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Cusfomer
Report:

1680-A Eliminates
Human Error

Type 1680-A Automatic Capacitance Bridge Assembly, $4975 in U.S.A,

Corning Glass Works' Electronics
Products Division uses a GR automatic
capacitance-measuring and recording
system in its Quality Control
Laboratory to log data of capacitors
under test in an environmental
chamber. The brains of the system is
a GR 1680-A Automatic Capacitance
Bridge Assembly, which is used with
an automatic component indexer and
an IBM 526 Card Punch. Each
capacitor is placed across the bridge's
input terminals‘by the indexer; almost
instantly the measured values are
automatically punched on an |BM
card. Human error is thus eliminated,
and data acquisition is made rapidly,
accurately, efficiently, and in a form
suitable for computer processing.

The 1680-A automatically selects C
and D (or G) ranges, balances, and
displays measurements in digital form,
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Photocourtesy of Electronncs Products Division of Corning Glass Works.

showing decimal point and units of
measurement. Measurement takes
only 0.5 second at 1 kHz under worst
conditions. Basic accuracy is 0.1% of
reading for C and G, 1% of reading
#+0.001 for D. Measurement range is
0.01 pF to 1000 uF.

For complete information, write
General Radio Company, 22 Baker
Avenue, W. Concord, Massachusetts
01781, telephone: (617) 369-4400;
TWX: 710 347-1051.

GENERAL RADIO



High pulse power

OPTIMUM IN
ULTRA-FAST
SWITCHING...

Low leakage, high conductance

Majority carrier conduction

Low forward voltage

.from HPA

Specify and get Hot Carrier Diodes from HPA
—the 2300 Series. Low noise, wide dynamic
range, extremely fast turn on, turn off times.
Hermetically sealed in a miniature glass pack-
age, temperature range —60° C to +125° C.
Meets MIL-S-19500C specification. Ideally
suited for mixer, detector, limiter and sampling
applications requiring the ultimate in a high-
speed component.

Check the table below, then call your local
Hewlett-Packard field engineer or write direct
for complete data, including application infor-
mation, HP Associates, 620 Page Mill Road,
Palo Alto, California 94304,

Specifications
Effective
Forward Forward | Forward Forward | Breakdown | Leakage Mino_rily
Device | Voltage L Current | Voltage  Current Voltage Current | Capacitance Carrier
Litetime*
Vi [ Vi _] I \ I Ca T
2301
min. 1.0V 50 mA 04V 1.0 mA 30V
max. 300 nA 10 pF 100 ps
2302
min, 10V 35mA 04V 1.0 mA 30V |
max 300 nA | 1.0 pF 100 ps
2303
min. oV 35mA 04V 1.0 mA | 20V
max. L 500 nA 1.2 pF 100 ps
Test
Vi = V:=0V
oot M A= - ' B = | E0A ] sy | rciommz | =
tions l J

01703
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Look at
signal generator stability

50 KHz-455 MHz,
any frequency in the range.

Now make it 250 times more stable.

Using the HP 8708A Synchro-
nizer with the improved 606B
and 608F Signal Generators
gives you a frequency stability
of 2 x 107 per ten minutes over
the universally important range
of 50 KHz to 455 MHz. This is
a 250 times improvement over
previous signal generator performance. And that's at any
frequency you choose, not just at discrete points.

The equipment is easy to use because lock is automati-
cally re-established after changing frequencies. The sta-
bilized rf signal has high spectral purity. In addition you
can frequency and phase modulate with excellent linearity.
The improved 606B and 608F are MOPA-type signal

generators that can be synchronized with the 8708A
while retaining their own full performance flexibility. This

HEWLETT w PACKARD

2 Circle 2 on reader service card

means you can amplitude or
pulse modulate the instruments
and utilize the full output level
range while stabilized. The gen-
erators provide constant output
level with frequency change and
low modulation distortion (<3%
at 70% AM).

prICE: 8708A Synchronizer, $1800
6068 Signal Generator (50 KHz-65 MHz), $1550
608F Signal Generator (10 MHz-455 MHz), $1600
For full information, including Application Note 71—"Ad-
vances in RF Measurement, Using Modern Signal Gener-
ators’’—call your local HP field engineer or write Hewlett-

Packard, Palo Alto, Calif. 94304; Europe: 54 Route des
Acacias, Geneva,

04701
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Technical Articles

l. Design

Detecting a signal digitally

Hardware for tuning is simpler with a new
synthesis technique

E.l. Schwartz, H.A. Smith, and R.B. Weiblen
Devenco, Inc.

Designer's casebook

m Low-cost IC’s improve 45-Mhz i-f amplifier

s Small lamp bridge regulates line voltage

m Two-frequency oscillator detects level of
liquid

A challenge: to integrate and isolate

The concept of isolation is simple; doing it
is hard. Here is a survey of IC isolation
techniques at a number of companies
Donald Christiansen, senior editor

IC isolation: options offered
On a fold-out chart, nine ways to
isolate integrated circuits are compared

Getting the most out of circuits with

dielectric isolation (cover)

Isolation is as important to the circuit
designer as it is to the manufacturer of
integrated circuits. The application can dictate
the kind of isolation

A.l. Stoller, J.A. Amick and N.E. Wolff

Radio Corp. of America

Silicon-on-sapphire transistors point

way to microwave IC's

Thin-film transistors operate at 4 gigahertz,
8 gigahertz is in sight

Rainer Zuleeg, Hughes Aircraft Co.

Il. Application

Extending IC technology to microwave
equipment

Three different approaches are already being
used; a way to speed system design is to base
equipment on similar transmit-receive modules
Harold Sobol, Radio Corp. of America

Space for small computers

Here is a proposal for a general-purpose
stored-program computer small enough to
squeeze into most satellites. It uses power
stingily

Rodger A. Cliff, National Aeronautics and
Space Administration
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Readers Comment

Antenna test

To the Editor:

In the “Washington Newsletter”
[Feb. 6, p. 48], it is erroncously
stated that an antenna provided by
Dorne and Margolin “proved er-
vatic in December tests with the
ATS-1” communications satellite.

Personnel of the Federal Avia-
tion Agency who conducted the
tests have reported that the an-
tenna operation was completely
satisfactory and have authorized
us to quote them to this effect.
Analysis of data recorded during
the initial tests and on flights made
in the succeeding several days
shows that signal levels at the
FAA’s airborne receiver were fully
up to expectations.

There were some periods of poor
communication during the test pro-
gram. Nonc of these were caused
by the antenna. The major cause
was interference from, at that time,
unidentified ground stations operat-
ing at both the satellite and air-
craft receive frequencies.

I would also like to note that
United Airlines is currently per-
forming ground tests with our an-
tenna at their San Francisco
facility. Results have been very
good and United will have the an-
tenna installed on a DC-8 for flight
tests within the next few weeks.
Pan American World Airways has
also run successful ground tests
with our antenna at Miami.

Joseph Margolin
Vice president
Dorne and Margolin, Inc.
Bohemia, N.Y.

= FAA officials hedge by saying
“It is a matter of when and how
you read the data points.”

Drawing the line

To the Editor:

“Credibility gap” [Mar. 6, p. 23]
is a nice way to say someone is
playing loosc with the truth.

I could fill your magazine with
stories of double crosses, age dis-
criminations, misuse, abuse, hu-
miliation, and waste of engineers
that come into my office looking
for jobs.

I hired a 43-year old man whose

Electronics | March 20, 1967



Now from Sprague!

ECONOLINE sz TRANSISTORS
can save you 30 1o 40%

y e A7
\ . W T R
\ W= \ s 3 \_ o~

6 POPULAR N-P-N TYPES IN VOLUME PRO
FOR OFF-THE-SHELF DELIVERY

Sprague Econoline transistors, Quality planar de-
vices in plastic packages. You save the cost of
metal cans. And with dual source back-up, too.
For further information and prices call your local
Sprague office today.

\\ ' : ) ¢

‘.‘ i

DUCTION

® Small-signal amplifiers

® Medium-speed switches
® Large-signal amplifiers

® High-frequency amplifiers
® Oscillators

For comprehensive
specifications write for
catalog CN200 A to:

Technical Literature Service
Sprague Electric Company
35" Marshall Street

North Adams, Mass. 01247

® High-voltage indicator
drivers

*trademark

SPRAGUE COMPONENTS

—— R ey ®
TRANSISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS p n n E
INTEGRATED CIRCUITS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES |

THIN-FILM MICROCIRCUITS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
CAPACITORS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
RESISTORS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

*Sprague’ and '@' are registered trademarks of the Sprague Electric Co.

455-7104
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ﬁmm
Versaiity plus Econamy..

FROM DC

~ CA3000
6 85 Conton e CA3005

rejection ratio (typ)

= 90 dB AGC range (typ)
m Push-pull input and output

m 0-100 MHz operation

= 20 dB (typ) Cascode power gain @ 100 MHz

a| TEmperatureirange » 16 dB (typ) Differential power gain at 100 MHz
stable operation » 101 dB (typ) Common-mode rejection ratio @ 1 KHz
from —55° to - 125°C ®» ~60 dB (min) AGC Range @ 1.75 MHz

m 10-lead TO-5 package ® 12.lead TO-5 package

ECONOMY $2.95 1,000+ ECONOMY $1.75 1,000+

VERSATILITY VERSATILITY

Schmitt Trigger Wideband Ampl Mixer

RC-coupled Feedback Amp! Narrowband Ampl Limiter

Mixer AGC Modulator

Comparator Detector Cascode Ampl

Modulator RE Aninl 2od

Xtal O IF Ampl Uncommitted collectors

ause Video Ampl for broad

Sl il design flexibility

FROM STOCK FROM STOCK

Ask your RCA Representative about CA3000 and CA3005. Or check your RCA Distributor for his price and delivery schedules. For
technical literature, write RCA Commercial Engineering, Section ICN3-3 RCA Electronic Components and Devices, Harrison, N.J. 07029,

SEE YOUR RCA DISTRIBUTOR FOR HIS PRICE AND DELIVERY
RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics
®
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creativity is amazing and whose
competence is respected by every-
one in the company. But he went
four months unemployed because
he’s over 40, has white hair, and
looks his age. I got him for $3,000
less than his previous salary and
he was delighted. This in a time
of so-called shortage.

Thank God the working engi-
neers are no longer being fooled:
Maybe if engineers stop putting up
with the nonsense and the credi-
bility gap and start drawing a line,
this situation will change.

Young engineers have left re-
cently for promises that were out
of this world and then were look-
ing for jobs within three to six
months. Some even come back
with their tails between their legs.
Not that we’re so great, but the
other guys were not telling the
truth.

There are only two bright spots:
the magazines are speaking up and

the engineers are changing.
Name withheld

Delayed mail

To the Editor:

I have just received my copy of
the Dec. 12 issue of Electronics
containing my contribution to the
Designer’'s  casebook:  “Bipolar
pulse generator tests fast flip-
flops” [p. 109].

Unfortunately, the article as it
appears contains some small errors
that should be noted.

1) The last sentence of the sec-
ond paragraph should read: “When
L, is increased, the frequency goes
down.” (Not up!)

2) As the pulses at terminals 2
and 3 are both positive-going
(from 0 to +1.8 v) and are only
shifted in time to form set-reset

— —— e —— —— —— — — — ——

{ SUBSCRIPTION SERVICE

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

| Mail to: Fulfillment Manager

Electronics
| P.0. Box 430 %
I Hightstown, N.J. 08520

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

' Subscription rates: in the U.S.: 1 year $8; two
years, $12; three years, $16. Subscription rates
| for foreign countries available on request

ATTACH

signals, the title should read “dou-
ble pulse generator . . .” (not bi-
polar).

Therefore the last sentence in
the next-to-last paragraph should
read: “A positive set pulse can be
taken from terminal 2, and a posi-
tive reset pulse can be taken from
terminal 3.”

Also the second sentence of the
text accompanying the diagram
should read: “Positive going set
and reset pulses with the magni-
tude of 1.8 volts. . . .”

Otakar A. Horna
Prague
Czechoslovakia

= Slow mail service from Czecho-
slovakia delayed the arrival of au-
thor Horna’s corrections.

Credit is due

To the Editor:

In an article on the history of
various Ic logic families [March 6,
p. 149] Electronics gives credit to
the originators in all cases but one.
That one is current mode logic.
Since Electronics is evidently not
aware of it. I can tell you that Mo-
torola was the first to introduce
cMmL IC’s under the tradename of
MECL about five years ago. We also
have patents on those devices . . .

Allen Snyder
Advertising manager
Motorola Semiconductor
Products Inc,
Phoenix, Ariz.

v Although Electronics  was
aware that Motorola had indecd
developed current mode logic first,
it inadvertently did not credit Mo-
torola with this discovery in the
discussion of current mode logic in
the article.

CHANGE OF ADDRESS

if you are moving, please let us know

five weeks before changing your address.

I-ABEI- Place magazine address label here, print
HERE your new address below.

covsartve s

name

address

Whatls iis?

This display is the output of a typi-
cal regulated power supply when
pulse loaded with the new PM Test
Set. This waveform gives you a pre-
cise measurement of transient re-
sponse and DC output impedance...
plus a direct indication of proper
regulation and loop stability.

What IS llliS?

f EJ *' e
s

e

Vi" 4

Model 1003 Power Supply Test Set
that contains an electronic load
capable of pulse loading a power
supply up to 20A and 70V. The PM
1003 operates in both the pulse
and DC mode. Regulated load cur-
rent is continuously adjustable
and is monitored by a front panel
meter. A guarded input differential
amplifier allows measurement of
microvolt ripple with an ordinary
oscilloscope.

The new Pacific Measurements I

If you make, use, or seil regulated
power supplies, you need this new
PM Test Set.

I Let us prove it — write or call

PACIFIC
MEASUREMENTS
INCORPORATED

940 INDUSTRIAL AVENUE,
PALO ALTO, CALIFORNIA
(415) 328-0300
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New from Sprague!

SPRAGUE

DD

Dependable enough for industrial
z equipment, yet priced for
i high-volume commercial applications

Here’s good news for designers of appliances;
lighting controls; air-conditioning and heating
controls; industrial controls. You can actually
cut costs while upgrading your present method
of SCR triggering!

o Type 11Z Trigate* Pulse Transformers offer

This breakdown - diode / transformer triggering
circuit is a typical application for Type 11212
Trigate Pulse Transformers.

these unique features:
1. Balanced pulse characteristics and en-

o- ergy transfer from primary to secondary
]: and tertiary windings.
. T 2. Minimum saturation effect to allow op-
eration where increased pulse widths are
required.

&
)

failure.
Fay 4. Increased energy transfer efficiency.
L] -
Ririe Temperature operating range. —10 C to
+105 C. 2- and 3-winding designs for half-
o{teis}h B and full-wave applications. Turns ratios, 1:1,

This unijunction-transistor /transtormer triggering
circuit is a typical application for Type 11213
Trigate Pulse Transtormers,

. Fast pulse rise time and increased cur-
rent capability to prevent SCR di/dt

1:1:1.2:1,2:1:1, 5:1. Available for use with
line voltages up to 240 VAC or 550 VAC.

For complete information, write for Engineerfng Bulletin 40,0034
to the Technical Literature Service, Sprague Electric Co.,
35 Marshall St., North Adams, Mass. 01247

*trademark

SPRAGUE COMPONENTS

PULSE TRANSFORMERS INTERFERENCE FILTERS

CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS
RESISTORS MAGNETIC COMPONENTS

THIN-FILM MICROCIRCUITS
INTEGRATED CIRCUITS

455C-6102R2

CERAMIC-BASE PRINTEQ NETWORKS
PULSE-FORMING NETWORKS
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SPRAGUE

THE MARK OF RELIABILITY

*Sorague’ and “(D)* ore 1egistered tredemarks of the Sprague Electric Co.

People

Lanky, cigar-smoking Charles E.
Sporck apparently feels that he
startled the industry suﬂimently
for the time be-
ing by giving up
his position as
general manager
of the Fairchild
Camera & In-
strument
Corp.’s  Semi-
conductor divi-
sion to become
president of the National Semicon-
ductor Corp.—taking with him four
key Fairchild employces [Elec-
tronics, March 6, p. 45]. Now, with
things somewhat calmer, National
—with Sporck at the helm—will
take its time exploiting the new
talent in the house.

There are barely 20,000 square
feet of manufacturing space at
the Santa Clara, Calif., plant that
is now National’s headquarters.
The company had been headquar-
tered in Danbury, Conn.

“Our intent is to make full use
of the facilities we have here be-
fore we think about expansion,” the
39-year-old Sporck said; “and at
present we have more furnaces
than we can use.” He indicated
that the West Coast plant would
not be operating at capacity before
the end of this vear.

“Obviously, our objective is to
concentrate on hybrid and mono-
lithic integrated circuits,” he con-
tinued. “We are laying out long-
range plans as to the specific prod-
ucts we will make, a process that
should be completed in a month
or so. Then we will have to arrange
finances. We will develop our own
product lines; any Fairchild cir-
cuits we make will be secondary
efforts.”

Westward ho! All monolithic de-
velopment work will be concen-
trated at Santa Clara, Sporck said.
To take full advantage of this work,
National wanted to keep its mar-
keting activities directly coupled
to it, and thercfore moved top man-
agement west from the Connect-
icut operation.

The change from Fairchild,
whose huge plant is only a few
miles away in Mountain View,

Calif., will be a big one. Sporck

C. E. Sporck

Electronics | March 20. 1967



Check these Machlett planar triode
advantages for microwave applications.

L MiAniature - Grid-RuIsed

Subminiature — Grid-Pulsed

Miniature - CW

: Subminiature — CW
O 4 O
P OWE pQUE DIME DICA S Or qrid-p Je
0 pperatic
Electrical Advantages Mechanical Advantages Cost Advantages
Superior frequency Small size Lower initial cost
stability Very low weight Lower develop-
Nreg;:g:::;e phesing Greater ruggedness UEILETCEE,
probie Lower replace-

Comparable or sup- ment cost

erior efficiency

Low plate voltage

Low noise g
i

Faster warm-up E . | =

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 OF RAYTHEON COMPANY
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After millions
of Mallory MOL’s,
here’s where we keep
our rejects.

'—__‘—" Of the many millions of Mallory MOL metal

oxide film resistors we've madein the past
three years, not enough have come back to fill your vest pocket. The
reason? Highly automated production with automatic quality control tests

on every resistor.

MOLs have high stability. Resistance change on 10,000 hour load-life test

is less than 5%,.

Delivery is prompt. And the price is right.

No wonder most leading TV manufacturers use MOL resistors. Get the

details. Write or call Mallory Controls Company.

M A|.|.0 R MALILORY CONTROLS COMPANY
1 adivision of . R, MALLLORY & CO. 1INC.
Box 327, Frankfort, Indiana «160-11
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People

was at Fairchild for seven vears.

“There’s always a challenge in
making a small company a suc-
cess,” he savs. “Fairchild became
the most successful and profit-
able company in the business. I
think they’re on top now, and
there’s no chance that they will
not continue to he on top. But
the challenge present there in the
early days became less and less
evident as the companv becaine
larger and larger.”

Added to the lure of the chal-
lenge was, reportedly. a large stock
profit for Sporck. If National is
relativelv quiet now, it promises
action for the future,

Located a few miles north of Santa
Clara on the Bavshore Freeway.
Fairchild presents an unruffled
front to the
world. Sitting in
Sporck’s old of-
fice is 4l-year-
old Thomas H.
Bay, who was
plucked from his
job as manager
of the corpo- .
ration’s  Instru- T.H. Bay
mentation division to take over as
general manager of Fairchild Semi-
conductor. He is no stranger to
the Mountain View operation; only
16 months ago he was its market-
ing director, having come to the
Semiconductor division soon after
its founding in 1957.

Bay thinks his brief tenure at the
Instrumentation division was the
perfect training for his present job.
“I'm not fundamentally an opera-
tions man,” he says. “I guess you’d
say that primarily I'm a peddler
since I've been in marketing almost
all my carcer. But the Instrumenta-
tion division was small enough so
that you could keep an eve on
everything.”

“My first order of business,” Bay
says, “is to plug the holes™ left by
the departure of Sporck. integrated
circuit manager Pierre Lamond,
1Ic manufacturing manager Roger
Smallen, 1c 1arketing manager
Floyd Kvamme, and international
operations director Fred Bialek.
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DCR Wide Range

Power Supply

. w,,ﬁqaﬂTM 20'000 w
B - o "Stock

Delivery"

[ = Sorensen’s high powered DCR's are now available. These compact

: units are 100% silicon, with temperature capability to 71°C and
are rated to 79% efficiency. Regulation, line and load combined to
+.075%. They are particularly well suited for such applications
as: Multiple testing and aging of automofive accessories * In medical
research * Aging and life testing SCR’s, diodes and high power
transistors * Capacitor forming * In test equipment for simulating
shipboard power * Substituting of motor generators * As magnetic
field power supplies for atomic research * For linear accelerator focus
coils * As electric oven power supplies for mass spectrum analysis
(Units are remotely programmable by voltage and resistance).

MODEL RANGES PRICE

DCR 20-125A 0-20V, 0-125A $1,180
DCR 20-250A 0-20V, 0-250A $1,550
DCR 40-125A 0-40V, 0-125A $1,390
DCR 40-250A 0-40V, 0-250A $2,100
DCR 40-500A 0-40V, 0-500A $3,050

Eor DCR details, or for data on other standard/custom power
supplies, AC line regulators, frequency changers, or for our free
catalog #662A, call your local Sorensen rep, or write:

Raytheon Company, Sorensen Operation,
@ Richards Ave.,/ Norwalk, Conn. 06856.
Tel: 203-838-6571.
See us at JEEE (New York) Booths 2C06-08.
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CCSL is waiting for you.

Fairchild
Semiconductor
Integrated
Circuits

Product Guide

Electronics | March 20, 1967,




We have prepared a special product sampler to
help you discover the advantages of designing with
Fairchild's Compatible Current Sinking Logic. You
can get it for less than you'd normally pay for the
samples alone.

Integrated circuits are conventionally classified by
family, and within each family by function. This
method of classification restricts you to a single
family within a system. Now Fairchild allows you to
cross family boundaries and to design by function,
selecting circuits from compatible logic families.
This permits you to choose the best circuit for each
function, and to optimize the system as a whole.

What is compatible logic? Fairchild classifies all
digital integrated circuits into compatible logic
groups: current sinking logic, current sourcing
logic, and current mode logic. A current sinking
logic gate (for example, a DTL gate) draws current
into its output (“sinks” current) when in the low
state, and draws virtually no current when in the
high state. A current sourcing gate (for example,
an RTL gate) drives current out of its output in the
high state and, except for minor leakage, drives
no current in the low state. Current mode logic can
draw or drive current.

Compatible current sinking logic: There are three
families within the Fairchild current sinking group:
TTuL (Transistor-Transistor Micrologic®), DTul
(Diode-Transistor Micrologic) and LPDTuL (Low-
Power Diode-Transistor Micrologic) integrated cir-
cuits. By crossing family boundaries within the
compatible logic group, you can optimize your sys-
tem design. Here's how:

How compatible logic helps you: TTxl is the fastest
of the three families and also the one that dissi-
pates the most power. LPDTxL dissipates the least
power, but is slower than the others. DTul is right
in between, both in speed and in power dissipation.
There are clearly some functions in your system
that require all the speed you can get. There are
other functions where the speed of TTulL, for

example, is wasted, because it is waiting for slower
system elements. So you can use a slower logic
family and optimize your power dissipation without
sacrificing overall system speed. When you design
with Fairchild’s current sinking logic group, you
are assured that all the families within the group
are fully compatible.

What we mean by compatibility: All three families
use NAND logic, and all basic NAND logic func-
tions are available in any of the three forms. All
three families use a single 5V power supply, and
all three are guaranteed to perform compatibly
when the specified fan-out and fan-in rules for
interconnecting between logic forms are observed.
Pin configurations for the same functions are the
same, and all three families come in the same two
package configurations (maximum-density Ya"xYa"”
Flatpak, and easy-to-handle Dual in-line). Finally,
all three families are manufactured using the same
technology, so that within the same working envi-
ronment they will maintain a uniform stability over
a period of time.

Get our product sampler: We want you to get
acquainted with Fairchild’s compatible current
sinking logic group at first hand, so we have pre-
pared a special product sampler you can get. The
sampler contains a 90-page book describing Fair-
child integrated circuits; a guide to current sinking
logic; data sheets on individual products and fami-
lies; and actual product samples (see listing). Our
complete product sampler sells for $51.00, which
is the over-100 price of the samples alone. But
quantities are limited, so act now.

How to get it: Simply return the attached coupon.
Or call. For data-pack only, use reader service card
No. 484

Fairchild Product Samples:

4ea. 9000 J-Kflip-flop 1-99 price $ 5.10 ea.
2ea. 9002 Quad 2-input gate 1-99 price $ 3.65ea.
2ea. 9946 Quad 2-input gate 1-99 price $ 3.65 ea.
2ea. 9046 Quad 2-input gate 1-99 price $20.00 ea,
These products are in the industrial temperature

range.

What are you waiting for?

____________________________ 5
Compatible Logic Can Optimize |

Your System. Send For Proof. |

Please send me the Compatible Current Sinking }

Logic Product Sampler, I

Name__ |

Title I

Company = 1

Address |

City I

State Zip |

[0 Check enclosed O Bill me |

O Bill my company. P.O. No. |

[0 Check here for data-pack only. I

IRCHILD 1

SEMICONOUCTOR

FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation ® 313 Fairchild Drive, Mountain View, California (415) 962-:5011 & TWX: 910-379-6435
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there’s
a better

JERROLD

SS-300

Sweep System

Jerrold has come up with a new
idea — a solid-state sweep fre-
quency system that does it all — in
one compact unit. The extraor-
dinary §8-300 incorporates a sweep
generator (500 kHz to 300 MHz),
plus a variable frequency marker
generator and a detector system.

Features include:
#® Remote Programming
® Start-Stop Frequency Tuning

B Exceptional Sweep Frequency
Linearity

B Automatic Leveling Without
Frequency Shift.

There’s a brochure detailing every

exciting feature . . . and we’ll be

happy to send it to you on request.
MEASUREMENT AND

JEHH"“] TEST INSTRUMENTATION

JERROLD ELECTRONICS CORPORATION
Government and Industrial Division
Philadelphia, Pa. 19105

there’s a better way to do it!

Jerrold TECH/NOTE No. 5001 de-
tails “‘a better way to do it” than the
static point-to-point technique of
determining AM rejection of limiter

design. Request your copy.

14 Circle 14 on reader service card

Meetings

Symposium on Modern Optics,
Polytechnic Institute of Brooklyn;
Waldorf-Astoria Hotel, New

York, March 22-24.

Lectures on Glass in Electronics, New
York State Science of Technology
Foundation; Polytechnic Institute, Troy,
New York, March 28-29.

Photovoltaic Specialists Conference,
IEEE; Sheraton Cape Colony Inn, Cocoa
Beach, Fla., March 28-30.

Advancing Technology & Purchasing
Management Workshop, Institute of
Science & Technology; University of
Michigan, Ann Arbor, Mich.,

March 29-30.

Structures, Structural Dynamics &
Materials Meetings, American Institute
of Aeronautics and Astronautics; Palm
Springs, Calif., March 29-31.

Symposium on Microwave Power,
International Microwave Power Institute;
Stanford University, Stanford, Calif.,
March 29-31.

Conference on the Transport Properties
of Semiconductors, Solid State Physics
Committee of Institute of Physics;
Canterbury, Kent, England,

March 30-31.

Rubber & Piastics Industries Technical
Conference, |IEEE; Sheraton-Mayflower
Hotel, Akron, Ohio, April 3-4.

Business Aircraft Conference and
Engineering Display, Society of
Automotive Engineers; Broadview Hotel,
Wichita, Kan., April 5-7.

Intermag Conference, Magnetics Group
of the IEEE; Shoreham Hotel,
Washington, April 5-7.

Symposium on the Ocean from Space,
American Society for Oceanography;
Rice Hotel, Texas, April 5-7.

American Nuclear Society Meeting on
Fast Reactors, American Nuclear
Society; San Francisco Hilton, San
Francisco, April 10-12,

International Electronic Components
Show, FNIE; Porte de Versailles, Paris,
April 5-10.

Technical Meeting and Equipment
Exposition, Institute of Environmental
Sciences; Washington, April 10-12,

International Conference on Electronics
and Space, Electronic Industries
Association of France; Paris, April
10-15.

Electronics Conference, IEEE;
Cleveland, April 11-13.

International Conference on Medical
and Biological Engineering,
International Federation for Medical
and Biological Engineers; Stockholm,
Sweden, Aug. 14-19.

International Measurement, Testing,
Control and Automation Exhibition and
Congress, Mesucora; Paris, April 14-21,

Technical Conference of the Society of
Motion Picture and Television
Engineers, Society of Motion Picture &
Television Engineers, New York Hilton
Hotel, New York, April 16-21.

Meeting of the Anti-Missile Research
Advisory Council, Advanced Research
Projects Agency; Institute for Defense
Analyses, Arlington, Va., April 17-19.

Region il Meeting, IEEE, Heidelberg
Hotel, Jackson, Miss., April 17-19.

Thermophysics Specialist Conference,
American Institute of Aeronautics and
Astronautics, New Orleans, April 17-19,

Physics Exhibition, Institute of Physics;
Alexandria Palace, London, April 17-20.

American Society for Testing and
Materials National Technical Meeting
on Applications-Related Phenomena in
Titanium Alloys, American Society for
Testing and Materials; international
Hotel, Los Angeles, April 18-19, 1967.

Spring Joint Computer Conference,
IEEE; Atlantic City, N.J., April 18-20.*

Call for papers

Symposium on Switching and Auto-
mata Theory, IEEE; Austin, Texas,
Oct. 18-20. May 1 is deadline for
submission of abstracts to Raymond
Miller, IBNl Thomas J. Watson Re-
search Center, P.O. Box 218, York-
town Heights, N.Y. 10598.

* Meeting preview on page 16

Circle 15 on reader service card—>



This is the solid state 0.003% voltage
calibrator with variable current limiting and
overvoltage trip. O Line and load regulation,
0.0005% of setting. (] Panel meter monitors
either output voltage or current.[J No
cooling fan is needed, so you can forget
about damage from dirt and dust.[J All circuits
are shielded and guarded. (] Resolution
is 0.1 ppm.d Only 7 inches high. [ Weighs
40 Ibs. [ Price is $2295.[1 For
more information on the Fluke 332A
Voltage Calibrator, call your full service
Fluke sales engineer (listed in EEM)
or write directly to the factory.

In a crowd or all alone, the Fluke

332A DC Voltage Calibrator stands out.
There isn’t another calibrator on

the market at any price that

offers all the advanced technical and
user features. By any | *
measure, it’s the leader!

Fluke - Box 7428, Seattle, Washington 98133 « Phone: (206) 776-1171 - TWX: (910) 449-2850
In Europe, address Fluke International Corporation, Sophialaan 2, The Hague, The Netherlands

See us at the IEEE, Booths 2C02, 2C04. Circle 15 on reader service card




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 410C to
=55 C. Propagation delay
of 15 to 40 nanoseconds,

*KSERIES SE500
LINEAR AMPLIFIERS

Operating temperature
range: —55 C to 4125 C,
Two linear circuits avail-
ablein 10-lead low silhou-
ette TO-5 case. SE501K is
a video amplifer, SES05K
is a general purpose dif-
ferential amplifier.

DIGITAL-TO-ANALOG
CONVERSION CIRCUITS

%w;éfﬁ/

l 4-BIT I 5-BIT

SERIES | SERIES

Ladder Network |UT-1000 | UT-1001
Ladder Switch ~ | UD-4001 | UD-4036
Buffer Amplifier | UD-4024 | UD-4037

Circle 499 on readers service card
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*SERIES SE100, NE100, US700
DTL LOGIC o

Eighteen functions in two operating
temperature ranges: —55C to4-125C
and 0 C to 470 C. Circuits include
NAND/NOR gates, clock and line driv-
ers, gate expanders, RST and JK binary
elements, one-shot multivibrator,

*SERIES SE400, NE40O
LOW POWER LOGIC

Operating temperature ranges: —55 C
t0o+125C, and 0 C to 470 C. For use
in Aerospace and other applications
where low power drain is required.
Optimized speed, noise margin.

Circle 496 on readers service card

*KSERIES SE800, NESOO
TTL LOGIC

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.

#Series SE100, NE100, CS700, SU300, LU300,
SE400, NEA40O, SE500, SEB00, NES0O 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 Marshall St.,
North Adams, Massachusetts 01247

4557100

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and * (D" are registered trademarks of the Sprague Eloctric Go,

Meeting preview

Question of privacy

The Spring Joint Computer Con-
ference, to be held in Atlantic City,
N.J., April 18-20, will concentrate
on the growing problem of privacy
and secrecy in time-shared and
multiprogramed computers.

The privacy-secrecy problems
will be discussed both in the key-
note address and in a technical ses-
sion. Keynote speaker is Rep.
Cornelius E. Gallagher (R., N.J.)
chairman of a House special sub-
committee on the invasion of pri-
vacy. Gallagher, concerned about
the possible impact of a national
data center on the constitutional
rvights of individuals, will describe
legislation that he believes is neces-
sary to insure privacy in the
use of all time-shared and multi-
programed computers, not just
those in a national data center.
Such legislation, says Gallagher,
might even make violation of pri-
vacy with computers a Federal
crime. He believes technical inno-
vations to guarantee computer pri-
vacy are possible.

Computer snooper. At the tech-
nical session, Willis H, Ware of
the Rand Corp. and Bernard Peters
of the National Security Agency
will discuss computer problems as-
sociated with privacy and secrecy.
The session will also deal with
accidental destruction and disclo-
sure, deliberate snooping, and spe-
cific approaches to safeguard a
memory system.

In several technical areas where
the issues are controversial or the
direction of computer development
is uncertain, the conference direc-
tors have established panel dis-
cussions. These topics include
dynamic allocation of computer re-
sources, analog-hybrid techniques,
and combined logic and memory
functions,

Other sessions include one on
various approaches to the design
of very large computing systems,
one on computer-assisted instruc-
tion, and one on computers for in-
dustrial process analysis and con-
trol.

The conference is sponsored by
the American Federation of Infor-
mation Processing Societies.
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Bring on
your complex,

small, noisy, difficult signals.

We'll give you traces that show them for what they really are.

When you need the greatest possible degree of signal-conditioning
precision and operational control, Sanborn 7700 Series oscillographs
with solid-state “'8800" plug-ins will give you chart recordings of
maximum resolution and intelligibility.

Seven highly versatile signal conditioners offer unique performance
capabilities: three DC types with a 1 uV - 250 V dynamic range, floating
differential input and calibrated zero suppression...an AC-DC Con-
verter with calibrated zero suppression and scale expansion permitting
resolution better than 0.1%, 10 ms response and isolated, 1 meg.
input . . . a phase-sensitive demodulator with calibrated reference
phase shift, 90° calibrated dial with four quadrant selections, and a
frequency range of 60 Hz to 5 kHz . .. a carrier preamp with 2400 Hz
internal transducer excitation supply, calibrated zero suppression, cal.
factor control and conversion gain of 10,000 . . . and a general-purpose
DC preamp particularly useful for 100 mm wide chart recording.

Use any of these “8800” plug-ins in the 7700 thermal writing oscillo-
graph matched to your packaging and channel requirements — 4-, 6-
and 8-channel 7704A, 7706A and 7708A console types . . . 2-channel
7702A system in rack-mount or mobile cart versions . . . single-channel
7701A wide chart (100 mm) portable system. Every one of these ther-
mal writers will give you permanent, rectangular-coordi-
nate recordings whose resolution and accuracy make all
q your measurements more useful.

{ For a new brochure describing the advantages and wide

. choice of Sanborn thermal writing oscillographs, write

Hewlett-Packard Company, Sanborn Division, 175 Wyman
L = Street, Waltham, Mass. 02154.
Be sure to visit us at IEEE, Aisle 2F,

L E B

l
L

HEWLETT '~

PACKARD ﬂ SANBORN
DIVISION
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2N5017

From RCA "overlay"...

the industry's best performing
plastic RF-power transistor —
15 watts min. at 400 MHz

Now . .. get in on the action with the rf-
power advantages of RCA “overlay” in
plastic!!

RCA’s new 2N5017 stud-mounted plastic
transistor provides 15 watts at 400 MHz
... 22 watts typ. at 225 MHz. .. operates
from 28-v supply! And this circuit
capability is delivered in a unique
package that sets new standards for
performance, ruggedness, and versatility
at VHF and UHF frequencies.

Performance—the industry’s lowest
emitter and base inductances (0.1 nH
and 0.2 nH respectively) result in
optimum gain and power capability right
up to 700 MHz. .. efficient for
broadband and narrowband transmitters.

Ruggedness—unexcelled mechanical
strength with short “anchor” pins
eliminating problems due to lead
breakage or vibration.

Versatility—"terminal block” structure
permits choice of stripline, printed

{See A Man of Action About RCA Plastic Transistors at IEEE, Booths 3C-01—3C-10

¥ .WHere the

circuit (both flush and bottom-mounted),

or lumped circuit mounting.

Call your RCA representative today for
more information on the 2N5017 for
military, microwave, and industrial
communications usage. If your
applications still call for hermetically

sealed packages, ask him about the RCA

2N5016—it offers similar electrical
performance but in the popular TO-60
case. For technical data, write RCA
Commercial Engineering, Section 1J3-3A
Harrison, N.J. 07029.

Strip-tine leads can

ve easily soldered to terminal
block with pins providing
additional mechanical strength,

t)

T Kt N
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TA7156

action is p

From RCA
Hometaxial-Base...

the industry’s most powerful
plastic power transistors —
dissipation up to 83 watts

Tomorrow’s action needs are here today . ..
as RCA, leader in silicon power, now
introduces its famous Hometaxial-Base
technology in plastic!

Eight transistors in all, RCA’s new power
program is the first to combine the low cost
of plastic with brute power-handling ability
—83 watts or 36 watts—each is an
industry-high for plastic! And this power
comes in your choice of package...a
straight-lead design for PC-board mounting
or a bent-lead design compatible with
standard TO-3 or TO-66 mounting
techniques.

| T
TYPE | PACKAGE | Vem (sus) | dc| hie | 8¢ | 5o
RS IR E —a (& eV
T0-3 20-70
2N5036 oqu; G 1.5
equivalent | 200 ohms (84 & |ociw | B3 W
2N5037| P.C. type | 3A
el S| _ i
| 103 20.70
2NS034 equivalent |, 434,Q, s |64 @ gy B3 W
2N5035| P.C. type | 25
T0-66 | |25-100
TA7155 gquivalent |, 69¥ @  laal" @ 7| 2Ry | 36 W
TA2911| P.C. type 0.5A
TA7156 | gqr e sove  |n.201%0 35 o
equivalent | 50Q ohms| * 13
TA7137| P.C. type "7 | | oia | |

RCA Electronic Components and Devices

The Most Trusted Name in Electronics

2N5034

lastic

Performance is tops—RCA mounts the
silicon chip directly onto a solid copper
base for better current handling, thermal
resistance, and dissipation capabilities.
You get unsurpassed freedom from second
breakdown .. .the inherent advantage of
RCA Hometaxial-Base technology.

Put the cost and performance benefits of
RCA plastic transistors in your circuits ...
they'll do the big job for audio amplifiers
and a broad range of industrial applications.
Call your RCA representative for more
information or write Commercial
Engineering, Section 1J3-3B, Harrison,
N.J, 07029.

Also available through your RCA distributor,
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INTEGRATED CIRCUITS

(Advertisement)

Why aren’t all advanced computers
designed with current-mode logic?

Here are some interesting insights into
the merits of CML in logic designs

MECL O TYPICAL PROPAGATION DELAY
VERSUS TEMPERATURE AND FAN OUT
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Fast speed even under heavy fan-out conditions typifies Motorola’s MECL Il type current.

mode logic integrated circuits.

Speed

Current-mode logic is practically
and theoretically the fastest form
of logic. That’s because it isn’t sub-
ject to transistor ‘‘storage time”
which is a major speed limiting fac-
tor in every other form of logic.
While we don’t imply that either
saturated or current-mode logic has
yet reached its maximum theoretical
limit, the fact is that present cur-
rent-mode J-K flip-flops operate at
a minimum toggle frequency of 70
MHz (Motorola MECL II* type
MC1013), while the fastest satur-
ated logic flip-flops have a typical
frequency of 50 MHz. And, while
saturated-logic speeds are nearing
the limits of their speed capability,
current-mode logic speeds still have
a long way to go.

Noise Immunity

Inherently, current-mode logic is
immune to state-changing transients

20

that are integral to all forms of
saturated logic. That’s because cur-
rent drain in CML remains constant
even during the switching interval
whereas with saturated logic any
slight difference in transistor char-
acteristics (and there’s always a
slight difference in transistor char-
acteristics) causes current and
voltage spikes whenever a transistor
is driven from cutoff to saturation
or vice versa. Propagating down a
line, these transients produce cross-
talk and other forms of noise that
can result in spurious or false trig-
gering of succeeding stages. Conse-
quently, the logic levels of saturated
logic cicuits must be considerably
higher than those of CML for the
same noise immunity. Since circuit
speed is a function of logic levels,
this requirement further increases
the practical speed differential
between CML and SL.

Complementary
Outputs

Because CML normally is
designed with a differential input
stage (consisting of a pair of tran-
sistors, one of which is turned off
while the other is turned on), this
logic form inherently provides a
function and its complement with-
out the need for a separate inverter.
In many CML integrated circuits,
these complementary signals are
available at separate output termi-
nals to simplify system design,
reduce can-count and equipment
cost.

High Fan-Out, Fan-In

The normal CML gate is followed
by a pair of emitter-follower stages
(one for each of the complementary
outputs) which are used as level
translators to make the output volt-
age levels of a circuit compatible
with input voltage level require-
ments of an identical circuit. These
emitter followers, however, provide
a very real additional functional
benefit. Because of their very-low-
output impedance, they can drive a
relatively large number of succeed-
ing stages without serious speed
degradation. This high fan-out and
fan-in capability is further enhanced
by the high-input impedance of
CML gates. A high-frequency fan-
out of 15 is normally used, but even
a fan-out of 25 at lower frequencies
can be tolerated without excessive
signal deterioration.

- Te--o
gy = ?
P |
BT e
— %
_;’__/4—0

The capability of MECL 1l current-mode logic
to fan-out up to 25 makes it superior in
this category to all other available integrated
circuit digital systems.
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SO, why aren't all advanced computers

being designed with current-mode logic?

One reason might be that CML
circuits, in the past, have been avail-
able with only a relatively simple
logic function per package. As a
result, it has been impossible to
implement complex systems, in some
instances, with “low can counts”

But take another look now. With
the introduction of Motorola’s
MECL II line, utilizing 14-pin flat
ceramic and plastic packages, cir-
cuit complexily has been increased
to include full adders as well as a
variety of other multifunction units.

A second reason might be that
current-mode circuits in the past
have operated at speeds that are
approachable with a form of sat-
urated logic so that high-speed
requirements have been served by
two IC lines.

With the MECL 11 line, current-
mode logic has significantly sur-

passed the high-speed capability of
any saturated logic form. Flip-flop
clock rates are two to three times
those of the fastest saturated logic
lines, and gate propagation delays,
typically on the order of 5 ns, are
well ahead of all other logic forms.
And with a third line of current-
mode logic (MECL 111*) presently
in the prototype evaluation stage
( speeds in the one nanosecond range
and fully optimized to drive 50 ohm
{ransmission lines), it is clearly pre-
dictable that, for high-speed com-
puters, current-mode logic is the
only logic form capable of meeting
the needs of the most advanced
systems.

A third reason might be the mis-
conception held over from the dis-
crete circuit design era that current-
mode is a relatively expensive form

of logic, due to the abundant use of
transistors in place of diodes and
resistors.

Unquestionably, this has been
true for circuits designed with dis-
crete components—but it isn’t with
integrated circuits where transistors
are no more expensive and are as
easy to make as any other com-
ponent. Motorola’s pioneering efforts
with current-mode integrated cir-
cuits have raised manufacturing yield
to a level where these devices are
price competitive (per function)
with most other logic forms. And,
though it is still possible to buy
some logic circuits at a lower aver-
age per-package cost, it is quite
likely that the systems oriented
approach MECL* design (comple-
mentary outputs, etc.) can reduce
total system cost.

And did you know

That Motorola’s MECL lines
are completely compatible? That
is MECL, MECL II, and the
imminent MECL III lines have
identical logic levels and power-
supply requirements so that they
can be judiciously mixed for opti-
mized system needs. With this
logic form, it is possible to cus-
tomize each computer subsystem
so that the total system will
achieve the best possible speed-
power product and the lowest
cost.

Therefore —
Do we recommend MECL for

Due to family-to-family compatibility between all MECL logic series, the
designer can use highest speed forms where critical speed require-
ments exist, while using other types throughout balance of the system.

all possible computer designs?
Definitely not! There may always
be special requirements where
other logic forms may provide
advantages in the form of system
cost or simplicity, or where spe-
cial performance requirements
will stipulate another type of
circuit. That's why we manufac-
ture and supply virtually every
other logic form in use today
(T2L, DTL, RTL, VTL, HTL
(High threshold),etc. We do
maintain, however, that MECL
should be carefully evaluated for
every application, and we predict

that current-mode logic will
become the predominant logic
form in the years ahead.

(As a matter of fact, you might
be surprised to learn the large
number of advanced computer
systems being designed today
using MECL).

For a package of selected
Application Notes describing the
MECL line in use, write for
Application Note Group #1.
Send your request to Dept. TIC,
Motorola Semiconductor Prod-
ucts Inc., Box 955, Phoenix,
Arizona 85001.

*Trademark of Motorola Inc.
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A post-graduate course
in money-making

Some people think of Digital Equipment as a manu-
facturer of digital computers and modules for the uni-
versity and scientific community exclusively. They're
wrong.

Since the PDP-8/S was introduced in August of 1966,
more than 300 such machines have been sold to be
part of other people’s money-making devices — bldod
analyzers, X-ray diffractometers, spectrum analyzers,
batch controllers for cookie baking. One pipeline man-
ufacturer ordered 25 PDP-8/S computers just to log
data. (PDP-8/S is the world's first under-$10,000
computer.) :

For bigger, faster problems, the bigger, faster PDP-8

has been incorporated into money-making automatic
transistor check out equipment, petroleum controllers,
thickness testers for rolled steel. (PDP-8 costs $18,000.)
PDP-Q is bigger yet.

And modules. We sell more digital logic circuit mod-
ules to manufacturers who resell them as part of their
instruments and systems than to all our university
customers combined.

So we're very big in the universities. True.

But if you make instruments or systems (and particu-
larly if you sell these instruments to the scientific
disciplines) maybe you should discover us. Before we
get too well known. :

COMPUTERS r MDDULES

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754, Telephone: (617) 897-8821 « Cambridge, Mass. » New Haven » Washington, D.C. « Parsippany,
N.J. » Rochester, N.Y. « Philadelphia « Huntsville « P ttsburgh « Chicago » Denver « Ann Arbor « Houston « Los Angeles » Palo Alto » Seattle » Carleton Place and Toronto,

Ont. - Reading, England -+ Paris, France -

Munich and Cologne, Germany « Sydney and West Perth, Austratia « Modules distributed also through Allied Radio
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Editorial

Engineers abroad flee...

Electronics companies in the U.S. are intensify-
ing their recruiting of engineers abroad, the
story on page 171 reports. The word will raise
blood pressures in many European capitals
where government and industry leaders are
already concerned about the “brain drain,” the
exodus of professional men—particularly good
engineers—to the U.S. Any increase in this emi-
gration is going to trigger a demand for some
kind of action to stem the outflow.

In Washington, a Congressional committee is
already mulling legislation that would keep
emigrating engineers out of the U.S., a sop to
angry foreign governments. But laws barring
immigration—or emigration—of engineers aren’t
the answer to this problem.

Superficially, the great magnet is the higher
salaries paid by American companies. However,
closer examination shows the lure of the U.S. for
most foreign engineers to be the opportunity to
work in new technology or to employ technical
talents fully.

Offered equal professional opportunities at
home, most engineers would stay put. Family
ties, nationalistic feelings, language familiarity,
and intimacy with local customs would more
than offset offers of higher salaries. But
throughout most of Europe, engineers are not
getting a chance to use their technical talents
to the fullest. These men may be aware of new
technical developments, but their managements
are unwilling to let them apply them.

An official of a U.S. manufacturer of sophis-
ticated, high-performance ficld effect transistors
tells of the success and failure of a technical
seminar program he conducted in Europe last
year. “Engineers came to the meetings in droves
—010 to the session in London alone—but we
can’t attribute $50 worth of business to the
whole tour because European management
won’t let those engineers use these advanced
devices.”

The answer to keeping engineers at home lies
in a change in local management attitude rather
than in legislation.

... to put ideas to work

One reason foreign countries are so concerned
about the exodus of engineers is that many

<—Circle 22 on reader service card

experts cvaluate the ability of a company to sur-
vive in today’s technically oriented economy by
the number of engineers working for it and the
amount of money it spends on research and
development. That’s because so many people,
including engineers and scientists, confuse in-
vention with innovation. Invention is the con-
ceiving of an idea. Innovation brings a useful
product based on the idea to market.

Business is built on innovation, not invention.
and development and technically oriented firms.
novative process® by a blue-ribbon panel of
technically minded executives exploded a lot of
the myths that have built up around research
and development and technically oriented firms.

For example, the study found that research
and advanced development expenses amount to
only 5% to 10% of the total cost of innovations.
The big investment goes into readying the idea
for manufacture and starting up marketing.

The panel also noted that 90% of the R&D in
the U.S. is performed by 300 large companies,
but that these companies contribute a far smaller
percentage of the good new ideas and products.
An explanation was volunteered by one member
of the panel, Peter G. Peterson, president of Bell
& Howell: “Large companies always have an
analytical process to screen new ideas, but the
process crushes them instead.”

The investigators concluded that too many
management men aren’t innovation-minded and
don’t understand how a technical idea is trans-
lated into a successful product.

In a minor but interesting digression, panel
members, examining how new companies get
started and why, found that universities and
banks play leading roles. In Boston, Palo Alto,
Washington, and Pittsburgh, for example, finan-
cial institutions are eager to help technical enter-
prises get started. But in some other cities, not-
ably Philadelphia, Chicago, Atlanta and Kansas
City, the money men are reluctant to back new-
comers in technical fields. In a study of some
small new companies in the Boston area, the
probers found that a university in the area had
played a role in the founding of every company.

In their report, the panel members urge legis-
lation to ease the tax load on concerns and the
antitrust restrictions on innovation. But their
most important contribution is to put the innova-
tion process in proper perspective.

For the first time, a group of businessmen
have clearly stated and shown that research and
development isn’t the only factor in a company’s
technical progress. The mistaken belief that it
is is a continuing source of bankruptcies in the
U.S. and Europe.

* Technological Innovation: Its Environment and Management,
January 1967, U.S. Government Printing Office, Washington,
D.C.: price $1.25
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9 good
reasons
why

Philco
Epoxy
Transistors
(PET)

are your
hest

buy.

T
PET TO-18 is rated
from 360 to 675 mW at
25°C (chip dependent).

2.
PET TO-5 is rated

from 550 mW to 1.2 W at
25°C (chip dependent).

3.

PET packages have
reliability factors equal
to or exceeding that
of metal cans.

4.
PET’s are immediately
available in large
volume production
quantities.

PET’s are packaged in
our low-cost Taiwan
production facility—to

l keep your cost low.

|
L

5.

PET's have a special
deep-well interlock
construction that
insures hermeticity
and reliability.

6.

PET packages are
permanently and
legibly marked—
lettered black on white.

8.

PET amplifiers operate
on currents ranging
from 10 yA to 1 A;
PETswitches to speeds
8 ns turn on and 11
ns turn off.

— ]

9.

PET's cover
frequencies from 40
MHz to 1400 MHz.

Call or write: Philco-Ford Corporation Microelectronics Division Sales Offices: 2920 San Ysidro Way, Santa Clara,
California (408-245-2966) / 999 North Sepulveda, El Segundo, California (213-772-6226) / Northwest Industrial Park,
Second Avenue, Burlington, Mass. (617-272-1600) / Benson Manor, Suite 114B, Washington Lane, Jenkintown, Pa.
(215-885-0430) / 1215 Drew St., Clearwater, Fiorida (813-446-0124) / 815 Connecticut Avenue, N.W., Washington, D.C.
(202-298-7810) / Suite 208, 700-108th St., N.E., Bellevue, Washington (206-454-5061) / New York, N.Y. (212-244-1373).

PHILCO

See us at the IEEE Show, Booth 3A36—3A39
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Microelectronics Division
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End of the road
for IBM series 90

RCA scores first
with cool memory

Signetics collects
data to back claim
of IC reliability

Volume output
of E-Cell starts
after long delay
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No new orders will be accepted by the IBM Corp. for its 360 model 90
series computers. The company insists, however, that all current orders
for the giant system—largest offered by the firm—will be filled. It’s
estimated that about one to two dozen 90 series computers have been
sold. According to reports, IBM—on at least three other occasions—was
on the verge of withdrawing the computer and only pressure from top
management kept it from being dropped. First deliveries of the 90 series,
originally scheduled for early this year, reportedly have been put off
until summer, at the earliest.

For years, companies have been chasing the elusive cryoelectric memory
that promised batch fabrication and very high bit capacity in a small
space. Researchers at RCA Laboratories have now scored a breakthrough.
Although the company won’t discuss details, it has been learned that an
operating cryoelectric memory system has been developed around a
new memory cell and memory organization. The system that demon-
strated feasibility of the new approach reportedly is a 14,000-bit unit with
a cycle time in the microsecond range. It is said to lend itself to expansion
to much higher bit capacities.

A sure way to start an argument recently has been to bring up the subject
of the reliability of plastic-packaged integrated circuits. Makers—notably
Motorola Inc., Texas Instruments Incorporated, and the Signetics Corp.
—have insisted that their products can meet military specifications
[Electronics, Sept. 5, 1966, p. 38]. Now, Signetics, a division of the
Corning Glass Works, reportedly has accumulated extensive data on its
14-lead dual in-line plastic package to back up its reliability claims.
The big question posed by users has been whether plastic IC’s can
meet hermeticity and temperature specs; since there’s no void inside a
plastic package it’s impossible to test for hermeticity. But Signetics has
deliberately fabricated IC’s with cavities in the plastic and reportedly
has found that the lead-to-plastic interface is indeed hermetically sealed.
The company is also said to have found that its plastic package can meet
military requirements for temperature cycling from —55° C to 125° C.

It'’s taken nearly three years, but the Bissett-Berman Corp.’s E-Cell—a
liquid electrolytic cell that can generate time delays, integrate pulses,
and store signals—has moved into volume production. The Santa Monica,
Calif., company reportedly is tooled up to turn out 150,000 of the cells
a month, and the military is said to be buying large quantities as replace-
ments for electromechanical timers in fuses. The very-low-current devices
can drive solid state circuits directly.

The major barrier to volume output was the problem of packaging to
meet military specifications. With a silver can replacing its original glass
package, the E-Cell now conforms to requirements for ordnance and air-
drop applications. The cell, 34 inch long and 34 inch in diameter, has dis-
charge currents ranging from 3.5 milliamps to 1 microamp. Accuracies
are held within 5% over charging ranges up to 1,500 microamp-hours.

A two-terminal unit is priced at $4 in large quantities; a three-terminal
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Air Force eyes
time-sharing
for top secrets

Varian unveils
new X-ray tube

2 ways to watch
the cars go by

Millimeter-wave
stationkeeping
runs into trouble

Bell fails to ring
at ESS offices
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cell for start-and-stop timing is roughly twice as much.

A computer system for which the Air Force will soon request proposals
will be one of the first to process classified information on a time-shared
basis. The computer complex, to replace a second-generation multipur-
pose system in the Pentagon, will present a number of difficult technical
problems. Because it will handle several levels of classified data, the sys-
tem probably will have to be divided in some way by security levels, func-
tions, or other criteria. Precautions will have to be taken to prevent
unauthorized persons from using the system [Electronics, Feb. 6, p. 36].
The separation requirement also creates the problem of how to set up a
data base for common access. The present system is made up of several
IBM 7094 and 1401 machines, each capable of being used for any purpose
within the system.

An X-ray image intensifier tube that eliminates one of the stages in con-
ventional devices is being introduced at the IEEE convention by Varian
Associates. The intensifier and two other devices also being introduced
at the show are the first products to come out of the company’s new Light
Sensing and Emitting division. According to Varian’s Wilfrid F. Niklas,
the new tube converts X rays directly into electrons that are accelerated
against a phosphor plate to provide the amplification. Conventional tubes
convert the X rays into light, then send the light through an intensifica-
tion system. The new tube provides enough amplification for motion pic-
tures or for closed-circuit television. The division’s other products are a
wafer-sized image intensifier for electronic cameras and an image
intensifier inverter for low light-level tv systems.

The probable winners of contracts to develop automatic license-plate
scanning equipment for New York State will be the Itek Corp. and the
Bendix Research Laboratories division of the Bendix Corp. Negotiations
are still in progress and the awards will be announced in early April.
Because the pattern recognition schemes proposed by each of the com-
panies are significantly different, New York is willing to finance two
separate efforts.

The future of a millimeter-wave stationkeeping project for a “follow-
the-leader” flight formation system is in doubt. The system developed
by TRG Inc. reportedly has been turned down by the Army Electronics
Command because it couldn’t meet the specified stationkeeping require-
ments. The Army was considering TRG’s system, along with others, for
future helicopter transport use but an informed source says that the
Army may now decide to drop the plan to use millimeter waves.

Electronic switching system installations have slid a year or more behind
schedule at Bell Telephone Co. offices. At least four New England ESS’s
have been delayed by unexpected software problems. Until the pro-
graming difficulties are solved no more installers will be trained; this
may push installation dates even further back.

Electronlcs | March 20, 1967



from SYLVAN IA Electronic Components Group

CRTs

How fiber-optic CRTs allow

direct recording of 1 MHz signals

'3

How do you combine the direct-write
features of oscillographs with the
high-frequency measuring capabili-
ties of modern oscilloscopes? Simple,
if you use the electron beam of a spe-
cially designed Sylvania fiber-optic
CRT to provide immediately available
direct printout recordings of high fre-
quency analog data and video signals.

A special Sylvania fiber-optic CRT
has helped engineers at Honeywell’s
Test Instruments Division to produce
an instrument with recording speeds
nearly 100 times greater than previ-
ously available oscillographs. Honey-
well’s Model 1806 Visicorder is a
single-channel, 4-axis unit which em-
ploys the electron beam of the fiber-
optic CRT to record continuous tran-
sient data directly on standard oscillo-

e

Honeywell's new Model 1806 CRT Visicorder

graphic paper.

The new instrument can record re-
sponses of from dc to 1 MHz on either
the vertical or horizontal axis, or si-
multaneously on both, and has con-
tinuous or intermittent chart drive
modes. In addition, video pictures
can be recorded as a continuous se-
ries of individual 8 by 4 inch frames
on the direct-record paper at the rate
of 30 pictures per second.

The essential component in Model
18061is the specially-designed Sylvania
fiber-optic CRT. This new tube (SC-
4082E ) has an improved electron gun
for initial fine spot resolution. Spots
produced by the new gun have a di-
ameter of 4-7 mils compared to 15-30
mils for typical laboratory scopes.

More than 85 million fibers, each 10

to 15 microns in diameter, insures that
the initial small spot size is retained
as it is conducted to the face of the
CRT for recording. Here, signals are
recorded by passing ultraviolet-sensi-
tive paper over the Y-inch thick face-
plate of the tube. Low-level ultra-
violet light develops the paper as it
comes out of the instrument to give a
permanent record within seconds.
The SC-4082E, with its 3”x5” face,
has the largest fiber-optic faceplate
commercially available today. It uses
a P16 phosphor and has electrostatic
focus and deflection. Helical-resistor
post-deflection acceleration is em-
ployed to get high writing rate, high
deflection sensitivity, and freedom
from pattern distortion.
In addition to the fiber-optic re-
cording tube, the new oscillograph
(continued)
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Integrated Circuits — How to step
servo motors with SUHL/TTL circuits.
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ture tube line for 1967 set designs.



CRTs (continued from page 1)

uses a conventional CRT, the Sylvania
3ASP1, to monitor the signal being
recorded.

Sylvania has designed many other
types of high resolution cathode ray
tubes with fiber-optic faceplates as
well as full faceplate arrays. Fiber
size ranges from 4 microns up to 75
microns, depending on the specific
tube and application. Basic charac-
teristics on a few of these types are
listed in the table.

CIRCLE NUMBER 300

Sylvania's SC-4082E
fibre-optic CRT

Tube Type Fiber Strip Size
SC.3304 2%” x 4"
SC.3507 81" x 1"
SC.3800 81%," x 14"
SC-3850 A" x W
SC-3876 81" x 1"

BASIC CHARACTERISTICS OF TYPICAL FIBER OPTIC CRTS

Focus Screen Size
magnetic 3" x 1"
magnetic 10” x 31"
electrostatic 10” x 31"
magnetic 5” dia.
magnetic 10”7 x 314”

INTEGRATED CIRCUITS

How to step servo motors with SUHL/TTL ICs

Until recently, discrete components
were used exclusively to control the
stepping of servo motors. Now, the
same function can be done easily with
Sylvania’s versatile SUHL units. The
only ICs you'll need are OR gates,
AND gates, and ]J-K flip-flops. With
SUHL, this can be done with as few
as five packages.

Sylvania ICs can perform all the
logic, counting, and decoding neces-
sary to control the stepping of servo
motors. The specific circuit described
here can handle shift pulses of up to
28 volts while delivering 10 mA to the
driver transistor of each of four motor
windings.

Key elements in the control (see fig-
ure) are these Sylvania SUHL types:
SF-60 J-K flip-flop, SG-90 exclusive

OR, and SG-280 dual AND gate or
the SG-140 quad 2-input NAND/
NOR gate. Whether you use the SG-
280 or SG-140 series, the counting
and decoding require only five IC
packages.

In the circuit, pulling the direct set
input to ground will set the Q outputs
of both flip-flops to a “1.” This corre-
sponds to the unbarred letters A and
B, and places both inputs to the #1
decoder gate high. Since the gate per-
forms the AND function, the output
will go high, turning on its transistor
and activating the #1 winding. Now,
should a shift right pulse be gener-
ated, the #2 winding will be activated.
However, if instead a shift left oc-
curs, the #4 winding is activated.
Sequence for shift right pulses is: 1,

SHIFT RIGHT
Ring Counter for Stepper Motor Control SEQUENCE | FF“A” | FF"B”
1 1 1
2 0 1
DIRECT 3 0 0
SET ] 2 - 3
e ] SHIFT LEFT
5S4 o s ® SEQUENCE | FF"A” | FF"'B"
LI L 1 1 1
—Lz A L2 B 2 1 0
>k, SF-60 K, SF-60 i)
K2 SERIES K2 SERIES 3 0
My Iy My B 2 0
p+—qM2 ¢ M2 ¢
+28v I +28v
MOTOR
, DECODERS meleG
NO.
SHIFT A b
S B | D
RESISTOR i 3 KD
RATIO 3
701 1 8
+28V A
i SG-90 SERES ! - :@—o'wv 1
___________ Jd =
SHIFT O—AN A —AAA-
LEFT 7 B
EACH DECODER *
I/2 $6-280 OR !/256G-140

2,8, 4, 1... For shift left it is: 1, 4,
3,2 1...

The 28 V shift pulses are dropped
to approximately 3.5 V with the 7:1
ratio resistor network shown. When
the pulse edges exceed a 1.0 psec/
volt slope it may be necessary to
sharpen them with an SG-83 pulse
shaping AND gate placed after the
voltage divider.

The +28 V dc supply is cut to 4.5
to 6.0 V to provide dc for the ICs.
This is done with a series dropping
resistor. However, if the motor causes
voltage spikes of considerable ampli-
tude, a zener diode can be used for
regulation.

The decoder gates perform the
AND function. This can be accom-
plished with two SG-280 devices.
Each SG-280 is a dual AND gateina
single package. However, two NAND
gates in series will accomplish the
same thing. By using the SG-140 quad
two-input NAND gate, the function
is provided with the same number of
packages.

The transistor at the decoder gate
output handles the motor’s high volt-
age and coil current requirements.
Value of the 500 to 1K resistor shown
in the base will depend on the beta
characteristics of the transistor. A
500-ohm resistor will supply a base
drive of from 4 to 5 mA and 1K from
2 to 2.5 mA. If the resistor is dropped
below 500 ohms for more current,
SUHL II device SG-220 or SG-280
is recommended. Either can supply
10 mA or better with a 250-ohm
resistor. CIRCLE NUMBER 301
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Translators/Drivers, like EL panels,
can be customed to specific needs

It naturally figures that, whatever the
electroluminescent display applica-
tion, Sylvania engineering would pro-
vide the best interface between com-
puters (or counter outputs) and EL
panels. After all, experience gained as
a prime producer as well as user of
EL readouts gives us the custom-en-
gineering capability which we apply
over a wide application spectrum.
The right translator or driver, singly
or in combination, should be applied
to your application—be it a relatively
simple readout system for a non-criti-
cal environment or an advanced sys-
tem for an aerospace application
which may incorporate Sylvania’s new

all-glass EL panel designs.

In all applications, translators and
drivers combine to perform the
double function of input translation
and EL panel segment switching.
They feature compact design, low-
power requirements, fast switching,
low-level logic input, long life, modu-
lar design and solid state reliability.
In addition, they can be supplied with
or without a memory capability.

Typically, in these Sylvania units,
binary input codes are translated to
numeric readout by diode logic cir-
cuits and El readout panel power is
switched by SCRs.

Translator power requirements are

CIRCLE NUMBER 302

a low 6 to 12 volts at a few milliam-
peres. Readout driver power depends
on the size and type of the EL read-
out used. Units can have either posi-
tive or negative logic inputs of as low
as 6 volts at 2 ma per data bit and
pulse widths of 1 psec.

Sylvania has already developed
units which encompass the needs of
a wide variety of EL readouts re-
quirements. We'll undertake custom
designs which implement your spe-
cial codes and fit your mechanical
configurations. Sylvania design engi-
neers use a computer program to de-
termine the best translator circuitry
for these customed devices.



TELEVISION

Broad monochrome
tube line for 1967 TV
set designs
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Already one of the most complete in
the industry, Sylvania’s monochrome
picture tube line is still growing.
Availability of production quantities
of the new 20" tube, developed late
last year, means designers are now
choosing from even more tube sizes
to find the specific picture tube to ful-
fill 1967 requirements.

Whatever the TV picture tube size
needed today, chances are there’s a
Sylvania monochrome picture tube
that size, today. That’s because
Sylvania produces a broad line of pic-
ture tubes that includes eleven stand-
ard sizes covering up to 26 inches.
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Tubes like the new 20” ST-4530A for
building 19” sets to the new FTC
labeling requirements. Or two re-
cently announced 12-inch picture
tubes to keep pace with the call for
smaller, more portable TV sets.

The new 20” has a useful screen
dimension of 18.625”. This 114° dark
bulb device gives 184 square inches
of viewing area, yet has an overall
length of only 12.27”,

The 12CRP4 and 12CSP4 are 12”
units of small-neck size, making them
ideal for smaller portable set require-
ments. Overall lengths of these tubes
are a short 9.021” (12CRP4) and

/ ‘- REF.
TENSION l- .25" EF LINE
BAND -4.38"

225"
r— ~10.992" ——-
100"

10.814” (12CSP4).

The 12CRP4 employs 110° mag-
netic deflection, the 12CSP4, 90° de-
flection. Both have aluminized screen
with a useful area of 7.687” x 10.125”
to give a minimum useful diagonal of
11.625”.

Other sizes in the Sylvania line are
also tailored to meet the specific need
for present set production. All in-
clude the latest advancements in tube
design, material and production tech-
niques made available by Sylvania’s
continuing tube technology develop-
ment program.

CIRCLE NUMBER 303

MICROWAVE COMPONENTS

Now an X-Band avalanche diode oscillator
for parametric amplifier pumping

Use of parametric amplifiers in mili-
tary systems has been limited because
of the need for a pump source with a
frequency much higher than the sig-
nal frequency. Traditionally klystrons
provided this pump frequency. How-
ever, they require very large and ex-
pensive power supplies which usually
weigh more than the rest of the solid
state circuitry. More recently, varac-
tor multiplier sources have been used,
but this usually involves many semi-
conductors as well as complicated
circuitry. Now a simple single device
from Sylvania which converts dc to

rf directly at frequencies in X-band
can be used to pump parametric
amplifiers.

Sylvania’s new SYA-3200 avalanche
diode oscillator simplifies construc-
tion of parametric amplifiers by pro-
ducing a minimum of 10 mW at any
frequency in X-band (82 to 12.4
GHz). Requiring only a single dc
power supply, the SYA-3200 is much
more efficient and much lighter than
any other solid state or tube pump
currently in use.

This new source is mechanically
tunable by means of a single screw



adjustment over a range of at least
200 MHz and has a temperature coef-
ficient of frequency typically of 200
KHz/°C. This is comparable to that
of the existing klystrons which it re-
places.

Parametric amplifiers pumped by
the SYA-8200 avalanche diode oscilla-
tor have exhibited performance which
is indistinguishable from that ob-
tained using conventional klystrons.
A parametric amplifier operating in
L-band was pumped at 11 GHz by a

ELECTRICAL CHARACTERISTICS OF SYA-3200

Frequency 8.2-12.4 GHz*
Mechanical tunability =+100 MHz
Power output into matched load.................... 10 mW min.
Efficiency 1-2% typical
Power variation over tuning range.................... 1 db max,
Operating temperature range .................. —30 to 4-71°C
Temperature coefficient of

frequency .....ccciesrenmnnererenns —200 KHz/°C typical
DC bias voltage ........ .—50 to —90 voits**
DC operating current ..........oovvevennnee —10 to —25 ma**

*To be specified within this range.

**Required operating voltage and current will be speci-
{)led wigh each unit. Constant current supply should
e used.

SYA-3200. Result: a noise figure of
1.8 db, exactly what was obtained
using a klystron, Saving in power sup-
ply, size, and weight reduced the
overall weight and size of the ampli-
fier by 50 percent. Gain, bandwidth,
and stability were unchanged from
the performance obtained from a
klystron.

In addition to use as pumps, these
oscillators function successfully as
local oscillators in heterodyne receiv-
ers and as beacon transponder

20 l T T
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sources. Of course, these represent
only the first uses of this new device.
We'll work with you in applying the
full capabilities of an avalanche oscil-
lator to your application.

The SYA-3200is currently available
in developmental quantities. Contin-
ued development over the next sev-
eral months is expected to lead to
improved devices with higher output
power, electronic tuning, and addi-
tional frequency band coverage.
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MARKETING SERVICES MANAGER'S CORNER

‘“Trade shows are a waste

“...and a waste of money too.” How
often have you heard this? You may
have said it yourself. For a great
many people it’s true, shows are
wasted efforts.

After all, too many exhibits are lit
tle more than 3-dimensional catalogs.
Nothing’s exciting in seeing cold life-
less products tacked to a back wall.
We at Sylvania shudder to think of
the dull repetition (and, possibly, re-
pulsion) of 100 receiving tubes in a
row.

And what if you just happen to see
one product that interests you? Ask
a reasonable question at the booth
about it, and you usually find that the
expert on the subject is out to lunch.
(Would you believe this at 9:30 AM?)

But exhibitors are only partners in
the crime of trade shows. Attendees
share a large portion of the blame.
Engineers are in New York during the
IEEE show often for three or four
days. But during that time they're
seen in the Coliseum for as much as
four hours! Ask them if they saw the
show. Why, certainly they did! To
have seen every exhibit in that pe-
riod of time, they would have had to
be Olympic track stars if only to go
through all of the aisles.

After our sprinter does complete

his exhaustive survey, general com-
ments run from “same old stuff” to
“nothing really new.” Anything less
than the discovery of a new energy
source seems to be.a disappointment.
Well, we could go on and on, but es-
sentially our point of view is that, like
most things, trade shows are value-
less unless all exhibitors and attend-
ees work at it.

Sylvania has made some innova-
tions in presentation techniques—live
presentations, information booth and
telephone hot line. We hold no li-
censes on these methods and wish (in
fact, strongly urge) other exhibitors
would liven up their booths in a sim-
ilar manner.

A better show benefits everyone.
In fifteen minutes at the Sylvania
booths, 3G01-3G12, we feel an engi-
neer can be initially exposed to the
full scope of Sylvania’s manufactur-
ing and engineering efforts. Included,
of course, are new product devel-
opments, particularly those that are
pertinent to today’s designs and re-
quirements. A few more minutes and
we'll give detailed information on
specific product types from our mi-
crofilm data file right at the booth.

Visitors also have the option of
talking directly to our plant and engi-

of time”’

neering locations anywhere in the
country. Further, they can request
that specific information be sent to
them at the completion of the show
on any product which we manufac-
ture. It isn’t necessary to ask ten
people in order to receive this infor-
mation. Our purpose at a trade show
is not to take orders there on the floor,
but rather to disseminate the maxi-
mum amount of information on our
overall company capabilities.

We want people to know more of
what Sylvania can do today and in
the years to come.

For your company, trade shows
can be a waste of time, but there is
also the opportunity to learn a great
deal at a relatively small cost. We
sincerely hope you share our thoughts
for maximizing the time and money
devoted to the trade show concept.
Sylvania wants to make good use of
the time you give us.

R Pfow

NOTE: Interest in this column, in IDEAS
last year at IEEE Show time, was unusually
high. We thought it deserving of a rerun.
Mr. Dixon, Merchandising Manager a year
ago, is now Marketing Services Manager of
Sylvania’s Electronic Components Group.
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PHOTOCONDUCTORS

PL assembly

|

UV detector

PC matrix

Newest additions to an extensive PC line:
T0-18 50-milliwatt cells

How do you evaluate the complete-
ness of a photoconductor line? By the
range of power ratingsP Sylvania has'
50 mW and 500 mW units. By physi-
cal size? We now have photoconduc-
tors in TO-18 packages, in addition to
the glass encapsulated T-2s and T-4s;
also, the T-33 which is used for our
street lighting cells. Specialty PC
linesP Sylvania offers custom de-
signed photoconductive matrices as
well as both standard and customized
photoconductor-lamp (PL) assem-
blies, and also ultraviolet types. Now
with the introduction of the new
TO-18 units, the line becomes even
more functional. And more and more
Sylvania becomes the logical source
for all photoconductive devices.

The TO-18s, latest additions to
Sylvania’s already varied line of pho-
toconductors, are miniature, end-view
packaged, cadmium sulfide cells. Be-
cause they are hermetically sealed,
the new PCs are not affected by mois-
ture. For the circuit designer, this
means stable electrical characteristics
and long term reliability.

The light and dark resistance char-
acteristics of the new TO-18 units are
similar to Sylvania’s T-2 line. Power
dissipation rating is 50 mnW compared
with 75 mW for the T-2 line.

Sylvania’s T-2 cells are also mipia-

ture photoconductors. With these
rugged %-inch diameter units, the de-
signer can select devices which have
light resistance values in the range of
2000 to 128,000 ohms. Resistance
change ratio of the T-2 PCs is better
than 100,

The T-4 line consists of ruggedized
photoconductors which can with-
stand 300-g impact shocks and 2.5-g
vibrations for extended periods. These
Ls-inch diameter, end-view cells have

high sensitivity and are rated at 400

volts. Light resistance values range
from 750 ohms to 16 K ohms. Ratio of
dark/light resistance is 100 to 1.

Sylvania’s outdoor lighting control
cell Type 7163 has a demand rating of
750 mW and a continuous rating of
500 mW. This cell easily operates re-
lays directly in outdoor lighting con-
trol circuits. Orientated to north sky
illumination, it detects the blue end
of the spectrum. A response time
faster than is found in the standard
T-2 and T-4 photoconductor lines
makes the 7163 one of the fastest cad-
mium sulfide cells and, therefore, a
versatile vehicle for more industrial
applications.

Because of its small size, the new
TO-18 photocell is also an ideal
choice for use in PC arrays. Any num-
ber of photoconductors can be im-

bedded in a printed circuit board,
depending on the area available. Vari-
ous pattern conﬁguratioins and ele-
ment sizes are possible to meet the
demands of dissipation, resistance,
and space requirements.

With Sylvania’s PC type SRP-
8614A, detection and measurement of
ultraviolet radiation is simplified. Re-
quiring only comparatively simple
low voltage circuitry, a power han-
dling capability of 300 mW enables
this device to translate UV to signal
levels which can operate a sensitive
relay directly. This UV detector is
supplied in a T-4 envelope.

In another specialty series, photo-
conductors and lamps are combined
in light-proof housings t6 perform a
wide variety of electronic functions.
PL assemblies offer an economical
and efficient approach to generating
special musical effects. Other circuit
applications of PL assemblies include:
on-off switching, sequential switch-
ing, logic function, gain controls,
linear amplification, delays, oscilla-
tors, filters, and regulators. These
assemblies, like the other units in
Sylvania’s broad photoconductive de-
vices line, are available in customed
versions with a wide range of charac-
teristics. i '
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INTEGRATED CIRCUITS

SUHL circuits can simplify noise and power
problems in systems design

Sylvania’s high-level TTL circuits are
especially adaptable to systems ap-
plications. The inherent characteris-
tics of SUHL units—high speed, low
propagation delay time, high noise
margin, low power, high fan-out and
logic swing, high capacitance drive—
can all be advantageously applied to
systems design. SUHL is constantly
solving designers problems where
speed, low power and noise protec-
tion are considerations. Some of these
aspects of SUHL are discussed below
in a section excerpted from a forth-
coming Sylvania brochure, “Optimum
Design of Integrated Circuit Output
Networks.”

In the design of high speed digital
integrated circuits, special considera-
tion must be given to circuit output
networks.

In nearly all system wiring meth-
ods, circuit output loads include ca-
pacitance due to the driver loads and
associated interconnection wires. This
is particularly true in multilayer
boards where the capacitance can
reach 6 pf per inch. Driving such
capacitance at high speeds requires

low impedances, with a resulting re-
quirement for additional power dissi-
pation.

Output networks with loadings ap-
proaching voltage sources in both the
“1” and “0” state are desirable to re-
duce noise pickup and simplify load-
ing rules.

With most saturated logic, output
stage delay in going from the “0” or
saturated state to the “1” or OFF state
is primarily a function of the storage
time of the output transistor. This
storage time impairs circuit speed at
room temperature and becomes pro-
gressively worse as the temperature
increases. With proper design of the
output portion of integrated circuits,
transistor storage time variations can
be reduced.

When the principles are examined,
the desirability of this output net-
work in a general-use high-speed
monolithic circuit will be evident. By
judicious use of transistor geometries
as well as consideration of the asso-
ciated life times and the stray capac-
itance of other components, effective
networks such as those illustrated in

Figure 1 can be designed.

By using an output circuit shown
in Figure 1, the pull-up network ef-
fectively removes the charge stored
in the output transistor and virtually
eliminates storage time as a factor in
output characteristics. The result is a
circuit having a propagation delay
time which is constant over the full
temperature range of —55to +125°C.
This is particularly evident when
compared to high resistor pull-up net-
works.

The output networks shown in Fig-
ure 1 are coupled to a high speed
TTL front end. To demonstrate the
stability of this type circuit, typical
propagation delays versus tempera-
ture, fan-out, and capacitance load-
ing are shown in Figure 2.

In the circuit diagrams shown in
Figure 1, both the “0” and the “1”
output levels are obtained through
low impedances. Aside from the drive
capabilities, this also provides a stiff
source which in turn provides a
damping element for reflected sig-
nals and for noise pickup in a high
speed system. CIRCLE NUMBER 306
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DIODES

Low-leakage types included in Sylvania’s
silicon alloy junction DF-7 series

Sylvania’s DF-7 series of high con-
ductance silicon alloy junction diodes
can solve a wide variety of your
circuit design problems. In such ap-
plications as magnetic amplifiers,
modulators, demodulators and power
supplies these general purpose diodes
combine excellent electrical charac-
teristics, device uniformity and closely
controlled manufacturing methods to
give reliable operation.

Device uniformity comes from
Sylvania’s alloy batch processing tech-
niques with their emphasis on precise
control of materials and manufactur-

ing procedure. The user gets uniform-
ity from unit to unit as well as a prod-
uct less prone to failure. Electrical
characteristics of these diodes include
high conductance, excellent stability
and extremely low leakage. Stringent
quality control procedures assure
conformance to specification and reli-
ability in operation.

With the DF-7 line, youre not lim-
ited to selecting from a narrow range
of types. The line includes two gen-
eral purpose JEDEC groupings
(IN456A through 1N464A, and 1N-
482A /B through 1N488A/B), a series
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of low leakage devices (D6623 through
D6625), a stabistor (the 1N816) and
several voltage variable capacitors
(1N3182).

All units have a power rating of
250 mW, and a junction temperature
range of —65° C to +175° C. Typical
specifications show minimum forward
currents of 100 ma at 1V, breakdown
voltages of from 30 to 420 volts, and
maximum reverse leakage currents of
2 to 50 nanoamps.

The large junction capacitance of
these alloy junction diodes means
they are less sensitive than epitaxial
types to stray triggering pulse in
many circuits. This makes these
Sylvania DF-7 units ideal for slow
speed industrial control circuits where
the circuit may be exposed to ac
switching transients.

The capacitance characteristic of
these alloy units also makes them ex-
cellent voltage variable capacitors.
Typical capacitance change over a
voltage change of 10 volts is on the
order of 4 to 1.

All diodes in the line are available
in Sylvania’s improved DO-7 package
with assured hermeticity.

CIRCLE NUMBER 307
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\\ﬁ){%NE INQUIRY SERVICE

Need information in a hurry?
Clip the card and mail it. Be
sure to fill in all information re-
quested. We'll rush you full par-
ticulars on any item indicated.

You can also get information
using the publication's card
elsewhere in this issue. Use of
the card shown here will sim-
plify handling and save time.



Tantalum A

——»—

KEMET C-Series Solid Tantalum
Capacitors. For the swinging new
mood in consumer electronics.

You don’t have to be rich to buy
these low-leak tantalums. We've
priced them in line with standard
electrolytics. Yet they'll give you
tantalum performance in transistor
auto radios, portable phonographs,
tape recorders—the mass-produced
products that keep today’s consum-
ers turned on.

We make the KEMET C-Series in
0.1 to 220 microfarads, 6 to 50 vdc,
for environments from —55° to
+85°C. Catalog items are available
for immediate or lightning-fast de-
livery, in any guantity from thou-
sands to millions.

Shouldn’t you go tantalum for to-
day’s go-go products?

For details, call our representa-
tive, or mail the coupon.

Clip, fill in name and title, attach to letterhead.

Union Carbide Corporation
Components Department UNION
Dept. E-33 CARBIDE
P. O. Box 5928
Greenville, S. C.

ELECTRONICS

Please send details on ‘C'’ Series
KeMmer Solid Tantalum Capacitors

Name___ =

KEMET is a registered trade mark of Union Carbide Corporation.

REGIONAL SALES OFFICES. New England: T. J. Roper. 300 First Ave.. Needham Heights. Mass. Phone: 617-444-5400. Mid-Atlantic: R. H. Robecki. 1341 Hamburg Turnpike
Wayne. New Jersey 07472. Phone: 201-696-2710. Mid-West and South: K. S. Collart, P. O. Box 6087. Cleveland. Ohio 44101. Phone: 216-221-0600. C. F. Fields, 2 Talcott Road, Park
Ridge. Il. 60068. Phone: 312-825-8189. West Coast: D. Purcell, 701 East Whittier Boulevard. Whittier, California 90605. Phone: 213-698-8077. C. E. Volpe, 2680 Bay Shore Frontage
Road. Mountain View. California 94041. Phone: 415-969-9390. For Overseas Inquiries contact: J. G. Egan. 1341 Hamburg Turnpike. Wayne. New Jersey 07472. Phone: 201-696-2710.
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Now there’s a “4th generation”
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of signal instrumentation

®First Prize, Enclosures, NEP/CON '67 West.

This new Monsanto™ Model 3100A Digital
Frequency Synthesizer has a computer-
optimized design that creates new stan-
dards of stability, purity, precision and
value forgeneral purposesignal generators.

1 MHz OUTPUT SF'ECRUM.
Gather ’round and look it over. From its
clean, functional, prize-winning* cabinet to
its all-solid-state, I/C circuitry, this unique
design is all new . . . the first of our ‘“fourth
generation” instruments.
The 3100A outperforms all other synthesizers.
Select or program any frequency from 0.01
to 1.3 MHz (in 130 million steps). You've
never had it so pure—from any signal source.
Harmonics are down at least 50 db, and spuri-
ous components are down at least 80 db!
Stability? 1 part in 10%/day, by an oven
stabilized crystal oscillator.
The output is DC coupled with a + 2 v offset
bias control at a constant 50 ohms, through
an accurate 90 db stepping attenuator. There
is a flexible dual-frequency internal sweep
andexternal AM, too. For maximum computer-
system compatibility, the programming time
is less than 20 microseconds. This versatile
instrument has more of what you need in a
signal source.
Here is the clincher. At $3950, the Monsanto
3100A sells well below old-styled frequency
synthesizers. (USA price f.o.b. New Jersey)
Write or phone us for the full story. Monsanto
Electronics Technical Center, 620 Passaic
Avenue, West Caldwell, N.J. 07006 (201)
228-3800.

Monsanto

®
ELECTRONIC

INSTRUMENTS
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PUT YOUR FINGER
ON REAL
MINIATURIZATION

It's one thing to build small connectors. It's some-
thing else again to make them tiny and reliable. Like
BRM, designed and developed by BENDIX/DAGE. BRM
is one-fourth the size and weight of standard BNC and
TNC, yet is loaded with quality features such as her-
metic sealing, captive contacts, gold-over-silver plat-
ing...and low, Jow VSWR. That's real miniaturization.
BENDIX/DAGE engineering contributes to the state of
the art by helping you move forward to greater capabili-
ties in your field.

Write for BRM/BRMM brochure and Engineering
Qualification Test Reports. If you have a special prob-
lem, call. Call today!

Bendix DAGE ELECTRIC COMPANY

a subsidiary of the Bendix Corporation
Hurricane Road ¢ Franklin, Ind. « Phone 317/736-6136

FIRST WITH IDEAS +* FIRST WITH QUALITY ¢« FIRST WITH SERVICE
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Time’s up:

Honeywell now
has a taut-band
meter that actu-
ally goes for even
less than a pivot-
and-jewel meter.
(About 109, less, on the average.)

What kind of a taut-band meter
could we possibly sell at those prices?

An ingeniously
simple one.

3
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We designed every sin- ~
gle unnecessary partright -
out of it. (Fewer parts:
fewer things to go wrong.)

And we make this
meter by machine. (This
not only gives us a very good cost
advantage. It also gives you a more
reliable meter.)

It'll last practically forever be-
cause there’s no friction in the mov-
ing parts. It’ll mount anywhere with-

out special calibrating because it’s
self-shielded.

And you can get one of these
low-cost taut-band meters in just
about any style you like.

But don’t make up your mind
yet. Take a look at our catalog first.
Write Honeywell Precision Meter
Division in Manchester, N.H. 03105.

Honeywell

How long have you waited for
a low-cost taut-band meter?
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Electron Beam Gun.

CV-type coaters.

Plasma-Vac® low-
energy sputtering with
RF capability.

Here’s all the equipment you need to put thin-
film techniques to work on a research or produc-
tion basis. ..

CVC’s PlasmaVac® low-energy sputtering sys-
tem gives you controlled deposition of metals,
alloys, semi-conductors and insulators. Quality
and yields are of a degree that make production-
line operations a commercial reality.

Or, if your research or production application
calls for resistance heating or electron beam gun
evaporation, CVC has the equipment you need.

More important to you, we have the techno-
logical background and the applications labora-
tory to analyze your requirements and help you
decide which thin-film deposition method will
best handle your application.

Let us know how you would like to use thin-
film deposition. We’ll be glad to make recom-
mendations. Consolidated Vacuum Corporation,
1775 Mt. Read Blvd., Rochester, N.Y. 14603. A
subsidiary of Bell & Howell.

CVe)
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Micro-machined from Jewel-hard Materials

SEMICONDUCTOR PRODUCTION TOOLS ARE THE EXCLU-
SIVE PRODUCTS OF TEMPRESS RESEARCH COMPANY,
based on unique processes developed by Tempress engi-
neers for micro-machining diamonds and jewel-hard mate-
rials, such as titanium and tungsten-carbide. The company
has become the principal source for the nation’s leading
semiconductor manufacturers because of the extreme dur-
ability and precision of these tools, immediate deliv-
ery from stock, and constant, personalized service at
a high technical level. Among the Tempress products
displayed on this page are: hydrogen flame-off torches,

DIAMONDS COURTESY OF MICHAEL WERDIGER, INC.

tungsten carbide lead bonding wedges, tungsten carbide
lead bonding capillary tubes, diamond scribing tools, tung-
sten carbide probe contact needles, and diamond lapping
points. If you have a requirement for any of these devices,
let us place a highly detailed booklet in your hands, listing
specifications, prices, and ordering information. Please
write to us, noting the name of your company, address, and
your specific applications.

TEMPRESS

Tempress Research Co., 566 San Xavier Ave., Sunnyvale, Calif.
Circle 41 on reader service card
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Sure, DVM'’s have to be fixed i

Cimron just makes it easy! We all know digital
voltmeters are influenced by environment and the
work demanded of them—and they do have to be
calibrated at times. So Cimron makes it easy by
etching this procedure on the guard shield. Lift
4 screws and you can do it in 15 minutes. That’s
Cimron’s customer concern in action, a philosophy
you'll see at work in everything from the way

the instruments operate to after-sales interest.
Premium Line P9000B Series Instruments offer a
3-year warranty; 5 digits, automatic, programma-
ble or manual ranging; 1 year stability of 0.001%
F.S.40.01% of reading; ratio, AC, low-level DC,
resistance, true RMS available as options. Price:
the P9200B DVM, $3190. Write Cimron, Dept.
A-101, 1152 Morena, San Diego, California 92110.

ciMmeoON =)
A Division of
Lear Siegler, Inc.
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Bendix Pancake
connectors can cut weight 60%,

length 50%.
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Call them JT for short.

That’s their name: Bendix® JT Pan-
cake™ connector. And you might say
they’re just short of phenomenal.
They’'re the smallest, lightest mini-
ature cylindricals available. They’re
versatile, too. You can choose from
crimp, solder, hermetic, potted, or
grommetted versions. You can select
from eight shell styles including wall
mount, box mount, jam nut, straight

Circle 44 on reader service card

or 90° plug. You can choose from
nine different shell sizes. From 40
different insert patterns, with 16-,
20-,22- or 22M-contact sizes, that will
accept a wire range of 16 through
28 gage.

Bendix JT Pancake connectors
make short work of other problem
areas, too. With provisions for up to
128 contact pins in our Double-

Bendi

Density models, increased resistance
to pin bending, greater contact reten-
tion, temperature capabilities up to
392°F and improved electrical
characteristics through rigid, glass-
filled epoxy inserts. For a short des-
cription of the Bendix JT connector
best suited to your application, write
Electrical Components Division in
Sidney, New York 13838.
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Avionics
Aiming for AAFSS

Honeywell Inc. has developed a
system that literally requires that
a pilot use his head to control
a helicopter’s navigational com-
puter, armaments or reconnais-
sance cameras.

The aiming system, developed as
an in-house project by the System’s
and Research Division in Minneap-
olis, is being proposed for use on
the newly developed aarss (ad-
vanced aerial fire support system).
The first production models of this
helicopter are expected to fly
shortly, and the Army plans to test
the Honeywell aiming system some
time in June.

Completely controlled by head
movements, the svstem reportedly
reacts fast enough to track a target
while the craft is flying as fast as
660 knots or at altitudes as low as
150 feet.

Light link. The basic idca for
such a hands-off control is hardly

ON - OFF SWITCH

new, but earlier designs lacked the
required accuracy and maneunver-
ability. Further, older units had a
mechanical link between the pilot
and the stecring mechanism which
limited the pilot’s movements. The
Honeywell system’s link is a beam
of light.

The syvstem consists of a target
sight attached to a plastic band
which fits over the pilot’s helmet,
four photodetectors (two on each
side of the helmet), two low-inten-
sitv light sources (one on either
side of the cabin) that produce ro-
tating beams, a small special-
purpose computer, and an on-off
switch for the system.

To aim the system. the pilot
merely sights the target through his
cvepiece and flips the switch. This
action aligns the navigational sys-
tem, the armaments, or the cameras
onto the target. Naturally, though,
he must not view the target out of
the corner of his cye—he nmst
sight it head-on.

The spatial relationship between
the four sensors and the two light
sources provides all the information

necessary to caleulate the position
of the pilot’s head and to cstablish
the line of sight to the target.

Since the lights are clamped to
the sides of the cabin. only the
sensors move—in tandem with the
pilot’s head motion.

The sight is mounted on the
headband so that its projection axis
is parallel to the axes of cach pair
of photodetectors. Thus, the pilot
can adjust the sight in any axis
without affecting the alignment of
the svstem.

Angle solution. As the two lights
spin around, their thin beams hit
each detector in sequence; the time
interval between the triggering of
each sensor is a measure of the
angle bhetween each light source
and cach pair of sensors. Hence the
position of the pilot’s head relative
to the light sources is calculated by
simple trigonometry.

The angle-resolving computer is
designed with digital integrated
circuits; it translates the time inter-
vals into angles and subsequently
into azimuth and clevation  sig-
nals for the aiming mechanisms

PHOTODETECTORS

FLAT
ROTATING
BEAM,

LIGHT
SOURCE

ﬁ

!
’

Using his head. When helicopter pilot has target lined up in sight, he flips on-off switch and then computer
system aims weapons or reconnaissance cameras automatically.
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of the weapons or cameras.

A headband unit weighs 13
ounces, while the total system, with
sufficient hardware for two head-
bands (one for the pilot and one
for the copilot) weighs 35 pounds.

Honeywell concedes that its sys-
tem is more expensive than all the
previously tested designs, but it
won’t say how much the Army paid
for the nine prototypes it recently
delivered.

Integrated circuits

Mask program

One of the most tedious, error-
prone steps in integrated -circuit
manufacture is making the set of
diffusion and metalization masks.
Cutting the master by hand often
results in errors that show up only
after the complete circuit has been
built, when much time, effort, and
money has already been invested
in the diffusion masks. With a new
computer program developed at
International Business Machines
Corp., however, it can all be done
automatically.

Working from instructions based
on a simple hand sketch of the chip
layout, the computer generates a
tape to drive a light table. The light
table traces out each of the com-
plex circuit diffusion masks on a
photographic plate 10 or 20 times
larger than the eventual circnit on
the wafer. The masks then are in-
serted in a step-and-repeat camera
and each image on the wafer is
exposed in sequence.

Chip built. It engineer Dale L.
Critchlow of the Yorktown Heights,
N.Y., resecarch center will describe
the process later this week in a
paper at the IEEE convention. He
reports that a 55-circuit metal oxide
semiconductor chip has been built
and the art work for a 100-circuit
zvos chip has been produced. Art
work for a 50-circuit bipolar chip
also has been produced.

The key to the development is
the new computer program. The
designer, working from his planned
layout of the chip, can instruct the
computer to generate commands to
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the light table at several levels of
complexity. Once he has described
a transistor geometry to the com-
puter, he can give it a code name
and, if it is used again, he need
only refer to it by its code and the
computer will reproduce the previ-
ous set of instructions. He may also
work at the logic circuit level; after
describing a Nor gate, for example,
he need only refer to it by code
name to have the computer repro-
duce the whole circuit in subse-
quent locations.

Checking syntax. Once the pro-
gram is entered in the computer,
the machine examines it for consis-
tency of syntax and then separates
the diffusion and the metalization
instructions. It then generates tape
for each of the masks. The light
table can produce the oversized
masks in a relatively short time: 1
hour for a »zos chip with 100 logic
circuits and about one-half hour for
the 50-circuit bipolar chip.

In conventional techniques, the
mask must be cut out manually,
line by line—a chore that some-
times takes days.

The designer still must do the
basic layout of the chip. The com-
puter does not make decisions on
optimum use of chip areas, for
example. However, 18: has previ-

ously reported success with com-
puter-generated art work for metal-
ization patterns whose routing is
under control of the computer. The
two programs have not yet becn
combined, but that is the next log-.
ical step, 1BM says.

Solid state

Unijunction rivals crystal

Until now the unijunction transis-
tor has failed to crack applications
such as television sweep circuits
chiefly because of its poor stability
at higher frequencies. But the Gen-
eral Electric Co.’s semiconductor
department has developed an in-
tegrated circuit that performs like
a unijunction., The device, GE says
solves the stability problem and
may open up new markets when its
price is reduced.

Oscillators built with the new
device will be demonstrated at the
IEEE convention this week. They ex-
hibit accuracies as good as 0.5%
over the —55°C to 150°C range at
frequencies up to 50 khz, rivaling
crystals for accuracy. Previous uni-
junction escillators were hard
pressed to meet an accuracy of
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Despite wide change in value of base-2 bias resistor the frequency shifts less
than 0.5% in a 5-khz relaxation oscillator built using GE’s new unijunction
transistor. Bias resistor is selected to get curve closest to zero frequency shift line.

Electronics | March 20, 1967



Electronics Review

Vag
o

1

PO

Complementary unijunction, top, has all
currents and voltages reversed from
standard unijunction. The complemen-
tary unit is made in IC form.

*+5% over the same temperature
range and useful oscillators above
50 khz were virtually out of the
question.

Basic steps. Key to the ic uni-
junction’s stability is the excellent
temperature tracking and accurate
ratios of the interbase resistors.
They are fabricated as p-type dif-
fused resistors directly in the
monolithic silicon chip. The chip
is about 25 mils square. The tem-
perature coeflicient of the interbase
resistors is 0.25% per °C, com-
pared with about 0.8% per °C
for conventional unijunctions. The
temperature coefficient is also more
lincar. Thus, ce enginecers note,
oscillators and timers for the first
time can be precisely temperature
compensated and calibrated in just
one step at room temperature,

Because of the way it is fabri-
cated, the new device turns out to
be the complement of existing
types. That is, it operates as a
p-type unijunction device; all pol-
arities are reversed from those of
the usual n-type unijunction. Al-
though the polarity inversion was
not part of the original design goal,
GE cngincers think that new circuits
will be generated that use both n-
and p-type unijunctions in comple-
mentary fashion, much as npn and
pnp transistors are now used.

The magnitudes of the 1c uni-
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junction characteristics are compar-
able to those of the standard de-
vices except for emitter reverse-
breakdown voltage, which is only
about 9.5 volts. Intrinsic standoff
ratio, for example, is about 0.86.
Since intrinsic standoff ratio is a
function of the ratios of interbase
resistances, however, it is accurate
to within +1%.

Because of the complementary
function, ce will call the device a
complementary unijunction, desig-
nating it CU. The first device in
the line is the CU-5K1; it is priced
at $4.64 cach in lots of more than
100.

Germanium’s hot

Most germanium transistors are
rated at a maximum temperature
of about 85°C, compared with
200°C for silicon. Texas Instru-
ments Incorporated has refined a
technique which will permit ger-
manjum devices to operate satis-
factorily at a free air temperature
of 125°C and possibly cven 150°C.

The method, originally devel-
oped to take advantage of german-
ium’s inherent speed, is a planar
technique in which a silicon diox-
ide layer is deposited atop the ger-
manium starting wafer [Electron-
ics, April 6, 1964, p. 62]. The fine
geometries and tight tolerances
needed for high-frequency opera-
tion are made possible by the sili-
con oxide. With it, photolitho-
graphic processes like those used
in making high-frequency silicon
devices can be carried out. Without
it, geometries are gross and fre-
quencies  limited.  For example,
emitter and base stripes of conven-
tional germanium devices run
about a mil in width, since 0.5 mil
wires must be bonded to them.
Stripes for the new planar ger-
manium devices can be made an
order of magnitude smaller be-
cause the wires are bonded to ex-
panded contact areas that are easy
to make by the planar method.

The silicon oxide layer is de-
posited to a thickness of about
2,000 angstroms by a pyrolytic de-
composition technique.

A myth. The higher permissible
temperatures for the devices have

been determined experimentally by
Texas Instruments. The old maxi-
mum of 83°C, 11 engincers rea-
soned, was partially a myth. It had
been perpetuated from the days
of antimony-doped devices. With
them, low temperatures could cause
impurity migrations and failure at
the wafer’s surface. Several of to-
day’s improved alloy germanium
devices are already rated at 100°C
and others can probably operate at
that temperature, TI notes, even
though specification sheets con-
tinue to list the 85°C maximum.

The silicon-oxide coated german-
ium offers even greater protection
against surface instabilities under
high temperatures, and results in
the permissible rating of 125°C. All
planar type germanium devices
ought to be able to pass the full
military specifications for tempera-
ture, 11 thinks, and already has
some devices under test at 150°C.

Low noise. Another feature of
the planar germanium transistor is
low noise. At frequencies above
200 Mhz, noise figures of the new
devices are typically 2.0 decibels
better than those of low-noise sili-
con transistors.

A planar germanium transistor
to be announced by 1 this week
will be rated at 125°C free air
temperature, have a noise figure of
2.5 db at 400 Mhz, and a minimum
fr of 1,500 Mhz. It has a permis-
sible 15 mw dissipation that can
be doubled if the temperature is
reduced to 100°C.

Because of its high-frequency
capabilities, the new transistor,
type 2N5043, will be characterized
by scattering parameters [Elec-
tronics, Sept. 5, 1966, p. 78]. It’s the
first transistor to be so character-
ized, according to T1.

Advanced technology

Forget it

After four years of effort the Itck
Corp. seems ready to give up on its
plans for a marketable photo-op-
tical memory.

Indications are the project will
remain a laboratory development.
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Says Itek president Franklin A.
Lindsay: “It [the prototype] was
brought to the stage which clearly
demonstrated the technical feasi-
bility of using optical techniques
for storage and retrieval of digital
information. But it has also be-
come evident that the equipment
we have actually built was not
sufficiently reliable for continuous
operation, because of defects in
some of the electronic circuitry and
in some of the electromechanical
components in this particular
equipment.”

Laser woes. Modulation of the
laser beam is believed to be one
of the problem areas, but the com-
pany declines to elaborate.

In 1964, Itek disclosed plans for
an information processing service
center in New York City to be
built around a memory-centered
processor using the laser memory.
The center was to keep look-up
files for insurance companies, gov-
ernment agencies, and others need-
ing massive record-keeping.

At the time, Itek had brought
in, as a vice president, Gilbert W.
King, formerly a researcher at the
International Business Machines
Corp., to head its then newly
formed Digital Data Systems divi-
sion. King left the company in June
1965, about the same time Itek
dropped its plans for the New York
center and decided to install the
equipment in its Lexington plant.

The memory-centered processor,
called Photostore, was conceived
as a peripheral system that would
tie in with conventional computers.
“We are not going into the general
computer business,” Lindsay had
said often. Photography-based tech-
nology, rather than a magnetic
storage medium, was to be used in
data processing. The reasons given
were that photographic materials
inherently offer higher storage ca-
pacity, and writing and reading by
a light beam is simpler than moving
a magnetic head.

The long-range goal was to use
a new photo-sensitive material be-
ing developed by Itek, but the pro-
totvype memory used a conven-
tionally sensitized disk. These disks
could be stacked to produce a mass
memory device that far exceeded
anything available in magnetic

48

storage, Itek claimed.

The prototype stores 15 million
bits of information that can be
searched at a rate of 4 million bits
per second. The laser, a helium-
neon design that operates at 25 mil-
liwatts, continuous power, \vrites
at the rate of 100,000 bits per sec-
ond and reads at a rate of 4 million
bits per second in serial operation.

Remember. According to Lind-
say, experience indicates that in
a second-generation photo-optic
memory device, density could be
increased from 5 million to 20 mil-
lion bits per square inch and the
laser writing rate could be stepped
up to a million bits. Units contain-
ing many disks, says Lindsay, could
provide storage for a trillion bits
in 2 cubic feet, with a random ac-
cess time of no more than 3 sec-
onds. “And we should be able to
read and transfer information to a
computer at the rate of 25 million
bits a second,” he told a group of
New York security analysts less
than five months ago.

Itck in recent years also has been
exploring the possibility of using
the high-capacity memory for au-
tomatic transcription of stenotype
notes on a service basis. A day’s
proceedings in a courtroom, or at
an administrative hearing, could be
transcribed and printed out shortly
after adjournment if the stenotyp-
ist's notes were continually being
fed to a computer system with a
high-capacity look-up memory.

The stenotype project is contin-
uing at Itek, but the work report-
edly will be done using a commer-
cially available computer.

Computers

Strong attraction

Despite the onrush of new elec-
trical and electro-optical techniques
for logic and memory functions in
data processing, magnetic tech-
niques remain attractive. In fact,
the all-magnetic computer is a
continuing goal among some re-
search groups. In addition to ad-
vantages in power consumption,
reliability, radiation resistance, and
size, a magnetic device is non-

volatile. If power fails, the infor-
mation is not lost; the device will
remain in its magnetic state,
essentially forever.

This is the major feature of a
new thin-film shift register devel-
oped by the Laboratory for Elec-
tronics Inc. of Boston. It’s the first
commercial product to emerge
from a four-year research program
on domain-tip propagation logic
[Electronics, May 2, 1966, p. 25].
The device provides synchronous
or asynchronous operation at a
speed of 350 kilohertz. Storage ca-
pacity is 2,048 bits.

Compete with cores. The mem-
ory element, including electronics,
weighs 1 pound and measures 4
by 7 by 7 inches. According to
Robert A. Barbary, product man-
ager, it will compete with delay
lines, core- and metal-oxide-semi-
conductor arrays for initial appli-
cations in data recorders, com-
munications buffers, airborne flight
recorders, desk-top displays tied to
time-shared computer systems, and
in machine-tool control directors.

Domain-tip propagation logic
uses magnetic domains that are
confined to a pattern of narrow
zig-zag channels photoetched in a
film element. Inforination is stored
in the form of reversed magneti-
zation, the opposite polarity from
the surrounding film. The infor-
mation is propagated through the
channels by an applied field that
expands the domains at their tips,
which are spikes of magnetic force.
The direction of domain-tip propa-
gation is controlled and domain
tips within adjacent channels in-
teract to build logic and memory
networks.

To obtain a high coercive force
outside the propagation channels,
and thus provide magnetic sta-
bility, a thin film of aluminum is
evaporated onto the glass substrate
prior to deposition of the nickel-
iron-cobalt film. This underlayer
increases the coercive force of the
overlying magnetic film. By photo-
etching, the aluminum film is re-
moved in the regions which are to
become the low-force channels
under the influence of applied mag-
netic fields. The evaporated mag-
netic film will be of high coercive
force except where the aluminum
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An important new addition
- to the world’s most complete
_line of mercury relays

To be shown at the 1967 Interna-
tional Exhibition of Electronic Com-
ponents, Paris, France — April 5-10
and the Hanover Fair, Hanover,
Germany, April 28 - May 7.

Adlake Presents *
The Series 156000 ==
Form D Sensitive Relays

Complementing our extensive line of mercury Form D and sensitive Form C Mercury Wetted

wetted contact relays, the Series 15000 Form D
Relays are available in several packages: plug-in
styles (standard, miniature and sub-miniature),
wax filled and epoxy molded for printed circuit
boards, in addition—the newest concept in relay
packaging—Adlake Type AW.

Typical of Adlake's proven-in-industry neutral

THE ADAMS & WESTLAKE COMPANY

Phone (A.C. 219) 264-1141

Elkhart, indiana U.S.A. 46514 .
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Contact Relays, Series 15000 Form D relays are
manufactured under strict supervision and quali-
ity control conditions.

To learn more about this quality product, its
advantages and details of the entire line address
your inquiry on company letterhead to Dept. RLL
and ask for Bulletin 15000.

TRANSPORTATION EQUIPMENT o ARCHITECTURAL PRODUCTS e MERCURY RELAYS e DOORS AND ENTRANCES e CONTRACT MANUFACTURING
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has been removed.

Connection with the electronics
is made through inductive coupling
with coils etched in copper and
bonded next to the film surface.
Since both coils and the film ele-
ment can be batch fabricated, basic
manufacturing costs are low, ac-
cording to the officials of the Bos-
ton company.

The electronics consists of logic,
a timing circuit, four current driv-
ers, and a sense amplifier, Logic
and timing are provided by stand-
ard diode-transistor-logic integrated
circuits. The magnetic field se-
quence required to produce the
shifting of information through the
zig-zag path is furnished by three
bipolar current drivers, pulsed
through the etched copper conduc-
tors. Writing is accomplished by
a pulse applied by the write driver
through a conductor. Another con-
ductor is connected to the sense
amplifier for reading.

Writing style

Man - machine interaction boils
down to two problems: how does
the computer user enter informa-
tion into the machine and how
does he get it out inexpensively.
Svlvania Electric Products Inc. is
about to introduce a graphic input
tablet that will cost less than $6,000.
Currently available hardware, such
as the Rand tablet, costs about
$10,000.

Developed at Sylvania’s Applied
Resecarch Laboratory in Waltham,
Mass., the data tablet, with an elec-
tronic ballpoint pen, is being dem-
onstrated for the first time at the
annual IEEE convention in New
York this week,

Like other data tablets, it per-
mits the user to communicate with
a computer through svmbols and
diagrams. But unlike most of its
predecessors, the Sylvania tablet is
transparent. It can be placed over
the face of a cathode-rav tube to
change data already in the com-
puter. With most other graphic in-
put devices—including the Rand
tablet—the operator has to look up
and down, at the display and then
at the drawing surface. Also, con-
ventional tablets transmit digital
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signals only; the Syhania tablet can
also send analog signals over low-
bandwidth wires (such as tele-
phone lines) to remote locations.

The Sylvania device employs a
new  phase-detection  technique,
which does not depend on contact
between the pen and the conduc-
tive surface. ITence paper or film
can be placed over the tablet to
produce a permanent copy of the
graphics.

Light tracker. The new device
measures pen movements as small
as 0.003 of an inch. It has a higher
speed than a stubbv light pen,
which has to capture and then
track a point of light on the crt
surface, detecting the displacement
of the spot. This process also takes
up extra computer power.

According to Rov P. Sallen, head
of the engineering department at
the Svlvania laboratory, the carliest
applications will probably be in
computer-drive displays for the
military and for research projects.
The equipment will also be mar-
keted for computer-aided design
applications in the automobile and
other industries.

In military tactical situations,
data on friendlvy and hostile posi-
tions can be changed on the display
as new intelligence is received;
these changes are fed to a computer
to calculate speed and direction of
enemy movements, and simultane-
ously transmitted to field com-
manders for television display.

In addition to horizontal and
vertical coordinates, the pen senses
its distance from the conductive
surface, and four separate positions
in this Z axis can be used to convey
further information. These levels
can be programed to produce
broken lines, dots and dashes, thin
lines, or other variations.

“We have no intention of trving
to solve the whole computer graph-
ics problem,” savs Sallen. “We've
concentrated on a convenient kind
of entry device.”

The idea for the tablet goes back
more than a decade to work on
radar pickoff techniques. Then, as
now, most of the problems with
such techniques came from the nec-
essary physical contact between a
pen and a conductive surface. “We
resurrected the search for a device

which does not depend on such
contact,” says Sallen.

In the Sylvania tablet, the con-
ductive film is imbedded in the
tablet, sandwiched between two
lavers of glass. The stylus—which
uses an ordinary ballpoint pen filler
for the metallic tip—is coupled ca-
pacitively to an clectric field cre-
ated along the metal-oxide film,
which is the heart of the sandwich.

Phase detector. “Since the pen
detects phase, not amplitude,” Sal-
len points out, “it is less seunsitive
to stray signals.” Amplitude detec-
tion is used only to give the system
a crude idea of where the pen is
on the tablet. The phase variations
arc-then detected at a rate of 200
points per second as the pen moves
in horizontal and vertical direc-
tions.

Sallen reports that limitations of
the present device arise principally
from the conductive film, which is
coated onto a substrate by glass
manufacturers. It is not a precision
process at the present time. “The
methods we use to excite the sur-
face help performance by counter-
acting some of the nonuniformities
in the film,” says Sallen. But in
99% of the applications. he claims,
the linearity, or positional accuracy,
is more than adequate. The linecar-
ity is specified as 1 part in 100, or
1% of full scale in each coordinate.

Sallen would like to explore mar-
ket possibilities for a less accurate
tablet. “For some areas—Ilike archi-
tectural engineering and kinds of
computer-aided design—vou could
loosen up on resolution and ac-
curacy and come up with a less
expensive but very useful design
aid,” he claims.

Industrial electronics

Great expectations

Full-scale deployment of the world-
wide Omega system will open up
a new market for very-low-fre-
quency navigation equipment that
could easily exceed $1 billion over
the next five or so years. The giant
pluin is being eyed eagerly by at
least five producers of vlf receivers
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9 out of 10 of our SC commercial resistors will deliver
military quality. We’re just not sure which 9

1§

Nevertheless, you'll have to admit
that those are pretty good odds.
The secret of our superior com-
mercial carbon composition resistors
is that they aren't, strictly speaking,
‘“commercial’ resistors at all.
They're made from the same mate-
rials—on the same equipment—and
with the same in-process quality con-
trols—as our MIL-R-11 and MIL-R-
39008 “‘military” resistors. In fact, the
only thing that sets our SCs apart
(aside from having to meet merely
commercial AQLs) is that they don't
undergo the costly testing required

for military documentation.

But if they did, there'd be a better
than 90% chance that they’d meet
even the stringent MIL-R-39008
specifications!

Are you paying for more commer-
cial reliability than you actually
need? Why not get more reliability
than you actually pay for? Come to
Speer—where the odds are defi-
nitely in your favor.

For complete information about
our generous SC commercial resis-
tors, mail the coupon.

Here’s a capacitor that
can give your assembly line
a run for its money

High-speed production assembly
operations happen to be rather
rough on some kinds of capacitors.
If you've been stymied by this par-
ticular problem, it’s time we put in
a good word for the Type JM fixed
composition capacitors made by our
Jeffers Electronics Division.

With their dimensional uniformity,
rugged construction, small size and
axial lead wires, these inexpensive
general-purpose units can survive
even the speediest assembly opera-
tion. They’re unusually well-suited
for special applications, too.

At the moment, JMs are being used
most widely in TV sets, FM car radios
and other commercial products.
However, they also possess the de-
gree of reliability required for mili-
tary applications.

So get a real run for your money,
with these extra-durable capacitors.
Available capacitances range from
0.1 to 10.0 ps. To learn more, just
send us the coupon.

Oops! Watch out for
Typical Error #17
in inductor testing

As we indicated in an earlier issue,
there are eight errors that are easy

ance values between 0.10 and 10
Microhenries can be determined by
using the following formula:
L— 25,330

~ F2C
with L in uh, F in Mc/s and C in pf.

For values above 10 Microhenries,
use a 260 Q meter. And we recom-

5‘FEER> (oo Chbin (3

St. Marys, Pennsylvania 15857

Speer Carbon Co. is a Division of
Air Reduction Company, Inc.

Rush complete information on [0 SC resis-
tors and [0 JM capacitors.

to make when you're using the test | mend that you stay below 1/10th of | Name
procedures for measuring induct- | the Self Resonant Frequency of the | Ty,
ance and Q (see MIL-C-15305). inductor at all times.
Error #7? Specifying a non-stand- For additional errors — and their | ComPany
ard test frequency. remedies — stay tuned to this fre- | Street
Where this is unavoidable, induct- | quency. City State e |
E g -
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who expect nearly all of the money
to go for the receivers needed by
ships and aircraft to navigate with
the system.

The Navy, which currently is
conducting tests with a partial four-
station Omega network after a long
period of research and development,
is counting on approval from the
Pentagon [Electronics, March 6, p.
68] to construct four new transmit-
ters and upgrade the four stations
now on the air. Defense Depart-
ment sanction—delayed for more
than six months apparently because
of rising expenditures for Vietnam
—will give the Navy $50 million
for the transmitter network and
another $60 million over the next
four years to buy Omega receivers
for its ships, attack submarines, and
subsonic aircraft. Also buying re-
ceivers will be the Army, the Air
Force, and the Coast Guard.

Meanwhile, the Navy is going
ahead with the purchase of receiv-
ers using money previously appro-
priated for Omega development. By
April it will ask for proposals from
manufacturers on what is described
as the largest purchase of Omega
receivers made to date. The Navy
is expected to specify a very high-
mean-time-between-failures for the
solid state receivers, which will be
for both aircraft and shipboard use.
The Navy won’t say what the rate
will be, but it is exrected that
receiver producers will be forced
to conduct burn-in tests on all com-
ponents before installation into the
sets in order to meet the Navy re-
liability requirement.

Interest abroad. The biggest por-
tion of Omega business will not
come from the U.S. government,
however, but from commercial and
overseas customers, including for-
eign military demands. About 75%
of the total Omega sales will come
from these customers, marketing
officials of the equipment produc-
ers predict.

Some of the receiver manufac-
turers plan to sell units costing less
than $2,500. Officials of the Fed-
eral Maritime Commission believe
the price is low enough so that
fishing-boat owners will buy Omega
receivers to replace their loran-A
equipment. Omega will provide
fixes accurate to within one mile
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every 10 seconds, while the shorter
range 2-megahertz loran-A cannot
provide any better than four or five
mile accuracies.

By adding a number of extras
to the basic Omega receiver the
cost can go as high as $50,000. A
computer can be linked to convert
Omega coordinates to latitude and
longitude, and amplitude measure-
ments can be added to the phase-
measuring capability. Receivers
can also be expanded from a sin-
gle 10.2-kilohertz frequency to the
full Omega range of 10.2 to 13.6
khz.

Companies now developing and
building Omega receivers include
the Ryan Aeronautical Co., Tracor
Inc., the Nortronics division of the
Northrop Corp., the International
Telephone & Telcgraph Corp., and
Lear Siegler Inc.

More improvements. The Navy
expects to make additional im-
provements in the system, although
it says it has cleaned up many of
the early problems. The Naval Re-
search Laboratory recently solved
one of the knottier ones—static in
Omega airborne antennas caused
by precipitation—by replacing the
short stub or wire antennas with
crossed-loop antennas and enclos-
ing them in a radome.

Ionospheric disturbances (caused
by solar storms) which disrupt the
vIf signal will not seriously hamper
Omega operations, the Navy in-
sists, because the storms last for
only three to five minutes and can
be predicted.

Fingerprints in 3-D

The Federal Bureau of Investiga-
tion may soon be adding another
dimension to the job of recording
and grouping fingerprints, and
scanning its fingerprint files—a
third dimension provided by holo-
graphy.

The General Electric Co. and
the Bendix Corp. are trying to sell
the rB1 on the idea of substituting
holographic techniques for the age-
old ink-stamp process. They note
that the whorls, loops and arches
of a subject’s prints would stand out
more distinctively in 3-D than in
2-D pictures. Furthermore, holo-

graphy lends itself to automatic
scanning techniques to ferret out
a set of prints from the many mil-
lions on file.

Time lag. The FBI currently
stores some 177 million sets of
prints and employs 2,300 pcople
to handle these files. It often takes
the FB1 staff more than 48 hours to
track down a set of prints. To the
police departments around the
country this time lag is a constant
source of frustration because many
states don’t permit a suspect to be
held more than 48 hours.

When the rB1 last month re-
quested bids on an automatic sys-
tem for recording and processing
prints, fully 30 electronics compan-
ies responded. The industry’s in-
terest goes beyond simply the hope
of a large Federal contract. The
companies are aware of many ap-
plications in the offing for such
equipment. Fingerprints may some-
day replace signatures on credit
cards, and proposals have been
heard for a nationwide fingerprint
identification system.

Competing plans. At the First
National Symposium on Law En-
forcement Science and Technology
in Chicago this month, some of the
competing companies outlined
their technical plans:

= CE said it was working on spa-
tial filtering to compare racks of
prints. The technique, still in the
early stages of development, offers
the advantage of an “optical com-
puter” approach to fingerprint
hunting. Also, GE says its system
could identify a print even if part
of it was missing or smudged.

* Bendix is also investigating
spatial filtering, but for a method
in which the photo of a print is
rotated to produce a pattern of
easily differentiated concentric
circles representing its idiosyncra-
cies. The firm is also considering a
technique to extract from a com-
plex print a simple pattern of dots
that represents only ridge endings
and where two lines converge.

= The Advanced Data Systems
division of Litton Industries Inc.
has been working for three vears
on a systems approach called Fact,
for fingerprint automation classifi-
cation technique. The project’s
manager, Bernard Van Emden, says
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the method involves the use of
three flying spot scanners to iden-
tify prints.

Print what? Fact has its limita-
tions. For instance, Van Emden
was forced to turn down a plan
proposed by a group from the Na-
tional Institutes of IHealth inter-
ested in tracking animal migration.
The group wanted to know if the
rump prints of baboons could be
taken and processed with the Fact
svstem.

Companies

Motorola rollback

A soft market for germanium de-
vices and rectifiers is reportedly be-
hind the layoffs that have cut the
production force at the Semicon-
ductor Products division of Mo-
torola Inc. by more than 25% since
last October. Over-all, the parent
company had record sales and earn-
ings last year, but the semiconduc-
tor operation in Phoenix, Ariz. was
reportedly hit hard by the lessened
demand for its products.

One clear indication of the belt-
tightening was Motorola’s an-
nouncement early this month that
it wouldn’t exhibit at the 1EEE or
Wescon shows this year. A manifes-
tation less evident to the outside
world, because Motorola refuses to
discuss it, is the work-force cut.

It’s evident in Phoenix, however.
After 18 months of steady hiring,
Motorola’s three Phoenix operations
(including the Military Electronics
division) reached an employment
high of 15,350 last October. The
need for workers was so great dur-
ing those 18 months that Motorola
even set up booths in shopping
centers and mounted a direct mail
campaign. From October through
January, though, the company
dropped 2,700 workers, mostly per-
sonnel on hourly wages; total em-
ployment at the end of January
was 1,300 under the year-earlier
level.

The biggest cutback has been
made at the semiconductor plant,
where employment has reportedly
dropped from about 12,000 last Oc-
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tober to under 9,000 now. And, the
layoffs have begun to hit engineers.

Neat trick. Last month, in the
midst of its layoffs, Motorola boldly
announced that it had moved up
to second place in the industry
in the number of integrated circuits
shipped in the final quarter of 1966.
“It won’t last,” says one competi-
tor. “They shipped everything but
the kitchen sink in December to
set that mark.” But Stephen L.
Levy, Motorola’s assistant general
manager for 1C’s, asserts that the
division will ship even more 1C’s
in this year’s first quarter.

Profits, of course, are another
matter. One industry source puts
Motorola Semiconductor’s 1966 op-
erating loss at $5 million. “There
has been a slump in orders in the
past six months,” the source says.
“Tantalum capacitors, for instance,
which were on 20- to 40-week de-
livery last July, are now down to
three to six weeks.” Another Mo-
torola-watcher says the company
was hit hard by production cut-
backs in the automobile industry,
to which it sells rectifiers.

The indications are that Moto-
rola overexpanded last year to meet
a boom that never materialized.
Last fall, with much hoopla, it
dedicated a 300,000-square-foot 1c
plant in nearby Mesa, Ariz.; at
present, only pilot production is
going on there. Levy says it will
be July before the shift of 1c pro-
duction to Mesa begins, and the
end of the year before the transfer
is complete. At present, the divi-
sion simply isn’t that pressed for
space. Even though 1c production
has expanded, the layoffs, on the
other hand, have reached the ranks
of 1c workers.

Since it's Motorola’s corporate
policy not to discuss layoffs, the
company would give no official
word on when they will end. The
best information in Phoenix is that
April 1 will be the turnaround
point. The long retrenchment may
be just about complete.

The story at Texas Instruments
Incorporated, in some respects, is
the same. Curtailed operations have
resulted in shorter work weeks, and
rumor has it that the Dallas com-
pany will soon start to reduce its
work staff.

Instrumentation

Single-handed writing

The same beam of light that an
oscillograph uses to trace wave-
forms on photo-sensitive paper can
be used to write alphanumeric
figures. But the oscillograph has a
limited number of galvanometers
to deflect the light beams, and it
takes two to generate a figure—one
for each side of the conventional
seven-bar alphanumeric. The Den-
ver division of Honeywell Inc.’s
industrial products group, how-
ever, plans to introduce an instru-
ment that splits the beam of light
from a single galvanometer and
wiggles the double beam fast
enough to produce a character
single-handed.

The prototype of the Honeywell
instrument can write 2,000 lines of
52 digits each per sccond. Honey-
well feels that the unit’s chief use
will be in recording binery-coded
decimal data down the side of an
oscillogram so that, for example,
a particular waveform character-
istic can be precisely placed in
time.

Twin beams. The reflected beams
from a mirror on the galvanometer
—points of light about 5 to 10 milli-
meters in diameter—are about an
eighth of an inch apart when they
hit a mask in front of photosensi-
tive paper. Between them is a hole
about 80 mils square. By judicious
deflection of the galvanometer at
a rate of 5 kilohertz, the twin
beams of light can be made to
peel around first one edge of the
square and then the other. The
movement of the paper itself pro-
vides the vertical dimension for
the character.

To generate a number 6, for in-
stance, which in Honeywell’s
seven-bar format has a bar across
the top, the instrument first prod-
uces a voltage spike to drive one
beam of light clear across the
square hole, making an 80-mil
horizontal line. For the top half of
the bar down the left-hand side,
the galvanometer is given a small
deflection to the right, and none at
all past the “neutral” position to
the left. Another spike produces
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RESOLVER/SYNCHRO
DIGITAL CONVERSION

A very short course for engineers who are
concerned with converting resolver or synchro
data to digits and vice versa.

Engineers working in digital com-
puter input/output interface sys-
tems for tactical airborne equipment,
aircraft and space vehicle simula-
tion, antenna positioning or pro-
gramming, and similar systems are
increasingly involved in solving the
digital/analog interface problem for
resolver and synchro data. Accom-
plishing this task becomes quite
simple by taking advantage of North
Atlantic's family of high accuracy
resolver/synchro converters.
Through the use of solid-state switch-
ing and precision transformer tech-
niques, these converters provide
single-speed accuracy and resolu-
tion from 10 to 17 bits, along with
solid-state reliability and calibra-
tion-free operation.

Resolver/Synchro-To-Digital
Conversion

One typical North Atlantic resolv-
er/synchro interface is the Auto-
matic Angle Position Indicator
(Figure 1), which converts an-
gular data from both 400Hz re-
solvers and synchros to digits.
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Figure 1. Mode! 5450 Automatic Angle Posi-

tion Indicator converts resolver and synchro

angles to digital form.

This device uses all solid-state

plug-in cards and trigonometric

transformer elements (no motors,
gears or relavs), and operates at
all line-to-line voltages from 9 to

115 volts. It can be supplied in a

wide range of configurations for

specific system requirements, for
example, signal frequencies 60Hz
to 10KHz, hinary or BCD outputs,

.001° resolution with 10 are second

accuracy, and multi-speed and/or
multiplexed inputs. Its five-digit
Nixie readout can be integral or
remote.

The unit illustrated has an ac-
curacy of .01°, and two basic modes
of operation. They are read-on
command (rapid acquisition) and
tracking (least significant bit up-
date). Prices start at $5900.

Digital-To-Resolver/Synchro
Conversion

North Atlantic’s all solid-state
digital-to-resolver/synchro con-
verters (Figure 2) accept digital
input data at computer speeds in
either binary angle or binary sine/
cosine form and convert to either
resolver or synchro data. Their
high accuracy and resolution (up
to 17 bits) and freedom from
switching transients meets an im-
portant requirement in space-mis-
sion simulation and antenna posi-
tioning systems for smooth servo
performance at low rates of data
change. All models are usually sup-
plied with input storage registers.

Figure 2. Series 536 Digital-To-Resolver Con-
verters translate binary digital angle to four-
wire resolver data.

Depending on the combination of
features specified, prices are in
the $4500. to $6000. range.

Modular D-R/S Converters

For High-Density Systems

The plug-in converters pictured in
Figure 3 were developed by North
Atlantic specifically for airborne
systems and for aircraft simula-
tion systems requiring high-den-

sity multi-channel operation. The
modules illustrated provide 11-bit
digital-to-synchro conversion and
are capable of driving up to four
torque receivers. As with other
North Atlantic resolver/synchro
interfaces, conversion is achieved
through solid-state switching and
trigonometric transformers, so
there are none of the stability or
calibration problems associated
with conventional resistor-chain/
amplifier type converters. Prices,
in production quantities, run about
$1100. per set. In prototype quan-
tities about $1500. a set,

Figure 3. Series 537 D/S Converter Modules
can drive multiple torque receivers from
11-bit digital data.

If you would like to take advan-
tage of North Atlantic’s state-of-
art experience in resolver/synchro
computer .interface, we would be
pleased to show you how these con-
verters can meet your particular
requirements. Or if you prefer, we
will arrange a comprehensive tech-
nical seminar for vour project
group, without cost, in your own
plant. Simply write: North Atlan-
tic Industries, Inc., 200 Terminal
Drive, Plainview, N.Y. 11803.
TWX 510-221-1879. / Phone
516-681-8600,

NORTH ATI.ANTIC
industries, inc,

PRECISION AC INSTRUMENTATION FOR TEST, MEASUREMENT AND DATA CONVERSION
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the line across the middle. For the
two vertical lines in the bottom
half of the number the galvanom-
eter is deflected so that each beam
barely reaches the edge of the
square. A final spike deflects the
mirror to produce the bottom line.

The instrument uses off-the-shelf
integrated circuits, mostly flip-
flops, for memory storage. A sec-
ond instrument modifies the first
to permit a single galvanometer to
generate digital data serially. In
effect, it delays information so
that multicharacter numbers are
fed to the galvanometer one char-
acter at a time and printed ver-
tically down the oscillograph

paper.

For the record

Second chance. Minuteman I’s,
now on the Air Force’s retirement
list, may get a new lease on life.
Five-month contracts have been
awarded the Boeing Co. and TRW
Inc. to study the possibility of new
uses for the missile, including ap-
plications as a space booster. Dur-
ing the next few years, about 800
Minuteman II’s will be deployed to
replace Minuteman I as the nation’s
primary strategic deterrent force.

Over the shoulder. Motorists of
the future may have a television
screen, periscope system, or con-
tact analog display in place of rear-
view mirrors. Scientists at Tufts
University in Medford, Mass. will
be studying these types of devices
after completing work on convex
rear-view mirrors. The three-year
project is part of the Injury Control
Program funded by the Depart-
ment of Health, Education and
Welfare.

Clearer image. Giannini Controls
Corp. will change its name to the
Conrac Corp. next month to free
itself of the limiting identification
of “controls” and eliminate con-
fusion with other electronics firms
whose name includes Giannini.

Car cards. Engineers at the
Emerson Electric Co. have devel-
oped a system that uses a scram-
bling and decoding technique to
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make a car’s ignition secure from
“jumping” by a thief. The system
centers on an electronic “key” that
sounds an alarm when an absent-
minded owner invites theft by leav-
ing it in his car.

The key, which looks like a plas-
tic credit card, has a unique infra-
red pattern which is difficult to
counterfeit. Sensors in the dash-
board ignition slot read the infra-
red pattern and the cylinders fire
when the impulses from the cor-
rect card are matched in a logic
module with signals from the elec-
tronic distributor. A 16-wire cable
connects the ignition with the dis-
tributor. The odds on a thief’s cut-
ting the cable and finding the right
combination of wires to jump are
set at about 65,000 to 1.

If a motorist pulls his card out
far enough to stop the engine, with-
out withdrawing it completely, a
mechanical switch with a delay
circuit is actuated; and after a mo-
ment, a loud alarm goes off. Inser-
tion of the wrong card will also
trip the alarm.

The system has a number of an-
cillary advantages: it will eliminate
both distributor points and the ad-
dition of a variable delay module
to the logic module’s output will
permit screwdriver adjustment of
the spark timing to such variables
as temperature, altitude, and fuel.

Inside job. The Raytheon Co. has
devised an electronic weld-testing
technique that may determine
quality without resorting to de-
structive methods. Raytheon drills
holes lengthwise through the weld-
ing electrodes and inserts infrared-
transmitting fiber optics. These
“light pipes” transmit the tempera-
ture of the metals to a detector the
instant they are fused. The output
of the detector is fed to a control
system that adjusts both welding
current and time to get the best
results. Output is also displayed on
an oscilloscope so it can be photo-
graphed for a permanent record of
the weld’s quality.

Police reserve. Policemen, cruis-
ing in squad cars, may be using
teleprinters to communicate with
headquarters. The scheme, which
requires Fcc approval, was pro-
posed by representatives of the
General Electric Co. at a recent

symposium on law enforcement in
Chicago. Tests have shown that
teleprinters permit faster and more
efficient communications for such
routine matters as license plate
checks. The units would operate
over standard police radio voice
channels, using coded tone signals
that could be sent at the time as
normal voice transmissions.

Getting together. The Hewlett-
Packard Co. has consolidated its
tape recorder operations into a new
division at its Palo Alto, Calif.
plant. Analog recorder manufac-
turing, now done by the company’s
microwave unit in Palo Alto, will
be moved to nearby Mountain
View under the aegis of the Data-
mec division which was acquired
last year.

Suspended sentence. Because its
Santa Clara, Calif., operation had
been suspended as a qualified
source of resistor-transistor logic
circuits for the National Security
Agency’s R-13 program [Electron-
ics, March 6, p. 26], the Philco-
Ford Corp.’s Microelectronics divi-
sion has decided to shift all bi-
polar integrated circuit work from
Santa Clara to its facilities in Lans-
dale, Pa. The move will result in
the layoff of at least 350 engineers
and production workers. Santa
Clara will now concentrate on
metal-oxide-semiconductor devices.

J.P. Ferguson, the division‘s gen-
eral manager, insists that the prob-
lems with the R-13 circnits had
been overcome at Santa Clara. But,
he says, with 75% of bipolar work
being done in Lansdale, the con-
solidation would eliminate costly
duplication.

The shift has given Philco-Ford
a chance to redefine management
responsibilities. John C. Keyes, for-
merly in charge of systems activi-
ties at Santa Clara, will head West-
ern operations while Charles B.
Tague takes charge of bipolar and
hybrid 1c’s, microwave components,
and infrared devices in the East.

Flight recorder. The Fas may re-
quire flight recorders measuring up
to 25 parameters for large aircraft,
instead of the five measured by ve-
corders now mandatory for planes
operating above 25,000 feet. Air-
lines may seek even more flexible
devices.
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THIS IS THE
MC1709

1 ® It has gain of 25,000 (min)
m It has a drift-rate, with temperature, of 6 .V/°C (typ)

Some Call It The

uA 709

. ® It has input offset voltage of 5 mV (max)

THIS IS THE
MC1533

1 m It has gain of 40,000 (min)
' ® It has a drift-rate, with temperature, of 5 uV/°C (typ)
g B [t has input offset voltage of 5 mV (max) (Adjustable to 0)

They're Both Available from Motorola...Right Now!

Now, Motorola lets you choose either of these two
state-of-the-art integrated circuit operational amplifiers.
Either one will provide top performance in a wide range
of applications such as summing amplifiers, source-
followers, twin tee filters and oscillators, for military or
industrial equipments. Choose the one that best fits your
particular application requirements.

Both the MC1709 (uA709) and the MC1533 are
available in the 10-pin ceramic flat pack. In addition,
they are also available in the 8-pin TO-5 and the 10-pin
TO-5, respectively. Complete data on both circuits is
yours for the asking — including three new application

- notes on op amp uses. We'll also send
?//// you a data sheet on our MC1433 Op

%/ Amp (economy counterpart of the

MC1533 — priced at just $15.00 in
100 quantities) .

Then, when you’re ready for evaluation quantities,
call your nearby Motorola franchised semiconductor
distributor. Ask for either the MC1709 or MC1533.
He has both types available for immediate delivery. To
order flat pack, designate suffix “F”’; for TO-5, use
suffix “G.”

whete the pricelou tngnedient & cane! . MOTOROLA Semiconductors

MOTOROLA SEMICONDUCTOR PRODUCTS INC. / P.O. BOX 955 / PHOENIX, ARIZONA 85001 / (602) 273-6900 / TWX 910.951-1334
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Transatlantic
computer hookup
via Early Bird

Post Office slates
meeting with firms
on systems use

NASA aides hint
at plan to recover
time lost on Apollo

Industry seeks
voice in filling
technology gap
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Washington Newsletter
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An experimental computer-to-computer hookup via Early Bird satellite
was called “highly satisfactory” by the Communications Satellite Corp.
The week-long demonstration, completed Feb. 22, was conducted by
Comsat and the IBM Corp. to determine the effect of interference and
delay on transmitting computer data by satellite. IBM linked a half-
dozen computers in the U.S.—one as far west as San Jose, Calif.—to a
computer in Paris. The space portion of the linkup used the Early Bird
satellite between Comsat’s Andover, Maine, station and French and
German ground terminals. Twelve channels or a 48-kilohertz bandwidth
were used to transmit data at the rate of 5,100 characters per second.

IBM officials flatly deny it, but sources at Comsat say the big computer
firm is considering tying together its 36 domestic computer locations
to some of its 17 overseas centers.

The Post Office Department wants to hear more from industry on how
best to apply a systems approach to automating mail delivery. The
department will hold a symposium late this spring—the date hasn’t been
set—to discuss postal automation with companies and get their ideas on
necessary hardware.

The man behind this meeting is Assistant Postmaster-General Leo S.
Packer, who came to the department last September to head its new
bureau of research and engineering [Electronics, Oct. 17, 1966, p. 8].
Established to find ways to automate postal service, the bureau has a
$16.5 million budget in the current year and is seeking $23.1 million for
fiscal 1968.

Some NASA officials are saying privately that most of the time being lost
in investigating the Jan. 27 Apollo spacecraft fire and in modifying the
command module could be made up this year under a tight new schedule.
They believe the three unmanned flights scheduled this year can also be
used partly to qualify and man-rate the reengineered Apollo spacecraft.
The launches involve two Saturn 5 boosters and one Saturn 1B carrying
a lunar module. The first manned launching of Apollo using a Saturn 1B
booster would be in the fall, under the revised schedule. If all goes well
the program would just about be on target by December for a manned
moon landing before 1970.

The U.S. defense industry wants a voice in the making of policies aimed
at helping Europe plug its technological gap. Among other things, com-
panies fear that Washington may direct them to furnish technological
know-how without consulting them in advance. Government-negotiated
prices have been a bugaboo ever since the Defense Department assumed
bargaining responsibility for overseas deliveries of weapons. A plea for
representation has been submitted to Defense Secretary McNamara
through the National Security Industrial Association, whose 400 mem-
bers include many electronics firms. The association says it doesn’t object
to an international technological aid program; it simply wants such
matters as sales and licensing agreements to be worked out through
industry channels. McNamara hasn’t yet responded to their request.



Network linking
Saigon to Bangkok
cable set for June

Up, up and aweigh:

plan ship-to-shore
vhf test via space

Air Force asks
cheap and simple
avionics for AX

Draft changes
blowing down
industry’s neck

Viet spending bill
gives EA-6A lift

Washington Newsletter

A network of five microwave relay stations to link the Saigon area with
the Air Force’s 439L submarine cable from Bangkok will be completed
in June. The over-all system will provide an alternate to the tropospheric
scatter system now operating between the cities as a part of the Army’s
Integrated Wideband Communications System. Reportedly, work on the
Air Force’s 60-channel cable is being rushed because the tropo path
hasn’t proved too reliable [Electronics, Nov. 14, 1966, p. 73]. The micro-
wave stations are being built by Page Communications Engineers, a
Northrop Corp. subsidiary.

Industry proposals for an experiment to determine the feasibility of using
satellites to relay ship-to-shore very-high-frequency communications are
now being opened. The Maritime Administration will work with NASA,
using the space agency’s Applications Technology Satellite (ATS-1) now
in stationary orbit over the Pacific. The vhf communications equipment
will be placed aboard a cargo ship.

The Air Force’s proposed new attack aircraft—now designated AX, for
attack experimental—will carry the cheapest and simplest avionics avail-
able. There are indications that some elements of the Air Force’s Mark 2
system and the Navy’s integrated light attack avionics system (Ilaas)
may be incorporated, but the use of these sophisticated integrated sub-
systems will be minimal because of their high cost.

In asking aircraft manufacturers for proposals to develop and build
the AX, the Air Force said it wants an inexpensive long-range plane that
can be rushed into production. Proposals are due April 3.

The electronics industry will face a tighter market for engineers if
Congress okays proposed changes in the Selective Service system. The
provisions would reverse the current induction order—calling up the
19-year-olds first—and would end deferments for graduate study, includ-
ing engineering courses.

After getting a bachelor’s degree, students—including badly needed
electronics specialists—would be put into the draft pool and face
almost immediate callup. Engineers seeking postgraduate degrees would
have to wait until after they completed their military service before
returning to school, and they probably wouldn’t be able to join the
industry’s ranks until they were in their late 20’s.

More money than originally anticipated may be spent for avionics
equipment on Grumman Aircraft Engineering Corp’s EA-6A aircraft.
The Navy has asked $54 million in fiscal 1968 for the electronics-laden
craft, but there was no allocation in fiscal 1967. Congress now has over-
ruled Defense Secretary Robert S. McNamara by authorizing another
$81 million for the electronics countermeasures aircraft for the Marine
Corps in fiscal 1967. The money, which McNamara didn’t request, is part
of the $4.5 billion supplemental appropriation for Vietnam. The bill—
providing $3.7 billion for procurement, mostly for aircraft, and $135
million for research and development—is expected to pass in Congress
without much difficulty. McNamara would still have to okay the EA-6A
spending, but chances are good that he will.

Electronics | March 20, 1967



FET

Part ELE'VEN of a Series On The State of The Chopper Art.

MODEL 8000

Booze is the only answer at my house, but they
frown down at the office when | suggest there is
more than one way to solve problems. They should
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.
Now the photo-chopper was better than the transistor
choppers, because it looked like a resistor instead
of a diode. So there ain’t any voltage drops that have
to cancel out. Mostly they don’t. (Cancel, that is.)

As matters stand on noise and offset — and we sell
choppers for only one purpose, which is to allow
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.
Which is real progress. Last week it was three to
four orders — before we invented this model 8000
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
to come out eventually to copper.

So today's best mechanical choppers reach down
below some 50 nanovolts, the FET chopper gets
to about 5 microvolts. That's two orders of magni-
tude and crowding. Good thing we make solid-state
choppers too.

Speaking only of offset, and anyway, what else is
speakable about a chopper? 1 suppose you could say
Mechanical Choppers << FET Choppers < Photo
Choppers < Transistor Choppers.

AIRPAX ELECTRONICS
Cambridge, Maryland 21613
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CHOPPERS ARE THE ONLY ANSWER

A FET Chopper ...
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Growth of good basic design makes |h

oscillators

YOUR BEST CHOICE FOR A WIDE VARIETY

Hewlett-Packard Oscillators are the progressive growth of
the first successful Wien-bridge oscillator design intro-
duced to the measurement industry by Hewlett-Packard in
1939. Now you can select from a variety of fifteen hp in-
struments using improved components and the well-known
Hewlett-Packard RC oscillator design to give you the best
price-to-performance ratio on the market! Choose from
frequency ranges of 1 Hz to 10 MHz.

General Purpose Oscillators.—The hp Mode/ 200CD is a
direct descendant of the first Wien-bridge design. With its
low price, high power, balanced output and low distortion,
the 200CD is an ideal instrument for school, communica-
tions and military use.

You get a fully-transistorized and battery-powered signal
source with easily-portable hp Mode/ 2048. Amplitude and
frequency control circuits give excellent stability over a
range of 5 Hz to 560 kHz. You also get a completely floating
output, isolated from chassis and ground. The 204B is ideal
for field use.

Test Oscillators.—The hp Mode/ 6518 Test Oscillatoris an
advanced design, wide-band, solid state test oscillator! This
line-operated instrument gives you a wide frequency range
of 10 Hz to 10 MHz with highly stable amplitude and fre-
quency. There are separate 502 and 600 calibrated out-
puts. A 75¢ output is optional.

Battery-powered hp Model 208A Test
Oscillator is a compact, lightweight, eas-
ily-carried laboratory or field source of
5 Hz to 560 kHz signals.

Pushbutton Digital Oscillator.—For
your productionlineorwhereveryou have
repetitive testing, the hp Model 241A
Oscillator gives positive pushbutton fre-
quency selection from 10 Hz to 1 MHz.
You get repeatable test sigals with three-
digit frequency resolution. Set 4500 dis-
crete frequencies!

.Pic/( hp Model 200C0 Oscillator

For A Low-Cost, General Purpose
Instrument — when you need a low distortion sig-

nal independent of load—you'll get excellent results with
hp Model 200CD Oscillator! Use it for generating subsonic
to radio frequencies; testing servo and vibration systems;
supplying medical and geophysical equipment; for check-
ing audio circuits and systems.

The output of the 200CD is 6009 balanced, with a bal-
anced accuracy of 0.1 to 1%, depending on frequency. Ac-
curate frequency settings over a range of 5 Hz to 600 kHz
are possible withthe 85 dial divisions, effective scale length
of 78 inches, and a vernier drive for precise adjustment,
Frequency response is =1 dB over the entire range.

Distortion rating of sinewave output is less than 0.2%, be-
low 200 kHz. The modified hp Model H20-200CD provides
a low distortion of 0.06% in the 60 Hz to 50 kHz range.

For excellence in design in a general purpose oscillator,
pick hp Model 200CD. Price is only $195.00.

Pick hp Model
2048 UOscillator
for Portable,
Highly-Stable

Signal Source

Solid-state, battery-powered hp
Model 204B Oscillator is an ex-
cellent choice for a source of
stable, accurate signals in the
field.You have an unusually low




OF LOW COST, SUPERIOR SIGNAL SOURCES

652Areadsin percentfor
quick readingof frequen. Avw
Cy response measure-
ments. Price: hp Model g
652A, $725.00. N et

208A: Add a meter for A S\s““\ o st 7\,\%'
accurate setting of out- i
put voltage and an atten-
uvator to the 204B, and
you have the hp Model
208A Test Oscillator. Model 208A is calibrated in volts, cov-
ering0.01 mV to 1V full scale with a 2.5 multiplier to extend
range to 2.5 V. Model 208A (Option: 0O1) is calibrated in
dBm for O to 110 dB in 1-dB steps. Output is constant
within =39, at all attenuator settings over 5 Hz to 560 kHz
range. Price: hp Model 208A, $525.00; hp Model 208A
(Option: 01), $535.00.

. Pick hp Model 2414 Oscillator for

drift on warm-up; instantly available signals over a fre-
quency range of 5 Hz to 560 kHz!

Stability is typically better than 5 parts in 10—even at
560 kHz! Rapidly changing loads do not affect stability. Out-
put is fully floating, flat within =3% at ail settings of the
dial and range switch.

Price of the hp Modei 204B: Equipped with mercury bat-
teries, $315.00; with ac power supply in place of batteries
(Option: 01), $350.00; with rechargeable batteries and re-
charging circuit self-contained for ac or dc operation (Op-
tion: 02), $390.00.

.P/'c/( hp Model 651B Test Oscillator
for Accurate 10 MHz Frequency

Haﬂge — Outstanding flatness, stability and accu-
racy from 10 Hz to 10 MHz are yours with the hp Model
651B TestOscillator. You get a typical =0.1% amplitude sta-
bility and =0.029% frequency stability, and a 19% accurate

LB B 1813

-4

c ol W

652A Expanded Scale Monitor

90 dB output attenuator.

The 651B has two outputs: 200 mW into 500, and 16 mWw
into 600%. Output attenuator has a 90 dB range in 10 dB
steps, with a 20 dB coarse and fine amplitude controls for
increased resolution in setting output voltage. Attenuator
accuracy is =0.1 dB from —60 dBm to +20 dBm, =0.2
dBon —70dBm range. Output monitor is calibrated to read
volts or dBm into a matched load. Price: hp Model 651B,
$590.00.

Pushbutton Repeatability — repeatabitity
possible with the hp Model 24 1A digital oscillator makes it
ideal for production line use—or in the laboratory where re-
petitive testing is a requirement. Set any frequency between
10 Hz and 999 kHz to three significant figures—simply by
pushing buttons! This solid state instrument is designed
with special hp precision resistors to provide typical fre-
quency repeatability of 0.01%. Frequency accuracy is within
=19% selected value on any range.

Infinite frequency resolution is provided by a vernier con-
trol, which also extends the upper frequency to 1 MHz.
Output is flat within =29 over the entire range at any at-
tenuator setting.

Use the 241A as a digital frequency source for filters and
frequency sensitive circuits. Response test at audio and
communication frequencies, oruse itas a repeatable source
in production testing. Price: hp Model 241A, $490.00.

For full details on the wide variety of hp oscillators shown
here and in our catalog, call your nearest hp field engineer.
Or, write to Hewlett-Packard, Palo Alto, California 94304,
Tel. (415)326-7000; Europe: 54 Route des Acacias, Geneva,

652A: The hp Model 652A is identical to 651A, with
the additional
ability to monitor
output ampli-
tudes within
0.25% over the
entire frequency
range of the in-
strument using
the X20 expand-
ed scale. Upper-
most scale of the

f ZOOCDV ) 204B 208A 65187 a 241A
Frequency 5 Hz to 600 kHz § Hz to 560 kHz § Hz to 560 kHz 10 Hz to 10 MHz 10 Hz to 1 MHz
Frequency =1d8 =3% =3% =2% to =49 =2%
Response
(Rated load)

Accuracy =2% =3% =39 =2%, =3% =1%
Output 10V, 25V, 10 mW, nominal 316V, 25V,
160 mW/600%, 10 mW/600s2, 2.5 Vims (410 200 mW into 500 <10 to —30
balanced floating dBm/600¢2), 16 mW into 600¢2, | dBm/600Q
floating floating floating |
Distortion 0.2% 10 0.5% <1 <1 <1%to2 <1
6280‘;,0) ) ; % % % t0 2% %
.06% to 0.5
(H26-200CD) "
Price 200CD, $195.00 204B, $315.00 208A, $525.00 6518, $590.00 241A, $490,00
\ ;122500-20(())000, 652A, $725.00

HEWLETT

Circle 63 on reader service card

057/10

 PACKARD

An extra measure of quality



fhis is INL...

7 TO LADDER NETWORK \
(30)Tmsa (zs)T (4)T (3)T (Z)TLSB
(26)REF &1 0——] e — e = >
ANALOG ANALOG ANALOG ANALOG ANALOG
{9) REF 220 5| SWITCH SWITCH { 5 SWITCH SWITCH SWITCH
(39) #r
TRANSFERO$p———————————— e

j:) ' > FIVE _J__:D,
B ———D')S ' IDENTICAL S
(30 STAGES
DATA o R_O R 0O R _0© R 0O R O
RESET 5—\
DATA e

PRESET

(i0} ( Q Q
e N : Ly,
(14)
COMPARATOR SERIAL 1 ocos4g5L
RETURN s 1K ouTPUT | - 37)
By (23)
R_ O [
TIME
I%le{r S | s 1H4 3 ] S S ne 3 1 3 T
FOUR
Fntf R O —{R Obmmwn R_© R 0 —>R_©0
(33) STAGES
o | " T : T
PRESET
TIME O—m— 4 Sy
"
#r
9™ STAGE
OUTPUT
(21}
(35)
AC START
8
SYNC
L OUTPUT
ﬂT o1 17)
(TIME CLOCK) Fr DC START
(15) (16)
#r TIME
ouTPUT

(i9)

“Il.'tllﬁl. A \'!".s I‘ il’St. e o This Monolithic A/D-D/A Converter incorporates

General Instrument’s exclusive MTOS (Metal-Thick-Oxide-Silicon) process which provides Large Scale
Integration without the need for high-cost discretionary wiring.
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the tirst available
monolithic
analog-fo-digifal
digifal-fo-analog
converfer

And only General Instrument makes and
delivers these advanced LSI devices...today!

Actual Size

MEMN 530114 A/D-D/A Converter.ceeeeeeess 2682 caci:

General Instrument’s MEM 5014 is a Monolithic MTOS Integrated Circuit
containing 350 active components on a chip 62x104 mils. It performs all the
logic and analog switching functions for 10-bit successive approximation
analog-to-digital conversion. In addition, it operates in two other major
modes—as a 10-bit digital-to-analog converter or a 10-channel analog multi- GENERAL
plexer.

As an analog-to-digital converter, the MEM 5014 is uscd in conjunction with
an external precision ladder network and voltage comparator. This mode
provides both serial and parallel binary outputs. The MEM 5014 is packaged
in a 40 lead hermetically sealed in-line package which can be soldered to a INSTRUMENT
printed circuit board or used with a 40 pin socket. Write for complecte data
and application notes.

*in quantities of 100
GENERAL INSTRUMENT CORPORATION ¢ 600 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK
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20 MH. AND NO MAINS LEAD

A portable fully solid state oscilloscope having a D.C. to 20 MHz
bandwidth, which can be operated from its own internal batteries or
fromany A.C. supply from 110-250 volts, 50-400 Hz.
Its batteries give 4 hours operation per charge, and it has its own
integral charging unit. Yet it weighs only 22 |bs. complete.
Y sensitivity is 5 mV per division and the sweep ranges cover 40
nanoseconds to 0.5 second per division. Other features are a 3" high
intensity P.D.A. tube and an internal square wave calibrator.
This high performance general purpose oscilloscope is the Bradley
Type 150.
We shall be pleased to send you full details on request.
See your Electronic Engineering Index Library for full
technical data.

G. & E. BRADLEY LIMITED

Electral House, Neasden Lane, London, N.W.10
Telephone: Dollis Hill 7811 Telegrams: Bradelec London N.W.10 Telex:25583

66 Circle 66 on reader service card Electronics | March 20, 1967



Savings across the board
just took a new turn

DAYSTROM Commercial Squaretrim® potentiometers now include single-turn types. New models 504

and 505 are fully adjustable with just one turn. Models 501 and 502 are 15-turn types. They all clear up to
80% more PC board space—at no extra cost. But the trim .02 cubic inch size is only one reason why
these commercial 500 Series pots are proving so popular. They also feature Weston’s exclusive
wire-in-the-groove design, and all these performance extras:

Convenience § different configurations with adjusting screw on top, side or end » Tolerance =5
Adjustability 75 turns or single turn  Slip Clutch eliminates wiper damage, cuts production delays e
Suregard™ Terminations for better protection against vibration, shock and humidity—no pressure taps e
Superior Resolution 0.125% or less « Wide Range 700, to 20K (higher values on request) « High Power
0.6 watt in still air at 70°C « Wide Temperature Range —55°C to 150°C « Low Temperature Coefficient
70 ppm max. » Low Noise 1000 max. ENR « Small Size %4" x %4" x %16" « Low Cost $2.70 each for
501/502 in 500 lot quantity, $1.95 each for 504,505 in 500 lot quantity.

Daystrom potentiometers are another product of:
Weston Instruments, Inc. * Weston-Archbald Divislon * Archbald, Pa. 18403

WESTON ] prime source for precision ... since 1888

Circle 67 on reader service card



Kodak needed a battery that could keep Instamatic
camera dealers clicking with their customers for years.

Mallory made it.

What can we do for you?

Kodak needed a battery. A battery with the power to fire the flashcubes
on Instamatic cameras one right after the other. A battery to keep that
power fresh even if shipments were delayed on their way to a dealer. A
battery that could provide Instamatic camera users with months, even
years of perfect flash pictures. Yet a battery that would be readily avail-
able when a replacement was finally needed.

Mallory made it. The battery—a Duracell® alkaline battery. Only 0.4” in
diameter, the “AAA" size battery (Mallory designation—MN-2400) has a
volume of .16 cu. in. with a rated capacity of 750 MAH. And it retains
85% of that capacity after 2 years storage.

Duracell® s 2 registered trademark of . R. Mallory & Co. Ine.

In31amatee® vs 2 registered tracemark of Castman Kodak Company.

68 Circle 68 on reader service card

HIGH-POWERED BATTERIES BESIDE THE CASH REGISTER
“Where does the customer get a replacement?” It's an important consid-
eration in the design of any battery-operated device. But no longer does
it mean that a designer has to settle for low-powered zinc-carbon batteries
just because they're available. Today Duracell alkaline batteries are re-
tailed everywhere for heavy current drain uses. Duracell mercury bat-
teries—with their steady flat voltage—are sold all over the world for
transistor radio use. Both last so much longer than zinc-carbon types, in
use or on the shelf, that the problem of replacement sometimes ceases
to exist.

OVER 1000 DIFFERENT TYPES

Matlory currently makes over 1000 batteries of all sizes and capacities.
If we're not actually producing the battery you need, we'll be happy to
work with you in designing a new one. For more information, please write
the Technical Sales Department, Mallory Battery Company, a division of
P. R. Mallory & Co. Inc., South Broadway, Tarrytown, New York 10591.
Or telephone us at 914-591-7000. (In Canada: Mallory Battery Company
of Canada Limited, Sheridan Park, Ontario.)

ft's good business to do business with Mallory MALLORY
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Now you can eliminate extensive redesigning of vacuum tube circuits with these
six hi-voltage FETs from Amelco — each a new‘tube analog: They're ideal for
solid-state conversion of CRT deflection circuits, high-level multiplexing and
large signal transfer circuits. Consider their improved flexibility: 300-volt oper-
ation, low 2 na leakage current, and gains as high as 1500 pmhos. Have an-
application or two in mind? Send for a data sheet or two! We'll also enclose a
copy of our definitive Tech Bulletin No. 7, “Theory and Applications of Field
Effect Transistors,”— 24 pages of user-oriented FET facts. You’ll find out more
from Amelco, world's largest producer of n-channel FETs.

CHARACTERISTIC aN4sR1 2Ns8e2 284083 2N4azg 2N4385 2N4ess

BV:eo (V, min) 300 300 200 200 125 125
BV:co (V, min) 100 100 100 100 75 75
g~ (¢mhos, min/max)  350/1000 600/1500 350/1000 600/1500 350/1500  600/1500
less (na, max) 2 2 1 1 1 1

Ca: (pf, max) 1.5 1.5 1.5 1.5 1.5 1.5
PRICE (100-999) $8.65 $9.50 $6.55 $7.25 $5.85 $6.65

AMELCO SEMICONDUCTOR

DIVISION OF TELEDYNE, INC, ¢ 1300 TERRA BELLA AVENUE ¢ MOUNTAIN VIEW, CALIFORNIA s Mail Address: P.0. Box 1030,
Mountain View, California  Phone: (415) 968-9241 / TWX: (415) 969-9112 / Telex: 34-8416 » REGIONAL OFFICES: Southwest—
Suite 213, 8621 Bellanca Ave., Los Angeles, California 90045, (213) 678-3146 * Northwest—1300 Terra Bella Ave., Mountain View, California, (415) 968-9241
East—27 Traphagen Road, Wayne, New Jersey, (201) 696-4747 * Southeast— 711 Magnotia Avenue, Orlando, Florida 32803, (305) 423-5833 » Northeast—
805 High Street, Westwood, Massachusetts 02090, (617) 326-6600  Midwest—650 West Atgonquin Road, Des Plaines, llinois, (312) 439-3250
Canada—Deskin Sales, Montreal, Quebec, (514) 384-1420.
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ASSURE PEAK PERFORMANCE

i PANOFAMIC
SPECTRUM ANALYZER

MODEL SSB-50 - 10 Hz to 40 MHz!

Issnxb,y“fi

rﬁ %

Y
Al

The NEW Solid State PANORAMIC Spectrum Ana-
= lyzer System, Model SSB-50, is the quick, con-
N venient and accurate means of signal analysis for
: set-up, operation, and maintenance of SSB, AM,
5 FM, and muitiplexed communication equipment. A
4 graphic dispiay identifies and measures the level
2 and frequency of desired and spurious frequen-

7 cies, facilitating dynamic testing and equipment
- optimization for airborne, mobile, shipborne, or
stationary applications.

‘h SPECIFICATION HIGHLIGHTS

Frequency Range: 10 Hz to 40 MHz (useable to 200 MHz)
Sweep Width: Five preset scans plus continuously
adjustable 0-100 kHz scan
Sensitivity: 20 uv for full scale |jnear
PORTABLE OR RACK MOUNT Dynamic Range: Odd-order IM 60 db down
MODEL SSB-50 Resolution (IF bandwidth): Adjustable 10 Hz to 3 kHz
Weight: Indicator Section 40 Ibs.,
Accessory Section 30 lbs.

+ full sensitivity — useable to 200 MHz

Write or call for complete technical data

A Tosdamers ol THE SINGLR COMPANY

[ ]
Panoramic SINGER
EMC GERTSCH « PANORAMIC » SENSITIVE RESEARCH INSTRUMENTATION

THE SINGER COMPANY. METRICS DIVISION * 915 Pembroke St., Bridgeport, Conn. 06608, U. S. A. » PHONE (203) 366-3201

p67-2
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Don’t be manipulated on SCR’s —trust IR.

IR’s Application Fact Book lets you select only specs that count.

SCR specifications take on a refreshing air of common
sense when you read the new IR Application Fact
Book. When do premium parameters really affect cir-
cuit performance? What do you give up to get a given
parameter? What combinations of premium parameters
are needed and possible...and at what price? You get
the answers straight from IR, and you make your
selection from quality SCR's rated from 4.7 amps to
550 amps RMS—25 to 1300 volts.

Specifying engineers are in the pivotal position today
fo smooth out production problems, to end delivery
dilemmas, and protect performance. How? By writing
specs around the parameters actually needed and

ZENER AND REFERENCE ZENER DIODES O

SILICON CONTROLLED RECTIFIERS O

actually available...off-the-shelf, overnight. Most of
the information needed to write such common sense
specs can be found right in the book. If your appli-
cation is farther out, call an IR sales engineer. We are
pioneers, too, and know how to help you innovators.

APPLY YOURSELF TO THE FACTS OF SCR DESIGN.
Write for IR's Application Fact Book. It's free, and it's
packed with data to help you sidestep problems from
design to delivery of: regulated power supplies, fre-
quency converters, DC motor drives...you name it!

Ig;R INTERNATIONAL RECTIFIER

(213) OR 8-6281 - TELEX 6-74666 « EL SEGUNDO, CALIF,

SELENIUM RECTIFIERS jm] SILICON ASSEMBLIES
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EMCOR°®II—tough, too—but more beautiful

You'll probably never have to pit your
EMCOR |1 cabinet against a rhinoceros,
but if you do, you'll find it's pretty
tough, too.

EMCOR 1l cabinets are ruggedly made
of steel, carefully welded and bolted
for maximum strength and stability.
They can bear heavy loads and take
plenty of punishment . . . and look
beautiful all the while.

EMCOR/distinguished cabinetry

Unique, too, in that you can customize
EMCOR 11 to suit your particular pref-
erences . . . with personalized name-
plates and designs of your own making.
EMCOR Il gives you the "“custom look.”

When you’re ready for strong, beautiful
protection for your instrumentation,
call your local EMCOR Sales and Ser-
vice Engineer. Or write for our new
EMCOR Il catalog.

Albany: 436-9649; Albuquerque: 265-7766; Alex-
andria: 836-1800; Atlanta: 939-1674; Baltimore:
727-1999; Binghamton: 723-9661; Bridgeport:
368-4582; Buffalo: 632-2727; Chicago: 676-1100;
Cleveland: 442-8080; Dallas: 631-7450; Dayton:
298-7573; Del Mar: 454-2191; Denver: 934-5505;
Detroit: 357-3700; Fort Lauderdale: 564 -8000;
Ft. Lee (No. N.).): 944-1600; Ft. Walton Beach:
243-6424; Houston: 526-2959; Huntsville: 539-6884:
Indianapolis: 356-4249; Kansas City: 444-9494; Los
Angeles: 938-2073; Minneapolis: 545-4481;
Newport News: 245-8272; N.Y.C. area: 695-0082;
Orlando: 425-5505; Palo Alto: 968-8304; Philadel-
phia: 242-0150; Pittsburgh: 884-5515; Phoenix;
273-1673; St. Louis: 647-4350; Seattle: 722-7800;
Syracuse: 471-7274; Tulsa: 742-4657; Utica:
732-3775; Valley Forge (So. N. J.): 265-5800;
Wilmington, Mass.: 944-3930; Winston-Salem:
725-5384. EMCOR Reg. U.S. Pat. Off. ese

Ingersoll Products 1002 west 120th St. Chicago, tllinois 60643  DIVISION OF BORG-WARNER CORPORATION
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501 SYNC

1 Hz to 100 MHz

E-Mode: =20 V at 100 MHz

I-Mode: =400 mA at 100 MHz

Tr: less than 2.5 ns to 1 sec.

Tf: less than 3 ns to 1 sec.

Width: 5 ns to 0.5 sec.

Delay: 10 ns to 0.5 sec.

Variable PRF, Amplitude, Tr,
Tf, Width, Delay

Single or double pulses with separately
variable width and delay for each pulse.
Sync pulse. Duty cycle to 100%. DC-offset
in either direction. Can be externally trig-
gered or gated. One-shot via front panel
pushbutton. All (silicon) solid-state. Rack
height 315",

Write or 'phone for technical data and/or
a demonstration. The new generation pulse
generators will be at Booth 2B48, IEEE,
March 20-23.

Intercontinental Instruments, Inc. . . . an affiliate of Chronetics,

CHRONETICS

U.S.A.: 500 Nuber Avenue, Mt. Vernon, New York (914)699-4400 TWX 710 560 0014
Europe: 39 Rue Rothschild, Geneva, Switzerland (022)3181 80 TELEX 22266
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Metal or plastic enclosures
protect against damage

—
N ——
Pulse switch assures
split-second pulse regardless
of operating speed

>

Subminiature switch less
than one inch long

Heavy duty—mercury
to mercury contact

L ‘r"))

Ultra-sensitive switch makes or
breaks on a 9 minute tilt angle

2 isolated circuits in a
single switch

Hermetically sealed construction

Reliable operation
on micro-amp loads
—or up to 45 amps

Temperature resistanpe
to:500° For—65°F

—for less than 25¢

No moving contacts—
tens of millions of
operations

Minimum operating
force—no noise

Simple tilt operation

Switching
problems?
Consider

the advantages
of mercury
switches

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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Mercury switches are now being used in a wider variety of
projects—from gyroscopes to washing machines. The reason :
no other switch provides such an unusual combination of
advantages.

For example : unequalled reliability——no moving parts and
hermetic sealing ; a wide variety of contact arrangements and
electrical capacities: SPST, SPDT or 2-CKT ; up to 45 amps,
down to micro-amp ; exceptional operating characteristics—
operating angles from .15° max. to 20° min., minimum force,
no noise.

Call a MICRO SWITCH Branch Office (see Yellow Pages,
“Switches, Electric’’). Or write for the industry’s most com-
plete mercury switch guide, revised Catalog 50.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL
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This is a naked YAES terminal.

We've strippe'd it to show why

are unique.

Once the insulation is off, it's easy to see that this ters
minal is a one-piece unit. That’s a Burndy exclusive.
Look closely and you’ll see that the seam on the ter-
minal body has been brazed. Another unique Burndy
feature. And all YAES terminals are fully plated. You
won't find any exposed copper edges. In fact, there are
no unplated edges where the terminal is separated
from the carrier. Look inside the terminal body, too.
The surface has been serrated to insure intimate
contact.

Additionally, each terminal is marked with the range
of wire acceptable. As a double check, the tough, nylon
insulation is color-coded to indicate wire size.

Installation is quick and easy with either MS 25037
or MR 8-83 ratchet-controlled hand tools.

Burndy YAES Insulug terminals

Automatic installation tools are available, too.
Burndy’s Bandolug® equipment, the SME and the SME
10, handles wire ranging from 22 to 10. And they han-
dle them quickly, simply and inexpensively. More so
than any other tools.

Burndy YAES terminals meet both the Class | and [}
requirements of MIL-T-7928 when installed with ap-
propriate tools.

There really is more than meets the eye when it
comes to Insulug terminals and tools. Write for Bulletin
YAES-66 and see for yourself.

= BURNDY

NORWALK, CONNECTICUT

INTERNATIONAL SALES HEADQUARTERS AND MANUFACTURING FACILITIES:
CANADA: Scarboro, Ontario / ENGLAND: St. Helens, Lancs. / BELGIUM: Mechelen / MEXICO: Naucalpan de Juarez / BRAZiL: Sao Paulo / JaPAN: Tokyo / Sales Offices in Other Major Cities w2
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Stackpole commercial resistors
helped Wurlitzer engineers
discover a new harmony

in four parts....

guality, price, delivery and service.
; STACKPOLE

ELECTRONIC COMPONENTS DIVISION
®

Only strict attention to detail produces a fine musical instrument. That's why Wurlitzer engineers so carefully
select each component that goes into Wurlitzer Organs. Stackpole commercial resistors help make these magnif-
icent instruments electronic, as well as musical, marvels. Performance in tune with your most demanding needs
is the Stackpole guarantee. Write: Stackpole Carbon Company, Electronic Components Division, Kane, Pa. 16735.

WURLIIZER

means Music to millions
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five new |ineqr
monolithic ICs

each with its own claim to fame

1 TAA320: The ‘BIFET,’ world’s first bipolar/mosfet |

T TAA293: Features accessibility to internal con-

IC amplifier. A new, basic, simple building block,

10,000 megs. input resistance, 40,000 umhos Gm.
Takes 100 volt transients; will not burn out from
static charge. We placed a mosfet and a silicon
transistor on a single chip to give you an IC with
high input impedance, high forward transadmit-
tance and low noise. 3-lead, TO-18. Under $1.25.

TAA310: The only IC designed specifically as a
record/play-back preamp,
A single-ended Class A preamplifier with 100 db
gain and less than 4 db noise. The ten-pin, TO-5
design allows external frequency compensation,
gain control, etc. The TAA310 is an optimally-
designed IC preamplifier priced at $1.95 in pro-

A

nections for wide design flexibility.

Ideal for audio and IF applications, and as an
amplifier, oscitlator or multivibrator in numerous
low-frequency functions. Ten-lead, TO-5 package
affords access to every internal component. Put
two of them together—and you have an op amp!
Priced at $1.60 each in thousand lots.

TAA263: Low cost, high gain transducer ampli-

fier with a noise figure of only 2.7 db,

The TAA263 is an economical, low level amplifier,
perfect for portable microphones, low-frequency
IF's, microminiature receivers; as a preamp for
infrared detectors, photocells, strain gauges, ac-
celerometers, etc. In a four-lead, TO-18 envelope.

. duction quantities. $1.25 in thousand lot quantities.

TAA103: Smallest integrated circuit amplifier in

the business,

Packaged in a microminiature, plastic flat-pack
” measuring a scant .002 cubic inches, the TAA103
= linear monolithic IC features 75 db gain and is

ideally suited for amplifier applications from DC

to 600 kHz. Buy as few as a hundred of them for

well under $2.00 each.

These five new linear monolithic IC's from Amperex are products of
industry’s most advanced technology, most inventive thinking. They are available now at
volume-production prices. For data and applications information, write:
Amperex Electronic Corp., Semiconductor Division, Dept. 371, Slatersville, R. |. 02876.

Amperex
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MEE] THE
NEW IDEAS
N ELEGTRONIES

You'll see them when you visit the General Electric exhihit at the IEEE Show, Booths 3E01-18 on the third floor
of the New York Coliseum, March 20-23. Look into the broadest electronics product market basket available,
including these components:

0 I

Compactrons Silicon Controlled Rectifiers Limiting Switches
Klystrons & Magnetrons Selenium, Copper-oxide Rectifiers Polyphenylene Oxide
Ceramic-Planar Tubes Tunnel Diodes Noryl* Thermoplastic Resin
Ignitrons Signal Diodes Soldering Irons
Photocells Unijunction Transistors Sealed Relays
Reed Switches Economy Tra.nsis.tors Panel Meters
Triggered Vacuum Gaps Integrated Circuits Meter Relays

. . . Glow Lamps Edgewise Meters
Film and Paper-oil Capacitors .
T | E icC - Fused Quartz Time Meters

anta- um Iectrolytu.: apac:?ors Electronic Glasses and Lucalox* Shunts
Aluminum Elec.:trolytlc Ca.pamtors Voltage Regulators Thyrite* Varistors
A-C-D-C Specialty Capacitors Reed Switch Relays Alnico & Lodex* Magnets
SCR Commutating Capacitors Magnetic Starters Thermistors
Optoelectronics Push-buttons and Indicating Lights Molded-case Circuit Breakers
Rectifier Diodes Static Controls 600 to 2500 A CLB*

* Registered Trade-Mark of General Electric Co.

See how we've “computerized” our exhibit . . . via the GE time-sharing computer service. Demon-
stration programs pick out the products you need and solve your kind of design problems. Just give
the computer your specifications . . . in seconds, the computer gives you a report you can take home.

285-28

ELECTRONIC COMPONENTS SALES OPERATION

GENERAL 3 ELECTRIC
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Husky team

of HF money-
stretchers

-

G/A multicoupler doubles a
single antenna’s use; the balun
promotes efficiency, flexibility

Reduce transmission line cost and an- >

tenna space up to 50%! A multicoupler

lets two independent transmitters broad- P
cast simultaneously over a single HF - : '\ﬁ

antenna (2 to 32 MHz). No tuning or ad-
justment, no interference or interaction.
Then, a G/A balun (insertion VSWR be-
low 1.2:1 —efficiency above 97%) trans- e
fers power to the antenna over economi- ’ »
cal, open-wire, balanced lines. In modern,
high-performance transmission, G/ A has
the answers now. Write for full technical
data.

Granger

Associates

Baluns: 1 Kw average (2 Kw PEP)
to 50 Kw average (200 Kw PEP).

Multicouplers: 10 Kw average
(20 Kw PEP) to 20 Kw average
(40 Kw PEP}.

1601 California Ave., Palo Alto, California 94304 / Russell
House, Molesey Rd., Walton-on-Thames, Surrey, England
1-3 Dale St., Brookvale, NSW, Australia
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Want to record the activities

of fish?

Not only fish, but snakes, rabbits and humans have had their behavior studied with the help of Esterline Angus Event Recorders. m Event
Recorders also monitor idle machine time, productivity, life tests, telephone usage and any other operation where ““on-off*’ or “‘yes-no’”
records plotted against time are required. ® A single instrument can monitor up to 20 events. Writing elements deflect with the application
or ahsence of a voltage lasting only 15 milliseconds. These elements will even follow telephone dial pulses and other signals up to 10 “‘on-
off " cycles per second. m Our new High Impedance DC Voltage Sensing Event Recorder can be bridged onto low power circuits without up-
setting their operation. ® You can choose the case style (portable, flush, desk top, wall mounted, twin with 40 channels), chart speeds (up
to 14 immediately dialable) and writing system (inkless or ink) best suited to your requirements. You also get ten day delivery* and prices

as low as $380. m More people buy Esterline Angus Event Recorders
%w @wm m w than buy all other makes combined. Discover the reasons! B Write
for our informative Event Recorder Catalog or call your Esterline Angus sales
wm wm engineer. m *Quick delivery is passible on certain Event Recorder models which
have become sa popular we have them in production

LBsteniime AmBus .
LBVenl IBCROIPE@D° s s e cons e




March 20, 1967 | Highlights of this issue

Technical Articles

Detecting a signal  There was a time when almost all receivers had tunable filters,
digitally ~ but then superheterodynes came along and replaced nearly
page 82 all of them. The tunable filter is staging a comeback now

because of a new digital synthesis technique. The end result
is a more accurate and less expcnsive tuner.

At first glance, how integrated circuits are
isolated is of chief concern to the manu-
facturers of semiconductors. But on closer
examination, the engineer who designs
higher frequency equipment finds that the
application may dictate the kind of isola-
tion technique used. Thus the user has to
know as much about dielectric isolation as
the manufacturer. On the cover is a Decal
circuit isolated by a technique developed by the Radio Corp.
of America. The clements of this r-f mixer are diffused and
interconnected by thin films, then hermetically sealed to glass.
This examination of isolation techniques includes:
1. A challenge: to integrate and isolate, p. 91
2. Getting the most out of circuits with dielectric isolation,
p. 97
3. Silicon-on-sapphire transistors point way to microwave
IC’s, p. 106

Dielectric isolation
page 91

Extending IC technology ~ The next area likely to fall under the onslauglt of integrated
to microwave equipment circuits is the design of microwave equipment. Three ap-

page 112 proaches are alrcady being used: monolithic, hvbrid and di-
clectric isolation. Designing microwave 1c’s will be easier than
designing integrated microwave systems.

Small computers for space  Because of the growing number of experiments called for
page 127 aboard research satellites, a general-purpose computer is re-
quired to replace the special-purpose equipment included in
individual experimental packages. But the big obstacle is gen-
erating enough power to run such a machine. Here is a pro-
posal for a stored-program computer that uses power stingily,
weighs less than most general-purpose computers, and occu-
pies small space.

Coming - Measuring transconductance in field effect transistors
April 3 « Testing circuits with infrared radiation
= Terrain-following radar that doesn’t scan continuously
= Setting type electronically
» The french-fried flatpack, new approach to packaging

~«—Circle 80 on reader service card



Design theory

Detecting a signal digitally

Synthesis technique automatically searches out frequencies

with simpler hardware than conventional tunable filters

By Edmund |. Schwartz, Harold A. Smith, and Robert E. Weiblen

Devenco Inc., New York

Tunable radio-frequency receivers, cast aside for
the superheterodyne and almost forgotten, may get
a new lease of life thanks to a new digital synthesis
technique for detecting and rejecting signals in a
band. Signal detection is accomplished with a syn-
thesized tunable filter made with a phase-locked
servoloop that positions a tuned circuit to a desired
frequency and a digital memory element that stores
the frequency’s position. The detection is achieved
withont the tracking errors encountered in mechani-
cally tuned filters. And the hardware required is
simpler and less prone to error with changes in
environment. If the system requires additional am-
plification, several units can be cascaded.

Thus, TRF receivers no longer require individual,
mechanical tuning arrangements that are expensive,
bulky, and affected by environmental conditions.
In addition the TRr does not require the nonlinear
mixer or local oscillator that go with proper oper-
ation of a superheterodyne. Hence, no spurious
products are created from strong interference sig-
nals and no radiated signals appear on the antenna
to reveal the location of the receiver.

Tuning the filter

To understand the operation of a tunable filter
consider the block diagram at the right. All pole
determining elements are in phase-locked servo-
loops and act independently to achieve maximum
tuning and tracking accuracy. The poles and zeros,
which result from LC or RC circuits, may be con-
trolled by voltage, current, or magnetic field.
Tuning is governed by a reference frequency input
called a pilot and a single pilot may control mmany
loops. Since the poles need not be tuned precisely
to the pilot’s frequency (synchronous tuning), stag-
ger-tuned filters may be synthesized. When the
switch is placed in the pilot position the servoloop
is closed and the tuning-reference frequency (pilot)
is applied to both the tuned circuit and the phase-
reference circuit, After receiving a phase shift by

82

the phasc-reference circuit the pilot is applied
to the phase comparator. The output of the tuned
circuit becomes the other input to the phase com-
parator and the output from the phase comparator
determines the value of a voltage, curvent, or mag-
netic field controlling the center frequency of the
tuned circuit. The memory, which is equivalent to
a conventional servomechanism, is driven by the
output of the phase comparator and changes the
control parameter in the tuned circuit. This in turn
produces a phase shift in the pilot that reduces the
phase-comparator’s output to zero. Having com-
pleted the phase locking, the comparator is dis-
connected from the memory. The memory then
maintains the control parameter at a fixed value
until the system is retuned.

The phase-comparator output is zero when the
difference between the tuned-circuit output and the
reference channel input is 90°. Thus, if the phase-
reference is 90°, the tuned circuit is adjusted to
precisely the pilot frequency needed to pass the

VOLTAGE,CURRENT ! .
OR MAGNETIC | MEMORY AN( TUNED
FIELD CONTROL ELEMENT. TRANSOUCER

TUNED OUTPUT
oy CIRCUIT .
)
. PHASE
. A
| COMPARATOR |
! PHASE I T
‘ REFERENCE INORMALLY
SIGNAL IcLoSED
: |
|
| |

b T o e e s e ),

A pilot reference signal tunes the servoloop of the
digital filter synthesizer. After tuning, the operator
opens the loop and the memory elements retain
their relative positions.
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An earlier transistorized version of the tunable filter.

pilot tone without a phase shift (zero degrees). If
a phase-reference angle other than 90° is applied,
the tuned circuit will be adjusted to complement
that angle; the frequency to which the circuit is
tuned depends on its Q.

When zero error is present at the phase-com-
parator output the servo is at null. Then the input
is switched from the pilot to the operational (sig-
nal) input. Simultaneously, the comparator output
is disconnected from the feedback loop. Since the
loop is opened after the servo tunes the cirenit, the
memory must generate a tuning command that does
not drift, decay, or otherwise detunc the resonant
circuit when the pilot is removed.

Digital element stores count

Open-loop operation is accomplished with a
binary counter as the memory element. While tun-
ing, the counter increases its stored value when
the polarity of the phase comparator output is pos-
tive, and decreases it when the output is negative.
The counter stops scaling when the comparator
output nulls and the remaining count is held indefi-
nitely; thus the counter acts as a perfect integrator.
The value held in the counter register is decoded
into an analog command signal and applied to a
transducer that produces the proper control para-
meter for the tuned element.

The operation of the servoloop is similar to that
used in automatic tuning of transmitter tank cir-
cuits—but with one important difference. In trans-
mitters, the carrier acts as both the processed sig-
nal and the pilot; there is no need to open the loop
after the circuit has been tuned since pilot and
signal are one and the same. But the filter may
process other signals that are not necessarily at
the resonant frequency of the pole or of sufficient
amplitude to effect control even if they were. The
digital portion of the filter allows the servoloop to
be opened and the distinction made between signal
and pilot. Therefore the phase-tuning scheme can
be used with any filter.

The switching between pilot and signal inputs

Electronics | March 20, 1967

can be accomplished clectronically to allow rapid
tuning. The tuning rate is a function of the counter
clock rate and the time constants of the transducer
and tuned-circuit.

Several tuned circuits may be combined to form
a multipole filter, such as a Butterworth, having a
flat amplitude response. A cascaded arrangement
for a 2-pole Butterworth is shown below. It has a
bandwidth of 200 kilohertz and is tunable around
10 megahertz. The design specifications require that
the Q at each pole be 70, that they occur with one
circuit tuned to 9.93 Mhz, and the other at 10.07
Mhz. Represented in the s-plane, the poles lie on
a circle whose center is at f, = 10 Mhz and inter-
sects the jo axis at 9.9 and 10.1 Nfthz.

If the pilot is chosen as the center frequency of
the filter, nominally 10 Mhz, the pilot will incur
phase shifts of approximately +45° through the
9.93-Mhz circuit. The phase shifts are only approxi-
mate because of the zeros on the jo axis and the
conjugate poles in the lower half of the s-plane.
For circuits with Q’s greater than 10 these poles
and zeros cause a phase shift of less than two
degreces and can be neglected.

The phase-reference circuit for pole 1 is chosen
to impart a —45° phase shift to the pilot toue.
When the pilot is shifted 445° by its passage
through the tuned circuit, the phase comparator
senses a 90° relative phase difference between its
inputs and its output d-c level falls to zero. If the
center frequency of the pole causes a phase shift of
the pilot other than +45°, the comparator develops
a nonzero output. This output causes the servoloop
to drive the tuned circuit’s resonant frequency in a
direction to produce the phase shift necessary for a
comparator null—in this case, to 10.07 NMhz. For
pole 2 the situation is reversed; the phase reference
is designed for a +45° shift and the circuit is tuned
to 9.93 Mhz to shift the 10-Mhz pilot by —45°.

After the pilot has tuned the two poles. the
switches are placed in their lower position and the
cascade arrangement acts as a Butterworth max-
imally flat filter. Note that the tuning of the pole
yields a specific resonant frequency.

Placing the switches in their upper positions

PILOT '
£210.07 Mhz £:9.93 Mhz
POLE 1 POLE 2

————0 o—o
SIGNAL
INPUT .
10.07 Mh2
10.00 Mhz
%l 9.93 Mhz ouTPUT
—~
-0 -
Filter synthesizer controls each pole position in a
two-pole Butterworth amplifier.
83



and applying another pilot frequency tunes the
poles so that they are at 45° angles with respect
to the new pilot frequency location on the jo axis.
If the Q of the tuned circuit remains constant the
filter bandwidth varies in direct proportion to the
center, or pilot frequency. Thus. at 8 Mhz the filter
has a 160-khz bandwidth and at 12 Mhz, a 240-khz
bandwidth.

For applications where a constant bandwidth
filter is desired, a circuit can be provided that makes
the Q of the tuned circuit directly proportional to
the frequency.

In the h-f region, voltage-controlled capacitor
diodes or current-controlled inductors are used as
the tunable elements.

Obtaining narrow bandwidths

An active circuit can also be attached to an LC
circuit to obtain narrower bandwidths than those
normally encountered with LC circuits alone (sce
diagram below). Active filter circuits are not re-
quired for the operation of the synthesizer but they
are useful in narrow-bandwidth filter designs or in
forming constant-bandwidth configurations.

An input (signal or pilot) is applied directly to
a tuned resonant circuit that incorporates a Q-
multiplier. The multiplier relies on negative feed-
back to stabilize the positive feedback usnally in-
herent in such circuits. Negative feedback main-
tains a constant multiplication factor at the desired
frequency and decreases circuit sensitivity to minor
changes in component characteristics. In the op-
crational mode the signal output is taken directly
after the Q-multiplier. This circuit also isolates the
resonant elements and allows the designer to tune
each pole independently in such amplifiers as a
Butterworth or Chebyshev.

The Q-multiplier output is also applied to a
limiter, and the pilot, which is not filtered by the

Q-multiplier, is applied to an identical limiter after
being shifted in phase. The limiters arc emploved
only when the pilot is present.

Both limiters remove the effects of amplitude
variations {rom the pilot signal on the phase de-
tector output. The limiters’ outputs are compared in
the phase detector. As hefore, the detector output is
zero for inputs with a 90° phase difference. These
limiters must be carefully designed so that they
do not contribute additional phase shifts.

The phase detector output is positive or nega-
tive, depending on the sign that results from the
difference between the center frequency of the
pole and that of the pilot. After amplification, the
phase detector output is applied to two cascade
inverter amplifiers. The outputs from the inverters
control the direction of count in a conventional
bidirectional counter consisting of cascaded flip-
flops.

Counter operation occurs in a straight binary
mode and counts pulses generated by a clock that
is connected to the counter only in the tune mode.
Flip-flop outputs from the counter are connected to
inputs of a digital-to-analog ladder-network con-
verter. This confignration is the well-known stair-
case generator for which each step of voltage cor-
responds to one of the 2" possible counter states,
where n is the number of flip-flops in the counter.
Thus, the value of the count is continuously con-
verted to an analog representation. An analog form
of the count value is applied to a transducer that
converts it to the proper form and level for con-
trolling the tuned clement over the desired fre-
quency range. If speeding up the tuning process is
desirable, a two-speed clock or a continuously-vari-
able frequency clock can be used, in which the
clock rate, and thus the speed of correction, is pro-
portional to the difference between the reference
and controlled parameter. In most applications in

TRANSDUCER

TUNED
ELEMENTS
CONTROL

OUTPUT
4

OPERATE

POLE IN
Q MULTIPLIER
CIRCUIT

LIMITER

OPERATE

PHASE
REFERENCE
SHIFTER

LIMITER
SIGNAL

8 CONTROL
PARAMETER

D/A CONVERTER

LARGE

BIDIRECTIONAL
COUNTER

DETECTOR

¢ DETECTOR

Narrow bandwidths are achieved by placing active elements in the Q-multiplier circuit.
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the h-f region it takes several milliseconds to align
the circuits.

After tuning is achieved the servoloop is opened
by switching the tuned-circuit input to the signal
and the output of the circuit is available for cas-
cading with other tuned circuits. Switching is per-
formed together with the disabling of the clock.
The counter register retains the last count value
held before the clock was disabled. This count
value corresponds to the desired tuning frequency
of the circuit. Therefore, decoding this value into
the tuning control parameter insures that the tuned
circuit remains properly set until changed. The
tuned circuit thereby maintains proper alignment
when the servoloop is opencd.

If temperature induces drifting of the tuned-cir-
cuit clements, the digital-to-analog converter, or
the flip-flop output levels, the pilot must be reap-
plicd for a short period of time. If signals are
filtered that contain information varying at an
audio rate, the time taken for retuning can usually
be sufficiently short so that the interruption is not
heard or noted by the audio circuits. To take ad-
vantage of the rapid retuning, electrically-controlled
switches perform the double-pole switching.

Speeding up the tuning

Two-speed servocontrol can increase the speed
of the tuning process. The output of the limiter
following the Q-multiplier is applied to a large-
signal-level detector circuit that acts as a coarse
error detector. It detects large differences between
the Q-multiplier center frequency and the pilot
frequency. For such large crrors, the detector places
the servoloop in a rapid-scanning mode by bypass-
ing flip-flops from the front end of the counter,
and thus generates coarse tuning steps. As the de-
sired frequency is approached, the output of the
Q-multiplier rises and the output of the level de-
tector becomes large enough to switch additional
flip-flops into the counter. The switching rate of
the flip-flops is reduced and the finer tuning incre-
ments are obtained from the D/A converter.

The resonant frequency of the tuned circuit is
not adjustable as a continuous or smooth function.
It takes on discrete values as the counter register
changes from one count to the next. Inherent error
duc to this quantization can be as large as + one-
half count. However. when a 10-bit counter is used
the one-half count error represents a frequency
crror of only 0.05%. A 10-bit counter is capable of
counting 1,024 pulses. If cach of the possible states
of this counter is transformed into equally spaced
tuning parameters, the worst error that results will
be one-half of one counter state, or an error of one
part in 2,048—approximately 0.05%. For this ex-
ample, a 4-Mhz tuning range centered about 10
Mhz results in a maximum tuning error of +2 khz.

Pole locations essential

The accuracy of the synthesizer method depends
upon the pole locations with respect to the pilot
frequency and the jo axis. The desired reference
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Entire digital element assembly shown with seven IC's
can be replaced with two flat packs.

angles are generated by passing the pilot through
the phase shift networks. If the resulting reference
angles are not stable over the tuning range, or if
they are sensitive to component variations the
synthesizer merely trades mechanical tracking
problems for electrical ones.

A simple but effective method for developing
precise and stable phase shifts assures proper pole
alignment. The reference is obtained from the pilot
source (assumed the zero-degrec phase reference)
by passing it through an RC circuit. For a series
resistor and negligible circuit loading the resultant
phase shift is given by

¢ = arctan (RC) (1)

How stable is the generated phase angle? This
can be determined by elementary error analysis.
Thus, first, consider the phase angle, ¢, as a func-
tion of three variables; R, C, and the radian fre-
quency, o. If the phase angle is altered by an
amount de¢, then

oF
d¢ = 3r
where the last term of equation 2 can be neglected
since the pilot frequency is known.
Performing the operation indicated in equation
2 on equation 1 vields an expression for instability
of the phase angle caused by R and C.

Re dC + Co dR
1+ o'RC?

or oI

d¢ = (3)
At any given frequency wRC can be replaced by a
constant, k. Equation 3 is thereby modified to yield

k dC dR
1+k?l:C+R:, @
Thus, the variation in phase angle (given in ra-
dians) is a function of the fractional change in C
and R.

It is desirable to make ¢ as independent of
w as possible so that the RC network can be made
with fixed-value components. If the wRC product
is 10 at the lowest frequency of interest ¢ will be
84.3°; at one octave higher ¢ will be 87.2°—only
a 2.9° change. For high values of k the generated
phase angle is essentially independent of frequency.
Thus, equation 4 can be rewritten so that the phase

do =
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a:=X COS 84.3=0.1X
b=XSIN 83.3:0.995X
b

og
TAN 45 T+a

X
X b
45° 84.3° 35°
1 1 a

Vector diagram represents an RC phase-shift network
with an RC product of 10. Resultant phase shift is 84.3°,

84.3° R _.0895R
PHASE 112

PILOT AT 0° SHIFT PILOT AT 45°
NETWORK 08

DETECTOR

By combining an unshifted pilot with X units
of 84.3° pilots a 45° phase shift is obtained.

error is approximately 1/k times the fractional
change in the components. Making the phase less
dependent on frequency also reduces the effect
of component instabilities. The variation of signal
amplitude with phase shifter frequency is overcome
by passing the reference signal through the limiter.

Any desired phase refcrence angle can be formed
by adding a highly shifted (near 90°) pilot from
an RC phase-shifting network with an unshifted
pilot signal,

If an RC phase-shift network is used with an
RC product of 10, the resultant phkase-shift is 84.3°.
To obtain a 45° phase-shift, one unit of zero (un-
shifted) pilot must be combined with X units of
§4.3° pilot as shown above. The quantity X is 1.12
and the phase reference angle is gencrated as
illustrated. Stability of the resistive summing net-
work is assured since, for resistors with equal

MECHANICALLY GANGED
CONVENTIONAL TRF RECEIVER

temperature coefficients, the ratio (0.895 for the
example) of the 0°—and 84.3°~—components re-
main constant as the resistor values change with
temperature.

Synthesizing as a TRF receiver

The principal advantages of a TRF receiver over
a superheterodyne is that it doesn’t need a mixer or
a local oscillator. Also, conversion to an intermedi-
ate frequency introduces problems of image fre-
quency reception and oscillator tracking. The solu-
tions to these problems require design compromises.
Local oscillators generate relatively large amounts
of power near the signal frequency. Leakage of
this power through the radio-frequency circuitry
and the antenna can cause interference with other
receivers operating nearby.

The usual arguments cited against the TRF re-
ceiver are that it is difficult to track properly and
has poor selectivity. These problems are solved
by the synthesizer system since tracking errors
are avoided by simultaneously tuning each circuit
with a common reference frequency, and since the
selectivity can be improved by using many stages
with stagger tuning.

The synthesizer may be used as a TRF receiver
in which selectivity is achieved in one stage, or
distributed among several stages as shown below.
A stable, high selective TRF receiver may be ob-
tained by placing an antenna at the synthesizer’s
input and cascading as many poles as required for
the desired in-band characteristics. If sufficient gain
is provided, only a simple diode detector is nceded
at the synthesizer’s output. This is followed by an
audio amplifier. The receiver is tuned by momen-
tarily inserting a signal at the desired frequency
and switching back to the antenna.

Because precise stagger tuning of the filter poles
is possible, the synthesized TRF receiver is capable

[ RESULTANT

A\ SYNCHRONOUS
\ SELECTIVITY

- 9

RESULTANT
j\ \\ “\ ggfggﬁMfTD
Y
\ \ \ L
N \ \
N e e T P L X

ELECTRONICALLY GANGED
SYNTHESIZED TRF RECEIVER

When used as a tuned radio-frequency receiver, the synthesizer can place the selectivity entirely in one stage

or distribute it over several stages.
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of high selectivity. Filters having steeper skirts and
flatter in-band amplitude characteristics can be
formed with different phase-reference angles in
each synthesizer loop. Greater recciver selectivity
can also be achieved and matched filter receivers
can be implemented by forming the specified filter
shape.

Eliminating spurious frequencies

The dynamic range of the synthesized filters must
be large to avoid replacing the limitation of the
superheterodvne’s miver with limitations of the
filters” controlled elements. Such limitations occur
when controlled clements are used because the
signal level can become an appreciable fraction of
the controlling parameter level. The signal voltage
varies the capacitance of voltage-variable capacitor
diodes at the same rate as the signal frequency,
and the circuit output contains distortion terms due
to the variation of this capacitance at the center
frequency of the filter. Modifications to the hasic
circuit (replacing the tuned clement with a large
network having the same two-terminal character-
istics to distribute the signal energy over scveral
elements) for the controlled pole eliminate the
upper limit imposed on the dynamic range. It be-
comes possible, therefore, to design filters for TrF
receiver stages or preselector service in which the
dynamic range is limited by the lowest level of
signal. This limitation is caused by the low trans-
fer efficiency of tuned civcuits and by the noise fig-
ures of the active elements in the filter. These lim-
itations always ecxist in practice and are not in-
herent in the synthesizer.

Preselector, another application

The synthesizer may also be used to advantage
as a presclector for the superheterodyne receiver.
In a conventional superheterodyne receiver the r-f
selectivity is obtained with one, two, or, at most,
three tuned circuits. However, the circuits must use
rather wide bandwidths to reduce the effects of
tracking errors. Narrow bandwidth is obtained in an
intermediate-frequency amplifier where fixed tun-
ing and lower frequencies produce better selectiv-
ity. A major disadvantage of wideband r-f stages is
that signal frequencies near those selected are
passed on to the mixer. Since the mixer is inherently
a nonlinear device, undesirable cross products are
generated that may fall in the intermediate-fre-
quency pass band. Unwanted signals also appear
at the receiver output and these contribute to the
automatic gain control voltage. These effects lower
the gain of the receiver. Since the synthesizer can
be used as a narrow-band preselector, the problems
of mechanical tuning and tracking errors are elim-
inated. Unwanted signals are blocked from the
mixer by inserting selectivity like that of the i-f
amplifier in front of the mixer.

As a preselector, the synthesizer is then tuned
to a command frequency obtained by sidestepping
the local oscillator of the superheterodyne to the
desired signal frequency. Since tuning is fast, it is
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only nccessary to connect the synthesizer to the
command frequency source for a short time.

Reccivers that employ the synthesizer principle
have additional capabilities beyond those already
mentioned. Combined with a frequency synthesizer,
the system forms an accurate signal-seeking or
command-tuned receiver. For this the frequency
synthesizer must be programed to step its output
frequency in small increments, and this output is
then applied to the filter as a pilot. When each new
frequency appears, the filter is switched from the
recciving antenna to the frequency synthesizer for
a short period. If the frequency synthesizer is pro-
gramed to switch a frequency arbitrarily, a random
frequency jump recciver (®ry) is formed. When
this receiver is programed in synchronism with an
RFJ transmitter the two provide a secure communi-
cations system.

The basic synthesizer circuit can, in most appli-
cations, be contained on one small printed circuit
card especially since all the required digital cir-
cuitry is now available in integrated-circuit pack-
ages. Any number of these cards can obtain a de-
sired filter characteristic without sacrificing the
tuning speed or reducing the tuning accuracy.
Tunable elements as diverse as magnetically-con-
trolled vttrium iron garnet devices (vic), voltage-
controlled capacitor diodes, and current-controlled
inductors may be used in the digital filter syn-
thesizer to obtain the advantages of the filter in
any portion of the frequency spectrum.
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Circuit design

Designer’s casebook

Low-cost IC’s improve
45-Mhz i-f amplifier

By Richard Q. Lane

Fairchild Semicconductor Division, Palo Alto, Calif.

Integrated circuits that cost less than $1 each can
be used to build one type of intermediate-frequency
amplifier and meter driver. This amplifier is ad-
vantageous in the detector of a bridge network that
operates in the very high and ultrahigh frequency
ranges. The circuit was originally designed to
operatec a 45-megahertz bridge, with 80 decibels
of gain. By reducing the capacitors (C;, Cs, Cs, and
C,) and increasing the inductance of the trans-
former’s primary coils (T, Ts, Ty, and T,) the
designer may extend the bandwidth to 3 Mhz,
making it applicable for radar.

The amplifier’s logarithmic transfer characteris-

Designer’s casebook is a regular

feature in Electronics. Readers are invited

to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions shouid be
short. We’ll pay $50 for each item published.

tic is a four-segment piecewise linear approxima-
tion. The characteristic is generated by sampling
the output of cascaded amplificrs A;, As, A, Ay and
combining the samples in video summing amplifier
A;. These are d-c average values of the a-c out-
put signals at each stage. Diodes D;, D., Dy, and
D, clip the positive half-cycles; the negative half-
cycles are filtered by the RC networks and applied
to summing resistors R;, Rs, Rs, and R,.

Each amplifier stage has a 20-db gain and limits
at the same output level. A large input signal
forces successive stages to limit in sequence, last
stage (A,) first. As each stage limits, the slope of
the transfer characteristic drops 20 db; this action
generates a characteristic of four linked-linc seg-
ments with successively decreasing slopes. The
characteristic approximates a logarithmic plot be-
cause the slopes of successive segments decrease
geometrically—each having 1/10th the slope of the
preceding. With this type of design slow response
and bandshape dependence on the input signal
are overcome. This is not the case with automatic

N 1.4

SUMMING
4+~ POINT

ALL DIODES FD 700 Cs
ALL DECOUPLING CAPACITORS 001 pf 0.01
ALL COILS MICROMETAL L5212 uf

INTEGRATED AMPLIFIERS Aq,A2,A3 AND A4 ARE FAIRCHILD A703
INTEGRATED AMPLIFIER A5 IS A FAIRCHILD pA 702

Cs
0.01
uf

+Rv

ima
FULL SCALE DETECTOR

Samples of the outputs of amplifiers A, A:, A;, and A, are summed in operational amplifier (As)

to approximate a logarithmic curve.
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gain control types of logarithmic amplifier with
feedback.

The speed of response in a feedback acc log-
arithmic amplifier of sharp selectivity and high
forward gain is severely limited because of the
accumulated phase shift of the interstages. Placing
the dominant pole of the amplifier’s acc loop at the
frequency low enough to assure a monotonic step
response and freedom from oscillation causes the
delay. The slow logging makes the amplifier un-
suitable for radar applications. Since the succes-
sive detection circuit has no feedback loop, its
step response is essentially that of the interstage
filters and operational amplifier A;.

Another plus for the successive detection log-
arithmic amplifier is its stable operating point;
this makes the bandshape independent of the input
signal level. Feedback-acc amplifiers, by contrast,
have bandshapes which depend on the input and
output admittances of the AGc’s transistors because
the acc signals continually change the operating
point.

The optimum loading resistor R, and the turns
ratio n of the interstage transformers are 3.6 kil-
ohms and 10:1 respectively for the circuit values
shown. Typical values of quiescent current I, for-
ward transfer admittance y;, and input admittance
yi are 2 milliamperes, —24 - jl4 millimhos, and

INPUT IN mv

INPUT IN dbm

D=C OUTPUT (RELATIVE)
H
=3

! 1 I | 1 |
~-95 -85 -75 -65 =558 145 -35 -25 -15

(dbm) 50 OHMS
L | | i |
0 10 20 30 40
(mv)

R-F INPUT (45 Mhz )

Four-segment piecewise linear approximation to
logarithmic curve results as large input signals force
the amplifier stages to limit in sequence.

0.76 4 j2 millimhos respectively.

Smaller values of time constant R’C’Cs for the
summing filter would be necessary for a 3-Mhz
radar application. In fact the RC summing filters
would be better replaced by LC combinations. A
smaller value for roll-off capacitor C; would also
be necessary, since Cj restricts the frequency re-
sponse of summing amplifier A;.

Small lamp bridge
regulates line voltage

by Dunford Kelly

Consultant, Los Angeles

Good line regulation is possible from a small and
inexpensive lamp-bridge circuit that does not gen-
erate distortion or large magnetic fields and is
insensitive to frequency.

The lamp bridge delivers a 1-volt a-c output that
only varies 0.25% from a line voltage change of
105 to 125 volts. Close regulation is maintained
by the bridge for line frequencies of 25 to 800 hertz.

The exceptionally close regulation results from
the ballast action of the bulbs shown in the
schematic when used with a balance voltage source.
The lower frequency limit is set by bulb flicker
where distortion interferes with the necessary bal-
last action. The upper frequency limit is deter-
mined by stray reactances.

Since a lamp bridge produces a very stable

output voltage at any frequency within the range
when fed with a balanced source, the bridge makes
a convenient laboratory standard for calibrating
an oscilloscope at any desired frequency. If a trans-
former center tap is not available, the balanced
source can be provided with a pair of equal resis-
tive bridge arms. When the bridge has four resistive
arms, it can be calibrated on d-c and used on a-c
as a transfer standard.

At turn-on, the bridge output is about 0.66%
high, dropping in about 30 seconds when the
filament supports heat up. A constant output volt-
age is achieved by maintaining a constant current
difference between the two sides of the bridge.
Since the bridge operates at continual imbalance, a
portion of the current flows through output level
constant load current for rms supply-voltage in-
voltage is minimized. The bulbs then maintain a
constant load current for rms supply voltage in-
creases by providing a compensating resistance
increase caused by the increased temperature of
the filament.

Correction of voltage variations is slow because
of thermal inertia, and a large input variation can
require nearly a second for full correction. However,
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this is not usually a serious handicap. The 2-volt
tungsten filament bulbs are operated at about 2/3
volt to obtain the optimum filament temperature
for long term stability; the filaments ave a bright
orange color at this temperature. By reducing the
bulb’s operating voltage its life is greatly extended
since the expected life of a bulb varies inversely
with the 13th power of the operating voltage.

Shunt level control R. maintains an internal
impedance of only 60 ohins as seen from the out-
put terminals. Any load over 6,000 ochms causes
less than a 1% drop in output voltage. Where
maximum output power is necded, the load can
replace the 500-ohm rheostat.

For best stability, the fixed resistors should be
wirewound or precision film; for adjustments,
molded composition potentiometers of the best
grade are suitable. The bulbs should be soldered
into the circuit,

3 BULBS # 48 OR # 49
2v, 0.060, RATING

CONSTANT

W |
A TPYT
UNREGULATED outPY
SUPPLY - / =
VOLTAGE 500-o0hm
VOLTAGE
ADJUSTMENT
300
L——AAA w&»
200
200 -ohm
SLOPE
ADJUSTMENT

Bulb resistance increases to maintain a constant voltage
across the load lamp of a bridge when supply voltage
goes up.

Two-frequency oscillator
detects level of liquid

By J. Kendall Marsh

Dow Chemical Co., Midland, Mich.

One method for sensing the critical level of a liquid
in a glass tube is to vary the diclectric of a sensing
capacitor to control the frequency of an oscillator.
A suitable sensing capacitor can be formed from
a metal fuse clip as one plate, a ground, and a
glass tube as a dielectric. When the tube is empty
the conventional Hartley oscillator resonates at 45
megahertz, When the liquid reaches a critical level
the additional diclectric constant of the liquid col-
umn produces a new value of capacitance that

GLASS
TUBE

Adding 38 turns of wire converts a conventional
Hartley circuit into a two-frequency oscillator.

abruptly reduces the oscillations to 12 Mhz.

The resonant frequency of the oscillator is deter-
mined by coil L,, capacitor C, and various dis-
tributed circuit capacitances. The collector im-
pedance of Q, is approximately 100 ohms and can
feed RG-62/U coaxial cable directly without any
matching.

The detector consists of a tuned circuit L., Ca
and a diode with integrating capacitor C3. When
the oscillator is operating at 12 Mhz, a signal is
developed across L. and C. and is rectified by the
dinde. Transistor Q. provides the power necessary
to activate a rugged relay.

For the values shown, the circuit triggers re-
liably with a differential capacitance of 0.1 pico-
farad between the sensing point and ground. This
scheme bypasses the problem of small frequency
shift usually experienced with conventional oscilla-
tor circuitry.

Q; !
Dy
1N34 200 ohms
L 23 mo
= 12 Mhz
2N
T
I 3 71,
— “T 75pt

—

T0.01'u,f

-9y
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Integrated electronics

A challenge: to integrate and isolate

The concept of isolation in integrated circuitry couldn’t be simpler; it's the realization

that's difficult. A score of manufacturers have taken up the gauntlet

By Donald Christiansen

Senior editor

Integrated-circuit designers want to have their
cake and eat it, too—achieving the isolated prop-
erties of discretc components in a monolithic block.

What is sought is a single-chip 1c in which the
clements behave as if they were electrically sep-
arate. The designer could thus exploit those bene-
fits of discrete-component circuits—chieflv, fewer
parasitics and higher-frequency operation—that he
enjoyed in the old days.

On the other hand, the advantages of intcgrated
circuits stem largely from the physical proximity
of elements in one conglomerate block, a proximity
that allows the interconnection of all the devices
with thin-film wiring,

A score of schemes have been advanced as solu-
tions to the problem of accommodating the seem-
ingly opposing requirements of integration and iso-
lation. The more practical and promising are de-
tailed in the fold-out chart in this article.

Chief among the benefits of diclectric isolation
are higher-frequency operation of linear 1C’s,
higher-speed operation of digital 1c’s, and high-
voltage operation of both. The frequency and
speed increases are chiefly due to reductions of
the order of 25 to 1 in collector-to-substrate ca-
pacitance. The collector-to-substrate breakdown
voltage is boosted from less than 100 volts to sev-
eral hundred volts, and radiation resistance is
improved. Some military contractors, in fact, re-
strict their purchases of 1C’s to those that are
dielectrically isolated.

Pros and cons

Elements in a monolithic block provide scveral
advantages. Because they are physically close,
transmission-line losses and line-matching prob-
lems are rcduced. Also, batch-fabrication tech-
niques simplify the process of matching the char-
acteristics of two or more devices. Further, the
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characteristics track well with shifts in tempcra-
ture since the temperature gradient within the
monolithic block is likely to be insignificant.

Weighed against these advantages is the fact
that the silicon itself doesn’t provide ideal elec-
trical isolation between elements or groups of ele-
ments. It has a resistivity in the range of 1 to 100
ohm-cm.

To block leakage between elements in an 1c, the
p-n junction isolation technique is widely used.
The application of this method results in structures
with lightly doped isolation substrates containing
collector “tubs.” The p-n junctions must be kept
reverse-biased by, for example, connecting the p-
substrate of an 1c to the most negative voltage
in the circuit.

A number of four-layer parasitic devices are
formed by the p-n junction isolation structures,
however, and these can wreak havoc even if the
reverse junction bias is maintained. Unexpected
positive feedback can occur, for instance, or I1C’s
can be burned out by excess currents.

Furthermore, the breakdown voltage is inversely
proportional to the doping level of the isolation
material, which must be held to a minimum to
avoid soaring leakage currents.

Finally, the p-n isolation junction is highly sen-
sitive to radiation.

An obvious answer would be to remove the
troublesome silicon from between 1c elements and
replace it with an insulator having good dielectric
and thermal properties. Indced, an early proposal?
by workers at Bell Telephone Laboratories was
that silicon wafers be diced apart along desired
boundaries, then glued back together with insulat-
ing germania. The trouble was that the bound-
aries had to be etched to sufficiently increase the
isolation resistance; since etching would destroy
any active devices built into the wafer, the ap-
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proach was abandoned as foolhardy.

Later, the Radio Corp. of America suggested a
modification, called mosaic, involving the bonding
together of as many as 8,000 silicon chips in a
high-grade dielectric matrix of glass and ceramic
(see following article).

Other approaches taken have utilized oxides and
nitrides, glass, ceramic, and air dielectrics.

Variations on a theme

Among the basic isolation schemes are:

= Polycrystalline. In this technique, the most
widely used and perhaps the oldest,? a thermal
oxide layer envelops islands of single crystal sili-
con. The support is provided by a polycrystalline
substrate deposited over the device islands. Among
the early experimenters with this approach were
TRW Semiconductors Inc., Motorola Semiconduc-
tor Products Inc., Radiation Inc., and the Interna-
tional Business Machines Corp. Variations of this
technique include the addition of silicon carbide
by experimenters at Westinghouse Electric Corp.’s
molecular department® as well as the use of
metal layers to surround the device islands or tubs,
as proposed by Philco-Ford.* Several firms are
marketing polycrystalline and oxide isolated de-
vices—notably, Radiation and the Norden division
of United Aircraft Corp.

= Back fill. After selective etching from the back
side of a wafer has provided isolation areas, an
insulating material is used to back fill, or embed,
the islands. Texas Instruments Incorporated is ex-
perimenting with such a technique using a ceramic
mix as the back-fill medium.> A variation being
tried by rca involves the etching of “mesas” from
the face of the wafer.

In either case, a wafer holder or “handle” is
needed to keep the devices in registration before
the embedment material hardens. If no embed-
ment is used, the holder becomes the permanent
substrate, as in a process developed by the Fair-
child Semiconductor division of Fairchild Camera
& Instrument Corp.®

» Air isolation. Any technique in which the
etched-away silicon isn’t replaced can be classified
as an air-isolation method. For example, if the back
fill is omitted in the mesa method, the devices
are air isolated. Bell Labs’ beam-lead technique,”
in which the interconnections are stiffened by elec-
troplating and the wafer is selectively etched, also
falls in this category. And the air-oxide technique®
is similar except that the device island is seated on
a polycrystalline, oxide-coated substrate.

A technique that avoids the unwanted silicon
in the first place is the silicon-on-sapphire approach
[Electronics, May 30, 1966, p. 152A] under study
by Autonetics division of North American Aviation,
Inc., Hughes Aircraft Co., and rca.?

Despite the benefits promised by dielectric
methods, the p-n junction approach isn’t dead. It
affords a pronounced cost advantage because it re-
quires fewer and simpler processing steps. Typical
dielectric isolation procedures take up to 30 steps,
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driving yields down and costs up. The uniformity
of the isolation etch has proved to be the biggest
problem for many producers. P-n junction isolation,
on the other hand, is well established and generally
uses less wafer space than dielectric isolation
methods. Some dielectrically isolated 1C’s are up
to 30% larger than their p-n junction counterparts.

While many vendors experimenting with dielec-
trically isolated digital 1c’s have realized speed im-
provements of typically 10%, it remains doubtful
whether this gain alone is worth the added cost.

Dielectrically isolated 1c’s back-filled with ce-
ramic may be difficult to cool in operation because
of the high thermal resistivity of ceramic; one solu-
tion could be face cooling.

On the other hand, the poor conduction could be
an advantage when high-power devices and heat-
sensitive devices are to be included in the same
substrate. One could play games with the thermal
path, making it short but wide, for example. An
embedding material that would conduct preferen-
tially—toward the outside of the package, but not
laterally—might be ideal. Or the lower-dissipation
devices could be centered on the substrate and the
high-dissipation elements located on the periphery.

During fabrication of dielectrically isolated 1C’s,
care must be paid to process temperatures. The
isolation procedures may be carried out before the
active devices are built into the wafer, after they
are built into the wafer but before metalization,
or after metalization.

If the device is to be heated after metalizing, a
temperature of about 575°C can’t be exceeded or
the aluminum will alloy with the silicon. If heating
follows diffusion but precedes metalizing, the de-
vice temperature shouldn’t exceed 950°C.

Specific techniques to avoid temperature prob-
lems in fabrication are described in the article be-
ginning on page-97.

Choice of the dielectric to be used depends on
application. Air is a good dielectric, but its break-
down voltage capability is limited. Whether device
characteristics will track well with temperature in
air-isolated devices is also open to question.
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Polycrystalline silicon and oxide
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Complementary

Silicon carbide
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Oxide-protected starting wafer
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Masking N-type diffusion
Etching Selective etching
Reoxidation . - ‘

Polycrystalline silicon growth
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Polycrystalline silicon grown

Excess n-layer removed

P-regions dif'fljse.d and electrodes
deposited

Oxide is thermally grown atop a layer
of n-type starting silicon and is etched
to provide a mask. Preferential etching
forms moats in the silicon, which is then
oxidized again. A backing layer of poly-
crystalline silicon is grown above the
silicon crystal. The wafer is then invert-
ed and excess n material is removed by
etching and lapping, leaving n-type iso-
lated islands. After oxide growth, p-type
regions are diffused in the islands and
metal electrodes are deposited to pro-
duce metal-oxide silicon transistors. Bi-
polar devices and resistors can also be
fabricated in the islands. Variations of
this technique are being used to pro-
duce commercial devices. Breakdown
voltages above 200 volts and capaci-
tances of less than 0.01 pf/sq. mil are
possible. However, the process is some-
what complex and wafer planarity is
hard to achieve.

I;a.p‘[V)i.n.g a.na.eti:hiﬁg .exposes .
n and p silicon tubs

Complementary npn and pnp transistors
are formed in one chip. N-type diffusion
is made into a p starting layer. Moats
are then etched and polycrystalline sili-
con grown. The wafer is inverted and
excess p-layer is lapped to provide iso-
lated n and p islands in which comple-
mentary npn and pnp transistors can be
fabricated. For the latter, standard ox-
ide masked diffusion steps are used and
doping is carried out in open-tube dif-
fusion setups using liquid impurity
sources. The number of steps required
add to the complexity and cost of fab-
rication.

Etching to form islands

Silicon oxide, silicon carbide,
and polycrystalline silicon
layers formed

Rough lapping

Fine lapping

Silicon oxide and silicon carbide layers
are formed before polycrystalline growth.
The silicon carbide facilitates removal
of the excess n-type silicon. After rough
lapping is stopped by the carbide flange,
a short fine lapping step removes this
flange. The method shares the disad-
vantages of the polycrystalline approach,
and requires the additional steps of
forming and removing the carbide.

polycrystalline silicon
glass

B thermally grown oxide

Bl metalization

] p-type silicon
[ n-type silicon



Silicon on sapphire

A A7 A

Epitaxial silicon layer formed
on sapphire substrate

7 4 V 4 Vi

Selective etching forms silicon islands

Alternately, MOS triode (left)
and pentode (right) are formed.

Heteroepitaxial silicon film is grown atop
a sapphire wafer and selectively etched
to form isolated islands. If the film is
p type, p-n diodes are formed by n+
and p+ diffusions, and MOS triodes and
pentodes by n+4 diffusions. A major ad-
vantage may be realized in making mi-
crowave IC’s, since the sapphire itself
can be used as a high-grade dielectric in
strip transmission lines between devices.
Parasitic capacitances are low — down
to as little as 0.05 pf for p-n junction
diodes.

Mesa

Devices and interconnections formed

SUBSTRATE GLASS~

Glass layer binds IC wafer to substrate

Excess n4- layer removed

Selective etch isolate device islands

After transistors and interconnections
are formed in the usual way, a substrate
is joined to the wafer surface by a glass
layer. Excess n+ layer is removed and
a selective etch isolates the devices
from one another. All active devices can
be produced by conventional methods
prior to isolation. The wafer surface isn’t
made irregular by isolation processing,
high-temperature isolation steps are
avoided, and additional encapsulation
may be unnecessary. The fabrication is
complex; lapping as well <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>