous hardware.

High accuracy and reliability are assured by an exclu-
sive Durant drive feature: the power impulse cocks,
power release counts, resulting in a uniform indexing
force and smooth counting action.

Count speed is 2400 cpm DC — 1800 cpm AC (recti-
fied). Models available for 115V, 230V AC or DC —
other voltages on request.

For more information circle No. 493 on Reader Service Card

MANUFACTURING

BCD UNIPULSER®

Durant Unipulsers are now compatible with count/con-
trol equipment using binary coded decimal systems. They
are especially suited for use in data processing equipment,
medical instrumentation, business machinery and more.

BCD Unipulsers use the 0-1-2-4-8 code and hook up
easily with only S wires using standard connectors. Drive
and visual readout is digital. Electrical readout is auto-
matically encoded from digital to binary, eliminating the
need and expense of code converters.

Important advantages include high count speed (40
cps), large readable figures, high current carrying capac-
ity, and long life (proven for over 100 million counts).
The BCD Unipulsers are the latest addition to the grow-
ing line of Durant decade modules, permitting you to
count or control practically anything; hours, minutes,
units, ounces, pounds, etc.

They are available in three models — 400 BCD non-
polarized, 401 BCD with a common negative, 402 BCD
with a common positive. :

For more information circle No. 492 on Reader Service Card

DIGITAL CLOCK — ELECTRICAL READOUT

Hours, minutes, seconds or decimal combinations of any
time period can be readout visually and electrically by
this highly dependable unit. It can be used in data re-
duction systems . . . for controlling batching where timed
mixing is important . . . to aid in computing piece rate
in all production processes . . . for use in all types of
data or material handling where a time base is required.

Three, four, five and six digit models are available as
shown or without cabinet for 94" panel or 19” relay
rack mounting. 115V or 230V AC, 50 or 60 cycle.
Prices start at $280.00.

For more information circle No. 494 on Reader Service Card

COMPANY

- MILWAUKEE, WISCONSIN
In Europe: Durant (Europa) N.V. Barneveld, Netherlands
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TROTEGTION...a New Fngand Tadition

A TRADITION AT CLAROSTAT TOO is the engineering of components to withstand
the harshest atmospheric conditions and variations in temperature. Today, the New
England tradition of designing for protection against environmental hazards is
expressed in Clarostat Potentiometers. No matter how critical your applications—
computer—space—industrial~military—our molded potentiometers give complete pro-
tection —-provide total immunity from moisture, shock, heat and other hostile, efficiency
robbing elements, If the job calls for a potentiometer, resistor or switch, call for the
component built to maintain a reputation in the craftsman tradition-call for...

CLAROSTAT MFG. CO,, INC., DOVER, NEW HAMPSHIRE 03820
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10 VARIETIES

AVAILABLE
IN THE NEW
™
LINE. ]
SPDT DPDT

o Maintained ON, Momentary ON
® Maint. ON, Maint. ON
e Mom. ON, OFF, Mom. ON
e Maint. ON, OFF, Maint. ON
e Maint. ON, OFF, Mom. ON

Biggest Value yet Here's the new little toggle that's big in the features

- k you need. Space-saving size—only %" behind the
IN SPace-SavINg panel. Good operating feel—positive detents, opti-
H mum forces, positive return spring on momentary
toggle SWltCheS versions. Full versatility, too—ten versions offering
SPDT or DPDT. 2 or 3 positions, maintained or
momentary contact, 30 vdc or 115 vac, b amps

resistive, 2 amps inductive.
Call a Branch Office or Distributor (Yellow Pages,
“Switches, Electric”’). Ask about TW switches. Or,

write for Catalog 51.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL-Sales and service offices in all principal cities of the world. Manufacturing in United States,United Kingdom, Canada, Netherlands, Germany, France, Japan.
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SECURITY < TELEPHOI

MONITOR & DIAGNOSE
from 1 kHz to 27.5 MHz
with the Panoramic VR-4/RTA-5
modular spectrum analyzer

At the flick of a switch the solid state VR-4/RTA-5 pro-
vides either the wide dispersion needed for confidence

SPECIFICATION HIGHLIGHTS level monitoring or the high resolution needed for pre-
Frequency range: 1 kHz-27.5 MHz digital readout cise problem diagnosis. It's fully calibrated (and guaran-
Scan widths: 50 kHz-5 MHz, or 500 Hz-50 kHz phase teed) from its digital frequency controls to its CRT
locked, digital readout; preset 0-25 MHz full dispersion graticule. It has the ultra stability of internal phase lock
Resolution: 200 Hz and built-in crystal markers to check the frequency cali-
Sensitivity: 30 v linear full scale brations. It's compact, lightweight and designed for
Residual distortion: > 50 db down mounting in a standard 19" rack or in a convenient wrap
Log display: 40 db calibrated around cabinet with carrying handles and tilt bar.
Display flatness: -1 db “Currently available modules, interchangeable within the
Frequency calibration: 220.02% internal crystal markers Model RTA-5 main frame are: sonic (AR-1), log scan sonic
Main frames: rack-mount or portable (AL-2), ultrasonic (UR-3), and video (VR-4).

Write for complete technical data; better yet call for demonstration.

SINGER

EMPIRE « EMC » GERTSCH » SENSITIVE RESEARCH INSTRUMENTATION

Panoramic

THE SINGER COMPANY, METRICS DIVISION e 915 Pembroke St., Bridgeport, Conn. 06608, U.S.A. @ Phone (203) 366-3201 e TWX 710-453-3483

P-67-1A
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| for
sophisticated crystal filters

in
miniaturization

eoH

l l" |
insist on M“Coy

Sophisticated filters demand sophisticated design—

Miniaturization requires manufacturing know-how—

MCCoy has both.

In ten years of manufacturing crystal filters—from 5 kc to 125 mc—McCCoy
has accumulated a wealth of filter manufacturing knowledge. Coupled with
complete crystal manufacturing facilities, this background of filter know-how
has established MCCoy as a leader in the industry.

When sophisticated designs and miniaturization are required, practically
everyone insists on MCCoy, where sophisticated filters are routine.

Why not put your filter requirements in capable hands?

Contact MCCoy for quotations on your specific requirements.

McCOY ELECTRONICS COMPANY

a sussimary of OAK ELECTRO/NETICS Sore.
MT. HOLLY SPRINGS, PA. 17065

TELEPHONE: 717-486-3411 - TWX 717-486-3400
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People who need
uniformity, dual mode
capability, and
high resolution,
focus on us.

That’s why vou'll find our direct
view storage tubes in military
avionics systems, terrain-follow-
ing radar, in terminal guidance
missile system display and com-
mercial aircraft weather radar
indicators.

We're specialists in meeting
svstems manufacturers’specs,
which usually originate with
MIL specs. All our tubes have
a unique weld-ring construction
that permits precise gun align-
ment not affected by sealing.
This means you get unusual
tube-to-tube uniformity.

Our capability shows up as
soon as you flip the on switch.
You get high resolution, up to
130 written lines per inch; writ-
ing speed up to one million ips.
There are no halos to degrade
the image. What's more, you
have a tube with superior edge-
to-edge lighting. Fast crase

speeds—as fast as 0.5 millisec-
onds without dunking. This
allows TV displayvs at standard
frame rates without smearing.
We're also specialists in get-
ting involved in our customer’s
problems. We stick with the de-
sign engineer until he has the
tube that mects his require-
ments. Whether it comes oft the
shelf or is a custom design.
So if vou can’t tolerate flaws
and want a working partner who
can’t cither, focus on us. Write:
Dept.EL, ITT Electron Tube Divi-
sion, International Telephone
and Telegraph Corporation, P.O.
Box 100, Easton, Penn. 18043,

ELECTRON TUBE DIVISION ITT

Electronics June 12, 1967
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How a TV maker boosted
picture power 25%

simply &=
by switching
insulation

Scotchpar Polyester Film insulation permits
a smaller sweep transformer
that runs 30% cooler, lasts longer

General Electric recently redesigned the sweep transformer for many
of their TV models. They changed from a wax impregnated paper coil
insulation to “Scotchpar” polyester film. They benefited by 25% more
transformer power, greater reliability and cost savings.

The specific differences are: (1) Metal can around the transformer is
no longer required. U.L. approved elimination of the can because
“Scotchpar” polyester film won’t burst into flames. (2) The coil is
smaller because ”Scotchpar’ film has seven times more dielectric
strength than paper. The transformer can now be mounted on the
printed circuit board in some designs where it gets better air circu-
lation so it runs cooler. (3) This contributes to a greater power output
for color — 0.3 m.a. more at 25,000 volts. (4) Cost savings come from
elimination of the can and six connecting wires, less assembly labor
and greater reliability.

These were GE’s benefits from switching to modern “Scotchpar”
film insulation. What about your products? Better find out what
Elimination of the metal can saves money and per- “Scotchpar” film could do there, too. Write directly to

3cummw

mits better transformer location. Film & Allied Products Division, 3M Company, 2501 Hud-
TP (B D TR AN e son Road, St. Paul, Minnesota 55119, Department 1CL-67
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TRW again breaks the Gigahertz
barrier with this new 2 GHz addition
to the TRW family of Ultra High Fre-
quency transistors! They are the
finest broadband transistors you
can buy—the only power transis-
tors capable of GHz operation in
simple, straight through circuits.

Electronics | June 12, 1967
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As doublers or triplers these tran-
sistors will reach 3 GHz with cool
efficiency. In the 600 to 700 MHz
range their gain and efficiency are
phenomenal!

And you get this remarkable per-
formance from a 28 volt power
source, 1 Watt output, 5 dB gain!

1 Watt output ...5dB gain!

Contact any TRW distributor or
TRW Semiconductors Inc., 14520
Aviation Bivd., Lawndale, Calif.
90260. Phone: 213-679-4561. TWX:
910-325-6206. TRW Semiconductors
js a subsidiary of TRW INC.

TRW
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SUGGESTED

Telegraphy room wastebaskets can continue to
be of service — but it takes a little imagination.
They are of little practical use to companies
who have found Codex TD-12 Telegraphy
Error Correctors to be the least expensive,
most efficient way to end garbled messages.

Unlike most message protecting systems, such
as the ARQ, the TD-12 automatically detects
and corrects virtually all transmission errors
as they are received. Its forward-acting code
needs no return path and overcomes channel
error-rates that normally stop communication.

CODEX

APPLICATION

TD-12 units are fully compatible with
standard VFTG equipment and operate in either
start-stop or synchronous mode, with three or
four basic transmission speeds. Reliable solid-
state construction keeps maintenance to a
minimum; no operator adjustment is needed.

We have a number of suggestions for using
obsolete garble-baskets. Why don't vou review
the many advantages of ‘“first-time-correct”
copy. Write (or phone or Telex) for our brochure
on the TD-12 . . . the best and least expen-
sive telegraphy error corrector on the market.

s 222 ARSENAL STREET, WATERTOWN, MASSACHUSETTS ¢
CORPDRATHDN ZIP CODE 02172 ¢(617) 926-3000 . TELEX 094-6332

72 Circle 72 on reader service card
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Name your need in
triggers, timers,
ring counters, and
oscillators

For aircraft and
ground power
applications:
thin-sintered plate
nickel-cadmium
batteries

Tiny

5-amp relay in
2-amp model
price range

Highest power
VIM’s in industry

A TECHNICAL DIGEST FOR INNOVATORS OF MILITARY EQUIPMENT

= )

COMPONENT
CAPSULES

A y)

Whatever your problem, GE’s very broad line of small signal, regenerative switching semi-
conductors has at least one device that can solve it. Interested in developing a threshold
voltage proportional to the supply voltage? Specify a GE unijunction transistor (UJT). Or do
you need a device that gives you temperature and frequency stability with opposite polarity
from a regular UJT? Our newest innovation, the Complementary UJT, gives you this. Silicon
Unilateral Switches (SUS’s) and Silicon Bilateral Switches (SBS's) serve as exceptionally
stable low-voltage trigger diodes, compatible with integrated circuits. And GE Silicon
Controlled Switches (SCS’s) have achieved excellent results performing as 4-lead SCR's
that feature high voltage capability and versatility.

All'S of these GE types of devices are capable of generating an output current pulse in
excess of 1 ampere from an input signal as low as 1xA. Just name your triggering device
need, then circle magazine inquiry card Number 90 for GE’s full line information.

Extremely reliable over a very wide temperature range.

Quick, full recharge within one hour.

Long life—with constant, dependable service.

Peak power at level voltage rate.

Constant voltage output 90% of the time.

Operational in temperatures from sub-zero to tropic.

Many years’ storage life without harm.

Up to two-thirds lighter than conventional lead-acid batteries,

Extremely rugged——proved in tests up to 5,000 G's.

No modifications required with existing aircraft electrical
systems.

Economical in operation through long life, little maintenance,
and excellent performance.

Circle Number 91 for ali the facts.

Meets military specifications

z . . A Si
Weight: just 0.7 ounce maximum. Now, the proven magnetic ctual’Size

motor design of GE’s 3SAF microminiature relay, featuring
all-welded construction, is combined with new, heavy-duty
contacts and terminal leads. Result: 5-amp switching capa-
bility in a microminiature gridspace package. We call it the
3SBK. Electron-beam welding eliminates the need for solder
flux, adding greater strength and delivering more trouble-free
performance. Circle magazine inquiry card Number 92.

GE Voltage Tunable Magnetrons—available at power levels of
100 watts and higher over electronically tuned bandwidths of 20%
in L, S, and C bands—meet system requirements from 1,000 to
6,000 mc in:

e noise generators for electronic countermeasure systems.

e drivers for frequency diversity transmitters.

e other applications requiring high-efficiency, self-excited

oscillators.

As developers of the VTM, GE engineers continually improve
their uniformity and quality in quantity production. And GE
integral isolator know-how helps alleviate tube-equipment inter-
face problems. These VTM's feature electronic tuning, linear
tuning characteristic, magnetic shielding, and rapid modulation.
Conversion efficiencies exceed 60% in many high-powered types.
Circle Number 93 for more details.

Electronicall
rates as high as 20,000 mc
per microsecond.

tunable at

COMING YOUR WAY--GE’s MICROWAVE TUBE VAN. CIRCLE NUMBER 94.

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE.

285-31

GENERAL @3 ELECTRIC



A LOW-COST 1 AMP

SPDT RELAY MIGHT DO
THE JOB BETTER THAN
AN EXPENSIVE ONE.

If it's the new 75-cent
Sigma Series 65.

.
Ay yeN .

MmisE 408
v‘-

74

New Sigma Series 65 miniature relays are specifi-
cally designed for low-level DC switching appli-
cations where economy is of major importance.
Available in quantity for 75 cents, these general
purpose relays include extra design benefits:

Superior Switching Performance: The precision
knife-edge hinge design of the armature provides
better magnetic coupling for full utilization of coil
power. This results in heavier contact forces, lower
contact resistance and better electrical stability.

Greater Mechanical Strength: Glass-filled nylon,
not ordinary phenolic, is used to support contact
members assuring long-term mechanical life and
stability.

Better Thermal Stability: Use of high-grade, low-

temperature-coefficient materials assures excel-
lent thermal stability over a wide temperature
range up to 70°C.

We'd like to give you a new Sigma Series 65—
or any of our other standard relays. Test and
compare it against the brand you may now be
using. It’s the best way we know to prove what we
say about Sigma relay performance. Just circle
our reader service number on the reader service
card. We'll send you the new Sigma relay catalog
and a “free relay” request form. Return the form
to us and your Sigma representative will see that
you get the relay you need.

Need fast delivery? The Series 65 is available
off-the-shelf from your Sigma distributor.

SIGMA DIVISION c SIGMA INSTRUMENTS INC

Assured Reliability With Advanced DeSIgn/Bra/ntree Mass. 02185

Circle 74 on reader service card

Sigma Instruments (Canada) Ltd., P.O. Box 43, 1oronto 18
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small cell sizes reaches new capacity!

An extensive research and development pro- } A/77?OA/ SYNTRON
gram coupled with the industry’s most com- COMPANY

plete selenium facility has produced the

. . . . 241 LEXINGTON AVE. + HOMER CITY, PA. 15748
Uni-Sel —a hlgh temperature, hlgh density TELEPHONE 412—479-8011
selenium cell, superior to all other types. Sales Representatives Coast-to-Coast

The current carrying capability of this new

product makes possible reduction in cell sizes : Please send details about Syntron’s Complete Line of 241 l
never before achieved. | Rectifiers i
. . . . . | |
Aval.lable in all cell sizes with voltage ratings : Mame BNTide :
as high as 45 volts. I i
l Company. S |
Write For Literature | I

Street___ = = - e
1 |
: City&state_ = Zp =
T o s e e e e e e e S S . o S G ——————— — -t
67R11
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Smaller, even, than

our DHD silicon

B They're the next logical step for-
ward in GE signal diode innovations.
Nearly 40% smalter than the DHD
we introduced 5 years ago, tiny GE
Milli-Heatsink diodes feature the
same “springless” construction . . .
the same proved, inherent reliability.
MHD’s are perfect for high-density
circuit card and memory applica-
tions, and for “cordwood” construc-
Each Milli-Heatsink diode
features high conductance and nano-

tion.

General Electric
MHD's are just as reliable

Proved by 3'% years of manufacturing experience

second switching time. New General
Electric MHD’s are available in
JEDEC types 1N4531-34 and 1N4536.

Signal diode packages shown actual size.
From top to bottom: old DO-7 spring
construction, General Electric DHD pack-
age, and General Electric MHD pilanar
epitaxial silicon signal diode package.

ELECTRONIC

INROVATIONS ,

IN ACTION

MHD's are just one more example
of the total electronic capability
you get only from General! Electric.
For more information, call your GE
engineer/salesman or authorized
distributor. Or write: General Elec-
tric Company, Section 220-56, Sche-
nectady, New York, 12305. In Canada:
Canadian General Electric, 189 Duf-
ferin St., Torontc, Ontario. Export:
Electronic Component Sales, IGE
Export Division, 159 Madison Ave.,
New York, N. Y., USA.

SEMICONDUCTOR PRODUCTS DEPARTMENT

GENERAL @D ELECTRIC

Circle 76 on reader service card
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GET FAST

Here is a new FET op amp series guar-
anteed to relieve pains caused by
typical marginal ’general-purpose”
operational amplifiers.

In addition to the unique combination
of characteristics above, the three QFT
models provide dc open-loop gain (full
output) of 150,000 min., fast settling
time (5us to 0.1%), extremely smooth

SIX-WAY
RELIEF....

from irritation due to .
circuit design problems

New NEXUS QFT capsules give “best-
you-can-buy” op amp performance
1. FET input . . . 10! ohms Z, differen-
tial and common-mode

High output in small package . . .
=10mA @ =11.5V

Low input bias current . . . 10pA,
typical

High common-mode rejection —
86dB

Fast slewing . .. 10V/us (gives full
output to 200kHz)

Low temperature drift . . . 5uV/°C
max. (for the QFT-2B)

loop dynamics, and high tolerance to
capacitive loads. The QFT-2, QFT-2A,and
QFT-2B have maximum temperature
coefficients of 35, 10, and 51V/°C
respectively.

And best of all, prices for the QFT
series are extremely soothing. Write
today for complete specifications and
price information on the QFT series.

The QFT-2 lists at only $45 (1-9). The
QFT-2A, $70(1-9)and QFT-2B, $85 (1-9).
Prices F. O. B. Canton, Mass. U.S.A.

EANEXUS

RESEARCH LABORATORY, INC.
480 NEPONSET STREET, CANTON. MASS. 02021
TEL: (617) 828-9000 TWX (710) 348-1323
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Let Honeywell extend your
EMI measuring capabilities
with these off-the-shelf products.

RG-3 INTERFERENCE RASTER
GENERATOR — For determining
sources of interference signals from
computers, voice and digital commu-
nications, and telemetry.

(070 (vo@2i)
$1365

2854 WIDEBAND AMPLIFIER — A
high gain, low noise, video amplifier
used to detect low level wideband
signals. Solid-state electronics; 1kHz
- 10MHz frequency range.

PLT-1/PP REGULATED AC POW-
ER SUPPLY — A solid-state, 60Hz,
115v rms supply for use in any appli-
cation requiring extreme amplitude
and phase stability., Low distortion;
1 KVA.

i i
Iﬂu'

$2450

4856 WIDEBAND RASTER GEN-
ERATOR — Designed for the same
applications as the RG-3, but with
wideband (256MHz) capability, solid-
state electronics, and 50 ohm input.

.i::. v VoV
* e V0.0

® ., .,

$1645

2855 ASSOCIATED PREAMPLI-
FIER — For matching rod antenna im-
pedance to 50 ohm input of receivers
or amplifiers (typically Honeywell
2854).Low noise solid-state electron-
ics with self-contained battery; 300Hz
—10MHz frequency range.

3858 — 3861 LOW FREQUENCY

POWER LINE IMPEDANCE STA-
BILIZATION NETWORKS - Used
for conducted interference testing of
equipment requiring high leve! input
power line current. Frequency range:
14kHz-5MHz; 500hm line impedance.

@ v ©

$230-$290

AW-204 TRANSISTORIZED
WIDEBAND AMPLIFIER — Used as
a preamplifier with standard EMi me-
ters and calibrated signal sources to
provide rapid, remote measurement of
extremely tow level electric field sig-
nals in the 14kHz — 30MHz frequency
range.

$880

4857LOW FREQUENCYIMPULSE
GENERATOR — Provides flat spec-
trum of calibrated amplitude signals
in 120Hz — 250kHz range for signal
substitution or calibration of receivers
and field intensity meters. Solid-state
electronics.

$550

3862 HIGH FREQUENCY POWER
LINE IMPEDANCE STABILIZA-
TION NETWORK — Same as 38568 —
3861 networks, but for 4MHz - 1GHz
frequency range; 80 amp capability.

o 2 0

$220

Honeywell engineers sell solutions

The instruments shown here are more examples of how Honeywell's broad line, backed
by local sales and service, can provide the precise solution to your instrumentation
problems. For full details on any or all of these fine products, call your local Honeywell
Representative, or write: Honeywell, Test Instruments Division, Annapolis Operation,
Box 391, Annapolis, Md, 21404,

Circle 78 on reader service card

Honeywell

Electronics | June 12, 1967




another Aerovox

B-R-E-A-K-T-H-R-0-U-G-H

in the state-of-the-art

1.0 MFD. 25 VDC molded case Ceralam in CKO6 style

Just the ticket for those solid-state applications
...greatly increased capacitance ranges at a
reduced voltage. This Aerovox breakthrough
features a 1.0 mfd, CKO6 made with Ceralam
established reliability, semi-stable Character-
istic *'C"" material (*15% temperature coefficient).

In addition to the CKO6, greater capacitance is made
available in all Aerovox configurations and standard ceramic
compositions. These include a 0.1 mfd CKR12, a 0.33 mfd
CKO5, and values up to 7.5 mfd in the Aerovox MC89 tubu-
lar series.

Aerovox’s well established reliability has been a prime
consideration in the development of these new units and
careful adherence to conservative voltage stress limits has
been maintained. Although rated at 25 volts, units are life

ATTACK
INDIVIDUAL
MISTAKES

JERD DEFECTS PROGAAM

tested at twice rated voltage. Capacitors of similar low volt-
age rating such as electrolytics are tested only at rated
voltage. Units may also be screened by ‘'burning-in'" at twice
rated voltage for periods up to 250 hours without shortening
the life of the capacitor and thereby bringing quality to the
levels specified in MIL-C-39014.

For complete details contact your local Aerovox sales
representative or write ...

i, AEROVOX

CORPORATION
OLEAN, N.Y.

Selected commercial and military products are available off-the-shelf from Authorized Aerovox Distributors.

Electronics | June 12, 1967
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Why buy price at any cost

To pay too little is to obviously
speculate. To spend too much is
to be foolishly extravagant. The
real value of any purchase is
determined in performance, not
price. Resistors are like this also.

For years, Stackpole fixed com-
position resistors have been the
standard of value for many lead-
ing manufacturers of electrical
and electronic equipment. Engi-
neers have become familiar with
the testing and evaluation that
go into each Stackpole resistor
order. Purchasing people know
they can expect prompt delivery.
And management is assured of
complete, in-depth service backed

It's for reasons like these that
Stackpole resistors are selected
to maintain top performance on
so many established products and
on a growing number of brand
new ones. Such confidence and
loyalty cannot be based on price
alone, but instead come from the
kind of dependability that builds
a reputation for your product.

Uniformity is a known charac-
teristic of Stackpole resistors.
Unique production methods cou-
pled with thorough testing assure
you absolute performance. You
canrestassured that the Stackpole
resistors you order today will be
identical in every way, order

Are you getting what you pd
for in a resistor? Why not inves
gate the value Stackpole resisto
can give you. Quality, econo
cally priced and backed by &
recognized name . .. Stackpolf
There are four sizes to choodg
from: 2, 1, V2 and Y4 watts.

For samples or a copy of o
new booklet, “How to spot B
quality resistor”, write: StackpoR
Carbon Company, Electron
Components Division, Kane, P§
16735. Phone: 814-837-7000
TWX: 510-695-8404.

C? T of 440

ELECTRONIC COMPONENTS DIVISION




June 12, 1967 | Highlights of this issue

Technical Articles

New uses for gallium
arsenide
page 82

R-f breakdown phenomenon
can double the voltage
capability of a transistor
page 97

A logical next step
for read-only memories
page 111

A maser that works in radar:
it avoids saturation

For nearly 10 years enginecers have been
trying to improve the processing of gal-
lium arsenide and design new devices that
can use it. The long tedious work appears
ready to pay off. At rca, researchers have
successfully built transistors on gallium
arsenide by using a silicon nitride insu-
lator instead of silicon dioxide [p. 82]. The
FET’s produced perform better than equiva-
lent silicon metal oxide semiconductor devices. On the cover
is a photograph of the first gallium arsenide ans transistor. At
Bell Telephone Laboratories, rescarchers are pushing ahead
with the limited space accumulation mode of operation for
bulk effect devices made of gallium arsenide, and the work
appears to be more promising than that being done with any
other kind of bulk phenomenon [p. 91].

Electronics

Breakdown is turned into an advantage when the device is
operated beyond its cutoff frequency. The breakdown limit
rises above its static and low-frequency values so the device
can withstand transient peaks up to twice the data sheet rat-
ing. The payoff is less expensive r-f amplifier circuitry.

Integrated electronics have made the read-only memory look
more attractive by cutting its cost substantially. More and
more computer users and makers are applying the read-only
memory to control sequence or to provide a subroutine that
doesn’t have to change. Now the concept of large-scale inte-
gration, putting hundreds of elements on a slice of silicon,
makes possible a radical change in computer organization:
the use of read-only memories to generate Boolean logic to
increase the arithmetic capability of computers.

Masers aren’t used often in radar systems because high-
encrgy radar pulses can leak into the maser and damage it
or saturate it so it doesn’t amplify. A new technique of

age 115 s
pag shifting the frequency keeps the maser from saturating and
increases its use in radar systems.
Coming *An examination of numerical control

June 26

~—Circle 80 on reader service card
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Advanced technology

Gallium arsenide FET’s outperform
conventional silicon MOS devices

With silicon nitride as the insulator, transistors made of an epitaxial

layer of GaAs are capable of better response at higher frequencies

and temperatures, and could lead the way to gallium arsenide IC’s

By Hans W. Becke and Joseph P. White

Radio Corp. of America, Electronic Components and Devices Division, Somerville, N.J.

The time, talent, and money lavished on gallium
arsenide for more than a decade is on the verge of
paving off in a field cffect transistor that is far
superior than counterparts made of silicon.

The transistor, which is a metal insulator semi-
conductor (aus) device, outshines the silicon ros
(oxide insulator) device in power gain, trequency
responsc, and temperature range. It is the offspring
of a marriage of two new processes in materials
technologv—growing epitaxial GaAs from the vapor
phase and using silicon nitride as an insulator. The
result: high-quality devices that can be produced
with high vields.

Better transistor performance at higher frequen-
cies and temperatures calls for an extension of semi-
conductor materials technology bevond germanium

The authors

Hans W. Becke is a graduate of
the Ohm Polytechnical Institute,
Nuremberg, Germany, and has
a master's degree from Newark
College of Engineering. Now an
engineering group leader in the
advanced development section,
he is working on silicon and
GaAs devices.

Joseph P. White received his
master’s degree in physics from
the Polytechnic Institute of
Brooklyn in 1964. In the advanced
development section, he has
worked on silicon-diode arrays and
high-frequency gallium arsenide
bipolar and MOS transistors

82

and silicon into the arca of Group I11-V compounds.
Of these, gallium arsenide now offers the most
promise—it has high electron mobility, for high
frequency response, and a wide-energy band gap,
for high temperature operation.

The improvement that can he obtained with
gallium arsenide was demonstrated by comparing
the operation of two groups of insulated-gate FET,
one of GaAs and the other of silicon, with identical
geometries. Measurements of the devices operating
in the same circuit showed that GaAs has higher
power gain ranging from a factor of 2 to a factor
of 4. Improvement by as much as a factor of 10
appears possible. At high temperatures, GaAs s
transistors performed far bevond the silicon de-
vices. The GaAs devices fell off by only 3 decibels
between 23° and 250°C, and showed a useful gain
up to 330°C. Silicon devices were down 3 db at
130°C and dropped to 0 gain before 300°C was
reached.

GaAs s epitaxial structures also lend them-
selves to integration and offer the advantages of
an easv method of device isolation. In integrated
form, isolation between devices could be achieved
with a semi-insulating GaAs substrate, which is
produced by doping GaAs with iron or chromium
to vield resistivities in the 10% ohm-centimeter range
(resistivity of glass, for example, is in the 10°
ohm-cm range). Since GaAs is widely used in
optical devices such as light-emitting diodes and
lasers, integrated solid-state displays offer an at-
tractive application.

Early attempts to develop GaAs bipolar transis-
tors that could live up to the theoretical perform-
ance were frustrated by poor material quality and
processing difficulties. IHowever, in recent vears,
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much work has been done on two-terminal GaAs
devices such as tunnel diodes, light emitters, junc-
tion lasers, and Gunn oscillators. Now that much
more has been learned about GaAs processing,
transistors can be built that take advantage of
gallium arsenide’s unusual properties.

FET vs. bipolar, GaAs vs. Silicon

The field effect transistor, as a majority-carrier
device, has an intrinsic advantage over the bipolar
transistor, which is a minority-carrier device. In
the rFET, the channel acts almost as a bulk resistor,
and the crystal's defects and traps have little cffect
on the charge carriers. In the bipolar transistor, the
carriers from the emitter are injected as minority
carriers into the base, where they must avoid re-
combination to reach the collector.

The upper frequency limitation of the ficld effect
transistor is set mainly by the ratio of transcon-
ductance, g, to the product of input and output
admittances. With a fixed Zw, the input and output

capacitances limit the frequency performance. How-
ever, with a fixed gecometry, increases in g, improve
the frequency response.

The g, includes a carrier-mobility term and is
substantially increased when gallium arsenide is
used in place of silicon—GaAs has at least a 5-1
advantage in electron mobility over silicon. Gallium
arsenide thus is ideally suited for an n-channel field
effect transistor.

In the bipolar transistor, the maximum frequency
depends on several time constants, with the transit
time across the base width usually being the domi-
nant one. Transit time depends on the diffusion
constant and the base width. The diffusion constant
is a function of carrier mobility, and the upper fre-
quency limit is proportional to the square root of
the product of minority and majority carrier mo-
bilities. Again, gallium arsenide displays superiority
over silicon—in this case, necarly a 4-1 improvement.

Insulated gate vs. junction gate

Insulated-gate ficld effect transistors—1s tvpe
have several advantages over junction-gate types.
They can be operated with negative and positive
gate drive (depletion and enhancement modes);
they can have narrower channels for higher gain;
and they can have an input impedance essentially
that of an insulator.

High-frequency junction-gate ret’s still are feasi-
ble, however. Work on such devices is currently
in progress at Britain’s Plessev Co. and Switzer-
land’s Battelle Memorial Institute.

Battelle researchers have reported on diffused-
channel devices with an aspect ratio (channel
width/channel length = W/L) of 15 to 1.1 These
devices exhibit a low frequency transconductance
of about 1.0 millimho with an effective channel
mobility of 3,000 cm? per volt-sec. An interesting
effect was observed for transistors with saturation
currents greater than about 25 milliamperes. Strong
vhf oscillations occurred at threshold fields of the
same magnitude nccessary to induce the Gunn ef-
fect. Oscillations of this type have also been ob-
served on insulated-gate devices fabricated at the
Radio Corp. of America’s Electronic Components
and Devices division laboratory in Somerville, N.J.

Higher frequency devices with an aspect ratio
of 50 to 1 were fabricated at Plessey using an
epitaxial channel 5 to 7 microns thick.2 These
transistors had a transconductance as high as 6.8
millimhos and a cutoff frequency of 200 megahertz.
A four-fold narrowing of the channel produced
devices with cutoff frequencies up to 670 Mhz.

A prerequisite to the successful construction of

Gallium arsenide and silicon insulated-gate FET'’s

Characteristic

Draincurrent, I, .....ooooiiiiiiiiinii e
Operating voltage, Visg.....oouuii et
TransconductanCe, Gu. ««ovveererieeeieeieneeneeennennnnnnnns
Effective channel mobility, . . .. vvvvveereeiiiinninennen...
Power gain at 200 MRz, ... .oooiiuiiiieeeiee s ieieanann

GaAs Silicon

....... 5to 30 ma 5 t

....... 5to9v 8t

....... 10 to 25 mmhos 8to 10 mmhos
....... 2,000 to 3,000 cm?/v-sec 300 to 500 cm®/v-sec
....... 17 to22 db 14to 16 db

....... 4t0o5db St
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Hydride vapor technique paved the way

The key that opened the door to rca’s gallium ar-
senide Mis transistor is the hydride vapor synthesis
technique developed by James Tietjen and James
Amick at the company’s research laboratories in
Princeton, N.]J.

Arsenic and doping impurities in hydride vapor
form—for example, AsH;, arsine gas or arsenic
hydride—are introduced into the reaction chamber!.
Hydride vapors enable greater control of the con-
centration and reaction rate of the epitaxial layer.
N-type layers have been grown with electron con-
centrations below 10'3/cm3 and electron mobilities
above 7,000 cm?/ volt-second at room temperature—
ideal properties for fabrication of GaAs transistors.
In comparison, bulk GaAs has carrier concentrations
in the 1016-10'7/cm3 range; it is difficult to control
transistor properties when starting with such high
conductivity material.

The epitaxial material, unlike bulk GaAs, isn’t
appreciably compensated. Such impurities produce
traps in the forbidden band and tend to make the
conductivity low, which might suggest that a high-
purity, low-conductivity material has been obtained.
However, the material’s conductivity may actually
be high, and only appear low due to compensation
effects.

Hall-effect measurements on the epitaxial material
at liquid nitrogen temperature (77°K) show about an
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Solid-to-solid zinc diffusion process. The silicon
dioxide layer serves as an interim source for zinc
before the final diffusion of the p layer.

order of magnitude increase in mobility with little
change in concentration, indicating low compensa-
tion. Thermal conversion (change in concentration
or conductivity type during a heating cycle) has
always been a problem during device processing
with bulk material and has prohibited initial con-
centrations in the range employed with germanium
and silicon transistors. If contamination from un-
desirable impurities, like copper, is prevented, ther-
mal conversion is eliminated with these new epi-
taxial layers even for concentration below 10'3/cm3.

Several suitable acceptors and donors, listed be-
low, are available.

Acceptors Donors
Zinc Tin
Manganese Sulfur
Cadmium Selenium
Mercury Tellurium
Magnesium Silicon
Copper Germanium

an Mis transistor is an insulating material that
makes intimate contact with the semiconductor
crystal and produces an interface having a low
density of electron states. Without such a material,
most of the gate field will terminate on the inter-
face states rather than penetrate the semiconductor
to modulate the channel conductivity.

Silicon dioxide vs. silicon nitride

Initial work at rca on gallium arsenide »Mos
devices showed that silicon dioxide had marginal
results. Although intricate devices were constructed
(aspect ratio of 200:1) the highest transconduc-

tances were 4.0 mmhos and the devices had only
10 db power gain at 100 Mhz.*

Analysis pointed up two factors restricting de-
vice performance: a high density of electron states
at the SiO»-GaAs interface, and excessive drain-to-
substrate capacitance associated with the high con-
ductivity of the compensated bulk p-tvpe material
used as a substrate. The substrate conductivity
could be reduced by using an epitaxial layer or
scmi-insulating GaAs.

An insulator with improved properties was
sought using an Mis capacitor technique to study
the surface states. In this technique, the capacitance
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Gallium arsenide device wafer (right) and source wafer
sealed in a quartz ampul for vapor-phase tin diffusion.

Tin is generally used as a donor because it
doesn’t readily produce undesirable surface com-
pounds. Vapor-phase tin diffusions are normally
emploved. The dissociation of arsenic from the
surface at high temperatures, resulting in severe
surface erosion, is a problem common to all vapor-
phase diffusions in GaAs. But this can be minimized
by performing the diffusion in an arsenic atmos-
phere. The wafer to be diffused, the diffusant, and
a sufficient amount of arsenic to maintain the vapor
pressure at the diffusion temperature are sealed in
an evacuated quartz ampul.

Zinc is the most widelv used acceptor impurity.
The acceptor levels it produces are sufficientlv close
to the valence band to be completely ionized at
room temperature. Vapor-phase diffusion of zinc has
been successtully nsed in several GaAs two-ter-
minal devices where high surface concentrations
were desired. Diflusing zinc into GaAs to vield low
surface concentrations, however, is more difficult.
Large changes in the vapor density produce onlv
small changes in surface concentration.”

Relatively low surface concentrations are neces-
sary, for example, when forming a transistor base
layer to obtain an adequate emitter efficiency. The
approach to zinc diffusion that has resulted in a
reduction in surface concentration of several orders
of magnitude is the introduction of the diffusant
from a solid source rather than from a vapor source.
One such technique® employs a three-step diffusion
cyvcle and vields base surface concentrations as low
as 10'7/em®.

Since zinc diffuses rapidly in silicon dioxide,
pure SiO. cannot be used as the diffusion mask.
By introducing phosphorous into the SiO, the dif-
fusion is sufficiently slowed to produce satisfactory
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Electron mobility decreases with increases in electron
concentration, but vapor-phase epitaxial layers of GaAs
have much higher mobility than silicon.

masking for most applications.# For deeper diffu-
sions, the new techniques for depositing silicon
nitride has given GaAs technology an insulator with
excellent masking properties against both n- and
p-tvpe diffusants.

More important, SiN produces the lower surface-
state density than SiO, that is needed for better
insulated-gate field effect transistors. Also, silicon
nitride does not contain oxvgen, an element that
produces deep donor levels in GaAs and can restrict
the frequency performance of GaAs bipolar tran-
sistors.
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is measured across the insulator separating the
substrate from the metal-gate conductor. If the
capacitance changes significantly, by 50% or more,
as the d-c voltage between gate and substrate is
varied, then the clectric field is known to be pene-
trating the semiconductor. With a high density of
surface states, the field doesn't penetrate as the
voltage is changed, and the capacitance remains
nearly constant.

Little improvement over SiO. was observed until
a low-temperature deposition process for silicon
nitride was developed.* With SiN applied to GaAs,
a low-state density interface is produced. Capaci-
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tance-voltage curves for SiO» and SiN on gallium
arsenide show a large relative change of capacitance
with voltage for silicon nitride and a significant
improvement over silicon dioxide,

An epitaxial channel-silicon nitride insulated-
gate transistor was developed® and more than 100
samples were investigated, tested, and compared
with conventional silicon a1os transistors with iden-
tical surface geometry. Comparisons were made of
d-c, high-frequency, and high-temperature charac-
teristics.

Curve tracer characteristics (drain current versus

Continued on Page 88.

35



Traps—the pitfall of GaAs bipolar devices

The development of bipolar gallium arsenide transis-
tors has generally followed the same course as
silicon transistors: first, alloyed-emitter devices;
then, double-diffused devices; and then, planar de-
vices. The problem common to all has been the
presence of traps in the structure that reduce the
mobility of the carriers as they pass through the
base region, thus limiting frequency.

Alloyed emitter. These mesa devices, with dif-
fused bases, have been throughly investigated by
Hans Strack of Texas Instruments Incorporated.!
Describing the difficulties with this type transistor,
Strack says: “Typically, transistors can be operated
in the vhf range rather than at 1 to 5 Ghz as pre-
dicted from mobility data. Few devices have been
reported to have gain-bandwidth products of 0.5
to 1.0 Ghz. No reliable process has been developed
so far to produce these devices in large quantities.
Furthermore, the advantages of higher band gap
couldn’t be utilized because low melting tin-alloyed
emitters were employed.”

The performance was limited because of deep
traps within the forbidden band. possibly due to
oxygen contamination. These traps reduce the aver-
age velocity of the electrons in traversing the base
region. Electrons are captured and remain stationary
at the trap site for a certain relaxation time before
moving to the next site, and eventually on to the
collector region. Thus, the effective electron mobility
is reduced, limiting the high frequency performance.

Double diffused. Mesa structures of this type,
delivering 2 watts at 50 Mhz, were developed at
Rca in 1963.2 These devices had a zinc-diffused
base emploving the three-cycle, low-concentration,
solid-solid diffusion technique and tin-diffused
emitters. Excellent control over junction planarity
and penetration depths was achieved. With a zinc
base of 0.8 microns, the tin emitter penetrated 0.5
microns, leaving a base width of only 0.3 microns.

The current gain of these transistors was generally
low—Iless than 10. The current gain as a function of
collector current is similar to that observed for
silicon and germanium transistors. The reduction
in current gain at low currents can be attributed
to a high surface recombination velocity, and space
charge recombination within the emitter junction
depletion region. The fall-off at high current levels
indicates the presence of base conductivity modula-
tion and emitter edge injection as established for
conventional transistors.

The beta-cutoff frequency (3 db down from the
d-c value) occurs at about 40 Mhz. Beyond 200
Mhz, hy. falls off 6 db per octave and reaches unity
at 300 Mhz. Thus, this transistor’s fy is 300 Mhz.

This value of fr is significantly below that expected
from mobility considerations and it is apparent that
deep traps are also involved in the base transport
processes of these devices.

For high-frequency amplifying devices, the power
gain is normally more important than the voltage
or current gain because of the finite input imped-
ance. The power gain at 50 Mhz was as high as
11 db for several devices. In Class B operation,
1 watt r-f output was obtained from an input of

SiOz —

BULK n-TYPE GaAs — |
(COLLECTOR)

Zn, Zy Zy

p-TYPE BASE — |

EMITTER SITE

n-TYPE EMITTER

Sn
=
| S |
CONTACT AREAS
AT o R e b
—J
METAL CONTACTS } } \‘

Process for GaAs double-diffused mesa transistor.

Gain bandwidth product
n' Ceproduct...........oooll

Low frequency current gain...........oooiiiiiiiiiiiiin

Saturation resistanCe. . ... iimiiiai ittt i

Comparison of iron-doped and iron-free transistors

tron-doped iron-free

transistor transistor
...................... ~15 >20

~150 Mhz <5 Mhz

~700 psec >2.000 psec
...................... ~60 ohms >200 ohms

86

Electronics | June 12, 1967

~




typically 300 milliwatts, with a d-c dissipation of
1.6 w representing an efficiency of about 60%. A
maximum r-f output of 2 w was observed on several
units dissipating 3.5 w. R

The temperature dependence of both the d-c
current gain and the 50-Mhz small-signal power
gain also were measured. Power gain decreases from
8.5 db at room temperature to approximately 5.5
db at 350° C. This excellent performance at high
temperature can be expected for GuAs because of
the high value of the band gap. Perhaps more
striking was the device’s unexpected behavior to-
ward low temperatures.

There is no significant change in power gain down
to liquid nitrogen temperatures and oscillators were
built that worked well at liquid helium temperatures,
—269° C. In contrast, conventional silicon and ger-
manium transistors as well as GuAs devices having
a diffused manganese base and an alloved emitter
exhibit a sharp drop in hi. and power gain below
about —60° C.

More recently, double-diffused mesa-type devices
were investigated at Britain’s Standard Telecom-
munication Laboratories Ltd.3 These devices also
had zinc-diffused bases and tin-diffused emitters.
The base was diffused from a zinc-doped sputtered
silica layer. STL scientists reported a significant
improvement in current gain by using an epitaxial
rather than a boat-grown bulk substrate. Transistors
having current gains up to 1,200 were built. How-
ever, the frequency response was again well below
theoretical expectations. From pulsed breakdown
tests and the measurement of frequency perform-
ance versus temperature, researchers were able to
conclusively demonstrate the presence of deep traps,
which are believed to be oxvgen centers introduced
by water vapor diffusing through the silica layer.

A possible solution to the problem of deep traps
has been investigated by Strack. Mesa-type devices
were fabricated with a magnesium-diffused base
and a sulphur-diffused emitter. Iron, which produces
a deep acceptor level, was introduced during the
sulphur diffusion to compensate the deep donor
level. The iron-doped devices showed higher gain
bandwidth products, lower saturation resistance,
lower 1,’C. time constant, and higher stability of
the current gain at high temperatures.

Further improvement of the transistor character-
istics was observed at T1 when the silicon-dioxide
diffusion mask was replaced by silicon nitride, elim-
inating a possible source of oxygen. For a base width
of 1 micron, a gain-bandwidth product of 500 Mhz
was obtained.

Planar. Devices of this type have been developed
at the International Business Machines Corp. in
Boeblingen, Germany* and at rca. The planar trans-
istors suffer from the sume deficiencies as the mesa
types.

In reporting on his results, 18a’s H. von Muench
concludes: “It is possible to produce npn transistors
with beta values in the range of 20 to 30 with rea-
sonable vield. The devices, however, fall short with
respect to high-frequency performance as compared
to theoretical predictions from mobility data. Trap-
ping effects are dominant with most of the GuAs
material presently available; these pose formidable
limitations to large-scale fabrication with GaAs.”
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It appears that further progress on bipolar

GaAs transistors hinges on the elimination of the
deep traps. The new hyvdride vapor synthesis tech-
nique for epitaxial growth, together with the use of
silicon nitride as a diffusion mask, may offer a
solution.
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Gallium arsenide metal insulator

semiconductor process.

drain voltage with gate voltage as parameter) at
120 hertz for medium-current GaAs and silicon
devices appear quite similar. The transconductances
for hoth devices are about 8.0 millimhos around
zero bias. Both transistors have saturation voltages
of about 1.5 volts. The gate-cutoff voltage of the
silicon device is —1.5 volts, equal to the saturation
voltage, which agrees with first order theory. For
the GaAs unit more gate voltage, —2.5 volts, is
required for cutoff.

The increased cutoff voltage occurs because the
GaAs device has a low-concentration epitaxial chan-
nel; depletion from the substrate junction is com-
parable to the depletion from the insulated gate.
In carlier aos devices, the substrate depletion com-
pletely dominated the channel saturation becausc
of high surface-state densities, and in general it
was diffienlt to achieve cutoff from the gate at all.

GaAs vs, Silicon—frequency

A striking difference is observed when the trans-
conductance for identical GaAs and silicon transis-
tors is investigated as a function of frequency. The